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Description

BACKGROUND OF THE INVENTION

[0001] This disclosure relates to polymer compositions, methods to synthesize the polymer compositions and articles
made from the compositions.
[0002] Many polymer-based articles are manufactured by injection or other molding processes. In order to obtain good
mechanical properties such as high modulus, different approaches have been tried, such as use of filler to reinforce the
polymers. Different types of fillers such as glass fibers, aramid fibers, carbon fibers, and various particulate fillers have
been used. However, addition of these fillers often leads to brittle failure of the polymer and can lower the impact strength
of the resin. Where improved ductility has been obtained, such as in the case of aramid fillers, the modulus obtained is
very low. In addition, use of fillers can present processing difficulties, due at least in part to lack of compatibility of the
filler with the polymer matrix. Such incompatibility can also result in molding and flow-related problems.
[0003] WO 2007/087346 and WO2007/089653 both disclose different molding composition based on the presence of
modified polybutylene terephtalate (PBT) copolymer.
[0004] Despite advances in the art and the success of many filled polymer compositions, there remains a continuing
need for improved combinations of properties such as higher modulus, improved ductility, improved impact, and/or
improved melt flow characteristics, so that molding operations can be performed more rapidly and with improved eco-
nomics. Also it is desirable that the article has good impact resistance and ductility without the consequent loss of other
desirable characteristics. Typically, it is difficult to obtain high modulus, good flow, and good ductility and impact strength
in a particular polymer composition.
[0005] Therefore, there remains a continuing need in the art for compositions, methods, and articles that can provide
a balanced mechanical property profile, particularly tensile modulus and impact properties.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In one embodiment, a composition comprises, based on the total weight of the composition: from 10 to 80 wt.
% of a modified polybutylene terephthalate copolymer that (1) is derived from polyethylene terephthalate component
selected from the group consisting of polyethylene terephthalate and polyethylene terephthalate copolymers and (2)
has at least one residue derived from the polyethylene terephthalate component; from 10 to 80 wt. % of a polycarbonate;
from 0 to 20 wt. % of an impact modifier; from 2 to 20wt. % of a reinforcing filler; from 0.1 to less than 2.5 wt. % of a
fibrillated fluoropolymer; from 0 to 5 wt.% of an additive selected from the group consisting of antioxidants, mold release
agents, colorants, quenchers, stabilizers, and combinations thereof. The composition has a heat deflection temperature
of at least 110°C, measured in accordance with to ASTM D648 on 3.2 mm thick molded bars at 0.455 MPa.
[0007] In one embodiment a composition comprises from 20 to 70 wt. % of a poly(butylene terephthalate); from 15 to
70 wt. % of a polycarbonate comprising carbonate units derived from bisphenol-A; from 3 to 15 wt. % of a core-shell
methyl methacrylate-acrylonitrile-butadiene-styrene or methyl methacrylate-butadiene-styrene impact modifier; from 2
to 20 wt. % of a talc; from 0.2 to 2.5 wt. % of styrene-acrylonitrile encapsulated poly(tetrafluoroethylene)); and from 0 to
5 wt.% of an additive selected from the group consisting of antioxidants, mold release agents, colorants, quenchers,
stabilizers, and combinations thereof.
[0008] In one embodiment a composition comprises from 20 to 50 wt. % of a polybutylene terephthalate; from 40 to
60 wt. % of a bisphenol-A polycarbonate; from 3 to 15 wt. % of a core-shell methyl methacrylate-butadiene-styrene
impact modifier; from 2 to 7 wt. % of a talc having an average particle size of 0.5 to 2 micrometers; from 1 to less than
2.5 wt. % of styrene-acrylonitrile encapsulated poly(tetrafluoroethylene); and from 0 to 4 wt.% of an additive composition
selected from the group consisting of antioxidants, mold release agents, colorants, quenchers, stabilizers, and combi-
nations thereof.
[0009] In one embodiment a method of forming the disclosed composition comprises melt blending the components
of the composition.
[0010] In one embodiment an article comprises the disclosed composition.
[0011] In one embodiment, method of making an article comprises melt blending the components of the composition
of claim 1, and shaping the melt blended composition by injection molding, extrusion molding, rotation molding, foam
molding, calendar molding, blow molding, thermoforming, compaction, or melt spinning to form the article.
[0012] Various other features, aspects, and advantages of the present invention will become more apparent with
reference to the following description, examples, and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The invention is based on the discovery that by using specific combinations of a reinforcing filler, a fibrillated
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fluoropolymer, a modified polybutylene terephthalate copolymers that (1) are derived from polyethylene terephthalate
component selected from the group consisting of polyethylene terephthalate and polyethylene terephthalate copolymers
and that (2) have at least one residue derived from the polyethylene terephthalate component, and a polycarbonate, it
is now possible to make a composition that exhibits useful impact properties (e.g., Notched Izod, multiaxial impact), and
modulus. This is unexpected because ordinarily the increase of modulus is achieved at the expense of the impact
properties. Conversely, the impact properties are typically achieved at the expense of modulus properties.
[0014] In this specification and in the claims, which follow, reference will be made to a number of terms which shall
be defined to have the following meanings. The singular forms "a," "an," and "the" include plural referents unless the
context clearly dictates otherwise. "Optional" or "optionally" means that the subsequently described event or circumstance
may or may not occur, and that the description includes instances where the event occurs and instances where it does
not. "Combination" as used herein includes mixtures, copolymers, reaction products, blends, composites, and the like.
Other than in the operating examples or where otherwise indicated, all numbers or expressions referring to quantities
of ingredients, reaction conditions, and the like, used in the specification and claims are to be understood as modified
in all instances by the term "about." Various numerical ranges are disclosed in this patent application. Because these
ranges are continuous, they include every value between the minimum and maximum values. Values expressed as
"greater than about" or "less than about" are inclusive the stated endpoint, e.g., "greater than about 3.5" encompasses
the value of 3.5.
[0015] All ASTM tests and data are from the 1991 edition of the Annual Book of ASTM Standards unless otherwise
indicated. As used herein the term "polycarbonate" refers to polycarbonates incorporating structural units derived from
the reaction of one or more dihydroxy aromatic compounds and one or more carbonate precursors, and includes copol-
ymers of polycarbonates such as polyester carbonates.
[0016] In one aspect, it has been found that mixed polymer compositions comprising at least one matrix polymer, at
least one fibrillated fluoropolymer, and at least one filler have unexpectedly improved properties when the fluoropolymer
is fibrillated in situ during the mixing process. In particular, improved mechanical properties such as coefficient of thermal
expansion (CTE), ductility, impact strength, and/or tensile modulus may be achieved, compared to compositions produced
from a pre-fibrillated fluoropolymer, under conditions where the fluoropolymer is not fibrillated, or where a filler is not
present. The fluoropolymer may be at least partially encapsulated by an encapsulating polymer, or used without any
encapsulation, i.e., in its neat form.
[0017] In a specific embodiment, it has been found that use of defined ranges of particular components (a modified
poly(1,4-butylene terephthalate), polycarbonate, impact modifier, reinforcing filler and encapsulated fluoropolymer) un-
expectedly provides advantageous heat deflection temperatures in combination with good mechanical properties, spe-
cifically a good balance between Notched Izod impact strength and flexural modulus. The modified poly(1,4-butylene
terephthalate) (PBT) is derived from poly(ethylene terephthalate) (PET). The PET can be obtained from scrap, for
example from PET soft drink bottles. Unlike conventional molding compositions containing virgin PBT (PBT that is derived
from monomers), the modified PBT component contains a polyethylene terephthalate residue, e.g., a material such as
ethylene glycol and isophthalic acid groups (components that are not present in virgin, monomer-based PBT). Advan-
tageously, despite using a PBT that is structurally different from virgin PBT, the compositions and articles made from
the composition described herein exhibit advantageous heat deflection temperatures in combination with good mechan-
ical properties, specifically a good balance between Notched Izod impact strength and flexural modulus. Use of modified
PBT can provide a valuable way to effectively use underutilized scrap PET (from post-consumer or post-industrial
streams) in PBT thermoplastic molding compositions, thereby conserving non-renewable resources and reducing the
formation of greenhouse gases, e.g., CO2.
[0018] Useful polycarbonates comprise at least two repeating units of the general formula (I):

wherein each G1 may be the same or different, and at least 60% of the moieties represented by G1 are aromatic, for
example a phenylene, biphenylene, naphthylene, or the like.
[0019] E in formula (I) may be a divalent C1-36 hydrocarbyl group such as an alkylene, alkylidene, cycloalkylene, or
cycloalkylidene group, for example methylene, ethylene, ethylidene, propylene, propylidene, isopropylidene, butylene,
butylidene, isobutylidene, amylene, amylidene, isoamylidene, cyclohexylene, and the like. Alternatively, E may be two
or more alkylene or alkylidene groups connected by a moiety different from alkylene or alkylidene, such as an aromatic
linkage, a tertiary amino linkage, an ether linkage, an ester linkage, a carbonyl linkage, a silicon-containing linkage (for
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example dimethylsiloxane), a sulfur-containing linkage such as sulfide, sulfoxide, or sulfone, a phosphorus-containing
linkage such as phosphinyl, phosphonyl, and like linkages. Alternatively, E may be a tertiary amino linkage (wherein R13

is as defined above), an ether linkage, an ester linkage, a carbonyl linkage, a silicon-containing linkage (for example
dimethylsiloxane), a sulfur-containing linkage such as sulfide, sulfoxide, or sulfone, a phosphorus-containing linkage
such as phosphinyl or phosphonyl, and like linkages.
[0020] The letter "p" represents an integer from and including zero through the number of positions on E available for
substitution. R13, when present, is hydrogen or a monovalent hydrocarbyl group such as a C1-12 alkyl, aryl, aralkyl,
alkaryl, cycloalkyl, and the like groups.
[0021] Y1 in Formula (I) may be a halogen (i.e., fluorine, bromine, chlorine, or iodine); a nitro group; a C1-12 alkyl,
alkenyl, or allyl group, a C1-12 alkyloxy or alkenyl group, and the like, provided that Y1 is substantially inert to and
unaffected by the reactants and reaction conditions used to prepare the polycarbonate. The letter "m" in Formula (1)
represents any integer from and including zero through the number of positions on G1 available for substitution.
[0022] The letter "t" in Formula (I) represents an integer equal to at least one; "s" is either zero or one; and "u" represents
zero or one.
[0023] Such polycarbonates may be produced by the interfacial reaction of the corresponding dihydroxy compounds
with a carbonate precursor. Some illustrative, nonlimiting examples of suitable dihydroxy compounds include the dihy-
droxy-substituted hydrocarbons disclosed by name or formula (generic or specific) in U.S. Patent 4,217,438. A nonex-
clusive list of specific examples of suitable dihydroxy compounds includes the following: resorcinol, 4-bromoresorcinol,
hydroquinone, 4,4’-dihydroxybiphenyl, 1,6-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, bis(4-hydroxyphe-
nyl)methane, bis(4-hydroxyphenyl)diphenylmethane, bis(4-hydroxyphenyl)-1-naphthylmethane, 1,2-bis(4-hydroxyphe-
nyl)ethane, 1,1-bis(4-hydroxyphenyl)-1-phenylethane, 2-(4-hydroxyphenyl)-2-(3-hydroxyphenyl)propane, bis(4-hydrox-
yphenyl)phenylmethane, 2,2-bis(4-hydroxy-3-bromophenyl)propane, 1,1-bis (hydroxyphenyl)cyclopentane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 1,1-bis(4-hydroxyphenyl)isobutene, 1,1-bis(4-hydroxyphenyl)cyclododecane, trans-2,3-
bis(4-hydroxyphenyl)-2-butene, 2,2-bis(4-hydroxyphenyl)adamantine, (alpha, alpha’-bis(4-hydroxyphenyl)toluene,
bis(4-hydroxyphenyl)acetonitrile, 2,2-bis(3-methyl-4-hydroxyphenyl)propane, 2,2-bis(3-ethyl-4-hydroxyphenyl)pro-
pane, 2,2-bis(3-n-propyl-4-hydroxyphenyl)propane, 2,2-bis(3-isopropyl-4-hydroxyphenyl)propane, 2,2-bis(3-sec-butyl-
4-hydroxyphenyl)propane, 2,2-bis(3-t-butyl-4-hydroxyphenyl)propane, 2,2-bis(3-cyclohexyl-4-hydroxyphenyl)propane,
2,2-bis(3-allyl-4-hydroxyphenyl)propane, 2,2-bis(3-methoxy-4-hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)hex-
afluoropropane, 1,1-dichloro-2,2-bis(4-hydroxyphenyl)ethylene, 1,1-dibromo-2,2-bis(4-hydroxyphenyl)ethylene, 1,1-
dichloro-2,2-bis(5-phenoxy-4-hydroxyphenyl)ethylene, 4,4’-dihydroxybenzophenone, 3,3-bis(4-hydroxyphenyl)-2-bu-
tanone, 1,6-bis(4-hydroxyphenyl)-1,6-hexanedione, ethylene glycol bis(4-hydroxyphenyl)ether, bis(4-hydroxyphe-
nyl)ether, bis(4-hydroxyphenyl)sulfide, bis(4-hydroxyphenyl)sulfoxide, bis(4-hydroxyphenyl)sulfone, 9,9-bis(4-hydroxy-
phenyl)fluorine, 2,7-dihydroxypyrene, 6,6’-dihydroxy-3,3,3’,3’- tetramethylspiro(bis)indane ("spirobiindane bisphenol"),
3,3-bis(4-hydroxyphenyl)phthalide, 2,6-dihydroxydibenzo-p-dioxin, 2,6-dihydroxythianthrene, 2,7-dihydroxyphenox-
athin, 2,7-dihydroxy-9,10-dimethylphenazine, 3,6-dihydroxydibenzofuran, 3,6-dihydroxydibenzothiophene, and 2,7-di-
hydroxycarbazole, and the like, as well as mixtures comprising at least one of the foregoing dihydroxy compounds.
[0024] A nonexclusive list of specific examples of suitable bisphenol compounds includes 1,1-bis(4-hydroxyphenyl)
methane, 1,1-bis(4-hydroxyphenyl) ethane, 2,2-bis(4-hydroxyphenyl) propane (hereinafter "bisphenol A" or "BPA"), 2,2-
bis(4-hydroxyphenyl) butane, 2,2-bis(4-hydroxyphenyl) octane, 1,1-bis(4-hydroxyphenyl) propane, 1,1-bis(4-hydroxy-
phenyl) n-butane, 2,2-bis(4-hydroxy-1-methylphenyl) propane, and 1,1-bis(4-hydroxy-t-butylphenyl) propane. Combina-
tions comprising at least one of the foregoing dihydroxy compounds may also be used. Preferred polycarbonates are
based on bisphenol A, in which u and t are each one, each G1 is p-phenylene, each m is zero, s is one, and E is
isopropylidene.
[0025] It is also possible to use two or more different dihydroxy compounds or a copolymer of a dihydroxy compounds
with a glycol in the event a carbonate copolymer rather than a homopolymer is desired for use. Branched polycarbonates
are also useful, as well as blends of linear polycarbonate and a branched polycarbonate. The branched polycarbonates
may be prepared by adding a branching agent during polymerization.
[0026] These branching agents are well known, and include polyfunctional organic compounds containing at least
three functional groups selected from hydroxyl, carboxyl, carboxylic anhydride, haloformyl, and mixtures thereof. Specific
examples include trimellitic acid, trimellitic anhydride, trimellitic trichloride, tris-p-hydroxy phenyl ethane, isatin-bis-phenol,
tris-phenol TC (1,3,5-tris((p-hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1,1-bis(p-hydroxyphenyl)-ethyl) al-
pha, alpha-dimethyl benzyl)phenol), 4-chloroformyl phthalic anhydride, trimesic acid, and benzophenone tetracarboxylic
acid. The branching agents may be added at a level of about 0.05-2.0 weight percent. Branching agents and procedures
for making branched polycarbonates are described in U.S. Patent Nos. 3,635,895 and 4,001,184, which are incorporated
by reference. All types of polycarbonate end groups are contemplated as being useful in the thermoplastic composition.
[0027] Methods for the preparation of polycarbonates by interfacial polymerization are also known. Although the
reaction conditions of the preparative processes may vary, several of the preferred processes typically involve dissolving
or dispersing the dihydric phenol reactant in aqueous caustic soda or potash, adding the resulting mixture to a suitable
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water immiscible solvent medium and contacting the reactants with the carbonate precursor, such as phosgene, in the
presence of a suitable catalyst such as triethylamine or a phase transfer catalyst, and under controlled pH conditions,
e.g., about 8 to about 10. The most commonly used water immiscible solvents include methylene chloride, 1,2-dichlo-
roethane, chlorobenzene, toluene, and the like.
[0028] Suitable carbonate precursors include, for example, a carbonyl halide such as carbonyl bromide or carbonyl
chloride, or a haloformate such as a bishaloformates of a dihydric phenol (e.g., the bischloroformates of bisphenol A,
hydroquinone, or the like) or a glycol (e.g., the bishaloformate of ethylene glycol, neopentyl glycol, polyethylene glycol,
or the like). Combinations comprising at least one of the foregoing types of carbonate precursors may also be used.
[0029] Among the phase transfer catalysts that can be used are catalysts of the formula (R3)4Q+X, wherein each R3

is the same or different, and is a C1-10 alkyl group; Q is a nitrogen or phosphorus atom; and X is a halogen atom or a
C1-8 alkoxy group or C6-188 aryloxy group. Suitable phase transfer catalysts include, for example, [CH3(CH2)3]4NX,
[CH3(CH2)3]4PX, [CH3(CH2)5]4NX, [CH3(CH2)6]4NX, [CH3(CH2)4]4NX, CH3[CH3(CH2)3]3NX, CH3[CH3(CH2)2]3NX
wherein X is Cl-, Br- or - a C1-8 alkoxy group or C6-188 aryloxy group. An effective amount of a phase transfer catalyst
may be about 0.1 to about 10 wt.%, about 0.5 to about 2 wt.% based on the weight of bisphenol in the phosgenation mixture.
[0030] Alternatively, melt processes may be used. A catalyst may be used to accelerate the rate of polymerization of
the dihydroxy reactant(s) with the carbonate precursor. Representative catalysts include but are not limited to tertiary
amines such as triethylamine, quaternary phosphonium compounds, quaternary ammonium compounds, and the like.
[0031] Alternatively, polycarbonates may be prepared by co-reacting, in a molten state, the dihydroxy reactant(s) and
a diaryl carbonate ester, such as diphenyl carbonate, in the presence of a transesterification catalyst in a Banbury mixer,
twin screw extruder, or the like to form a uniform dispersion. Volatile monohydric phenol is removed from the molten
reactants by distillation and the polymer is isolated as a molten residue.
[0032] The polycarbonates can be made in a wide variety of batch, semi-batch or continuous reactors. Such reactors
are, for example, stirred tank, agitated column, tube, and recirculating loop reactors. Recovery of the polycarbonate can
be achieved by any means known in the art such as through the use of an anti-solvent, steam precipitation or a combination
of anti-solvent and steam precipitation.
[0033] The molecular weight of the polycarbonate product may be varied by controlling, among other factors, the feed
rate of the reactants, the type of extruder, the extruder screw design and configuration, the residence time in the extruder,
the reaction temperature, and the pressure reducing techniques present on the extruder. The molecular weight of the
polycarbonate product may also depend upon the structures of the reactants, such as, activated aromatic carbonate,
aliphatic diol, dihydroxy aromatic compound, and the catalyst employed. In one embodiment, the average molecular
weight of the polycarbonate is about 5,000 to about 100,000, more preferably about 10,000 to about 65,000, and most
preferably about 15,000 to about 35,000.
[0034] In addition to the polycarbonates described above, it is also possible to use combinations of the polycarbonate
with other thermoplastic polymers, for example combinations of polycarbonates and/or polycarbonate copolymers with
polyesters. Suitable polyesters may be, for example, poly(alkylene dicarboxylates), liquid crystalline polyesters, and
polyester copolymers. It is also possible to use a branched polyester in which a branching agent, for example, a glycol
having three or more hydroxyl groups or a trifunctional or multifunctional carboxylic acid has been incorporated. Fur-
thermore, it is sometime desirable to have various concentrations of acid and hydroxyl end groups on the polyester,
depending on the ultimate end use of the composition.
[0035] For the sake of clarity, the terms terephthalic acid group, isophthalic acid group, butanediol group, ethylene
glycol group in formulas, e.g., to indicate the weight % of the group in a composition have the following meanings. The
term "isophthalic acid group" means the group having the formula (-O(CO)C6H4(CO)-), the term "terephthalic acid group"
means the group having the formula (-O(CO)C6H4(CO)-), the term diethylene glycol group means the group having the
formula (-O(C2H4)O(C2H4)-), the term "butanediol group" means the group having the formula (-O(C4H8)-), and the term
"ethylene glycol group" means the group having formula (-O(C2H4)-).
[0036] The residue derived from the polyethylene terephthalate component, which is present in the modified polybuty-
lene terephthalate component can be selected from the group consisting of ethylene glycol groups, diethylene glycol
groups, isophthalic acid groups, antimony-containing compounds, germanium-containing compounds, titanium-contain-
ing compounds, cobalt-containing compounds, tin-containing compounds, aluminum, aluminum salts, 1,3-cyclohexane
dimethanol isomers, 1,4-cyclohexane dimethanol isomers, the cis isomer of 1,3-cyclohexane dimethanol, the cis isomer
of 1,4-cyclohexane dimethanol, the trans isomer of 1,3-cyclohexane dimethanol, the trans isomer of 1,4-cyclohexane
dimethanol, alkali salts, alkaline earth metal salts, including calcium, magnesium, sodium and potassium salts, phos-
phorous-containing compounds and anions, sulfur-containing compounds and anions, naphthalene dicarboxylic acids,
1,3-propanediol groups, and combinations thereof.
[0037] Depending on factors such as polyethylene terephthalate and polyethylene terephthalate copolymers, the
residue can include various combinations. In one embodiment, for instance, the residue includes mixtures of ethylene
glycol and diethylene glycol. In one embodiment, the residue derived from the polyethylene terephthalate component
further comprises isophthalic acid groups. In another embodiment, the residue includes mixtures of ethylene glycol and
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diethylene glycol and isophthalic acid. In another embodiment, the residue derived from polyethylene terephthalate
further includes cis isomer of 1,3-cyclohexane dimethanol, 1,4-cyclohexane dimethanol, trans isomer of 1,3-cyclohexane
dimethanol, trans isomer of 1,4-cyclohexane dimethanol and combinations thereof. In another embodiment, the residue
includes cis isomer of 1,3-cyclohexane dimethanol, 1,4-cyclohexane dimethanol, trans isomer of 1,3-cyclohexane dimeth-
anol, trans isomer of 1,4-cyclohexane dimethanol, and combinations thereof. In another embodiment, the residue can
be a mixture of ethylene glycol, diethylene glycol, isophthalic acid groups, cis isomer of cyclohexane dimethanol, trans
isomer of cyclohexane dimethanol, and combinations thereof. In one embodiment, the residue derived from polyethylene
terephthalate includes mixtures of ethylene glycol, diethylene glycol, and cobalt-containing compounds. Such cobalt-
containing compound mixture can also contain isophthalic acid groups.
[0038] The amount of the ethylene glycol groups, diethylene glycol groups, and the isophthalic groups in the polymeric
backbone of the modified PBT component can vary. The PET-derived modified PBT component ordinarily contains
isophthalic acid groups in an amount that is at least 0.1 mole% and can range from 0 or 0.1 to 10 mole % (0 or 0.07 to
7 wt. %). The PET-derived modified PBT component ordinarily contains ethylene glycol in an amount that is at least 0.1
mole% and can range from 0.1 to 10 mole % (0.02 to 2 wt. %). In one embodiment, the PET-derived modified PBT
component has an ethylene glycol content that is more than 0.85 wt. %. In another embodiment, compositions can
contain ethylene glycol is present in an amount from 0.1 wt. % to 2 wt. %. The modified PBT component can also contain
diethylene glycol in an amount from 0.1 to 10 mole % (0.04 to 4 wt. %). The amount of the butanediol groups is generally
about 98 mole % and can vary from 95 to 99.8 mole % in some embodiments. The amount of the terephthalic acid
groups is generally about 98 mole % and can vary from 90 to 99.9 mole % in some embodiments.
[0039] Unless otherwise specified, all molar amounts of the isophthalic acid groups and or terephthalic acid groups
are based on the total moles of diacids/diesters in the composition. Unless otherwise specified, all molar amounts of the
butanediol, ethylene glycol, and diethylene glycol groups are based on the total moles of diol in the composition. The
weight percent measurements stated above are based on the way terephthalic acid groups, isophthalic acid groups,
ethylene glycol groups, and diethylene glycol groups have been defined herein.
[0040] The total amount of materials of the polyethylene terephthalate component residue in the modified polybutylene
terephthalate copolymer can vary. For instance, mixtures can be in an amount from 1.8 to 2.5 wt. %, or from 0.5 to 2
wt. %, or from 1 to 4 wt. %. The ethylene glycol, diethylene glycol, and cyclohexanedimethanol groups can be individually
or in combination present in an amount from 0.1 to 10 mole %, based on 100 mole % of glycol of the molding composition.
The isophthalic acid groups can be present in an amount from 0.1 to 10 mole %, based on 100 mole % of diacid/diester
in the molding composition.
[0041] It has been discovered that when it is desirable to make a polybutylene terephthalate copolymer having a
melting temperature (Tm) that is at least 200°C, the total amount of diethylene glycol, ethylene glycol, and isophthalic
acid groups should be within a certain range. As such, in one embodiment, the total amount of the diethylene glycol,
ethylene glycol, and isophthalic acid groups in the modified polybutylene terephthalate component is more than 0 and
less than or equal to 23 equivalents, relative to the total of 100 equivalents of diol and 100 equivalents of diacid groups
in the modified polybutylene terephthalate copolymer. In another suitable embodiment, the total amount of the isophthalic
acid groups, ethylene glycol groups, and diethylene glycol groups is from 3 to less than or equal to 23 equivalents,
relative to the total of 100 equivalents of diol and 100 equivalents of diacid groups in the modified polybutylene tereph-
thalate copolymer. In another suitable embodiment, the total amount of the isophthalic acid groups, ethylene glycol
groups, and diethylene glycol groups is from 3 to less than or equal to 10 equivalents, relative to the total of 100 equivalents
of diol and 100 equivalents of diacid groups in the modified polybutylene terephthalate copolymer. In another suitable
embodiment, the total amount of the isophthalic acid groups, ethylene glycol groups, and diethylene glycol groups is
from 10 to less than or equal to 23 equivalents, relative to the total of 100 equivalents of diol and 100 equivalents of
diacid groups in the modified polybutylene terephthalate copolymer. In one embodiment, diethylene glycol, ethylene
glycol, and/or isophthalic acid can be added during the process.
[0042] The total ethylene glycol groups, isophthalic acid groups, and diethylene glycol groups can vary, depending
on the application needs. In one embodiment, the composition can have total monomer content selected from the group
consisting of ethylene glycol, isophthalic acid groups, and diethylene glycol groups in an amount from more than 0 and
less than or equal to 17 equivalents relative to the total of 100 equivalents of diol and 100 equivalents of diacid groups
in the modified polybutylene terephthalate copolymer. Advantageously, such compositions can maintain useful proper-
ties, such as heat deflection temperatures that are more than 80°C.
[0043] It has also been discovered that the total amount of inorganic residues derived from the polyethylene tereph-
thalate can be present from more than 0 ppm and up to 1000 ppm. Examples of such inorganic residues can be selected
from the group consisting of antimony-containing compounds, germanium-containing compounds, titanium-containing
compounds, cobalt-containing compounds, tin-containing compounds, aluminum-containing compounds, aluminum,
aluminum salts, alkaline earth metal salts, alkali salts, including calcium, magnesium, sodium and potassium salts,
phosphorous-containing compounds and anions, sulfur-containing compounds and anions, and combinations thereof.
In another embodiment, the amounts of inorganic residues can be from 250 to 1000 ppm. In another embodiment, the



EP 2 291 454 B1

7

5

10

15

20

25

30

35

40

45

50

55

amounts of inorganic residues can be from 500 to 1000 ppm.
[0044] The PET component from which the modified polybutylene terephthalate copolymer is made can be in a variety
of forms. Generally, the PET component includes recycle (scrap) PET in flake, powder/chip, film, or pellet form. Before
use, the PET is generally processed to remove impurities such as paper, adhesives, polyolefin, e.g., polypropylene,
polyvinyl chloride (PVC), nylon, polylactic acid, and other contaminants. Also, the PET component can include PET that
is not waste in flake, chip, or pellet form. As such, PET that would ordinarily be deposited in landfills can now be used
productively and effectively. In one embodiment, PET component can also include other polyesters. The PET component
can also include polyester copolymers. Examples of such materials include polyalkylene terephthalates that can be
selected from polyethylene terephthalate, polycyclohexane terephthalate, copolyesters of terephthalate esters with
comonomers containing cyclohexane-dimethanol and ethylene glycol, copolyesters of terephthalic acid with comonomers
containing cyclohexanedimethanol and ethylene glycol, polybutylene terephthalate, poly-xylylene terephthalate, poly-
dianol terephthalates, polybutylene terephthalate, polytrimethylene terephthalate, polyester naphthalates, and combi-
nations thereof.
[0045] The modified polybutylene terephthalate component derived from polyethylene terephthalate is (1) is derived
from a polyethylene terephthalate component selected from the group consisting of polyethylene terephthalate and
polyethylene terephthalate copolymers and (2) has at least one residue derived from the polyethylene terephthalate
component. In one embodiment, the modified polybutylene terephthalate component can further be derived from a
biomass-derived 1,4-butanediol, e.g. corn derived 1,4-butanediol or a 1,4-butanediol derived from a cellulosic material.
[0046] The modified polybutylene terephthalate copolymer can be derived from the polyethylene terephthalate com-
ponent by any method that involves depolymerization of the polyethylene terephthalate component and polymerization
of the depolymerized polyethylene terephthalate component with 1,4-butanediol to provide the modified polybutylene
terephthalate copolymer. For example, the modified polybutylene terephthalate component can be made by a process
that involves depolymerizing a polyethylene terephthalate component selected from the group consisting of polyethylene
terephthalate and polyethylene terephthalate copolymers, with a 1,4-butanediol component at a temperature from 180
to 230°C, under agitation, at a pressure that is at least atmospheric pressure in the presence of a catalyst component,
at an elevated temperature, under an inert atmosphere, to produce a molten mixture containing a component selected
from the group consisting of oligomers containing ethylene terephthalate moieties, oligomers containing ethylene iso-
phthalate moieties, oligomers containing diethylene terephthalate moieties, oligomers containing diethylene isophthalate
moieties, oligomers containing butylene terephthalate moieties, oligomers containing butylene isophthalate moieties,
covalently bonded oligomeric moieties containing at least two of the foregoing moieties, 1,4-butanediol, ethylene glycol,
and combinations thereof; and agitating the molten mixture at subatmospheric pressure and increasing the temperature
of the molten mixture to an elevated temperature under conditions sufficient to form a modified polybutylene terephthalate
copolymer containing at least one residue derived from the polyethylene terephthalate component.
[0047] Polyester moieties and the 1,4-butanediol are combined in the liquid phase under agitation and the 1,4-butane-
diol can be continuously refluxed back into the reactor during step (a). The tetrahydrofuran (THF) and water formed in
the stage can be removed by distillation or partial condensation.
[0048] The polyethylene terephthalate component and the 1,4-butanediol component are generally combined under
atmospheric pressure. In another embodiment of the invention, however, it is possible to use pressures that are higher
than atmospheric pressures. For instance, in one embodiment, the pressure at which the polyethylene terephthalate
component and the 1,4-butanediol are subjected to is 2 atmospheres or higher. For higher pressures, the reaction
mixtures can be depolymerized at temperatures higher than 230°C.
[0049] The temperature at which the polyethylene terephthalate component and the 1,4-butanediol component are
combined and reacted is sufficient to promote depolymerization of the polyethylene terephthalate component into a
mixture of oligomers containing ethylene terephthalate moieties, oligomers containing ethylene isophthalate moieties,
oligomers containing diethylene terephthalate moieties, oligomers containing diethylene isophthalate moieties, oligomers
containing butylene terephthalate moieties, oligomers containing butylene isophthalate moieties, covalently bonded
oligomeric moieties containing at least two of the foregoing moieties, 1,4-butanediol, ethylene glycol, and combinations
thereof. The temperature at which the polyethylene terephthalate component and the 1,4-butanediol component are
combined generally ranges from 180 to 230°C. 1,4-Butanediol is generally used in excess amount relative to the poly-
ethylene terephthalate component. In one embodiment, 1,4-butanediol is used in a molar excess amount from 2 to 20.
[0050] During the initial stage of the process when the polyethylene terephthalate component and the 1,4-butanediol
are combined and react ("step (a)"), the polyethylene terephthalate component and the 1,4-butanediol depolymerize
into a molten mixture at a pressure that is at least atmospheric pressure suitable conditions. 1,4-Butanediol and ethylene
glycol are generally recirculated, and tetrahydrofuran is distilled during "step (a)" of the process. The molten mixture
contains oligomers containing ethylene terephthalate moieties, oligomers containing ethylene isophthalate moieties,
oligomers containing diethylene terephthalate moieties, oligomers containing diethylene isophthalate moieties, oligomers
containing butylene terephthalate moieties, oligomers containing butylene isophthalate moieties, covalently bonded
oligomeric moieties containing at least two of the foregoing moieties, 1,4-butanediol, ethylene glycol, and combinations
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thereof.
[0051] The duration of the step in which polyethylene terephthalate component reacts with 1,4-butanediol can vary,
depending on factors, such as available equipment, production needs, desired final properties, and the like. In one
embodiment, this step is carried out in at least 2 hours. In another embodiment, the step is carried out from 2 to 5 hours.
[0052] The process further includes the step of subjecting the molten mixture to subatmospheric pressure and increas-
ing the temperature of the molten mixture to a temperature from 240 to 260°C, and thereby forming the modified poly-
butylene terephthalate component derived from the polyethylene terephthalate component.
[0053] Excess butanediol, ethylene glycol, and THF are preferably removed and step (b) is carried out under agitation.
The molten mixture, when placed in subatmospheric pressure conditions at a suitable temperature for a sufficiently long
time period, polymerizes into a modified polybutylene terephthalate component derived from the polyethylene tereph-
thalate component copolymer. Generally, the molten mixture pressure is subjected to a pressure from subatmospheric
to less than 1 Torr. In one embodiment, the pressure is reduced to a pressure from 100 to 0.05 Torr in a continuous
manner. In another embodiment, the pressure is reduced to a pressure from 10 to 0.1 Torr in a continuous fashion.
Advantageously, the molten mixture can be placed under subatmospheric conditions without isolation and dissolution
of any material from the molten mixture. The avoidance of this step greatly enhances the utility of the process.
[0054] During the step when the molten mixture is placed under subatmospheric conditions and the temperature is
increased, excess butanediol, ethylene glycol, and THF are removed from the reactor and oligomers are allowed to build
in molecular weight. Agitation can be continuously provided to facilitate the removal of the low boiling components and
allow the molecular weight buildup of the polymer. After sufficient molecular weight is obtained, the resulting molten PBT
polymer is cast from the reactor through a diehead, cooled with water, stranded and chopped into pellets.
[0055] The duration of the step (step (b) discussed above) in which the molten mixture polymerizes from polyethylene
terephthalate and poly(butylene terephthalate) oligomers, 1,4-butanediol, and ethylene glycol can vary, depending on
factors, such as equipment available, production needs, desired final properties, and the like. In one embodiment, this
step is carried out in at least two hours. In another embodiment, the step is carried out from 2 to 5 hours.
[0056] The temperature at which the molten mixture is placed under subatmospheric conditions is sufficiently high to
promote polymerization of the polyethylene terephthalate and poly(butylene terephthalate) oligomers, 1,4, butanediol,
and ethylene glycol to the modified polybutylene terephthalate component derived from the polyethylene terephthalate
component. Generally, the temperature is at least 230°C. In one embodiment, the temperature is from 250 to 275°C.
[0057] Both steps of the process can be carried out in the same reactor. In one embodiment, however, the process
is carried out in two separate reactors, where step (a) is carried out in a first reactor and when the molten mixture has
formed, the molten mixture is placed in a second reactor and step (b) is carried out. In another embodiment, the process
can be carried out in more than two reactors. In another embodiment, the process can be carried out in a continuous
series of reactors.
[0058] The catalyst component that facilitates the reaction can be selected from antimony compounds, tin compounds,
titanium compounds, combinations thereof as well as many other metal catalysts and combinations of metal catalysts
that have been disclosed in the literature. The amount of the catalyst will vary depending on the specific need at hand.
Suitable amounts of the catalyst range from 1 to 5000 ppm, or more. The catalyst component is generally added during
the step when the polyethylene terephthalate component initially combines with the 1,4-butanediol component. In another
embodiment, however, the catalyst component may be added to the molten mixture that forms after the polyethylene
terephthalate component and the 1,4-butanediol component are combined.
[0059] The process for making the modified polybutylene terephthalate copolymer is preferably carried out under
agitative conditions. The term "agitative conditions" or "agitation" refers to subjecting the polyethylene terephthalate
component and the 1,4-butanediol or the molten mixture to conditions that involve physically mixing the polyethylene
terephthalate component 1,4-butanediol or molten mixture under conditions that promote the depolymerization of the
PET when the agitative conditions are applied to polyethylene terephthalate component 1,4-butanediol, i.e., step (a), or
the polymerization of the PBT from polyethylene terephthalate oligomers, 1,4-butanediol, and ethylene glycol, i.e., step
(b). The physical mixing can be accomplished by any suitable way. In one embodiment, a mixer containing rotating shaft
and blades that are perpendicular to the shaft can be used.
[0060] The process for making the modified polybutylene terephthalate copolymer can include a step that reduces the
amount of THF produced during the process by adding a basic compound containing an alkali metal to the reactor in
step (a) and thereby reducing formation of THF. The basic compound contains an alkali metal and can be, for example,
sodium alkoxides, sodium hydroxide, sodium acetate, sodium carbonate, sodium bicarbonates, potassium alkoxides,
potassium hydroxide, potassium acetate, potassium carbonate, potassium bicarbonate, lithium alkoxides, lithium hy-
droxide, lithium acetate, lithium carbonate, lithium bicarbonate, calcium alkoxides, calcium hydroxide, calcium acetate,
calcium carbonate, calcium bicarbonates, magnesium alkoxides, magnesium hydroxide, magnesium acetate, magne-
sium carbonate, magnesium bicarbonates, aluminum alkoxides, aluminum hydroxide, aluminum acetate, aluminum
carbonate, aluminum bicarbonates, and combinations thereof. The amount of the basic compound added to a mixture
is generally at least 0.1 ppm. In one embodiment, the amount of the basic compound is from 0.1 to 50 ppm. In another
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embodiment, the amount of the basic compound ranges from 1 to 10 ppm.
[0061] In another embodiment, a difunctional epoxy compound can be added to reduce the formation of THF. The
epoxy compounds may be selected from the group of difunctional epoxies. Examples of suitable difunctional epoxy
compounds include and are not limited to 3,4-epoxycyclohexyl-3,4-epoxycyclohexyl carboxylate, bis(3,4-epoxycyclohex-
ylmethyl) adipate, vinylcyclohexene di-epoxide, bisphenol diglycidyl ethers such as bisphenol-A diglycidyl ether, tetra-
bromobisphenol-A diglycidyl ether, glycidol, diglycidyl adducts of amines and amides, diglycidyl adducts of carboxylic
acids such as the diglycidyl ester of phthalic acid the diglycidyl ester of hexahydrophthalic acid, and bis(3,4-epoxy-6-
methylcyclohexylmethyl) adipate, butadiene diepoxide, vinylcyclohexene diepoxide, dicyclopentadiene diepoxide, and
the like. Especially preferred is 3,4-epoxycyclohexyl-3,4-epoxycyclohexylcarboxylate. The amount of the epoxy added
to the mixture is generally at least 0.05 wt.%. In one embodiment, the amount of the epoxy compound is from 0.1 to 1
wt. %. In another embodiment, the amount of the epoxy compound was 0.2 to 0.5 wt. %.
[0062] In another embodiment, THF production is reduced by a process that involves the steps of: (a) reacting (i) a
polyethylene terephthalate component selected from the group consisting of polyethylene terephthalate and polyethylene
terephthalate copolymers with a diol component selected from the group consisting of ethylene glycol, propylene glycol,
and combinations thereof, in a reactor at a pressure that is at least atmospheric pressure in the presence of a catalyst
component at a temperature from 190 to 250 °C, under an inert atmosphere, under conditions sufficient to depolymerize
the polyethylene terephthalate component into a first molten mixture containing components selected from the group
consisting of oligomers containing ethylene terephthalate moieties, oligomers containing ethylene isophthalate moieties,
oligomers containing diethylene terephthalate moieties, oligomers containing diethylene isophthalate moieties, oligomers
containing trimethylene terephthalate moieties, oligomers containing trimethylene isophthalate moieties, covalently bond-
ed oligomeric moieties containing at least two of the foregoing moieties, ethylene glycol, propylene glycol and combi-
nations thereof; wherein the polyethylene terephthalate component and the diol component are combined under agitation;
(b) adding 1,4-butanediol to the first molten mixture in a reactor in the presence of a catalyst component at a temperature
from 190 to 240°C, under conditions that are sufficient to form a second molten mixture containing a component selected
from the group consisting of oligomers containing ethylene terephthalate moieties, oligomers containing ethylene iso-
phthalate moieties, oligomers containing diethylene terephthalate moieties, oligomers containing diethylene isophthalate
moieties, oligomers containing trimethylene terephthalate moieties, oligomers containing trimethylene isophthalate moi-
eties, oligomers containing butylene terephthalate moieties, oligomers containing butylene isophthalate moieties, cov-
alently bonded oligomeric moieties containing at least two of the foregoing moieties, 1,4-butanediol, propylene glycol,
ethylene glycol, and combinations thereof; and (c) increasing the temperature of the second molten mixture under
subatmospheric conditions and agitation to a temperature from 240 to 260°C, thereby forming a modified polybutylene
terephthalate copolymer containing at least one residue derived from the polyethylene terephthalate component.
[0063] This three-step embodiment provides an additional advantageous way for producing modified PBT copolymers
from PET. The diol component used in step (a) of the three-step embodiment can be selected from ethylene glycol,
propylene glycol, and combinations thereof. The diol component can be present in step (a) at a molar amount that is at
least half the amount of ethylene glycol moieties present in the polyethylene terephthalate component. The depolymer-
ization of the polyethylene terephthalate component can be carried out for various times. In one embodiment, the
depolymerization is carried out for at least 25 minutes. The 1,4-butanediol used during step (b) of the three step em-
bodiment can be added at a molar amount that is in excess relative to the molar amount of butanediol moieties incorporated
into the modified polybutylene terephthalate copolymer component obtained in step (c). During the process the com-
pounds used in the process can be reused and/or collected. In one embodiment, the diol component selected from the
group consisting of ethylene glycol, propylene glycol, and combinations thereof and (2) 1,4-butanediol are removed and
collected in a vessel in step (b). In another embodiment, in step (b), 1,4-butanediol is refluxed back into the reactor and
a component selected from the group of excess butanediol, ethylene glycol, propylene glycol, tetrahydrofuran, and
combinations thereof is removed. Step (b) is practiced for a sufficient period of time to reduce at least 65 % of ethylene
glycol from the second molten mixture. The duration of step (b) can also vary. In one embodiment, step (b) lasts at least
45 minutes. The pressure at which step (b) is carried out can vary. In one embodiment, step (b) is carried out in atmospheric
conditions. In another embodiment, step (b) is carried out in subatmospheric conditions. Different combinations are
possible. In one embodiment, step (b) is carried out with excess 1, 4-butanediol and at a pressure from 300 to 1500
mbar absolute. In another embodiment, 1,4-butanediol is used in a molar excess amount from 1.1 to 5. Step (c) of the
three-step embodiment can also be carried out with modifications, depending on the application. In one embodiment,
for instance, a component selected from the group of excess butanediol, ethylene glycol, propylene glycol, tetrahydro-
furan, and combinations thereof is removed during step (c). The pressure at which step (c) is carried out can also vary.
In one embodiment, step (c) is carried out at a pressure that is less than 10 mbar. The three-step process can be carried
out in the same reactor. Alternatively, the three-step process can be carried out in at least two reactors.
[0064] In another embodiment, the three-step process can include the step of adding a basic compound during step
(a), step (b), step (c), and combinations thereof, and thereby further reduce THF production. The basic compound, as
in the two-step embodiment, can contain those compounds mentioned above. Alternatively, difunctional epoxy com-
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pounds can be added during step (b) in the amounts indicated above.
[0065] The process for making the modified PBT copolymer may contain an additional step in which the PBT formed
from the molten mixture is subjected to solid-state polymerization. Solid-state polymerization generally involves subjecting
the PBT formed from the molten mixture to an inert atmosphere or subatmospheric pressure and heating to a temperature
for a sufficient period of time to build the molecular weight of the PBT. Generally, the temperature to which the PBT is
heated is below the melting point of the PBT, e.g., from 5 to 60°C below the melting point of the PBT. In one embodiment,
such a temperature may range from 150 to 210°C. Suitable periods of time during which the solid-state polymerization
occurs may range from 2 to 20 hours, depending on the conditions and equipment. The solid-state polymerization is
generally carried out under tumultuous conditions sufficient to promote further polymerization of the PBT to a suitable
molecular weight. Such tumultuous conditions may be created by subjecting the PBT to tumbling, the pumping of inert
gas into the system to promote fluidization of polymer particle, e.g., pellets, chips, flakes, powder, and the like. The solid-
state polymerization can be carried out at atmospheric pressure and/or under reduced pressure, e.g. from 1 atmosphere
to 1 mbar.
[0066] In still another embodiment, the 1,4-butanediol used to make the modified polybutylene terephthalate copolymer
can be derived from biomass. The term "biomass" means living or dead biological matter that can be directly or subse-
quently converted to useful chemical substances that are ordinarily derived from non-renewable hydrocarbon sources.
Biomass can include cellulosic materials, grains, starches derived from grains, fatty acids, plant based oils, as well as
derivatives from these biomass examples. Examples of useful chemical substances include and are not limited to diols;
diacids; monomers used to make diols or acids, e.g., succinic acid; monomers used to make polymers; and the like.
Biomass based butanediol can be obtained from several sources. For instance, the following process can be used to
obtain biomass-based 1,4-butanediol. Agriculture based biomass, such as corn, can be converted into succinic acid by
a fermentation process that also consumes carbon dioxide. Such succinic acid is commercially available from several
sources such as from Diversified Natural Products Inc. under the trade name "BioAmber™". This succinic acid can be
easily converted into 1,4-butanediol by processes described in several published documents such as in US Pat. No.
4,096,156, incorporated herein in its entirety. Bio-mass derived-1,4-butanediol can also be converted to tetrahydrofuran,
and further converted to polytetrahydrofuran, also known as polybutylene oxide glycol. Smith et al. describe another
process that describes converting succinic acid into 1,4-butanediol in Life Cycles Engineering Guidelines, as described
in EPA publication EPA/600/R-1/101 (2001). When this embodiment is used, the manufacture of compositions containing
the modified polybutylene terephthalate can further reduce CO2 emissions that are ordinary generated when PBT is
made from fossil fuel derived monomers. Also, this further reduces the amount of non-renewable hydrocarbon sources
that are used in order to make the PBT.
[0067] The modified PBT can be a random copolymer or a non-random copolymer. The modified PBT can have a
weight average molecular weight of greater than 70,000 g/mol, specifically 70,000 to 200,000 g/mol, against polystyrene
standards, as measured by gel permeation chromatography in chloroform/hexafluoroisopropanol (5:95, volume/volume
ratio) at 25°C. The polyesters can have an intrinsic viscosity (as measured in phenol/tetrachloroethane (60:40, volume
/ volume ratio) at 25°C) of 0.8 to 2.0 deciliters per gram.
[0068] The modified PBT copolymer can be used in conjunction with virgin polyesters, i.e., polyesters derived from
monomers. Specific polyesters that can be used in combination with the modified PBT copolymer are obtained by
copolymerizing a monomeric glycol component and a monomeric dicarboxylic acid component comprising at least 70
mole %, preferably at least 80 mole %, of terephthalic acid, or polyester-forming derivatives thereof. The glycol, tetram-
ethylene glycol, component can contain up to 30 mole %, preferably up to 20 mole % of another glycol, such as ethylene
glycol, trimethylene glycol, 2-methyl-1,3-propane glycol, hexamethylene glycol, decamethylene glycol, cyclohexane
dimethanol, neopentylene glycol, and the like, and mixtures comprising at least one of the foregoing glycols. The acid
component may contain up to 30 mole %, preferably up to 20 mole %, of another acid such as isophthalic acid, 2,6-
naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid, 1,5-naphthalene dicarboxylic acid, 4,4’-diphenyl di-
carboxylic acid, 4,4’-diphenoxyethanedicarboxylic acid, sebacic acid, adipic acid, and the like, and polyester-forming
derivatives thereof, and mixtures comprising at least one of the foregoing acids or acid derivatives. In one embodiment,
the polyester is poly(ethylene terephthalate), poly(1,4-butylene terephthalate), poly(ethylene naphthalate), poly(1,4-
butylene naphthalate), (polytrimethylene terephthalate), poly(1,4-cyclohexylenedimethylene 1,4-cyclohexanedicarbox-
ylate), poly(1,4-cyclohexylenedimethylene terephthalate), poly(1,4-butylene-co-1,4-but-2-ene diol terephthalate), and/or
poly(cyclohexylenedimethylene-co-ethylene terephthalate). Specifically, the polyester is poly(1,4-butylene terephtha-
late).
[0069] While a combination of different polyesters may be used, it is specifically contemplated to use the modified
PBT wherein the composition does not contain a polyester that meets the conditions wherein the moiety derived from
the dicarboxylic acid comprises a member selected from the group consisting of cyclohexylene, terephthalylene, isoph-
thalylene, and a combination thereof, and wherein the moiety derived from the diol comprises a member selected from
the group consisting of 1,4-cyclohexanedimethylene, ethylene, 1,2-propylene, 1,3-propylene, and a combination thereof.
[0070] In one general embodiment, the blends of a polycarbonate and a polyester may comprise about 1 to about 99
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wt.% polycarbonate and correspondingly about 99 to about 1 wt.% polyester, in particular a poly(alkylene terephthalate).
In one embodiment, the blend comprises about 30 to about 70 wt.% polycarbonate and correspondingly about 70 to
about 30 wt.% polyester. The foregoing amounts are base on the total weight of the polycarbonate resin and polyester
resin.
[0071] The matrix polymer may further be, or include, an impact modifier composition to increase its impact resistance.
Thus, the impact modifiers may be present in amounts of about 1 to 100 weight percent (wt.%) of the matrix polymer
component, specifically about 5 to about 60 wt.%, more specifically about 10 to about 40 wt.%, with the balance being
other matrix polymer material.
[0072] These impact modifiers include elastomer-modified graft copolymers comprising (i) an elastomeric (i.e., rubbery)
polymer substrate having a Tg less than about 10°C, more specifically less than about -10°C, or more specifically about
-40° to -80°C, and (ii) a rigid polymeric superstrate grafted to the elastomeric polymer substrate. As is known, elastomer-
modified graft copolymers may be prepared by first providing the elastomeric polymer, then polymerizing the constituent
monomer(s) of the rigid phase in the presence of the elastomer to obtain the graft copolymer. The grafts may be attached
as graft branches or as shells to an elastomer core. The shell may merely physically encapsulate the core, or the shell
may be partially or essentially completely grafted to the core.
[0073] Suitable materials for use as the elastomer phase include, for example, conjugated diene rubbers; copolymers
of a conjugated diene with less than about 50 wt.% of a copolymerizable monomer; olefin rubbers such as ethylene
propylene copolymers (EPR) or ethylene-propylene-diene monomer rubbers (EPDM); ethylene-vinyl acetate rubbers;
silicone rubbers; elastomeric C1-8 alkyl (meth)acrylates; elastomeric copolymers of C1-8 alkyl (meth)acrylates with buta-
diene and/or styrene; or combinations comprising at least one of the foregoing elastomers.
[0074] Suitable conjugated diene monomers for preparing the elastomer phase are of formula (II):

wherein each Xb is independently hydrogen, C1-C5 alkyl, or the like. Examples of conjugated diene monomers that
maybe used are butadiene, isoprene, 1,3-heptadiene, methyl-1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-
pentadiene; 1,3- and 2,4-hexadienes, and the like, as well as mixtures comprising at least one of the foregoing conjugated
diene monomers. Specific conjugated diene homopolymers include polybutadiene and polyisoprene.
[0075] Copolymers of a conjugated diene rubber may also be used, for example those produced by aqueous radical
emulsion polymerization of a conjugated diene and one or more monomers copolymerizable therewith. Monomers that
are suitable for copolymerization with the conjugated diene include monovinylaromatic monomers containing condensed
aromatic ring structures, such as vinyl naphthalene, vinyl anthracene and the like, or monomers of formula (III):

wherein each Xc is independently hydrogen, C1-C12 alkyl, C3-C12 cycloalkyl, C6-C12 aryl, C7-C12 aralkyl, C7-C12 alkaryl,
C1-C12 alkoxy, C3-C12 cycloalkoxy, C6-C12 aryloxy, chloro, bromo, or hydroxy, and R is hydrogen, C1-C5 alkyl, bromo,
or chloro. Examples of suitable monovinylaromatic monomers that may be used include styrene, 3-methylstyrene, 3,5-
diethylstyrene, 4-n-propylstyrene, alpha-methylstyrene, alpha-methyl vinyltoluene, alpha-chlorostyrene, alpha-bromo-
styrene, dichlorostyrene, dibromostyrene, tetra-chlorostyrene, and the like, and combinations comprising at least one
of the foregoing compounds. Styrene and/or alpha-methylstyrene may be used as monomers copolymerizable with the
conjugated diene monomer.
[0076] Other monomers that may be copolymerized with the conjugated diene are monovinylic monomers such as
itaconic acid, acrylamide, N-substituted acrylamide or methacrylamide, maleic anhydride, maleimide, N-alkyl-, aryl-, or
haloaryl-substituted maleimide, glycidyl (meth)acrylates, and monomers of the generic formula (10):
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wherein R is hydrogen, C1-C5 alkyl, bromo, or chloro, and Xc is cyano, C1-C12 alkoxycarbonyl, C1-C12 aryloxycarbonyl,
hydroxy carbonyl, or the like. Examples of monomers of formula (10) include acrylonitrile, ethacrylonitrile, methacrylo-
nitrile, alpha-chloroacrylonitrile, beta-chloroacrylonitrile, alpha-bromoacrylonitrile, acrylic acid, methyl (meth)acrylate,
ethyl (meth)acrylate, n-butyl (meth)acrylate, t-butyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, and the like, and combinations comprising at least one of the foregoing monomers. Monomers
such as n-butyl acrylate, ethyl acrylate, and 2-ethylhexyl acrylate are commonly used as monomers copolymerizable
with the conjugated diene monomer. Mixtures of the foregoing monovinyl monomers and monovinylaromatic monomers
may also be used.
[0077] (Meth)acrylate monomers suitable for use as the elastomeric phase may be cross-linked, particulate emulsion
homopolymers or copolymers of C1-8 alkyl (meth)acrylates, in particular C4-6 alkyl acrylates, for example n-butyl acrylate,
t-butyl acrylate, n-propyl acrylate, isopropyl acrylate, 2-ethylhexyl acrylate, and the like, and combinations comprising
at least one of the foregoing monomers. The C1-8 alkyl (meth)acrylate monomers may optionally be polymerized in
admixture with up to 15 wt.% of comonomers of formulas (II), (III), or (IV). Exemplary comonomers include but are not
limited to butadiene, isoprene, styrene, methyl methacrylate, phenyl methacrylate, phenethylmethacrylate, N-cyclohex-
ylacrylamide, vinyl methyl ether or acrylonitrile, and mixtures comprising at least one of the foregoing comonomers.
Optionally, up to 5 wt.% a polyfunctional crosslinking comonomer may be present, for example divinylbenzene, alkylen-
ediol di(meth)acrylates such as glycol bisacrylate, alkylenetriol tri(meth)acrylates, polyester di(meth)acrylates, bisacry-
lamides, triallyl cyanurate, triallyl isocyanurate, allyl (meth)acrylate, diallyl maleate, diallyl fumarate, diallyl adipate, triallyl
esters of citric acid, triallyl esters of phosphoric acid, and the like, as well as combinations comprising at least one of
the foregoing crosslinking agents.
[0078] The elastomer phase may be polymerized by mass, emulsion, suspension, solution or combined processes
such as bulk-suspension, emulsion-bulk, bulk-solution or other techniques, using continuous, semibatch, or batch proc-
esses. The particle size of the elastomer substrate is not critical. For example, an average particle size of about 0.001
to about 25 micrometers, specifically about 0.01 to about 15 micrometers, or even more specifically about 0.1 to about
8 micrometers may be used for emulsion based polymerized rubber lattices. A particle size of about 0.5 to about 10
micrometers, specifically about 0.6 to about 1.5 micrometers may be used for bulk polymerized rubber substrates.
Particle size may be measured by simple light transmission methods or capillary hydrodynamic chromatography (CHDF).
The elastomer phase may be a particulate, moderately cross-linked conjugated butadiene or C4-6 alkyl acrylate rubber,
and preferably has a gel content greater than 70%. Also suitable are mixtures of butadiene with styrene and/or C4-6 alkyl
acrylate rubbers.
[0079] The elastomeric phase may provide about 5 to about 95 wt.% of the total graft copolymer, more specifically
about 20 to about 90 wt.%, and even more specifically about 40 to about 85 wt.% of the elastomer-modified graft
copolymer, the remainder being the rigid graft phase.
[0080] The rigid phase of the elastomer-modified graft copolymer may be formed by graft polymerization of a mixture
comprising a monovinylaromatic monomer and optionally one or more comonomers in the presence of one or more
elastomeric polymer substrates. The above-described monovinylaromatic monomers of formula (9) may be used in the
rigid graft phase, including styrene, alpha-methyl styrene, halostyrenes such as dibromostyrene, vinyltoluene, vinylxy-
lene, butylstyrene, para-hydroxystyrene, methoxystyrene, or the like, or combinations comprising at least one of the
foregoing monovinylaromatic monomers. Suitable comonomers include, for example, the above-described monovinylic
monomers and/or monomers of the general formula (10). In one embodiment, R is hydrogen or C1-C2 alkyl, and Xc is
cyano or C1-C12 alkoxycarbonyl. Specific examples of suitable comonomers for use in the rigid phase include acrylonitrile,
ethacrylonitrile, methacrylonitrile, methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl
(meth)acrylate, and the like, and combinations comprising at least one of the foregoing comonomers.
[0081] The relative ratio of monovinylaromatic monomer and comonomer in the rigid graft phase may vary widely
depending on the type of elastomer substrate, type of monovinylaromatic monomer(s), type of comonomer(s), and the
desired properties of the impact modifier. The rigid phase may generally comprise up to 100 wt.% of monovinyl aromatic
monomer, specifically about 30 to about 100 wt.%, more specifically about 50 to about 90 wt.% monovinylaromatic
monomer, with the balance being comonomer(s).
[0082] Depending on the amount of elastomer-modified polymer present, a separate matrix or continuous phase of
ungrafted rigid polymer or copolymer may be simultaneously obtained along with the elastomer-modified graft copolymer.
Typically, such impact modifiers comprise about 40 to about 95 wt.% elastomer-modified graft copolymer and about 5
to about 65 wt.% graft (co)polymer, based on the total weight of the impact modifier. In another embodiment, such impact
modifiers comprise about 50 to about 85 wt.%, more specifically about 75 to about 85 wt.% rubber-modified graft
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copolymer, together with about 15 to about 50 wt.%, more specifically about 15 to about 25 wt.% graft (co)polymer,
based on the total weight of the impact modifier.
[0083] Another specific type of elastomer-modified impact modifier comprises structural units derived from at least
one silicone rubber monomer, a branched acrylate rubber monomer having the formula H2C=C(Rd)C(O)OCH2CH2Re,
wherein Rd is hydrogen or a C1-C8 linear or branched hydrocarbyl group and Re is a branched C3-C16 hydrocarbyl group;
a first graft link monomer; a polymerizable alkenyl-containing organic material; and a second graft link monomer. The
silicone rubber monomer may comprise, for example, a cyclic siloxane, tetraalkoxysilane, trialkoxysilane, (acryloxy)alkox-
ysilane, (mercaptoalkyl)alkoxysilane, vinylalkoxysilane, or allylalkoxysilane, alone or in combination, e.g., decamethyl-
cyclopentasiloxane, dodecamethylcyclohexasiloxane, trimethyltriphenylcyclotrisiloxane, tetramethyltetraphenylcyclotet-
rasiloxane, tetramethyltetravinylcyclotetrasiloxane, octaphenylcyclotetrasiloxane., octamethylcyclotetrasiloxane and/or
tetraethoxysilane.
[0084] Exemplary branched acrylate rubber monomers include iso-octyl acrylate, 6-methyloctyl acrylate, 7-methyloctyl
acrylate, 6-methylheptyl acrylate, and the like, alone or in combination. The polymerizable alkenyl-containing organic
material may be, for example, a monomer of formula (III) or (IV), e.g., styrene, alpha-methylstyrene, acrylonitrile, meth-
acrylonitrile, or an unbranched (meth)acrylate such as methyl methacrylate, 2-ethylhexyl methacrylate, methyl acrylate,
ethyl acrylate, n-propyl acrylate, or the like, alone or in combination.
[0085] The at least one first graft link monomer may be an (acryloxy)alkoxysilane, a (mercaptoalkyl)alkoxysilane, a
vinylalkoxysilane, or an allylalkoxysilane, alone or in combination, e.g., (gamma-methacryloxypropyl)(dimethoxy)meth-
ylsilane and/or (3-mercaptopropyl)trimethoxysilane. The at least one second graft link monomer is a polyethylenically
unsaturated compound having at least one allyl group, such as allyl methacrylate, triallyl cyanurate, or triallyl isocyanurate,
alone or in combination.
[0086] The silicone-acrylate impact modifier compositions can be prepared by emulsion polymerization, wherein, for
example at least one silicone rubber monomer is reacted with at least one first graft link monomer at a temperature from
about 30 oC to about 110 oC to form a silicone rubber latex, in the presence of a surfactant such as dodecylbenzenesulfonic
acid. Alternatively, a cyclic siloxane such as cyclooctamethyltetrasiloxane and an tetraethoxyorthosilicate may be reacted
with a first graft link monomer such as (gamma-methacryloxypropyl)methyldimethoxysilane, to afford silicone rubber
having an average particle size from about 100 nanometers to about 2 microns. At least one branched acrylate rubber
monomer is then polymerized with the silicone rubber particles, optionally in presence of a cross linking monomer, such
as allylmethacrylate in the presence of a free radical generating polymerization catalyst such as benzoyl peroxide. This
latex is then reacted with a polymerizable alkenyl-containing organic material and a second graft link monomer. The
latex particles of the graft silicone-acrylate rubber hybrid may be separated from the aqueous phase through coagulation
(by treatment with a coagulant) and dried to a fine powder to produce the silicone-acrylate rubber impact modifier
composition. This method can be generally used for producing the silicone-acrylate impact modifier having a particle
size from about 100 nanometers to about two micrometers.
[0087] Processes known for the formation of the foregoing elastomer-modified graft copolymers include mass, emul-
sion, suspension, and solution processes, or combined processes such as bulk-suspension, emulsion-bulk, bulk-solution
or other techniques, using continuous, semibatch, or batch processes.
[0088] In one embodiment the foregoing types of impact modifiers are prepared by an emulsion polymerization process
that is free of basic materials such as alkali metal salts of C6-30 fatty acids, for example sodium stearate, lithium stearate,
sodium oleate, potassium oleate, and the like, alkali metal carbonates, amines such as dodecyl dimethyl amine, dodecyl
amine, and the like, and ammonium salts of amines. Such materials are commonly used as surfactants in emulsion
polymerization, and may catalyze transesterification and/or degradation of polycarbonates. Instead, ionic sulfate, sul-
fonate, or phosphate surfactants may be used in preparing the impact modifiers, particularly the elastomeric substrate
portion of the impact modifiers. Suitable surfactants include, for example, C1-22 alkyl or C7-25 alkylaryl sulfonates, C1-22
alkyl or C7-25 alkylaryl sulfates, C1-22 alkyl or C7-25 alkylaryl phosphates, substituted silicates, and mixtures thereof. A
specific surfactant is a C6-16, specifically a C8-12 alkyl sulfonate. This emulsion polymerization process is described and
disclosed in various patents and literature of such companies as Rohm & Haas and General Electric Company. In the
practice, any of the above-described impact modifiers may be used providing it is free of the alkali metal salts of fatty
acids, alkali metal carbonates, and other basic materials.
[0089] In the specific compositions comprising a poly(ethylene terephthalate and polycarbonate as a matrix, the impact
modifier can be a natural rubber, low-density polyethylene, high-density polyethylene, polypropylene, polystyrene, polyb-
utadiene, styrene-butadiene, styrene-butadiene-styrene, styrene-ethylene-butadiene-styrene, acrylonitrile-butadiene-
styrene, acrylonitrile-ethylene-propylene-diene-styrene, styrene-isoprene-styrene, methyl methacrylate-butadiene-sty-
rene, methyl methacrylate-acrylonitrile butadiene-styrene, styrene-acrylonitrile, ethylene-propylene copolymer, ethyl-
ene-propylene-diene terpolymer, ethylene-methyl acrylate, an ethylene-ethyl acrylate, an ethylene-vinyl acetate copol-
ymer, an ethylene-glycidyl methacrylate copolymer, a polyethylene terephthalate-poly(tetramethyleneoxide)glycol block
copolymer, a polyethylene terephthalate/isophthalate-poly(tetramethyleneoxide)glycol block copolymer, a silicone rub-
ber, or a combination comprising at least one of the foregoing impact modifiers.
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[0090] In a specific embodiment, the impact modifier is an emulsion polymer free of basic materials as described
above. A good balance of properties is obtained when the impact modifier is a core-shell polymer selected from the
group consisting of acrylonitrile-butadiene-styrenes, methyl methacrylate-acrylonitrile-butadiene-styrenes, acrylonitrile-
styrene-acrylates, high rubber graft acrylonitrile-butadiene-styrenes, butyl acrylates, ethyl acrylates, and combinations
thereof. Acrylonitrile-butadiene-styrene and methyl methacrylate-acrylonitrile butadiene-styrene can be specifically men-
tioned. In one embodiment, the impact modifier is an acrylonitrile-butadiene-styrene.
[0091] Fluoropolymers suitable for use as the fluoropolymer component are capable of being fibrillated ("fibrillatable")
during mixing with the matrix polymer, the filler, or both simultaneously. "Fibrillation" is a term of art that refers to the
treatment of fluoropolymers so as to produce, for example, a "node and fibril," network, or cage-like structure. Suitable
fluoropolymers include but are not limited to homopolymers and copolymers that comprise structural units derived from
one or more fluorinated alpha-olefin monomers, that is, an alpha-olefin monomer that includes at least one fluorine atom
in place of a hydrogen atom. In one embodiment the fluoropolymer comprises structural units derived from two or more
fluorinated alpha-olefin, for example tetrafluoroethylene, hexafluoroethylene, and the like. In another embodiment, the
fluoropolymer comprises structural units derived from one or more fluorinated alpha-olefin monomers and one or more
non-fluorinated monoethylenically unsaturated monomers that are copolymerizable with the fluorinated monomers, for
example alpha-monoethylenically unsaturated copolymerizable monomers such as ethylene, propylene, butene, acrylate
monomers (e.g., methyl methacrylate and butyl acrylate), vinyl ethers, (e.g., cyclohexyl vinyl ether, ethyl vinyl ether, n-
butyl vinyl ether, vinyl esters) and the like. Specific examples of fluoropolymers include poly(tetrafluoroethylene), po-
ly(hexafluoropropylene), poly(vinylidene fluoride), poly(chlorotrifluoroethylene), poly(ethylene-tetrafluoroethylene), fluor-
inated ethylene-propylene polymer, poly(vinyl fluoride), and poly(ethylene-chlorotrifluoroethylene). Combinations com-
prising at least one of the foregoing fluoropolymers may also be used.
[0092] As is known, fluoropolymers are available in a variety of forms, including powders, emulsions, dispersions,
agglomerations, and the like. "Dispersion" (also called "emulsion") fluoropolymers are generally manufactured by dis-
persion or emulsion, and generally comprise about 25 to 60 weight % fluoropolymer in water, stabilized with a surfactant,
wherein the fluoropolymer particles are approximately 0.1 to 0.3 micrometers in diameter. "Fine powder" (or "coagulated
dispersion") fluoropolymers may be made by coagulation and drying of dispersion-manufactured fluoropolymers. Fine
powder fluoropolymers are generally manufactured to have a particle size of approximately 400 to 500 microns. "Granular"
fluoropolymers may be made by a suspension method, and are generally manufactured in two different particle size
ranges, including a median particle size of approximately 30 to 40 micrometers, and a high bulk density product exhibiting
a median particle size of about 400 to 500 micrometers. Pellets of fluoropolymer may also be obtained and cryogenically
ground to exhibit the desired particle size.
[0093] In one embodiment the fluoropolymer is at least partially encapsulated by an encapsulating polymer that may
be the same or different as the matrix polymer (hereinafter referred to as an "encapsulated polymer"). Without being
bound by theory, it is believed that encapsulation may aid in the distribution of the fluoropolymer within the matrix, and/or
compatibilize the fluoropolymer with the matrix.
[0094] Suitable encapsulating polymers accordingly include, but are not limited to, vinyl polymers, acrylic polymers,
polyacrylonitrile, polystyrenes, polyolefins, polyesters, polyurethanes, polyamides, polysulfones, polyimides, polyether-
imides, polyphenylene ethers, polyphenylene sulfides, polyether ketones, polyether ether ketones, ABS resins, poly-
ethersulfones, poly(alkenylaromatic) polymers, polybutadiene, liquid crystalline polymers, polyacetals, polycarbonates,
polyphenylene ethers, ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid crystal polymers, ethylene-tetrafluor-
oethylene copolymer, aromatic polyesters, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene chloride, and com-
binations comprising at least one of the foregoing polymers.
[0095] The encapsulating polymers may be obtained by polymerization of monomers or mixtures of monomers by
methods known in the art, for example, condensation, addition polymerization, and the like. Emulsion polymerization,
particularly radical polymerization may be used effectively. In one embodiment, the encapsulating polymer is formed
from monovinylaromatic monomers containing condensed aromatic ring structures, such as vinyl naphthalene, vinyl
anthracene and the like, or monomers of formula (II) above. Examples of suitable monovinylaromatic monomers include
styrene, 3-methylstyrene, 3,5-diethylstyrene, 4-n-propylstyrene, alpha-methylstyrene, alpha-methyl vinyltoluene, alpha-
chlorostyrene, alpha-bromostyrene, dichlorostyrene, dibromostyrene, tetra-chlorostyrene, and the like, and combinations
comprising at least one of the foregoing compounds. Styrene and/or alpha-methylstyrene may be specifically mentioned.
[0096] Other useful monomers for the formation of the encapsulating polymer include monovinylic monomers such
as itaconic acid, acrylamide, N-substituted acrylamide or methacrylamide, maleic anhydride, maleimide, N-alkyl-, aryl-,
or haloaryl-substituted maleimide, glycidyl (meth)acrylates, and monomers of formula (III) above. Examples of monomers
of formula (III) include acrylonitrile, ethacrylonitrile, methacrylonitrile, alpha-chloroacrylonitrile, beta-chloroacrylonitrile,
alpha-bromoacrylonitrile, acrylic acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, t-butyl
(meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, and the like, and combi-
nations comprising at least one of the foregoing monomers.
[0097] Mixtures of the foregoing monovinylaromatic monomers and monovinylic monomers may also be used, for
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example mixtures of styrene and acrylonitrile (SAN). The relative ratio of monovinylaromatic and monovinylic monomers
in the rigid graft phase may vary widely depending on the type of fluoropolymer, type of monovinylaromatic and monovinylic
monomer(s), and the desired properties of the encapsulant. The encapsulant may generally be formed from up to 100
wt.% of monovinyl aromatic monomer, specifically about 30 to about 100 wt.%, more specifically about 50 to about 90
wt.% monovinylaromatic monomer, with the balance being comonomer(s).
[0098] Elastomers may also be used as the encapsulating polymer, as well as elastomer-modified graft copolymers.
Suitable elastomers include, for example, conjugated diene rubbers; copolymers of a conjugated diene with less than
about 50 wt.% of a copolymerizable monomer; olefin rubbers such as ethylene propylene copolymers (EPR) or ethylene-
propylene-diene monomer rubbers (EPDM); ethylene-vinyl acetate rubbers; silicone rubbers; elastomeric C1-8 alkyl
(meth)acrylates; elastomeric copolymers of C1-8 alkyl (meth)acrylates with butadiene and/or styrene; or combinations
comprising at least one of the foregoing elastomers.
[0099] Suitable conjugated diene monomers are of formula (IV). Examples of conjugated diene monomers that may
be used are butadiene, isoprene, 1,3-heptadiene, methyl-1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-pen-
tadiene; 1,3- and 2,4-hexadienes, and the like, as well as mixtures comprising at least one of the foregoing conjugated
diene monomers. Specific conjugated diene homopolymers include polybutadiene and polyisoprene.
[0100] Copolymers of a conjugated diene rubbers may also be used, for example those produced by aqueous radical
emulsion polymerization of a conjugated diene and up to 10 wt.% of one or more monomers copolymerizable therewith.
Suitable copolymerizable monomers include the monovinylaromatic monomers of formula (II) and/or the monovinylic
monomers of formula (III) above. Specific copolymers include styrene and acrylonitrile.
[0101] (Meth)acrylate monomers suitable for use as an elastomeric encapsulating monomer include the cross-linked,
particulate emulsion homopolymers or copolymers of C4-8 alkyl (meth)acrylates, in particular C4-6 alkyl acrylates, for
example n-butyl acrylate, t-butyl acrylate, n-propyl acrylate, isopropyl acrylate, 2-ethylhexyl acrylate, and th like, and
combinations comprising at least one of the foregoing monomers. The C4-8 alkyl (meth)acrylate monomers may optionally
be polymerized in admixture with up to 15 wt.% of comonomers of formulas (II), (III), or (IV). Exemplary comonomers
include but are not limited to butadiene, isoprene, styrene, methyl methacrylate, phenyl methacrylate, phenethylmeth-
acrylate, N-cyclohexylacrylamide, vinyl methyl ether or acrylonitrile, and mixtures comprising at least one of the foregoing
comonomomers. Optionally, up to 5 wt.% a polyfunctional crosslinking comonomer may be present, for example divi-
nylbenzene, alkylenediol di(meth)acrylates such as glycol bisacrylate, alkylenetriol tri(meth)acrylates, polyester
di(meth)acrylates, bisacrylamides, triallyl cyanurate, triallyl isocyanurate, allyl (meth)acrylate, diallyl maleate, diallyl fu-
marate, diallyl adipate, triallyl esters of citric acid, triallyl esters of phosphoric acid, and the like, as well as combinations
comprising at least one of the foregoing crosslinking agents.
[0102] Suitable elastomer-modified graft copolymers may be prepared by first providing an elastomeric polymer (for
example, as described above), then polymerizing the constituent monomer(s) of the rigid phase in the presence of the
fluoropolymer and the elastomer to obtain the graft copolymer. The elastomeric phase may provide about 5 to about 95
wt.% of the total graft copolymer, more specifically about 20 to about 90 wt.%, and even more specifically about 40 to
about 85 wt.% of the elastomer-modified graft copolymer, the remainder being the rigid graft phase. Depending on the
amount of elastomer-modified polymer present, a separate matrix or continuous phase of ungrafted rigid polymer or
copolymer may be simultaneously obtained along with the elastomer-modified graft copolymer.
[0103] Specific encapsulating polymers include polystyrene, copolymers of polystyrene, poly(alpha-methylstyrene),
poly(alpha-ethylstyrene), poly(alpha-propylstyrene), poly(alpha-butylstyrene), poly(p-methylstyrene), polyacrylonitrile,
polymethacrylonitrile, poly(methyl acrylate), poly(ethyl acrylate), poly(propyl acrylate), and poly(butyl acrylate), poly(me-
thyl methacrylate), poly(ethyl methacrylate), poly(propyl methacrylate), poly(butyl methacrylate); polybutadiene, copol-
ymers of polybutadiene with propylene, poly(vinyl acetate), poly(vinyl chloride), poly(vinylidene chloride), poly(vinylidene
fluoride), poly(vinyl alcohols), acrylonitrile-butadiene copolymer rubber, acrylonitrile-butadiene-styrene (ABS), poly(C4-8
alkyl acrylate) rubbers, styrene-butadiene rubbers (SBR), EPDM rubbers, silicon rubber and combinations comprising
at least one of the foregoing encapsulating polymers. In one embodiment, the fluoropolymer comprises an encapsulating
polymer selected from the group consisting of styrene-acrylonitrile copolymers, acrylonitrile-butadiene-styrene copoly-
mers, alpha-alkyl-styrene-acrylonitrile copolymers, alpha-methylstyrene-acrylonitrile copolymers, styrene-butadiene
rubbers, methyl methacrylates, and combinations thereof. In one embodiment the fluoropolymer comprises styrene-
acrylonitrile encapsulated poly(tetrafluoroethylene).
[0104] In another embodiment, the encapsulating polymer comprises SAN, ABS copolymers, alpha-(C1-3)alkyl-styrene-
acrylonitrile copolymers, alpha-methylstyrene-acrylonitrile (AMSAN) copolymers, SBR, and combinations comprising at
least one of the foregoing. In yet another embodiment the encapsulating polymer is SAN or AMSAN.
[0105] Suitable amounts amount of encapsulating polymer may be determined by one of ordinary skill in the art without
undue experimentation, using the guidance provided below. In one embodiment, the encapsulated fluoropolymer com-
prises about 10 to about 90 weight percent (wt.%) fluoropolymer and about 90 to about 10 wt.% of the encapsulating
polymer, based on the total weight of the encapsulated fluoropolymer. Alternatively, the encapsulated fluoropolymer
comprises about 20 to about 80 wt.%, more specifically about 40 to about 60 wt.% fluoropolymer, and about 80 to about
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20 wt.%, specifically about 60 about 40 wt.% encapsulating polymer, based on the total weight of the encapsulated
polymer.
[0106] The polymer composition further comprises a filler, including the fillers and solid compounding ingredients or
agents commonly used in polymeric compositions. Without being bound by theory, it is believed that the advantageous
results obtained herein are due to a synergistic interaction between the filler and fluoropolymer, which interaction arises
during the mixing process described below.
[0107] One useful class of fillers is the particulate fillers, which may be of any configuration, for example spheres,
plates, fibers, acicular, flakes, whiskers, or irregular shapes. Suitable fillers typically have an average longest dimension
of about 1 nanometer to about 500 micrometers, specifically about 10 nanometers to about 100 micrometers. The
average aspect ratio (length:diameter) of some fibrous, acicular, or whisker-shaped fillers (e.g., glass or wollastonite)
may be about 1.5 to about 1000, although longer fibers are also within the scope of the invention. The mean aspect ratio
(mean diameter of a circle of the same area: mean thickness) of plate-like fillers (e.g., mica, talc, or kaolin) may be
greater than about 5, specifically about 10 to about 1000, more specifically about 10 to about 200. Bimodal, trimodal,
or higher mixtures of aspect ratios may also be used. These fillers are also known as "reinforcing fillers."
[0108] The fillers may be of natural or synthetic, mineral or non-mineral origin, provided that the fillers have sufficient
thermal resistance to maintain their solid physical structure at least at the processing temperature of the composition
with which it is combined. Suitable fillers include clays, nanoclays, carbon black, wood flour either with or without oil,
various forms of silica (precipitated or hydrated, fumed or pyrogenic, vitreous, fused or colloidal, including common
sand), glass, metals, inorganic oxides(such as oxides of the metals in Periods 2, 3, 4, 5 and 6 of Groups Ib, IIb, IIIa, IIIb,
IVa, IVb (except carbon), Va, VIa, VIIa and VIII of the Periodic Table), oxides of metals (such as aluminum oxide, titanium
oxide, zirconium oxide, titanium dioxide, nanoscale titanium oxide, aluminum trihydrate, vanadium oxide, and magnesium
oxide), hydroxides of aluminum or ammonium or magnesium, carbonates of alkali and alkaline earth metals (such as
calcium carbonate, barium carbonate, and magnesium carbonate), antimony trioxide, calcium silicate, diatomaceous
earth, fuller earth, kieselguhr, mica, talc, slate flour, volcanic ash, cotton flock, asbestos, kaolin, alkali and alkaline earth
metal sulfates (such as sulfates of barium and calcium sulfate), titanium, zeolites, wollastonite, titanium boride, zinc
borate, tungsten carbide, ferrites, molybdenum disulfide, asbestos, cristobalite, aluminosilicates including Vermiculite,
Bentonite, montmorillonite, Na-montmorillonite, Ca-montmorillonite, hydrated sodium calcium aluminum magnesium
silicate hydroxide, pyrophyllite, magnesium aluminum silicates, lithium aluminum silicates, zirconium silicates, and com-
binations comprising at least one of the foregoing fillers. Suitable fibrous fillers include glass fibers, basalt fibers, aramid
fibers, carbon fibers, carbon nanofibers, carbon nanotubes, carbon buckyballs, ultra high molecular weight polyethylene
fibers, melamine fibers, polyamide fibers, cellulose fiber, metal fibers, potassium titanate whiskers, and aluminum borate
whiskers.
[0109] Of these, calcium carbonate, talc, glass fibers, carbon fibers, magnesium carbonate, mica, silicon carbide,
kaolin, wollastonite, calcium sulfate, barium sulfate, titanium, silica, carbon black, ammonium hydroxide, magnesium
hydroxide, aluminum hydroxide, and combinations comprising at least one of the foregoing are useful. It has been found
that mica, talc, silicon carbide, and combinations comprising at least one of the foregoing fillers are of specific utility.
[0110] In the specific compositions comprising a modified PBT copolymer and polycarbonate as the matrix, the rein-
forcing particulate filler is preferably calcium carbonate, mica, kaolin, talc, glass fibers, carbon fibers, magnesium car-
bonate, sulfates of barium, calcium sulfate, titanium, nanoclay, silica, hydroxides of aluminum or ammonium or magne-
sium, zirconia, nanoscale titania, or a combination thereof. Talc can be specifically mentioned, specifically talc having
a particle size of 0.3 to 3 micrometers, even more specifically 0.5 to 2 micrometers.
[0111] Alternatively, or in addition to a particulate filler, the filler may be provided in the form of monofilament or
multifilament fibers and may be used either alone or in combination with other types of fiber, through, for example, co-
weaving or core/sheath, side-by-side, orange-type or matrix and fibril constructions, or by other methods known to one
skilled in the art of fiber manufacture. Suitable cowoven structures include, for example, glass fiber-carbon fiber, carbon
fiber-aromatic polyimide (aramid) fiber, and aromatic polyimide fiberglass fiber or the like. Fibrous fillers may be supplied
in the form of, for example, rovings, woven fibrous reinforcements, such as 0-90 degree fabrics or the like; nonwoven
fibrous reinforcements such as continuous strand mat, chopped strand mat, tissues, papers and felts or the like; or three-
dimensional reinforcements such as braids.
[0112] Optionally, the fillers may be surface modified, for example treated so as to improve the compatibility of the
filler and the polymeric portions of the compositions, which facilitates deagglomeration and the uniform distribution of
fillers into the polymers. One suitable surface modification is the durable attachment of a coupling agent that subsequently
bonds to the polymers. Use of suitable coupling agents may also improve impact, tensile, flexural, and/or dielectric
properties in plastics and elastomers; film integrity, substrate adhesion, weathering and service life in coatings; and
application and tooling properties, substrate adhesion, cohesive strength, and service life in adhesives and sealants.
Suitable coupling agents include silanes, titanates, zirconates, zircoaluminates, carboxylated polyolefins, chromates,
chlorinated paraffins, organosilicon compounds, and reactive cellulosics. The fillers may also be partially or entirely
coated with a layer of metallic material to facilitate conductivity, e.g., gold, copper, silver, and the like.
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[0113] It has unexpectedly been found that a specific combination of components can be use to obtain compositions
having an excellent balance of properties. In this embodiment, the composition comprise, based on the total weight of
the composition, from 10 to 80 wt. % of a modified polybutylene terephthalate copolymer, specifically 20 to 70 wt.%,
more specifically 20 to 50 wt.% of a modified polybutylene terephthalate; from 10 to 80 wt. % of a polycarbonate,
specifically 15 to 70 wt.%, more specifically 40 to 60 wt.% of a polycarbonate; from 0 to 20 wt. % of an impact modifier,
specifically 3 to 15 wt.% of an impact modifier; from 2 to 20 wt.%, more specifically 2 to 7 wt.% of a reinforcing filler;
from 0.1 to less than 2.5 wt. % of a fibrillated fluoropolymer, more specifically from 0.2 to less than 2.5 wt. %, even more
specifically from 1 to less than 2.5 wt. %, or from 0.2 to 2 wt.%; and from 0 to 5 wt.%, more specifically 0.1 to 4 wt.% of
an additive as described in more detail below.
[0114] In this specific embodiment, the compositions can consist essentially of the foregoing components. The poly-
carbonate can comprise units derived from bisphenol A. The impact modifier can be a core-shell methyl methacrylate-
acrylonitrile-butadiene-styrene or methyl methacrylate-butadiene-styrene impact modifier, specifically a core-shell methyl
methacrylate-acrylonitrile-butadiene-styrene. The reinforcing filler can be a talc. The fibrillated fluoropolymer can be
encapsulated, specifically with styrene-acrylonitrile. In one embodiment, the additive is selected from the group consisting
of antioxidants, mold release agents, colorants, quenchers, stabilizers, and combinations thereof.
[0115] Optionally the polymer composition may further contain one or more additives ordinarily incorporated in resin
compositions of this type, preferably with the proviso that the additive(s)s are selected so as to not significantly adversely
affect the desired properties of the thermoplastic composition. Mixtures of additives may be used. Such additives may
be mixed at a suitable time during the mixing of the components for forming the composition. Exemplary additives include
extenders, lubricants, flow modifiers, fire retardants, pigments, dyes, colorants, UV stabilizers, antioxidants, impact
modifiers, plasticizers, optical brighteners, flame proofing agents, anti-static agents, blowing agents, and the like. In one
embodiment, the composition comprises an additive selected from the group consisting of heat stabilizers, UV stabilizers,
colorants, antioxidants, quenchers, mold release agents, and combinations thereof.
[0116] Suitable antioxidant additives include, for example, organophosphites such as tris(nonyl phenyl)phosphite,
tris(2,4-di-t-butylphenyl)phosphite, (2,4,6-tri-tert-butylphenyl)(2-butyl-2- ethyl-1,3-propanediol)phosphite, bis(2,4-di-t-
butylphenyl)pentaerythritol diphosphite, distearyl pentaerythritol diphosphite or the like; alkylated monophenols or
polyphenols; alkylated reaction products of polyphenols with dienes, such as tetrakis[methylene(3,5-di-tert-butyl-4-hy-
droxyhydrocinnamate)] methane, or the like; butylated reaction products of para-cresol or dicyclopentadiene; alkylated
hydroquinones; hydroxylated thiodiphenyl ethers; alkylidene-bisphenols; benzyl compounds; acylaminophenols; esters
of beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid with monohydric or polyhydric alcohols; esters of beta-(5-tert-
butyl-4-hydroxy-3-methylphenyl)-propionic acid with monohydric or polyhydric alcohols; esters of thioalkyl or thioaryl
compounds such as distearylthiopropionate, dilaurylthiopropionate, ditridecylthiodipropionate, octadecyl-3-(3,5-di-tert-
butyl-4-hydroxyphenyl)propionate, pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate or the like;
amides of beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic acid or the like, or combinations comprising at least one of
the foregoing antioxidants. Antioxidants are generally used in amounts of about 0.1 to about 5 parts by weight, based
on 100 parts by weight of the polymeric portion of the composition (matrix polymer, fluoropolymer, and any impact
modifier).
[0117] Suit table heat stabilizer additives include, for example, organophosphites such as triphenyl phosphite, tris-(2,6-
dimethylphenyl)phosphite, tris-(mixed mono-and di-nonylphenyl)phosphite or the like; phosphonates such as dimethyl-
benzene phosphonate or the like, phosphates such as trimethyl phosphate, or the like, and combinations comprising at
least one of the foregoing heat stabilizers. Heat stabilizers are generally used in amounts of about 0.1 to about 5 parts
by weight, based on 100 parts by weight of the polymeric part of the composition.
[0118] Light stabilizers and/or ultraviolet light (UV) absorbing additives may also be used. Suitable light stabilizer
additives include, for example, benzotriazoles such as 2-(2-hydroxy-5-methylphenyl)benzotriazole, 2-(2-hydroxy-5-tert-
octylphenyl)-benzotriazole and 2-hydroxy-4-n-octoxy benzophenone, or the like, or combinations comprising at least
one of the foregoing light stabilizers. Light stabilizers are generally used in amounts of about 0.5 to about 20 parts by
weight, based on 100 parts by weight of the polymer portion of the composition.
[0119] Suitable UV absorbing additives include for example, hydroxybenzophenones; hydroxybenzotriazoles; hydroxy-
benzotriazines; cyanoacrylates; oxanilides; benzoxazinones; 2- (2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)-phe-
nol (CYASORB 5411); 2-hydroxy-4-n-octyloxybenzophenone (CYASORB 531); 2-[4,6-bis(2,4-dimethylphenyl)-1,3,5-
triazin-2-yl]- 5-(octyloxy)-phenol (CYASORB 1164); 2,2’-(1,4-phenylene)bis(4H-3,1-benzoxazin-4-one) (CYASORB UV-
3638); 1,3-bis[(2-cyano-3,3-diphenylacryloyl)oxy]-2,2-bis[[(2-cyano-3, 3-diphenylacryloyl)oxy]methyl]propane (UVINUL
3030); 2,2’-(1,4-phenylene) bis(4H-3,1-benzoxazin-4-one); 1,3-bis[(2-cyano-3,3-diphenylacryloyl)oxy] -2,2-bis[[(2-cy-
ano-3,3-diphenylacryloyl)oxy]methyl]propane; nano-size inorganic materials such as titanium oxide, cerium oxide, and
zinc oxide, all with particle size less than about 100 nanometers; or the like, or combinations comprising at least one of
the foregoing UV absorbers. UV absorbers are generally used in amounts of about 0.5 to about 20 parts by weight,
based on 100 parts by weight of the polymer portion of the composition.
[0120] Plasticizers, lubricants, and/or mold release agents additives may also be used. There is considerable overlap
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among these types of materials, which include, for example, phthalic acid esters such as dioctyl-4,5-epoxy-hexahy-
drophthalate; tris-(octoxycarbonylethyl)isocyanurate; tristearin; di- or polyfunctional aromatic phosphates such as resor-
cinol tetraphenyl diphosphate (RDP), the bis(diphenyl) phosphate of hydroquinone and the bis(diphenyl) phosphate of
bisphenol-A; poly-alpha-olefins; epoxidized soybean oil; silicones, including silicone oils; sodium, calcium or magnesium
salts of fatty acids such as lauric acid, palmitic acid, oleic acid or stearic acid; esters, for example, fatty acid esters such
as alkyl stearyl esters, e.g., methyl stearate; stearyl stearate, pentaerythritol tetrastearate, and the like; mixtures of
methyl stearate and hydrophilic and hydrophobic nonionic surfactants comprising polyethylene glycol polymers, poly-
propylene glycol polymers, and copolymers thereof, e.g., methyl stearate and polyethylene-polypropylene glycol copol-
ymers in a suitable solvent; waxes such as beeswax, montan wax, paraffin wax, EBS wax, or the like. Such materials
are generally used in amounts of about 0.1 to about 20 parts by weight, based on 100 parts by weight of the polymer
portion of the composition.
[0121] The term "antistatic agent" refers to monomeric, oligomeric, or polymeric materials that can be processed into
polymer resins and/or sprayed onto materials or articles to improve conductive properties and overall physical perform-
ance. Examples of monomeric antistatic agents include glycerol monostearate, glycerol distearate, glycerol tristearate,
ethoxylated amines, primary, secondary and tertiary amines, ethoxylated alcohols, alkyl sulfates, alkylarylsulfates, alkyl-
phosphates, alkylaminesulfates, alkyl sulfonate salts such as sodium stearyl sulfonate, sodium dodecylbenzenesulfonate
or the like, quaternary ammonium salts, quaternary ammonium resins, imidazoline derivatives, sorbitan esters, ethanola-
mides, betaines, or the like, or combinations comprising at least one of the foregoing monomeric antistatic agents.
[0122] Exemplary polymeric antistatic agents include certain polyesteramides polyether-polyamide (polyetheramide)
block copolymers, polyetheresteramide block copolymers, polyetheresters, or polyurethanes, each containing poly-
alkylene glycol moieties polyalkylene oxide units such as polyethylene glycol, polypropylene glycol, polytetramethylene
glycol, and the like. Such polymeric antistatic agents are commercially available, for example Pelestat 6321 (Sanyo) or
Pebax MH1657 (Atofina), Irgastat P18 and P22 (Ciba-Geigy). Other polymeric materials that may be used as antistatic
agents are inherently conducting polymers such as polyaniline (commercially available as PANIPOL®EB from Panipol),
polypyrrole and polythiophene (commercially available from Bayer), which retain some of their intrinsic conductivity after
melt processing at elevated temperatures. In one embodiment, carbon fibers, carbon nanofibers, carbon nanotubes,
carbon black, or any combination of the foregoing may be used in a polymeric resin containing chemical antistatic agents
to render the composition electrostatically dissipative. Antistatic agents are generally used in amounts of about 0.05 to
about 20 parts by weight, based on 100 parts by weight of the polymer portion of the composition.
[0123] Colorants such as pigment and/or dye additives may also be present. Suitable pigments include for example,
inorganic pigments such as metal oxides and mixed metal oxides such as zinc oxide, titanium dioxides, iron oxides or
the like; sulfides such as zinc sulfides, or the like; aluminates; sodium sulfo-silicates sulfates, chromates, or the like;
carbon blacks; zinc ferrites; ultramarine blue; Pigment Brown 24; Pigment Red 101; Pigment Yellow 119; organic pigments
such as azos, di-azos, quinacridones, perylenes, naphthalene tetracarboxylic acids, flavanthrones, isoindolinones, tet-
rachloroisoindolinones, anthraquinones, anthanthrones, dioxazines, phthalocyanines, and azo lakes; Pigment Blue 60,
Pigment Red 122, Pigment Red 149, Pigment Red 177, Pigment Red 179, Pigment Red 202, Pigment Violet 29, Pigment
Blue 15, Pigment Green 7, Pigment Yellow 147 and Pigment Yellow 150, or combinations comprising at least one of
the foregoing pigments. Pigments are generally used in amounts of about 0.1 to about 20 parts by weight, based on
100 parts by weight of the polymer portion of the composition.
[0124] Suitable dyes are generally organic materials and include, for example, coumarin dyes such as coumarin 460
(blue), coumarin 6 (green), nile red or the like; lanthanide complexes; hydrocarbon and substituted hydrocarbon dyes;
polycyclic aromatic hydrocarbon dyes; scintillation dyes such as oxazole or oxadiazole dyes; aryl- or heteroaryl-substi-
tuted poly (C2-8) olefin dyes; carbocyanine dyes; indanthrone dyes; phthalocyanine dyes; oxazine dyes; carbostyryl
dyes; napthalenetetracarboxylic acid dyes; porphyrin dyes; bis(styryl)biphenyl dyes; acridine dyes; anthraquinone dyes;
cyanine dyes; methine dyes; arylmethane dyes; azo dyes; indigoid dyes, thioindigoid dyes, diazonium dyes; nitro dyes;
quinone imine dyes; aminoketone dyes; tetrazolium dyes; thiazole dyes; perylene dyes, perinone dyes; bis-benzoxa-
zolylthiophene (BBOT); triarylmethane dyes; xanthene dyes; thioxanthene dyes; naphthalimide dyes; lactone dyes;
fluorophores such as anti- stokes shift dyes which absorb in the near infrared wavelength and emit in the visible wave-
length, or the like; luminescent dyes such as 7-amino-4-methylcoumarin; 3-(2’-benzothiazolyl)-7-diethylaminocoumarin;
2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole; 2,5-bis-(4-biphenylyl)-oxazole; 2,2’-dimethyl-p-quaterphenyl; 2,2-
dimethyl-p-terphenyl; 3,5,3"",5""-tetra-t-butyl-p-quinquephenyl; 2,5-diphenylfuran; 2,5-diphenyloxazole; 4,4’-diphenyl-
stilbene; 4-dicyanomethylene-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran; 1,1’-diethyl-2,2’-carbocyanine iodide; 3,3’-
diethyl-4,4’,5,5’-dibenzothiatricarbocyanine iodide; 7-dimethylamino-1-methyl-4-methoxy-8-azaquinolone-2; 7-dimeth-
ylamino-4-methylquinolone-2; 2-(4-(4-dimethylaminophenyl)-1,3-butadienyl)-3-ethylbenzothiazolium perchlorate; 3-di-
ethylamino-7-diethyliminophenoxazonium perchlorate; 2-(1-naphthyl)-5-phenyloxazole; 2,2’-p-phenylen-bis(5-pheny-
loxazole); rhodamine 700; rhodamine 800; pyrene; chrysene; rubrene; coronene, or the like, or combinations comprising
at least one of the foregoing dyes. Dyes are generally used in amounts of about 0.01 to about 20 parts by weight, based
on 100 parts by weight of the polymer portion of the composition.
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[0125] Where a foam is desired, suitable blowing agents include for example, low boiling halohydrocarbons and those
that generate carbon dioxide; blowing agents that are solid at room temperature and when heated to temperatures higher
than their decomposition temperature, generate gases such as nitrogen, carbon 25 dioxide ammonia gas, such as
azodicarbonamide, metal salts of azodicarbonamide, 4,4’ oxybis(benzenesulfonylhydrazide), sodium bicarbonate, am-
monium carbonate, or the like, or combinations comprising at least one of the foregoing blowing agents. Blowing agents
are generally used in amounts of about 0.01 to about 15 parts by weight, based on 100 parts by weight of the polymer
portion of the composition.
[0126] Suitable flame retardant that may be added may be organic compounds that include phosphorus, bromine,
and/or chlorine. Non-brominated and non-chlorinated phosphorus-containing flame retardants may be preferred in certain
applications for regulatory reasons, for example organic phosphates and organic compounds containing phosphorus-
nitrogen bonds.
[0127] One type of exemplary organic phosphate is an aromatic phosphate of the formula (GO)3P=O, wherein each
G is independently an alkyl, cycloalkyl, aryl, alkaryl, or aralkyl group, provided that at least one G is an aromatic group.
Two of the G groups may be joined together to provide a cyclic group, for example, diphenyl pentaerythritol diphosphate,
which is described by Axelrod in U.S. Pat. No. 4,154,775. Other suitable aromatic phosphates may be, for example,
phenyl bis(dodecyl) phosphate, phenyl bis(neopentyl) phosphate, phenyl bis(3,5,5’-trimethylhexyl) phosphate, ethyl
diphenyl phosphate, 2-ethylhexyl di(p-tolyl) phosphate, bis(2-ethylhexyl) p-tolyl phosphate, tritolyl phosphate, bis(2-
ethylhexyl) phenyl phosphate, tri(nonylphenyl) phosphate, bis(dodecyl) p-tolyl phosphate, dibutyl phenyl phosphate, 2-
chloroethyl diphenyl phosphate, p-tolyl bis(2,5,5’-trimethylhexyl) phosphate, 2-ethylhexyl diphenyl phosphate, or the
like. A specific aromatic phosphate is one in which each G is aromatic, for example, triphenyl phosphate, tricresyl
phosphate, isopropylated triphenyl phosphate, and the like.
[0128] Di- or polyfunctional aromatic phosphorus-containing compounds are also useful, for example, compounds of
the formulas below:

wherein each G1 is independently a hydrocarbon having 1 to about 30 carbon atoms; each G2 is independently a
hydrocarbon or hydrocarbonoxy having 1 to about 30 carbon atoms; each X is independently a bromine or chlorine; m
is 0 to 4, and n is 1 to about 30. Examples of suitable di- or polyfunctional aromatic phosphorus-containing compounds
include resorcinol tetraphenyl diphosphate (RDP), the bis(diphenyl) phosphate of hydroquinone and the bis(diphenyl)
phosphate of bisphenol-A, respectively, their oligomeric and polymeric counterparts, and the like.
[0129] Exemplary suitable flame retardant compounds containing phosphorus-nitrogen bonds include phosphonitrilic
chloride, phosphorus ester amides, phosphoric acid amides, phosphonic acid amides, phosphinic acid amides, tris(azirid-
inyl) phosphine oxide. When present, phosphorus-containing flame retardants are generally present in amounts of about
1 to about 60 parts by weight, more specifically about 5 to about 25 parts by weight, based on 100 parts by weight of
polycarbonate resin and any impact modifier.
[0130] Halogenated materials may also be used as flame retardants, for example halogenated compounds and resins
of formula (11):
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wherein R is an alkylene, alkylidene or cycloaliphatic linkage, e.g., methylene, ethylene, propylene, isopropylene, iso-
propylidene, butylene, isobutylene, amylene, cyclohexylene, cyclopentylidene, or the like; or an oxygen ether, carbonyl,
amine, or a sulfur containing linkage, e.g., sulfide, sulfoxide, sulfone, or the like. R can also consist of two or more
alkylene or alkylidene linkages connected by such groups as aromatic, amino, ether, carbonyl, sulfide, sulfoxide, sulfone,
or the like.
[0131] Ar and Ar’ in formula (11) are each independently mono- or polycarbocyclic aromatic groups such as phenylene,
biphenylene, terphenylene, naphthylene, or the like.
[0132] Y is an organic, inorganic, or organometallic radical, for example (1) halogen, e.g., chlorine, bromine, iodine,
fluorine or (2) ether groups of the general formula OE, wherein E is a monovalent hydrocarbon radical similar to X or
(3) monovalent hydrocarbon groups of the type represented by R or (4) other substituents, e.g., nitro, cyano, and the
like, said substituents being essentially inert provided that there is at least one and preferably two halogen atoms per
aryl nucleus.
[0133] When present, each X is independently a monovalent hydrocarbon group, for example an alkyl group such as
methyl, ethyl, propyl, isopropyl, butyl, decyl, or the like; an aryl groups such as phenyl, naphthyl, biphenyl, xylyl, tolyl,
or the like; and aralkyl group such as benzyl, ethylphenyl, or the like; a cycloaliphatic group such as cyclopentyl, cyclohexyl,
or the like. The monovalent hydrocarbon group may itself contain inert substituents.
[0134] Each d is independently 1 to a maximum equivalent to the number of replaceable hydrogens substituted on
the aromatic rings comprising Ar or Ar’. Each e is independently 0 to a maximum equivalent to the number of replaceable
hydrogens on R. Each a, b, and c is independently a whole number, including 0. When b is not 0, neither a nor c may
be 0. Otherwise either a or c, but not both, may be 0. Where b is 0, the aromatic groups are joined by a direct carbon-
carbon bond.
[0135] The hydroxyl and Y substituents on the aromatic groups, Ar and Ar’ can be varied in the ortho, meta or para
positions on the aromatic rings and the groups can be in any possible geometric relationship with respect to one another.
[0136] Included within the scope of the above formula are bisphenols of which the following are representative: 2,2-
bis-(3,5-dichlorophenyl)-propane; bis-(2-chlorophenyl)-methane; bis(2,6-dibromophenyl)-methane; 1,1-bis-(4-iodophe-
nyl)-ethane; 1,2-bis-(2,6-dichlorophenyl)-ethane; 1,1-bis-(2-chloro-4-iodophenyl)ethane; 1,1-bis-(2-chloro-4-methylphe-
nyl)-ethane; 1,1-bis-(3,5-dichlorophenyl)-ethane; 2,2-bis-(3-phenyl-4-bromophenyl)-ethane; 2,6-bis-(4,6-dichloronaph-
thyl)-propane; 2,2-bis-(2,6-dichlorophenyl)-pentane; 2,2-bis-(3,5-dibromophenyl)-hexane; bis-(4-chlorophenyl)-phenyl-
methane; bis-(3,5-dichlorophenyl)-cyclohexylmethane; bis-(3-nitro-4-bromophenyl)-methane; bis-(4-hydroxy-2,6-
dichloro-3-methoxyphenyl)-methane; and 2,2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane 2,2 bis-(3-bromo-4-hydroxy-
phenyl)-propane. Also included within the above structural formula are: 1,3-dichlorobenzene, 1,4-dibromobenzene, 1,3-
dichloro-4-hydroxybenzene, and biphenyls such as 2,2’-dichlorobiphenyl, polybrominated 1,4-diphenoxybenzene, 2,4’-
dibromobiphenyl, and 2,4’-dichlorobiphenyl as well as decabromo diphenyl oxide, and the like.
[0137] Also useful are oligomeric and polymeric halogenated aromatic compounds, such as a copolycarbonate of
bisphenol A and tetrabromobisphenol A and a carbonate precursor, e.g., phosgene. Metal synergists, e.g., antimony
oxide, may also be used with the flame retardant. When present, halogen containing flame retardants are generally
present in amounts of about 5 to about 50 parts by weight, more specifically about 5 to about 20 parts by weight, based
on 100 parts by weight of the polymer portion of the composition.
[0138] Alternatively, the thermoplastic composition may be essentially free of chlorine and bromine. Essentially free
of chlorine and bromine as used herein refers to materials produced without the intentional addition of chlorine or bromine
or chlorine or bromine containing materials. It is understood however that in facilities that process multiple products a
certain amount of cross contamination can occur resulting in bromine and/or chlorine levels typically on the parts per
million by weight scale. With this understanding it can be readily appreciated that essentially free of bromine and chlorine
may be defined as having a bromine and/or chlorine content of less than about 100 parts per million by weight (ppm),
less than about 75 ppm, or less than about 50 ppm. When this definition is applied to the fire retardant it is based on the
total weight of the fire retardant. When this definition is applied to the thermoplastic composition it is based on the total
weight of the polymer portion of the composition and fire retardant.
[0139] Inorganic flame retardants may also be used, for example salts of C2-16 alkyl sulfonate salts such as potassium
perfluorobutane sulfonate (Rimar salt), potassium perfluorooctane sulfonate, tetraethylammonium perfluorohexane sul-
fonate, and potassium diphenylsulfone sulfonate, and the like; salts formed by reacting for example an alkali metal or
alkaline earth metal (for example lithium, sodium, potassium, magnesium, calcium and barium salts) and an inorganic
acid complex salt, for example, an oxo-anion, such as alkali metal and alkaline-earth metal salts of carbonic acid, such
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as Na2CO3, K2CO3, MgCO3, CaCO3, and BaCO3 or fluoro-anion complex such as Li3AlF6, BaSiF6, KBF4, K3AlF6, KAlF4,
K2SiF6, and/or Na3AlF6 or the like. When present, inorganic flame retardant salts are generally present in amounts of
about 0.01 to about 5.0 parts by weight, more specifically about 0.02 to about 3.0 parts by weight, based on 100 parts
by weight of the polymer portion of the composition.
[0140] Another useful type of flame retardant is a polysiloxane-polycarbonate copolymer comprising repeating struc-
tural units of formula (12):

wherein each occurrence of R is same or different, and is a C1-13 monovalent organic radical. For example, R may be
a C1-C13 alkyl group, C1-C13 alkoxy group, C2-C13 alkenyl group, C2-C13 alkenyloxy group, C3-C6 cycloalkyl group,
C3-C6 cycloalkoxy group, C6-C14 aryl group, C6-C10 aryloxy group, C7-C13 aralkyl group, C7-C13 aralkoxy group, C7-C13
alkaryl group, or C7-C13 alkaryloxy group. The foregoing groups may be fully or partially halogenated with fluorine,
chlorine, bromine, or iodine, or a combination thereof. Combinations of the foregoing R groups may be used in the same
copolymer. The value of D in formula (8) may vary widely depending on the type and relative amount of each component
in the thermoplastic composition, the desired properties of the composition, and like considerations. Generally, D may
have an average value of 2 to about 1,000, specifically about 2 to about 500, more specifically about 5 to about 100. In
one embodiment, D has an average value of about 10 to about 75, and in still another embodiment, D has an average
value of about 40 to about 60. Where D is of a lower value, e.g., less than about 40, it may be desirable to use a relatively
larger amount of the polycarbonate-polysiloxane copolymer. Conversely, where D is of a higher value, e.g., greater than
about 40, it may be necessary to use a relatively lower amount of the polycarbonate-polysiloxane copolymer. A combi-
nation of a first and a second (or more) polycarbonate-polysiloxane copolymers may be used, wherein the average value
of D of the first copolymer is less than the average value of D of the second copolymer.
[0141] In one embodiment, the polydiorganosiloxane blocks are provided by repeating structural units of the following
formula (13):

wherein D is as defined above; each R may be the same or different, and is as defined above; and Ar may be the same
or different, and is a substituted or unsubstituted C6-C30 arylene radical, wherein the bonds are directly connected to
an aromatic moiety. Suitable Ar groups in formula (9) may be derived from a C6-C30 dihydroxyarylene compound, for
example a dihydroxyarylene compound of formula (3), (4), or (7) above. Combinations comprising at least one of the
foregoing dihydroxyarylene compounds may also be used. Specific examples of suitable dihydroxyarylene compounds
are 1,1-bis(4-hydroxyphenyl) methane, 1,1-bis(4-hydroxyphenyl) ethane, 2,2-bis(4-hydroxyphenyl) propane, 2,2-bis(4-
hydroxyphenyl) butane, 2,2-bis(4-hydroxyphenyl) octane, 1,1-bis(4-hydroxyphenyl) propane, 1,1-bis(4-hydroxyphenyl)
n-butane, 2,2-bis(4-hydroxy-1-methylphenyl) propane, 1,1-bis(4-hydroxyphenyl) cyclohexane, bis(4-hydroxyphenyl sul-
phide), and 1,1-bis(4-hydroxy-t-butylphenyl) propane. Combinations comprising at least one of the foregoing dihydroxy
compounds may also be used. Such units may be derived from the corresponding dihydroxy compound of the following
formula:
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wherein Ar and D are as described above. Such compounds are further described in U.S. Patent No. 4,746,701 to Kress
et al. Compounds of formula (10) may be obtained by the reaction of a dihydroxyarylene compound with, for example,
an alpha, omega-bisacetoxypolydiorganosiloxane under phase transfer conditions.
[0142] In another embodiment, the polydiorganosiloxane blocks are provided by repeating structural units of formula
(13)

wherein R and D are as defined above. R2 in formula (10) is a divalent C2-C8 aliphatic group. Each M in formula (9) may
be the same or different, and may be a halogen, cyano, nitro, C1-C8 alkylthio, C1-C8 alkyl, C1-C8 alkoxy, C2-C8 alkenyl,
C2-C8 alkenyloxy group, C3-C8 cycloalkyl, C3-C8 cycloalkoxy, C6-C10 aryl, C6-C10 aryloxy, C7-C12 aralkyl, C7-C12 ar-
alkoxy, C7-C12 alkaryl, or C7-C12 alkaryloxy, wherein each n is independently 0, 1,2, 3, or 4. In one embodiment, M is
bromo or chloro, an alkyl group such as methyl, ethyl, or propyl, an alkoxy group such as methoxy, ethoxy, or propoxy,
or an aryl group such as phenyl, chlorophenyl, or tolyl; R2 is a dimethylene, trimethylene or tetramethylene group; and
R is a C1-8 alkyl, haloalkyl such as trifluoropropyl, cyanoalkyl, or aryl such as phenyl, chlorophenyl or tolyl. In another
embodiment, R is methyl, or a mixture of methyl and trifluoropropyl, or a mixture of methyl and phenyl. In still another
embodiment, M is methoxy, n is one, R2 is a divalent C1-C3 aliphatic group, and R is methyl. Units of formula (10) may
be derived from the corresponding dihydroxy polydiorganosiloxane 11):

wherein R, D, M, R2, and n are as described above. Such dihydroxy polysiloxanes can be made by effecting a platinum
catalyzed addition between a siloxane hydride of the following formula

wherein R and D are as previously defined, and an aliphatically unsaturated monohydric phenol. Suitable aliphatically
unsaturated monohydric phenols included, for example, eugenol, 2-alkylphenol, 4-allyl-2-methylphenol, 4-allyl-2-phe-
nylphenol, 4-allyl-2-bromophenol, 4-allyl-2-t-butoxyphenol, 4-phenyl-2-phenylphenol, 2-methyl-4-propylphenol, 2-allyl-
4,6-dimethylphenol, 2-allyl-4-bromo-6-methylphenol, 2-allyl-6-methoxy-4-methylphenol and 2-allyl-4,6-dimethylphenol.
Mixtures comprising at least one of the foregoing may also be used.
[0143] The polysiloxane-polycarbonate copolymer may be manufactured by reaction of the corresponding dihydroxy
polysiloxane with a carbonate source and a dihydroxy aromatic compound of formula (3), optionally in the presence of
a phase transfer catalyst as described above. Suitable conditions are similar to those useful in forming polycarbonates.
Alternatively, the polysiloxane-polycarbonate copolymers may be prepared by co-reacting in a molten state, the dihydroxy
monomers and a diaryl carbonate ester, such as diphenyl carbonate, in the presence of a transesterification catalyst as
described above. Generally, the amount of dihydroxy polydiorganosiloxane is selected so as to produce a copolymer
comprising about 1 to about 60 mole percent of polydiorganosiloxane blocks relative to the moles of polycarbonate
blocks, and more generally, about 3 to about 50 mole percent of polydiorganosiloxane blocks relative to the moles of
polycarbonate blocks. When present, the copolymers may be used in amounts of about 5 to about 50 parts by weight,
more specifically about 10 to about 40 parts by weight, based on 100 parts by weight of the polymer portion of the
composition.
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[0144] Neutralizing additives may be for example, melamine, polyvinylpyrrolidone, dicyandiamide, triallyl cyanurate,
urea derivatives, hydrazine derivatives, amines, polyamides, and polyurethanes; alkali metal salts and alkaline earth
metal salts of higher fatty acids, such as for example, calcium stearate, calcium stearoyl lactate, calcium lactate, zinc
stearate, magnesium stearate, sodium ricinoleate, and potassium palmitate; antimony pyrocatecholate, zinc pyrocate-
cholate, and hydrotalcites and synthetic hydrotalcites. Hydroxy carbonates, magnesium zinc hydroxycarbonates, mag-
nesium aluminum hydroxycarbonates, and aluminum zinc hydroxycarbonates; as well as metal oxides, such as zinc
oxide, magnesium oxide and calcium oxide; peroxide scavengers, such as, e.g., (C10 - C20) alkyl esters of beta-thiodi-
propionic acid, such as for example the lauryl, stearyl, myristyl or tridecyl esters; mercapto benzimidazole or the zinc
salt of 2-mercaptobenzimidazole, zinc-dibutyldithiocarbamate, dioctadecyldisulfide, and pentaerythritol tetrakis(.be-
ta.-dodecylmercapto)propionate may also be used. When present, the neutralizers may be used in amounts of about 5
to about 50 parts by weight, more specifically about 10 to about 40 parts by weight, based on 100 parts by weight of the
polymer portion of the composition.
[0145] In yet another embodiment, the optional additive is a polyamide stabilizer, such as, copper salts in combination
with iodides and/or phosphorus compounds and salts of divalent manganese. Examples of sterically hindered amines
include but are not restricted to triisopropanol amine or the reaction product of 2,4-dichloro-6-(4-morpholinyl)-1,3,5-
triazine with a polymer of 1,6-diamine, N,N’-Bis(-2,2,4,6-tetramethyl-4- piperidinyl) hexane.
[0146] In a specific embodiment, a composition comprises from 20 to 70 wt. % of a modified polybutylene terephthalate
copolymer that (1) is derived from polyethylene terephthalate component selected from the group consisting of polyeth-
ylene terephthalate and polyethylene terephthalate copolymers and (2) has at least one residue derived from the poly-
ethylene terephthalate component; from 15 to 70 wt. % of a polycarbonate comprising carbonate units derived from
bisphenol-A; from 3 to 15 wt. % of a core-shell acrylonitrile-butadiene-styrene or methyl methacrylate-butadiene-styrene
impact modifier; from 2 to 20 wt. % of a talc; from 0.2 to 2 wt. % of styrene-acrylonitrile encapsulated poly(tetrafluor-
oethylene)); and from 0 to 5 wt.% of an additive selected from the group consisting of antioxidants, mold release agents,
colorants, quenchers, stabilizers, and combinations thereof. In one embodiment, the composition consists essentially
of the poly(butylene terephthalate), the polycarbonate, the impact modifier, the talc, the additive, and the poly(tetrafluor-
oethylene).
[0147] In an even more specific embodiment, a composition comprises from 20 to 50 wt. % of a polybutylene tereph-
thalate; from 40 to 60 wt. % of a bisphenol-A polycarbonate; from 3 to 15 wt. % of a core-shell methyl methacrylate-
butadiene-styrene impact modifier; from 2 to 7 wt. % of a talc having an average particle size of 0.5 to 2 micrometers;
from 1 to less than 2.5 wt. % of styrene-acrylonitrile encapsulated poly(tetrafluoroethylene); and from 0.1 to 4 wt.% of
an additive composition selected from the group consisting of antioxidants, mold release agents, colorants, quenchers,
stabilizers, and combinations thereof. In one embodiment, the composition consists essentially of the polybutylene
terephthalate, the polycarbonate, the impact modifier, the talc, the additive, and the poly(tetrafluoroethylene).
[0148] Also disclosed is a method of forming a composition comprising melt blending the components of the compo-
sition. The components of the composition are mixed under conditions of shear and temperature effective to produce
the desired characteristics in the mixed composition, in particular improved tensile modulus and/or ductility. Without
being bound by theory, it is believed that such improvements are achieved by in situ fibrillation of the fluoropolymer.
Suitable mixing methods for achieving the desired shear and temperature conditions may be, for example, extrusion
kneading, roll kneading, or mixing in a two-roll mill, a Banbury mixer, a single screw or twin-screw extruder, a double
blade batch mixer, a vertical shaft mixer, a planetary mixer, a Becken blade mixer, a dispersion blade mixer, a sigma
mixer, in continuous batch mixers of the hydrofoil, turbine blade, or CF impeller blade type, static mixers and the like
devices, which are capable of imparting a controlled degree of shear. In one embodiment a single screw or a twin-screw
extruder is used. The twin-screw extruder may be co-rotating, counter rotating, intermeshing, non-intermeshing, or the
like, for example a, planetary gear extruder readco continuous mixer. The mixing may be conducted in a continuous or
a batch process. When melt blending or reactive melt blending is used, the mixing is generally conducted at a temperature
and for a time effective to produce a molten mixture of a substantially homogenous composition.
[0149] The time, temperature, apparatus, component addition sequence and location (along an extruder, e.g.), and
other conditions of mixing are accordingly selected so as to produce a composition having an improved modulus compared
to compositions not containing both filler and fluoropolymer. Those of ordinary skill in the art will be able to adjust the
degree of shear and temperature, as well as other parameters, without undue additional experimentation using the
guidance provided herein.
[0150] In one embodiment, the polymer compositions may be prepared by pre-combining the matrix polymer, fluor-
opolymer, and filler prior to mixing under suitable conditions of temperature and shear, although such pre-combining is
not necessary. The pre-combining may be carried out in any conventional mixer (e.g., drum mixer, ribbon mixer, vertical
spiral mixer, Muller mixer, sigma mixer, chaotic mixer, static mixer, and the like). Pre-combining is typically carried out
at a temperature below the degradation temperature of the matrix polymer, fluoropolymer, and any encapsulating polymer.
Alternatively, a portion of the matrix polymer may be pre-combined with the fluoropolymer (with or without one or more
additives) to prepare a masterbatch, and then the remaining matrix polymer may be added and mixed therewith later.



EP 2 291 454 B1

24

5

10

15

20

25

30

35

40

45

50

55

[0151] In general, suitable mixing (fibrillation) conditions include temperatures at or above the glass transition tem-
perature of the matrix polymer and below the softening temperature of the fluoropolymer. The mixing temperature is
also preferably below the degradation temperature of the matrix polymer. Suitable temperatures may be about 20°C to
about 450°C, more specifically about 50°C to about 400°C, even more specifically about 100°C to about 300°C. At these
temperatures, processing may be conducted for about 2 seconds to about 10 hours, specifically about 3 seconds to
about six hours.
[0152] For compositions comprising a polycarbonate-containing matrix polymer component, the mixing may be carried
out in a twin-screw extruder, using for example, a temperature profile in the range of 20-300°C, for example 50, 200,
250, 260, 270, 270, 275 °C, a feed rate of 5-25 kilogram/hour, and a torque of 50-80%, specifically 60-65%. Such
conditions will yield a network, or node and fibril structure in the fluoropolymer.
[0153] A modulated differential scanning calorimetry (DSC) method for determining extent of fibrillation of the fluor-
opolymer in the various compositions was may be used to monitor the course and degree of fibrillation. For example a
Q1000 differential scanning calorimeter from TA Instruments may be used to conduct DSC is conduct on approximately
1 to 5 mg of sample, and observations recorded around 320 to 360 °C (modulation range). A peak around 330°C is
observed, and may be deconvoluted into three different peaks, wherein the different peak temperatures correspond to
different forms of fluoropolymer. A plot was constructed using the raw data points from MDSC, and through baseline
adjustment a clear magnified peak was observed (after subtraction). Deconvolution was made to fit gauss Ian curves
around 326°C for melt crystallized PTFE, 330°C for fibrillated PTFE, and 338°C for native PTFE (nodal PTFE). The area
under each curve was found to have a strong correlation with optimization of properties such as tensile modulus. In
particular, a Node:Fibril ratio may be calculated based on the area under 338°C peak (node) and 330° peak (fibril).
[0154] In one embodiment, the mixed fluoropolymer comprises fibrils having an average diameter of about 5 nanom-
eters to about 2 micrometers. The fluoropolymer may also have an average fibril diameter of about 30 to about 750
nanometers, more specifically about 5 to about 500 nanometers. (Average diameters may be measured by scanning
electron microscopy (SEM)). The ratio of the node fraction to fibril fraction (as reflected in the area under the curve in
the DSC determinations) of the mixed fluoropolymers may be less than about 2.5, specifically less than about 2, and
even more specifically less than about 1.
[0155] After mixing, the composition so formed may be made into a particulate form, for example by pelletizing or
grinding. For example, the molten mixture from an extruder may be fed into a die. Some nonlimiting examples of suitable
dies include an annular die, coat hanger die, spiral mandrel die, crosshead die, T-die, fishtail die, spider die, single, or
double roller die, or profile extrusion die.
[0156] In an advantageous feature, the mixed compositions of the present invention have a tensile modulus of about
1.5 GPa to about 20 GPa, specifically about 2.5 to about 15, more specifically about 3.5 to about 10 GPa, where tensile
modulus may be determined in accordance with ISO 527 at room temperature, using a rate of pull of 1 mm/minute until
1% strain followed by 5 mm/minute until the sample breaks. In some embodiments, the improved modulus may be
obtained without significant degradation of the other properties of the composition. In other embodiments, the improved
modulus is obtained together with good ductility and/or good flow.
[0157] The mixed compositions may have good or improved ductility, as reflected by nominal elongation at break,
notched Izod impact, strength, and/or diametral impact strength. For example, the mixed compositions may have a
nominal elongation at break of greater than 20%. In another embodiment, the nominal elongation at break may be about
200 to about 20%, specifically about 100 to about 30%. Compositions having a tensile modulus of greater than about
3.5 GPa, together with a nominal elongation at break of greater than about 20%, greater than about 30%, greater than
about 40%, or greater than about 50%, may be achieved, as well as compositions having a tensile modulus of greater
than or about 4 GPa, together with a nominal elongation at break of greater about 30%, greater than about 40%, or
greater than about 50%. Again, tensile modulus and elongation to break may be determined in accordance with ISO
527 at room temperature, using a rate of pull of 1 mm/minute until 1% strain followed by 5 mm/minute until the sample
breaks.
[0158] The mixed compositions may have an unnotched impact strength, determined in accordance with ISO 180/U
at room temperature, of about 40.0 or higher (No break (NB)), specifically about 60 to NB, more specifically about 100
to about 180 kilojoules per square meter (KJ/m2).
[0159] The flexural modulus of the compositions may be about 1.0 to about 20 GPa, specifically about 2 to about 15
Gpa, more specifically about 2.5 to about 10 GPa, measured in accordance with ISO 178, at room temperature.
[0160] The flexural strength of the compositions may be about 50 to about 200 MPa, specifically about 60 to about
150 Mpa, more specifically about 80 to about 120 MPa, measured in accordance with ISO 178, at room temperature
with a pulling speed of 2 mm/min.
[0161] The mixed compositions may have an notched impact strength, determined in accordance with ISO 180 at
23°C, of about 5 to about 120, specifically about 10 to about 100, more specifically about 15 to about 50 kilojoules per
square meter (KJ/m2).
[0162] The mixed compositions may have a CTE of less than about 5.5 x 10-5 m/m/°C (measured over -40 to 80°C).
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More specifically, the mixed compositions may have a CTE of less than about 5.0 x 10-5 m/m/°C, less than about 4.5 x
10-5 m/m/°C, less than about 4.0 x 10-5 m/m/°C, less than about 3.5 x 10-5 m/m/°C, or less than about 3.0 x 10-5 m/m/°C
(each measured over -40 to 80°C). In still other embodiments, the range of acceptable CTEs may be somewhat broader,
that is, a CTE of about 10 x 10-5 m/m/°C to about 2 x 10-5 m/m/°C, more specifically about 8 x 10-5 m/m/°C to about 3
x 10-5 m/m/°C (each measured over -40 to 80°C). In another embodiment, the mixed compositions may have a CTE of
less than about 5.5 x 10-5 m/m/°C (measured over -40 to 120°C). More specifically, the mixed compositions may have
a CTE of less than about 5.0 x 10-5 m/m/°C, less than about 4.5 x 10-5 m/m/°C, less than about 4.0 x 10-5 m/m/°C, less
than about 3.5 x 10-5 m/m/°C, or less than about 3.0 x 10-5 m/m/°C (each measured over -40 to 120°C). Again, in still
other embodiments, the CTE may be somewhat broader, that is, a CTE of about 10 x 10-5 m/m/°C to about 2 x 10-5

m/m/°C, more specifically about 8 x 10-5 m/m/°C to about 3 x 10-5 m/m/°C (each measured over -40 to 120°C). The CTE
may be determined using ASTM E-831.
[0163] A good balance of properties is obtained in the specific compositions comprising a poly(ethylene terephthalate),
a polycarbonate, an impact modifier, a fibrillated copolymer, a reinforcing filler, and optional additives. In this embodiment,
the composition can have an HDT of at least 110°C, measured in accordance with to ISO 75 on 3.2 mm thick bars at
0.455 MPa.
[0164] The compositions can further have an improved Notched Izod impact strength that is at least 20% more than
the Notched Izod impact strength of an identical composition without the fibrillated fluoropolymer, wherein the notched
Izod impact strength is measured in accordance with ASTM D 256 at 23°C on 3.2 mm thick bars. In another embodiment,
the compositions can have an improved Notched Izod impact strength that is at least 40% more than the Notched Izod
impact strength of an identical composition without the fibrillated fluoropolymer, wherein the notched Izod impact strength
is measured in accordance with ASTM D 256 at 23°C on 3.2 mm thick bars. In still another embodiment, the compositions
can have an improved Notched Izod impact strength that is at least 100% more than the Notched Izod impact strength
of an identical composition without the fibrillated fluoropolymer, wherein the notched Izod impact strength is measured
in accordance with ASTM D 256 at 23°C on 3.2 mm thick bars.
[0165] Still further, these compositions can have a flexural modulus that is higher or within 5% of the flexural modulus
of an identical composition without the fibrillated fluoropolymer, wherein flexural modulus is measured in accordance
with ASTM D 790 at 23°C.
[0166] It is also possible to manufacture compositions having good flame retardance, that is, compositions wherein a
sample having a thickness of 1.2 mm or greater achieves a UL94 rating of V1. It is also possible to manufacture
compositions wherein a sample having a thickness of 1.2 mm or greater achieves a UL94 rating of V0. Such compositions
may further, at a thickness of 1.5 mm, achieve a UL94 rating of V1 and/or V0. Flame retardancy tests were performed
following the procedure of Underwriter’s Laboratory Bulletin 94 entitled "Tests for Flammability of Plastic Materials,
UL94." According to this procedure, materials may be classified as HB, V0, V1, V2, VA and/or VB on the basis of the
test results obtained for five samples. To achieve a rating of V0, in a sample placed so that its long axis is 180 degrees
to the flame, the average period of flaming and/or smoldering after removing the igniting flame does not exceed five
seconds and none of the vertically placed samples produces drips of burning particles that ignite absorbent cotton. Five
bar flame out time (FOT) is the sum of the flame out time for five bars, each lit twice for a maximum flame out time of
50 seconds. To achieve a rating of V1, in a sample placed so that its long axis is 180 degrees to the flame, the average
period of flaming and/or smoldering after removing the igniting flame does not exceed twenty-five seconds and none of
the vertically placed samples produces drips of burning particles that ignite absorbent cotton. Five bar flame out time is
the sum of the flame out time for five bars, each lit twice for a maximum flame out time of 250 seconds.
[0167] Flame retardant additives as described above may be used to aid in achieving flame retardancy. When present,
such additives may affect the mechanical properties of the compositions, particularly nominal elongation to break. The
nominal elongation to break of flame retardant compositions may be about 1% to about 15%, specifically about 3% to
about 12%, more specifically greater about 5% to about 10%, determined in accordance with ISO 527 at room temperature,
using a rate of pull of 1 mm/minute until 1% strain followed by 5 mm/minute until the sample breaks.
[0168] In addition, the compositions may have good weatherability, as evidenced by improved resistance to ultraviolet
radiation, maintenance of gloss, solvent resistance, recycling capability by regrind, and the like. In one embodiment,
good mechanical properties are obtained in combination with good flow properties, in particular flow properties that
render the compositions suitable for injection molding of thin wall parts (e.g., parts having a wall thickness of less than
about 2.5 mm, less than about 2.0 mm, or even less than about 1.5 mm). Flow properties for the molding of small parts
may also be achieved, as well as flow properties for the molding of large parts such as automobile door panels, fenders,
bumpers, and the like.
[0169] Also disclosed are articles comprising the disclosed compositions. A method of making an article is also dis-
closed, comprising melt blending the components of the composition. The melt blended compositions can be shaped
into useful articles by a variety of means, for example injection molding, extrusion molding, rotation molding, foam
molding, calendar molding, blow molding, thermoforming, compaction, melt spinning, and the like, to form articles.
Because of their advantageous mechanical characteristics, especially preferred are articles that will be exposed to
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ultraviolet (UV) light, whether natural or artificial, during their lifetimes, and most particularly outdoor and indoor articles.
Articles are exemplified by but are not limited to aircraft, automotive, truck, military vehicle (including automotive, aircraft,
and water-borne vehicles), scooter, and motorcycle exterior and interior components, including panels, quarter panels,
rocker panels, trim, fenders, doors, decklids, trunk lids, hoods, bonnets, roofs, bumpers, fascia, grilles, mirror housings,
pillar appliques, cladding, body side moldings, wheel covers, hubcaps, door handles, spoilers, window frames, headlamp
bezels, headlamps, tail lamps, tail lamp housings, tail lamp bezels, license plate enclosures, roof racks, and running
boards; enclosures, housings, panels, and parts for outdoor vehicles and devices; enclosures for electrical and telecom-
munication devices; outdoor furniture; aircraft components; boats and marine equipment, including trim, enclosures,
and housings; outboard motor housings; depth finder housings, personal water-craft; jet-skis; pools; spas; hot-tubs;
steps; step coverings; building and construction applications such as glazing, roofs, windows, floors, decorative window
furnishings or treatments; treated glass covers for pictures, paintings, posters, and like display items; wall panels, and
doors; counter tops; protected graphics; outdoor and indoor signs; enclosures, housings, panels, and parts for automatic
teller machines (ATM); computer; desk-top computer; portable computer; lap-top computer; palm- held computer hous-
ings; monitor; printer; keyboards; FAX machine; copier; telephone; phone bezels; mobile phone; radio sender; radio
receiver; enclosures, housings, panels, and parts for lawn and garden tractors, lawn mowers, and tools, including lawn
and garden tools; window and door trim; sports equipment and toys; enclosures, housings, panels, and parts for snow-
mobiles; recreational vehicle panels and components; playground equipment; shoe laces; lids for containers; articles
made from plastic-wood combinations; golf course markers; utility pit covers; light fixtures; lighting appliances; network
interface device housings; transformer housings; air conditioner housings; cladding or seating for public transportation;
cladding or seating for trains, subways, or buses; meter housings; antenna housings; cladding for satellite dishes; coated
helmets and personal protective equipment; coated synthetic or natural textiles; coated painted articles; coated dyed
articles; coated fluorescent articles; coated foam articles; and like applications. The invention further contemplates
additional fabrication operations on said articles, such as, but not limited to, molding, in-mold decoration, baking in a
paint oven, lamination, and/or thermoforming. The articles made from the composition of the present invention may be
used widely in automotive industry, home appliances, electrical components, and telecommunications.
[0170] The invention is further illustrated by the following nonlimiting examples. In the examples, all amounts (parts
or percent) are based on weight.

EXAMPLES

[0171] Polycarbonate ("PC," LEXAN® 105, from General Electric Company) was used as the matrix polymer in the
following examples. The fluoropolymer used was PTFE/SAN, synthesized by aqueous emulsion polymerization as dis-
closed in U.S. Patent No. 5,804,654, except where noted. All compositions further included up to 1 wt.% lubricant and
up to 2 wt.% of an antioxidant package.
[0172] The components (amounts expressed in percent weight, based on the total weight of the polymer composition)
shown in Tables 1 and 2 were subjected to dry mixing, fed into a ZSK 25 co-rotating twin-screw extruder from WERNER
and PFLEIDERER Coextruder, and mixed at a barrel temperature of about 275°C, maintaining a torque at 80 percent,
and a screw rotation rate of 300 rotations per minute (rpm). The extrudate was then fed into a high-speed pelletizer.
[0173] The resulting pellets were dried for at least 4 hours at 80°C before injection molding into mold suitable for the
formation of ASTM /ISO test specimens. An L&T Demag De-Tech 60T LNC4-E injection molding machine was used,
operated at a temperature of about 280°C.
[0174] Tensile modulus, yield stress, nominal elongation to break (break strain), unnotched Izod impact strength, and
CTE were determined in accordance with the above ISO methods. "NB" in the following Tables means that the sample
did not break, and may therefore be considered high impact.
[0175] The following materials and methods were used in the following Examples Ex 49 to Ex 57 and Comparative
Examples CEx 22 to CEx 27.
[0176] The following examples were based on the components set forth in Table 8.

Table 8

NAME DESCRIPTION, TRADE NAME SOURCE

MBS-1 Methacrylate-butadiene-styrene emulsion copolymer impact modifier with 
core-shell structure (CAS # 25053-09-2)

Rohm and Haas

Talc Jetfine 3 C A talc (average particle size = 1.1 micrometer, CAS # 14807-96-6) Luzenac

PBT-1 poly(1,4-butylene terephthalate) copolymer derived from PET, intrinsic 
viscosity of 0.66 dl/g as measured in 60:40 wt.% phenol/tetrachloroethane at 
25°C

Sabic Innovative 
Plastics
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[0177] The components of the examples in the amounts shown in Tables 9-11 were extruded on an Entek 27mm co-
rotating twin-screw extruder. This extruder was fitted with 10-barrel sections and 5 feeders for introducing raw materials
to the feed throat. Additional capabilities include downstream feeding capability that can be used for any material,
including glass fibers and pigments. Typically the materials were fed to the extruder at a rate between 20 and 50 lbs per
hour. The screw speed is typically adjusted to a value between 300 and 500 RPM. To minimize the specific energy and
residence time of the material, the exact combination of feed rate and screw speed are selected to produce high feed
rate and high torque. Materials were fed to this extruder using 5 K-Tron loss-in-weight auger feeders. Typically, only
one raw material was fed on each feeder. The exception to this is additives and pigments, which were fed as a blend
on a blend feeder. In the case where blends are made, a powdered blend carrier material containing mold release agents,
antioxidants, colorants, quenchers, and UV stabilizers was chosen to dilute the additives. The additives in the blend can
be either solids or liquids, but care is taken to insure that blends of powders and pellets are not fed on a single feeder.
Powders are known to segregate from pellets during feeding, leading to compositional variation and gradients on longer
runs. The extrudate was cooled through a water bath prior to pelletizing. Test parts were injection molded on a van Dorn
molding machine with a set temperature of approximately 240 to 265°C. The pellets were dried for 3-4 hours at 120°C
in a forced air-circulating oven prior to injection molding.
[0178] Multi-axial impact testing is based on the ASTM D3763 method. This test provides information on how a material
behaves under multiaxial deformation conditions. The deformation applied is a high speed puncture. Reported as the
test results are impact energy, expressed in Joules (J). The final test result was calculated as the average of the test
results of typically five test plaques.
[0179] The compositions were tested as described above and in the specification, and the results are set forth in
Tables 9-11.
[0180] As shown in Table 9, the use of about 2 wt.% TSAN (Ex. 50) improved both the flexural modulus and Notched
Izod impact strength at room temperature versus Ex49. While use of higher amounts of TSAN (5%, CEx. 22) improved
the flexural modulus, Notched Izod impact strength at room temperature was adversely impacted. Notched Izod impact
strength can also be improved using more impact modifier, but modulus was adversely affected to some extent (CEx.
23 and CEx. 24 versus Ex. 49).

(continued)

NAME DESCRIPTION, TRADE NAME SOURCE

PBT-2 poly(1,4-butylene terephthalate) copolymer derived from PET, intrinsic 
viscosity of 1.2 dl/g as measured in 60:40 wt.% phenol/tetrachloroethane at 
25°C

Sabic Innovative 
Plastics

PC PC bisphenol polycarbonate Lexan® resin. Mn by GPC against polystyrene 
standards = 29 Kg/mol.

Sabic Innovative 
Plastics

TSAN 50/50 wt% poly(tetrafluoroethylene) blended with poly(styrene-co-acrylonitrile) Sabic Innovative 
Plastics

MBS-2 Methacrylate-butadiene-styrene emulsion copolymer with core-shell structure Sabic Innovative 
Plastics

VHRG Resin Acrylonitrile-butadiene-styrene copolymer Sabic Innovative 
Plastics

Table 9.

Component Unit Ex 49 Ex 50 CEx 22 CEx 23 CEx 24

PBT-2 parts 20 20 20 20 20

PBT-1 parts 10 10 10 10 10

PC parts 54.35 54.35 54.35 54.35 54.35

MBS-1 parts 4 4 4 7 9

TSAN parts 2 5

Talc parts 10 10 10 10 10

Additives parts 1.65 1.55 1.55 1.55 1.55
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[0181] The examples in Table 10 show that at about 20% mineral filler level, significant improvement in Notched Izod
impact strength can still be observed using 2% TSAN. This benefit drops significantly when about 25% of the mineral
filler is used (Ex. 54 versus Ex. 53).

(continued)

Component Unit Ex 49 Ex 50 CEx 22 CEx 23 CEx 24

Total parts 100 102 105 105 105

Property

Flexural Modulus Mpa 3330 3520 3620 3210 3090

Notched Izod impact strength at 23°C J/m 102 404 157 176 305

Notched Izod impact strength at 0°C J/m 91 148 95 124 138

Notched Izod impact strength at -10°C J/m 86 129 86 98 127

Multiaxial impact total energy at 22°C J 59 66 65 59 57

Multiaxial impact total energy at 0°C J 61 73 71 62 63

Multiaxial impact total energy at -20°C J 61 78 63 61 59

Heat Deflection temp at 0.455 Mpa °C 114 118 117 115 114

Vicat B/50, max 150°C °C 126 126 125 128 128

MVR (250°C, 5 kg, 360 sec) cm3/10 min 30 12 6 21 20

Table 10

Component Unit Ex 51 (comparative 
example)

Ex 52 Ex 53 (comparative 
example)

Ex 54

PBT-2 parts 14.8 14.8 14.8 14.8

PBT-1 parts 6.9 6.9 6.9 6.9

PC parts 46.9 46.9 41.9 41.9

MBS-1 parts 9.9 9.9 9.9 9.9

TSAN parts - 2 - 2

Talc parts 19.8 19.8 24.8 24.8

Additives parts 1.7 1.7 1.7 1.7

Total parts 100 102 100 102

Property

Flexural Modulus Mpa 4120 4050 4640 4860

Notched Izod impact strength 
at 23°C

J/m 147 615 103 200

Notched Izod impact strength 
at 0°C

J/m 95 163 76 113

Notched Izod impact strength 
at -10°C

J/m 93 133 72 75

Multiaxial impact total energy 
at 22°C

J 50 55 29 48

Multiaxial impact total energy 
at -20°C

J 30 56 9 24
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[0182] The data in Table 11 shows that a similar effect was observed when ABS impact modifier is used. Examples
56 and 57, containing 1 and 2 % TSAN showed much better Notched Izod impact strength at equivalent modulus level.
With 5% TSAN, however, the impact benefit was lost (CEx. 25 versus Ex. 55). The use of more ABS can gradually
improve the Notched Izod impact strength, with a decrease in flexural modulus (CEx. 26 and CEx. 27 versus Ex. 55).

[0183] All patents and published articles cited herein are incorporated herein by reference.

(continued)

Component Unit Ex 51 (comparative 
example)

Ex 52 Ex 53 (comparative 
example)

Ex 54

Heat Deflection temp at 0.455 
Mpa

°C 117 118 119 121

Vicat B/50, max 150°C °C 127 126 129 129

MVR (250°C, 5 kg, 360 sec) cm3/10 
min

13 3 13 3

Table 11.

Component Unit Ex 55 
(comparative 
example)

Ex 56 Ex 57 CEx 25 CEx 26 CEx 27

PBT-1 parts 30 30 30 30 30 30

PC parts 52.4 52.4 52.4 52.4 52.4 52.4

MBS-2 parts 8 8 8 8 12 15

TSAN parts 1 2 5

Talc parts 8 8 8 8 8 8

Additives parts 1.6 1.6 1.6 1.6 1.6 1.6

Total parts 100 101 102 105 104 107

Properties

Flexural Modulus Mpa 2990 3230 3140 3170 2820 2780

Notched Izod impact 
strength at 23°C

J/m 268 628 622 123 380 373

Notched Izod impact 
strength at 0°C

J/m 117 169 145 73 94.8 152

Multiaxial impact total 
energy at 22°C

J 51 62 61 59 53 49

Multiaxial impact total 
energy at 0°C

J 56 65 65 63 50 54

Multiaxial impact total 
energy at -20°C

J 49 61 58 32 48 45

Heat Deflection temp at 
0.455 Mpa

°C 108 112 113 111 107 107

Vicat B/50, max 150°C °C 120 121 120 117 119 119

MVR (250°C, 5 kg, 360 sec) cm3/10 min 32 20 13 6 24 22
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Claims

1. A composition comprising, based on the total weight of the composition:

from 10 to 80 wt. % of a modified polybutylene terephthalate copolymer that (1) is derived from polyethylene
terephthalate component selected from the group consisting of polyethylene terephthalate and polyethylene
terephthalate copolymers and (2) has at least one residue derived from the polyethylene terephthalate compo-
nent;
from 10 to 80 wt. % of a polycarbonate;
from 0 to 20 wt. % of an impact modifier;
from 2 to 20 wt. % of a reinforcing filler;
from 0.1 to less than 2.5 wt. % of a fibrillated fluoropolymer;
from 0 to 5 wt.% of an additive selected from the group consisting of antioxidants, mold release agents, colorants,
quenchers, stabilizers, and combinations thereof;
wherein the composition has a heat deflection temperature of at least 110°C, measured in accordance with to
ASTM D648 on 3.2 mm thick molded bars at 0.455 MPa.

2. The composition of claim 1, wherein the composition exhibits an improved Notched Izod impact strength that is at
least 20% more than the Notched Izod impact strength of an identical composition without the fibrillated fluoropolymer,
wherein the notched Izod impact strength is measured in accordance with ASTM D 256 at 23°C on 3.2 mm thick
bars; and the composition has a flexural modulus that is higher or within 5% of the flexural modulus of an identical
composition without the fibrillated fluoropolymer, wherein flexural modulus is measured in accordance with ASTM
D790 at 23°C.

3. The composition of any of claims 1-2, wherein the residue derived from the polyethylene terephthalate component
is selected from the group consisting of ethylene glycol groups, diethylene glycol groups, isophthalic acid groups,
antimony-containing compounds, germanium-containing compounds, titanium-containing compounds, cobalt-con-
taining compounds, tin-containing compounds, aluminum-containing compounds, aluminum, aluminum salts, 1,3-
cyclohexane dimethanol isomers, 1,4-cyclohexane dimethanol isomers, alkaline earth metal salts, alkali salts, phos-
phorous-containing compounds and anions, sulfur-containing compounds and anions, naphthalene dicarboxylic
acids, 1,3-propane diol groups, and combinations thereof.

4. The composition of any of claims 1-3, wherein the at least one residue derived from the polyethylene terephthalate
component comprises mixtures of ethylene glycol and diethylene glycol groups.

5. The composition of any of claims 1-4, wherein the residue derived from the polyethylene terephthalate component
further comprises isophthalic acid groups.

6. The composition of any of claims 1-5, wherein the modified polybutylene terephthalate copolymer is derived from
a 1,4-butanediol that is derived from biomass.

7. The composition of any of claims 1-6, wherein:

the polycarbonate comprises units derived from bisphenol A;
the impact modifier is a core-shell polymer selected from the group consisting of methyl (meth)acrylate-butadi-
ene-styrenes, acrylonitrile-styrene-acrylates, acrylonitrile-butadiene-styrenes, butyl acrylate impact modifiers,
ethyl acrylate impact modifiers, and combinations thereof;
the reinforcing filler is selected from the group consisting of calcium carbonate, mica, kaolin, talc, glass fibers,
carbon fibers, magnesium carbonate, sulfates of barium, calcium sulfate, titanium, nanoclay, silica, hydroxides
of aluminum or ammonium or magnesium, zirconia, nanoscale titania, and a combination thereof;
the fluoropolymer is encapsulated by an encapsulating polymer selected from the group consisting of styrene-
acrylonitrile copolymers, acrylonitrile-butadiene-styrene copolymers, alpha-alkyl-styrene-acrylonitrile copoly-
mers, alpha-methylstyrene-acrylonitrile copolymers, styrene-butadiene rubbers, methyl methacrylates, and
combinations thereof; and
the composition comprises an additive selected from the group consisting of heat stabilizers, UV stabilizers,
colorants, antioxidants, quenchers, mold release agents, and combinations thereof.

8. The composition of any of claims 1-7, wherein the filler is a talc having an average particle size of 0.3 to 3 micrometers.
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9. The composition of any of claims 1-8, wherein the fluoropolymer comprises styrene-acrylonitrile encapsulated po-
ly(tetrafluoroethylene).

10. The composition of any of claims 1-9, wherein the composition comprises less than 10 wt% of polybutylene tereph-
thalate derived from a monomeric glycol component and a monomeric dicarboxylic acid component.

11. The composition of any of claims 1-10, wherein the composition consists essentially of the poly(butylene tereph-
thalate), the polycarbonate, the impact modifier, the talc, the additive, and the poly(tetrafluoroethylene).

12. The composition of any of claims 1-11 comprising:

from 20 to 70 wt. % of a modified polybutylene terephthalate copolymer that (1) is derived from polyethylene
terephthalate component selected from the group consisting of polyethylene terephthalate and polyethylene
terephthalate copolymers and (2) has at least one residue derived from the polyethylene terephthalate compo-
nent;
from 15 to 70 wt. % of a polycarbonate comprising carbonate units derived from bisphenol-A;
from 3 to 15 wt. % of a core-shell acrylonitrile-butadiene-styrene or methyl methacrylate-butadiene-styrene
impact modifier;
from 2 to 20 wt. % of a talc;
from 0.2 to less than 2.5 wt. % of styrene-acrylonitrile encapsulated poly(tetrafluoroethylene); and
from 0 to 5 wt.% of an additive selected from the group consisting of antioxidants, mold release agents, colorants,
quenchers, stabilizers, and combinations thereof.

13. A method of forming a composition comprising melt blending the components of any of the compositions of claims
1-12.

14. A method of making an article, comprising melt blending the components of any of the composition of claims 1-12,
and shaping the melt blended composition by injection molding, extrusion molding, rotation molding, foam molding,
calendar molding, blow molding, thermoforming, compaction, or melt spinning to form the article.

15. An article comprising the composition of any of claims 1-12.

16. The article of claim 15, wherein the article is a door handle or a lid for a container.

Patentansprüche

1. Zusammensetzung umfassend, basierend auf dem Gesamtgewicht der Zusammensetzung:

10 bis 80 Gew.-% eines modifizierten Polybutylenterephthalat-Copolymers, das (1) sich aus einem Polyethy-
lenterephthalat-Bestandteil ableitet, der aus der Gruppe ausgewählt ist, die aus Polyethylenterephthalat und
Polyethylenterephthalat-Copolymeren besteht und (2) mindestens einen Rest aufweist, der sich aus dem Po-
lyethylenterephthalat-Bestandteil ableitet;
10 bis 80 Gew.-% eines Polycarbonats;
0 bis 20 Gew.-% eines Schlagzähmodifizierers;
2 bis 20 Gew.-% eines Verstärkerfüllstoffs;
0,1 bis weniger als 2,5 Gew.-% eines fibrillierten Fluorpolymers;
0 bis 5 Gew.-% eines Zusatzstoffs, der aus der Gruppe ausgewählt ist, die aus Antioxidantien, Formtrennmitteln,
Farbstoffen, Quenchern, Stabilisatoren und Kombinationen davon besteht;

wobei die Zusammensetzung eine Wärmeformbeständigkeitstemperatur von mindestens 110°C aufweist, gemessen
nach ASTM D648 an 3,2 mm dicken Formstäben bei 0,455 MPa.

2. Zusammensetzung nach Anspruch 1, wobei die Zusammensetzung eine verbesserte Izod-Kerbschlagzähigkeit
aufweist, die mindestens 20% höher als die Izod-Kerbschlagzähigkeit einer identischen Zusammensetzung ohne
das fibrillierte Fluorpolymer ist, wobei die Izod-Kerbschlagzähigkeit nach ASTM D 256 bei 23°C an 3,2 mm dicken
Stäben gemessen wird; und die Zusammensetzung ein Biegemodul aufweist, das höher oder innerhalb 5% des
Biegemoduls einer identischen Zusammensetzung ohne das fibrillierte Fluorpolymer liegt, wobei das Biegemodul
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nach ASTM D790 bei 23°C gemessen wird.

3. Zusammensetzung nach einem der Ansprüche 1-2, wobei der Rest, der sich aus dem Polyethylenterephthalat-
Bestandteil ableitet, aus der Gruppe ausgewählt ist, die aus Ethylenglycolgruppen, Diethylenglycolgruppen, Isoph-
thalsäuregruppen, Antimon-enthaltenden Verbindungen, Gemanium-enthaltenden Verbindungen, Titanenthalten-
den Verbindungen, Kobalt-enthaltenden Verbindungen, Zinn-enthaltenden Verbindungen, Aluminium-enthaltenden
Verbindungen, Aluminium, Aluminiumsalzen, 1,3-Cyclohexandimethanolisomeren, 1,4-Cyclohexandimethanoliso-
meren, Erdalkalimetallsalzen, Alkalisalzen, Phosphor-enthaltenden Verbindungen und Anionen, Schwefel-enthal-
tenden Verbindungen und Anionen, Naphthalen-Dicarbonsäuren, 1,3-Propandiolgruppen und Kombinationen davon
besteht.

4. Zusammensetzung nach einem der Ansprüche 1-3, wobei der mindestens eine Rest, der sich aus dem Polyethy-
lenterephthalat-Bestandteil ableitet, Mischungen von Ethylenglycol- und Diethylenglycolgruppen umfasst.

5. Zusammensetzung nach einem der Ansprüche 1-4, wobei der Rest, der sich aus dem Polyethylenterephthalat-
Bestandteil ableitet, weiterhin Isophthalsäuregruppen umfasst.

6. Zusammensetzung nach einem der Ansprüche 1-5, wobei sich das modifizierte Polybutylenterephthalat-Copolymer
aus einem 1,4-Butandiol ableitet, das aus Biomasse stammt.

7. Zusammensetzung nach einem der Ansprüche 1-6, wobei:

das Polycarbonat Einheiten umfasst, die sich aus Bisphenol A ableiten;
der Schlagzäh-Modifizierer ein Kern-Schalen-Polymer ist, das aus der Gruppe ausgewählt ist, die aus Me-
thyl(meth)acrylat-Butadien-Styrolen, Acrylnitril-Styrol-Acrylaten, Acrylnitril-Butadien-Styrolen, Butylacrylat-
Schlagzähmodifizierern, Ethylacrylat-Schlagzähmodifizierern und Kombinationen davon besteht;
der Verstärkerfüllstoff aus der Gruppe ausgewählt ist, die aus Calciumcarbonat, Glimmer, Kaolin, Talk, Glas-
fasern, Kohlenstofffasern, Magnesiumcarbonat, Sulfaten von Barium, Calciumsulfat, Titan, Nanoton, Silizium-
dioxid, Hydroxiden von Aluminium oder Ammonium oder Magnesium, Zirkondioxid, Titandioxid im Nanobereich
und einer Kombination davon besteht;
das Fluorpolymer mittels eines verkapselnden Polymers, das aus der Gruppe ausgewählt ist, die aus Styrol-
Acrylnitril-Copolymeren, Acrylnitril-Butadien-Styrol-Copolymeren, Alpha-Alkylstyrol-Acrylnitril-Copolymeren,
Alpha-Methylstyrol-Acrylnitril-Copolymeren, Styrol-Butadien-Kautschuken, Methylmethyacrylaten und aus
Kombinationen davon besteht, verkapselt ist; und
die Zusammensetzung einen Zusatzstoff umfasst, der aus der Gruppe ausgewählt ist, die aus Hitzestabilisa-
toren, UV-Stabilisatoren, Farbstoffen, Antioxidantien, Quenchern, Formtrennmitteln und aus Kombinationen
davon besteht.

8. Zusammensetzung nach einem der Ansprüche 1-7, wobei der Füllstoff ein Talk mit einer durchschnittlichen Parti-
kelgröße von 0,3 bis 3 Mikrometern ist.

9. Zusammensetzung nach einem der Ansprüche 1-8, wobei das Fluorpolymer Styrol-Acrylnitril-verkapseltes Poly(te-
trafluorethylen) umfasst.

10. Zusammensetzung nach einem der Ansprüche 1-9, wobei die Zusammensetzung weniger als 10 Gew.-% des
Polybutylenterephthalats umfasst, das sich aus einem monomeren Glycol-Bestandteil und einem monomeren Di-
carbonsäure-Bestandteil ableitet.

11. Zusammensetzung nach einem der Ansprüche 1-10, wobei die Zusammensetzung im Wesentlichen aus dem Po-
ly(butylenterephthalat), dem Polycarbonat, dem Schlagzähmodifizierer, dem Talk, dem Zusatzstoff und dem Po-
ly(tetrafluorethylen) besteht.

12. Zusammensetzung nach einem der Ansprüche 1-11, umfassend:

20 bis 70 Gew.-% eines modifizierten Polybutylenterephthalat-Copolymers, das (1) sich aus einem Polyethy-
lenterephthalat-Bestandteil ableitet, der aus der Gruppe ausgewählt ist, die aus Polyethylenterephthalat und
Polyethylenterephthalat-Copolymeren besteht und (2) mindestens einen Rest aufweist, der sich aus dem Po-
lyethylenterephthalat-Bestandteil ableitet;
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15 bis 70 Gew.-% eines Polycarbonats umfassend Carbonat-Einheiten, die sich aus Bisphenol A ableiten;
3 bis 15 Gew.-% eines Kern-Schalen-Acrylnitril-Butadien-Styrols oder eines Methylmethacrylat-Butadien-Styrol-
Schlagzähmodifizierers;
2 bis 20 Gew.-% eines Talks;
0,2 bis weniger als 2,5 Gew.-% eines Styrol-Acrylnitril-verkapselten Poly(tetrafluorethylens); und
0 bis 5 Gew.-% eines Zusatzstoffs, der aus der Gruppe ausgewählt ist, die aus Antioxidantien, Formtrennmitteln,
Farbstoffen, Quenchern, Stabilisatoren und aus Kombinationen davon besteht.

13. Verfahren zur Bildung einer Zusammensetzung umfassend Schmelzmischen der Bestandteile nach einer der Zu-
sammensetzungen der Ansprüche 1-12.

14. Verfahren zur Herstellung eines Gegenstandes, umfassend Schmelzmischen der Bestandteile nach einer der Zu-
sammensetzungen der Ansprüche 1-12 und Formen der schmelzgemischten Zusammensetzung mittels Spritzgie-
ßen, Extrudieren, Rotationsformen, Schaumformen, Kalandrieren, Blasformen, Thermoformen, Verdichtung oder
Schmelzspinnen, um den Gegenstand herzustellen.

15. Gegenstand umfassend die Zusammensetzung nach einem der Ansprüche 1-12.

16. Gegenstand nach Anspruch 15, wobei der Gegenstand eine Türklinke oder ein Behälterdeckel ist.

Revendications

1. Une composition comprenant, exprimés par rapport au poids total de la composition :

- de 10 à 80% en poids d’un copolymère de téréphtalate de polybutylène modifié, lequel copolymère:

(1) dérive d’un composant téréphtalate de polyéthylène sélectionné dans le groupe comprenant le téréph-
talate de polyéthylène et les copolymères de téréphtalate de polyéthylène, et
(2) comporte au moins un résidu dérivant du composant téréphtalate de polyéthylène

- de 10 à 80% en poids d’un polycarbonate;
- de 0 à 20% en poids d’un agent de résistance au choc;
- de 2 à 20% en poids d’une charge de renforcement;
- de 0,1 à moins de 2,5% en poids d’un fluoropolymère fibrillé;
- de 0 à 5% en poids d’un additif choisi dans le groupe constitué par les antioxydants, les agents de démoulage,
les colorants, les désactiveurs, les stabilisants et des combinaisons de ceux-ci,

composition dans laquelle la température de déformation à la chaleur, mesurée selon la norme ASTM D648 sur
des barreaux de 3,2 mm d’épaisseur obtenus par moulage, sous une pression de 0,455 MPa, est d’au moins 110°C.

2. La composition selon la revendication 1, laquelle composition présente :

- une résistance au choc sur barreau entaillé Izod améliorée qui est d’au moins 20% supérieure à la résistance
au choc sur barreau entaillé Izod d’une composition identique mais exempte de fluoropolymère fibrillé, cette
résistance au choc Izod étant mesurée à 23°C sur barreau entaillé de 3,2 mm d’épaisseur, selon la norme
ASTM D 256 ;
- un module de flexion qui est supérieur au module de flexion, ou dans les limites de 5% par rapport à celui-ci,
d’une composition identique exempte de fluoropolymère fibrillé, le module de flexion étant mesuré à 23°C, selon
la norme ASTM D790.

3. La composition selon la revendication 1 ou 2, dans laquelle le résidu dérivant du composant téréphtalate de poly-
éthylène est choisi dans le groupe comprenant les groupes éthylène glycol, les groupes diéthylène glycol, les
groupes d’acide isophtalique, les composés contenant de l’antimoine, les composés contenant du germanium, les
composés contenant du titane, les composés contenant du cobalt, les composés contenant de l’étain, les composés
contenant de l’aluminium, l’aluminium, les sels d’aluminium, les isomères de 1,3- cyclohexane diméthanol, les
isomères du 1,4-cyclohexane diméthanol, les sels de métaux alcalino-terreux, les sels alcalins, les anions et les
composés contenant du phosphore, les anions et les composés contenant du soufre, les acides dicarboxyliques
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naphtalène, les groupes de 1,3-propane diol, et les combinaisons en dérivant.

4. La composition selon l’une quelconque des revendications 1 à 3, dans lequel l’au moins un résidu dérivant du
composant téréphtalate de polyéthylène comprend des mélanges de groupes d’éthylène glycol et de diéthylène
glycol.

5. La composition selon l’une quelconque des revendications 1 à 4, dans lequel le résidu dérivant du composant
téréphtalate de polyéthylène comprend en outre des groupes acide isophtalique.

6. La composition selon l’une quelconque des revendications 1 à 5, dans lequel le copolymère de polytéréphtalate de
butylène modifié dérive d’un 1,4-butanediol obtenu à partir de la biomasse.

7. La composition selon l’une quelconque des revendications 1 à 6, dans laquelle;

- le polycarbonate comprend des motifs dérivant du bisphénol A;
- le agent de résistance au choc est un polymère noyau-coquille choisi dans le groupe constitué par les mé-
thyl(méth)acrylate-butadiène-styrènes, acrylonitrile-styrène-acrylates, acrylonitrile-butadiène-styrènes, les
agents de résistance au choc à base d’acrylate de butyle, les agents de résistance au choc à base d’acrylate
d’éthyle et leurs combinaisons;
- la charge de renforcement est choisie dans le groupe constitué par le carbonate de calcium, le mica, le kaolin,
le talc, les fibres de verre, fibres de carbone, le carbonate de magnésium, les sulfates de baryum, le sulfate de
calcium, le titane, la nanoargile, la silice, les hydroxydes d’aluminium ou d’ammonium ou de magnésium, la
zircone, l’oxyde de titane nanométrique et leurs combinaisons;
- le fluoropolymère est encapsulé par un polymère d’encapsulation choisi dans le groupe consistant en les
copolymères de styrène-acrylonitrile, les copolymères acrylonitrile-butadiène-styrène, les copolymères alpha-
alkyl-styrène-acrylonitrile, les copolymères alpha-méthylstyrène-acrylonitrile, les caoutchoucs styrène-butadiè-
ne, les méthacrylates de méthyle et leurs combinaisons; et
- la composition comprenant un additif choisi dans le groupe constitué par les stabilisants thermiques, les
stabilisants UV, les colorants, les antioxydants, les désactiveurs, les agents de démoulage et leurs combinaisons

8. La composition selon l’une quelconque des revendications 1 à 7, dans laquelle la charge est en talc et a une
granulométrie moyenne de 0,3 à 3 micromètres.

9. La composition selon l’une quelconque des revendications 1 à 8, dans laquelle le fluoropolymère comprend du
poly(tétrafluoroéthylène) encapsulé par du styrène-acrylonitrile.

10. La composition selon l’une quelconque des revendications 1 à 9, laquelle composition comprend moins de 10% en
poids de polybutylène téréphtalate dérivant d’un constituant glycol monomère et d’un composant acide dicarboxy-
lique monomère.

11. La composition selon l’une quelconque des revendications 1 à 10, laquelle composition consiste essentiellement
en poly(butylène téréphtalate), polycarbonate, agent de résistance au choc, talc, additif, et poly (tétrafluoroéthylène).

12. La composition selon l’une quelconque des revendications 1 à 11 comprenant :

- de 20 à 70% en poids d’un copolymère de polytéréphtalate de butylène modifié qui:

(1) dérive d’un composant téréphtalate de polyéthylène sélectionné dans le groupe comprenant le téréph-
talate de polyéthylène et les copolymères de téréphtalate de polyéthylène et
(2) présente au moins un résidu dérivant du composant téréphtalate de polyéthylène ;

- de 15 à 70% en poids d’un polycarbonate comprenant des motifs carbonates dérivant de bisphénol-A;
- de 3 à 15% en poids d’un agent de résistance au choc noyau-coquille consistant en acrylonitrile-butadiène-
styrène ou en méthyl méthacrylate-butadiène-styrène;
- de 2 à 20% en poids de talc;
- de 0,2 à moins de 2,5% en poids de poly (tétrafluoroéthylène) encapsulé dans du styrène-acrylonitrile; et
- de 0 à 5% en poids d’un additif choisi dans le groupe comprenant les antioxydants, les agents de démoulage,
les colorants, les désactiveurs, les stabilisants et des combinaisons de ceux-ci,
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13. Un procédé de formation d’une composition comprenant le mélange à l’état fondu des composants de l’une quel-
conque des compositions selon les revendications 1 à 12.

14. Un procédé de fabrication d’un objet comprenant :

- le mélange à l’état fondu des composants de l’une quelconque des compositions selon l’une quelconque des
revendications 1 à 12,
- la mise en forme de la composition mélangée à l’état fondu par moulage par injection, moulage par extrusion,
rotomoulage, moulage de mousse, moulage par calendrage, moulage par soufflage, thermoformage, compac-
tage ou filage à l’état fondu, pour former l’objet.

15. Un objet comprenant la composition selon l’une quelconque des revendications 1 à 12.

16. L’objet selon la revendication 15, lequel objet est une poignée de porte ou un couvercle pour un récipient.
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