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Description

[0001] This invention relates to recycling plastic.
[0002] Products made from or incorporating plastic are a part of almost any work place or home environment. Generally,
the plastics that are used to create these products are formed from virgin plastic materials. Than is, the plastics arse
produced from petroleum and are not made from existing plastic materials. Once the products have outlived their useful
lives, they are generally sent to waste disposal or a recycling plant.
[0003] Recycling plastic has a variety of benefits over creating virgin plastic from petroleum. Generally, less energy
is required to manufacture an article from recycled plastic materials derived from post-consumer and post-industrial
waste materials and plastic scrap (collectively referred to in this specification as "waste plastic material"), than from the
comparable virgin plastic. Recycling plastic materials obviates the need for disposing of the plastic materials or product.
Further, less of the earth’s limited resources, such as petroleum and polymers, are used to form virgin plastic materials.
[0004] When plastic materials are sent to be recycled, the feed streams rich in plastics may be separated into multiple
product and byproduct streams. Generally, the recycling processes can be applied to a variety of plastics-rich streams
derived from post-industrial and post-consumer sources. These streams may include, for example, plastics from office
automation equipment (printers, computers, copiers, etc.), white goods (refrigerators; washing machines, etc.), consumer
electronics (televisions, video cassette recorders, stereos, etc.), automotive shredder residue, packaging waste, house-
hold Waste, building waste and industrial molding and extrusion scrap.
[0005] Different types of plastic parts are often processed into shredded plastic-rich streams. The variety of parts can
vary from a single type of part from a single manufacturer up to multiple families of part types. Many variations exist,
depending on at least the nature of the shredding operation Plastics from more than one source of durable goods may
be including in the mix of materials fed to a plastics recycling plant. This means that a very broad range of plastics may
be included in the feed mixture.
[0006] Some of the prevalent primary polymer types in the waste plastic materials are ABS, HIPS, PP, and PC. ABS
is an impact modified styrene-acrylonitrile copolymer of at least one alkenylaromatic monomer, at least one of acrylonitrile
and methacrylonitrile and at least one aliphatic diene or rubber. See for example, "ABS Resins", Kirk-Othmer Encyclopedia
of Chemical Technology, Third Edition, Volume 18, John Wiley & Sons, pages 442-449 (1982), for a description of ABS
Resins and their method of manufacture. Suitable alkenylaromatic compounds include, for example, styrene and its
analogs, such as 2-methyl styrene, chloro- and bromostyrenes, 3,5 di-methylstyrene and t-butylstyrene. The aliphatic
dienes include butadiene, isoprene or chloroprene. These ABS polymers may be prepared by methods such as, emulsion,
bulk and melt polymerization. A common method for preparing such polymers includes a fust step of polymerizing the
diene monomer or monomers to form a latex, and subsequent grafting the alkenylaromatic and nitrile monomers and
any other monomers onto said latex, also while the latex is in emulsion.
[0007] HIPS is an impact modified styrene copolymer of at least one alkenylaromatic monomer and at least one
aliphatic diene or rubber. See for example, "HIPS Resins". Kirk-Othmer Encyclopedia of Chemical Technology, Third
Edition, Volume 18, John Wiley & Sons, pages 442-449 (1982) for a description of HIPS Resins and their method of
manufacture. Suitable alkenylaromatic compounds include, for example, styrene and its analogs, such as 2-methyl
styrene, chloro- and bromostyrenes, 3,5 di-methylstyrene and t-butylstyrene. The aliphatic dienes include butadiene,
isoprene or chloroprene. In addition, some HIPS copolymers may contain a small amount of acrylonitrile to improve the
environmental stress crack resistance for certain applications. These HIPS polymers may be prepared by methods
similar to those used to prepare ABS polymers.
[0008] PP is a homopolymer or copolymer of propylene. See for example, Domininghaus, Plastics for Engineers,
Hanser, 1988, Chapter 4, for a description of PP Resins and their method of manufacture. Homopolymer polypropylene
is typically isotactic, although syndiotactic and atactic forms are also produced. Propylene copolymers include semic-
rystalline block copolymers of propylene with ethylene, 1-butene, or higher a-olefins, semicrystalline sequential block
copolymers of propylene, ethylene and a diene or amorphous statistical copolymers of propylene, ethylene and a diene.
The diene can be 1,4-hexadiene, dicyclopentadiene or 3,5-ethylidene norbornene. Copolymers including a diene are
known as EPDM. Blends of homopolymer PP with EPDM are also considered part of the PP family.
[0009] PC is a condensation polymer consisting of the carbonate functional group (-O-CO-O-) separated by aromatic
groups along the polymer chain. Variations tin the chemical structure of monomers or end groups may be employed to
alter the properties of the PC product. See for example, Domininghaus, Plastics for Engineers, Hanser, 1988, Chapter
14, for a description of PC Resins and their method of manufacture.
[0010] Other plastics, such as styrene/acrylonitrile copolymers (SAN), polystyrene (PS), polyethylene (PE), polyamides
(PA, also known as nylons), polyvinyl chloride (PVC), blends of polyphenylene ether with HIPS, PC or PA (PPO, or
modified PPO), polyphenylene ethers, polyethylene terephthalate, and polybutylene terephthaltate, can also be found
in waste plastic streams.
[0011] Other polymers that are used to make plastic products may also be present in the waste plastic material.
Further, multiple colors and grades of ABS and HIPS, flame retardant ABS and HIPS, PP, PC, PC/ABS, polyethylene,
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polyesters, nylons and other plastics can be contained in the feed material to a plastics recycling plant
[0012] The invention provides techniques for creating a thermoplastic resin from plastic materials. In general, in one
aspect, the invention provides recycled thermoplastic resins.
[0013] In particular the invention provides a blend of recycled thermoplastic resins, wherein the blend is a thermoplastic
resin having at least one uniform predetermined property selected from the group consisting of melt flow rate and density,
said blend comprising:

a primary polymer type selected from one of recycled ABS, HIPS, PP and PC;
residual additives including two or more additives selected from the group consisting of antioxidants, heat stabilizers,
UV stabilizers, flame retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber reinforce-
ments, fluorescent whiteners, and lubricants; and
one or more secondary polymer types that are different from the primary polymer type, and are selected from recycled
impact modified styrene acrylonitrile copolymers, blends of polycarbonate with an impact modified styrene acrylo-
nitrile copolymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone, copolymers of styrene
and acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high impact styrene copolymers and polyolefine,
wherein:

the primary polymer type makes up between about 20 and 99.9 parts by weight of the blend and includes two
or more grades of the primary polymer, wherein different grades are characterized by different molecular weights,
different molecular composition, different polymer structure or morphology;
the blend of recycled thermoplastic resins includes a greater amount of the primary polymer type than the
secondary polymer type; and
the residual additives make up about 0.1 to 40 parts by weight of the blend;

wherein the recycled thermoplastic resin is recovered from waste plastic material derived from one or more post consumer
sources selected from office automation equipment, white goods, consumer electronics, automotive shredder residue,
building waste and post industrial molding and extrusion scrap.
[0014] The two or more grades of polymers can be characterized by different molecular weights, Different molecular
composition or different polymer structure. The two or more grades of the polymers can be derived from different
manufacturers. One or more of the polymers of the primary and/or secondary polymer types can exhibit detectible
oxidation resulting from aging.
[0015] The residual additives can include bromine and antimony, where the ratio of bromine to antimony is between
about 1:1 and 10:1, and the bromine and the antimony are present at combined levels of about 1 ppm to about 5% by
weight The residual additives can include titanium dioxide at levels between about 0.5% by weight and about 5% by
weight. The residual additives can include carbon black at levels between about 0.1 % by weight and about 3% by
weight. The residual additives include one or more additional pigments or organic dye colorants at levels between about
1 ppm by weight and about 0.1% by weight. The residual additives can include two or more elements selected from the
group consisting of Cd, Pb, Hg, Cr and Ni, the elements being present at levels between about 0.1 ppm and 100 ppm.
The residual additives can include one or more additives selected from the group consisting of antioxidants, heat stabi-
lizers, UV stabilizers, flame- retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber rein-
forcements, fluorescent whiteners, and lubricants. The residual additives can include two or more inconsistent or incom-
patible residual additives.
[0016] The aging of the primary polymer type and/or the secondary polymer types can be detectible by infrared
spectroscopy. The one or more polymers of the primary polymer type can include an impact modified styrene acrylonitrile
copolymer that comprises about 80 to about 99 parts by weight of the resin. A first polymer of the one or more secondary
polymer types is a styrene acrylonitrile copolymer that comprises about 0 to about 19 parts by weight of the resin. The
residual additives can comprise about 2 to about 7 parts by weight of the resin. A second polymer of the one or more
secondary polymer types can comprise about 0 to about 7 parts by weight of the resin.
[0017] The resin can include a rubber comprising between about 5% by weight and 30% by weight of the resin and
has a glass transition temperature between about 105° C and about 110°C. The rubber can include butadiene polymer
rubber. The first or second polymer of the one or more secondary polymer types can be a high impact polystyrene, a
general purpose polystyrene, a polyolefin, a polyurethane, a nylons, a polyphenylene ether, a polycarbonate, a polyeth-
ylene terephthalate or a polybutylene terephthalate. The resin can have the following properties: a density of about 1.06
to about 1.10 grams per cubic centimeter, as determined by ASTM D 792; a melt flow rate of about 2 to about 9 grams
per 10 minutes, as determined by ASTM D 1238; a tensile stress at yield of about 36 to about 48 MPa, as determined
by ASTM D 638; and a notched Izod impact (3.2 mm notch) of about 85 to about 200 Joules per meter, as determined
by ASTM D 256.
[0018] One or more of the polymers of the primary or secondary polymer types can be an impact modified styrene
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acrylonitrile copolymer, a blend of polycarbonate with an impact modified styrene acrylonitrile copolymer, a copolymer
blend of styrene acrylonitrile and acrylate polymers, a polysulfone, a copolymer of styrene and acrylonitrile, polycarbonate,
polyvinyl chloride, or polyurethane. A second polymer of the one or more secondary polymer types can include polysty-
rene, an impact modified polystyrene, a polyolefin, a polyurethane, a nylon, polyphenylene ether, polycarbonate, poly-
ethylene terephthalate or polybutylene terephthalate. At least one polymer of the one or more primary polymer types
can be an impact modified styrene acrylonitrile copolymer. At least one polymer of the one or more secondary polymer
types can be a HIPS polymer, where the HIPS polmer is present in the resin in a substantial amount to achieve a user
selected notched izod impact strength.
[0019] The one or more polymers of the primary polymer type can include an impact modified styrene polymer that
comprises about 70 to about 99 parts by weight of the resin. A first polymer of the one or more secondary polymer types
can be a general purpose polystyrene that comprises about 0 to about 10 parts by weight of the resin. The residual
additives can comprise about 1 to about 5 parts by weight of the resin. A second polymer of the one or more secondary
polymer types can comprises 0 to about 7 parts by weight of the resin. The resin can include between about 8% by
weight and 16% by weight of a rubber and have a glass transition temperature between about 96° C and about 100°C.
The rubber can include a butadiene polymer rubber.
[0020] The second polymer of the one or more secondary polymer types can be an acrylonitrile butadiene styrene
terpolymer, polyolefin, polyurethane, a nylon, polyphenylene ether, or polycarbonate. The resin can include a styrene
portion of the polymer having a degradation temperature between about 400°C and 405°C. The resin can have the
following properties: a density of about 1.04 to about 1.08 grams per cubic centimeter, as determined by ASTM D 792;
a melt flow rate of about 2 to about 8 grams per 10 minutes, as determined by ASTM D 1238; a tensile stress at yield
of about 20 to about 27 MPa, as determined by ASTM D 638; and a notched Izod impact of about 60 to about 120 Joules
per meter, as determined by ASTM D 256.
[0021] The one or more polymers of the primary polymer type can include a polypropylene that comprises about 88
to about 99 parts by weight of the resin. A first polymer of the one or more secondary polymer types can comprise 0 to
about 5 parts by weight of the resin. The residual additives can comprise about 1 to about 5 parts by weight of the resin.
A second polymer of the one or more secondary polymer types can comprise 0 to about 7 parts by weight of the resin.
The resin has distinct melting points at about 125°C and at about 164°C and crystallization temperatures at about 110°C
and at about 130°C.
[0022] The polymers of the one or more secondary polymer types can include an acrylonitrile butadiene styrene
terpolymers, polystyrene, an impact modified polystyrene, or polyethylene. The resin can have a degradation temperature
of about 430°C. The resin can have the following properties: a density of about 0.92 to about 0.96 grams per cubic
centimeter, as determined by ASTM D 792; a melt flow rate of about 20 to about 30 grams per 10 minutes, as determined
by ASTM D 1238; a tensile stress at yield of about 20 to about 28 MPa, as determined by ASTM D 638; and a notched
Izod impact (3.2 mm notch) of about 50 to about 100 Joules per meter, as determined by ASTM D 256.
[0023] The one or more polymers of the primary polymer type can include a polycarbonate that comprises about 20
to about 98 parts by weight of the resin. A first polymer of the one or more secondary polymer types can comprise 0 to
about 93 parts by weight of an impact modified styrene acrylonitrile copolymer. The residual additives can comprise
about 2 to about 10 parts by weight of the resin. A second polymer of the one or more secondary polymer types can
comprise 0 to about 10 parts by weight of the resin. The resin can have distinct melting points at about 125°C and at
about 164°C and crystallization temperatures at about 110°C and at about 130°C.
[0024] The resin can be in the form of a flake having a size of about 1 mm to about 8 mm. The can be recovered from
a waste plastic material derived from one or more post consumer sources selected from the group consisting of office
automation equipment, white goods, consumer electronics, automotive shredder residue, packaging waste, household
waste and building waste and post industrial molding and extrusion scrap.
[0025] In general, in another aspect, the invention provides products prepared from any of the resins described above.
The products can be in the form of, for example, pellets or sheets extruded from the resins.
[0026] In general, in another aspect, the invention provides plastic articles prepared from the resins described above.
The articles can be prepared, for example, by the co-extrusion of the resins described above with polymers such as
impact modified styrene acrylonitrile copolymer, blends of polycarbonate with an impact modified styrene acrylonitrile
copolymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone, copolymers of styrene and
acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high impact styrene copolymers and polyolefins.
[0027] In general, in another aspect, the invention provides methods of preparing recycled thermoplastic materials.
The methods include selecting one or more waste plastic materials from one or more sources selected from office
automation equipment, white goods, consumer electronics, automotive shredder residue, building waste and post in-
dustrial molding and extrusion scrap and combining the selected waste plastic materials to achieve a recycled plastic
material having one or more predetermined properties.
[0028] Particular implementations can include one or more of the following features. Selecting one or more waste
plastic materials can include selecting waste plastic materials based on a geographic source. The geographic source
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can be a country or region of product production - for example, North America, Europe, or Asia.
[0029] Selecting waste plastic materials can include selecting a waste plastic material from a source consisting of
office automation equipment, white goods, consumer electronics, automotive shredder residue, packaging waste, house-
hold waste and building waste and post industrial molding and extrusion scrap. Selecting waste plastic materials can
include selecting one or more waste plastic materials to yield a recycled plastic material comprising about 20 to about
99.9 parts by weight of polymer of a primary polymer type, about 0.1 to about 40 parts by weight of residual additives,
and 0 to about 79 parts by weight of one or more polymers of one or more secondary polymer types that are compatible
with and dissimilar from the primary polymer, and 0 to about 40 parts by weight of one or more polymers from one or
more secondary polymer types that are incompatible with and dissimilar from the primary polymer type.
[0030] In general, in another aspect, the invention provides methods for preparing recycled plastic materials. The
methods include providing waste plastic material, separating the waste plastic material into a plurality of homogenous
plastic materials, determining amounts of at least one of the plurality of homogenous plastic materials and at least one
other plastic material to provide one or more predetermined properties of a recycled plastic material, and combining the
at least one of the plurality of homogenous plastic materials and the at least one other plastic material in the determined
amounts to provide a recycled plastic material.
[0031] Particular implementations can include one or more of the following features. The at least one other plastic
material can be selected from the plurality of homogenous plastic materials. The at least one other plastic material can
be a virgin plastic material. At least two of the homogenous plastic materials can include a different primary polymer
type. At least two of the homogenous plastic materials can include the same primary polymer type and can be distin-
guishable from one another based on one or more properties of the homogenous plastic material. The homogeneity of
the homogenous plastic materials can be determined at least in part by the source of the waste plastic material. The
homogeneity of the homogenous plastic materials can be determined at least in part by a separating process used to
separate the waste plastic material. The methods can include compounding an additive or a polymer with the recycled
plastic material. Determining amounts can include determining amounts of a first type of ABS material and a second
type of ABS material that can be combined to form a recycled plastic material having a notched izod impact strength
higher than the notched izod impact strength of the first type of ABS. Determining amounts can include determining
amounts of a first type of ABS material and a second type of ABS material that can be combined to form a recycled
plastic material having a notched izod impact strength higher than the notched izod impact strength of either the first
type of ABS material or the second type of ABS material. Determining amounts can include determining amounts of an
ABS material and a HIPS material that can be combined to form a recycled plastic material having an increased tensile
strength relative to a tensile strength of the HIPS material. Determining amounts can include determining amounts of a
modified PPO material and a HIPS material that can be combined to form a recycled plastic material having an increased
notched izod impact strength and tensile strength and decreased melt flow rate relative to the HIPS material. Determining
amounts can include determining amounts of an ABS material and a PC material that can be combined to form a recycled
plastic material having an increased notched izod impact strength and tensile strength relative to the ABS material.
Determining amounts can include determining amounts of an ABS material and a regrind flame retarded PC material
that can be combined to form a recycled plastic material having an increased tensile strength relative to the ABS material.
Determining amounts can include determining amounts of an ABS material and a PC/ABS material that can be combined
to form a recycled plastic material having an increased notched izod impact strength and tensile strength relative to the
ABS material. Determining amounts can include determining amounts grades of ABS materials to form a recycled plastic
material with a predetermined SAN content. The predetermined SAN content can be sufficient to achieve one or more
predetermined property, the properties including one of environmental stress crack resistance, tensile strength, impact
strength, melt flow rate of the recycled plastic material.
[0032] In general, in another aspect, the invention provides methods of preparing plastic materials. The methods
include a resin as described above with one or more polymers of a tertiary polymer type, where the polymers of the
tertiary polymer type comprise between less than 1 part by weight to more than .99 parts by weight of the plastic material
and the polymers of the tertiary polymer type are compatible with the resin.
[0033] Particular implementations can include one or more of the following features. The polymers of the primary
polymer type can include polypropylene and the polymers of the tertiary polymer type include a polypropylene, a low
density polyethylene or another polymer with which polypropylene is compatible The polymers of the primary polymer
type can include polycarbonate and the polymers of the tertiary polymer type include a polycarbonate, PC/ABS, a
acrylonitrile butadiene styrene terpolymer, an acrylonitrile styrene acrylate copolymer or another polymer with which
polycarbonate is compatible. The polymers of the primary polymer type can include HIPS and the polymers of the tertiary
polymer type include an impact modified styrene polymer, a general purpose polystyrene, a modified polyphenylene
ether or another polymer with which HIPS is compatible.
[0034] In general, in another aspect, the invention provides recycled thermoplastic resins halving unique measurable
characteristics. The recycled thermoplastic resins include about 20 to about 99.9 parts by weight of a first polymer type,
about 0.1 to about 40 part by weight of one or more residual additives, 0 to about 79 parts by weight of compatible
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dissimilar polymers, and 0 to about 40 parts bey weight of incompatible dissimilar polymers. The first polymer type
includes two or more grades of polymer, such as polymers with different molecular weights, composition, or rubber
morphology, or polymers from different manufacturers. The compatible dissimilar polymers and/or the incompatible
dissimilar polymers can be of one or more polymer types, and/or can include one or more grades of each polymer type.
One or more of the components can exhibit aging due to oxidation as detected by FTIR.
[0035] Particular embodiments can include one or more of the following features. The residual additives can include
bromine and/or antimony. The ratio of bromine to antimony can be in the range from about 1:1 to about 10:1. Bromine
and antimony can be present in combined amounts in the range from about 1 ppm to about 5% by weight. The residual
additives can include TiO2 at levels between about 0.5% by weight and about 5% by weight. The residual additives can
include carbon black at levels between about 0.1% by weight and about 3% by weight The residual additives can include
one or more additional pigments or organic dye colorants at levels between about 1 ppm by weight and about 0.1% by
weight. The residual additives can include two or more of elements selected from Cd, Pb, Hg, Cr and Ni at levels between
about 0.1 ppm and 100 ppm. The residual additives can include one or more additives selected from antioxidants, heat
stabilizers, UV stabilizers, flame retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber
reinforcements, fluorescent whiteners, and lubricants. The residual additives can include mixtures of two or more of
these. The residual additives can be present in the recycled plastic material in detectible amounts sufficient to identify
the resin as being derived from waste plastic material. The residual additives can include five or more, 10 or more, 15
or more, 20 or more, or 30 or more different residual additives. The residual additives can include detectible amounts
of two or more inconsistent or incompatible compounds.
[0036] The dissimilar polymers can be included in the recycled thermoplastic resin in controlled amounts to meet
property requirements. The recycled thermoplastic resin can contain aged plastics in amounts identifiable using tech-
niques such as infrared spectroscopy. The recycled thermoplastic resin can be manufactured in such a way that there
are environmental benefits compared with the manufacture of similar virgin resins. The recycled thermoplastic resin can
have a uniform and homogeneous composition. The recycled thermoplastic resin can have uniform properties. The
recycled thermoplastic resin includes plastics derived from post consumer sources including one or more of office
automation equipment, white goods, consumer electronics, automotive shredder residue, packaging waste, household
waste and building waste and post industrial molding and extrusion scrap. The recycled thermoplastic resin can include
plastics derived from post consumer sources in one or more of North America, Europe, or Asia or combination of these
regions. The recycled thermoplastic resin can be in the form of flake of mixed origin having a size of about 1 mm to
about 8 mm.
[0037] The recycled thermoplastic resin can include from about 80 to about 98 parts by weight of an impact modified
styrene acrylonitrile copolymer, from about 0 to about 19 parts by weight of styrene acrylonitrile copolymer, from about
2 to about 7 parts by weight of one or more additives selected from antioxidants, heat stabilizers, UV stabilizers, flame
retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent whit-
eners, pigments, organic colorants, carbon black and lubricants, and from about 0 to about 7 parts by weight of at least
one additional polymer. The additional polymers can include a polymer selected from high impact polystyrene, general
purpose polystyrene, polyolefin, polyurethane, nylons, polyphenylene ether, and polycarbonate. The recycled thermo-
plastic material can have a rubber content between about 5% by weight and 30% by weight and a glass transition
temperature between about 105° C and about 110°C.
[0038] The ABS containing recycled thermoplastic resin can have a density of about 1.06 to about 1.10 grams per
cubic centimeter, as determined by ASTM D 792, a melt flow rate of about 2 to about 9 grams per 10 minutes, as
determined by ASTM D 1238, a tensile stress at yield of about 36 to about 48 MPa, as determined by ASTM D 638, and
a notched Izod impact (3.2 mm notch) of about 85 to about 200 Joules per meter, as determined by ASTM D 256.
[0039] The recycled thermoplastic resin can include from about 80 to about 98 parts by weight of an impact modified
styrene polymer, from about 0 to about 19 parts by weight of general purpose polystyrene, from about 1 to about 7 parts
by weight of one or more additives selected from antioxidants, heat stabilizers, UV stabilizers, flame retardants, antistatics,
blowing agents, impact modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent whiteners, pigments, organic
colorants, carbon black and lubricants, and from about 0 to about 7 parts by weight of at least one additional polymer.
The additional polymer can include a polymer selected from acrylonitrile butadiene styrene terpolymers, polyolefin,
polyurethane, nylons, polyphenylene ether, and polycarbonate. The recycled thermoplastic material can have a rubber
content of between about 4% by weight and 20% by weight and a glass transition temperature between about 96° C
and about 100°C. The recycled thermoplastic resin can have a polystyrene degradation temperature between about
400°C and 415°C.
[0040] The HIPS containing recycled thermoplastic resin can have a density of about 1.04 to about 1.08 grams per
cubic centimeter, as determined by ASTM D 792, a melt flow rate of about 2 to about 9 grams per 10 minutes, as
determined by ASTM D 1238, a tensile stress at yield of about 20 to about 27 MPa, as determined by ASTM D 638, and
a notched Izod impact (3.2 mm notch) of about 60 to about 120 Joules per meter, as determined by ASTM D 256.
[0041] The recycled thermoplastic resin can include from about 90 to about 98 parts by weight of polypropylene, from
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about 2 to about 7 parts by weight of one or more additives selected from antioxidants, heat stabilizers, UV stabilizers,
flame retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent
whiteners, pigments, organic colorants, carbon black and lubricants, and from about 0 to about 5 parts by weight of at
least one additional polymer. The additional polymer can include a polymer selected from acrylonitrile butadiene styrene
terpolymers, polystyrene, impact modified polystyrene, and polyethylene. The recycled thermoplastic resin can have
distinct melting points at about 125°C and at about 164°C, distinct crystallization temperatures at about 110°C and at
about 130°C and a degradation temperature of about 430°C.
[0042] The PP containing recycled thermoplastic resin can have a density of about 0.92 to about 0.96 grams per cubic
centimeter, as determined by ASTM D 792, a melt flow rate of about 20 to about 30 grams per 10 minutes, as determined
by ASTM D 1238, a tensile stress at yield of about 20 to about 28 MPa, as determined by ASTM D 638, and a notched
Izod impact (3.2 mm notch) of about 50 to about 100 Joules per meter, as determined by ASTM D 256.
[0043] The recycled thermoplastic resin can include from about 20 to about 98 parts by weight of polycarbonate, from
0 to about 93 parts by weight of an impact modified styrene acrylonitrile copolymer, from about 2 to about 10 parts by
weight of one or more additives selected from antioxidants, heat stabilizers, UV stabilizers, flame retardants, antistatics,
blowing agents, impact modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent whiteners, pigments, organic
colorants, carbon black and lubricants, and from 0 to about 10 parts by weight of at least one additional polymer. The
additional polymer can include a polymer selected from polystyrene, impact modified polystyrene, polyolefin, poly-
urethane, nylons, and polyphenylene ether.
[0044] The amounts of different grades of the polymers in the recycled thermoplastic resin can be controlled by the
selection of appropriate separation processes and parameters of separation, by combining products from distinct sep-
aration processes and/or separation parameters, by selecting appropriate source materials, by combining products
obtained from separating different source materials, by combining products from multiple runs of material through the
same separation process and separation parameters, by selecting sources of material by geographic location, by selecting
sources of material by the date which the original plastic material was produced, or by combining recycled plastic with
virgin plastic of the same type.
[0045] The amounts of dissimilar polymers in the recycled thermoplastic resin can be controlled by the selection of
appropriate separation processes and parameters of separation, by combining products from distinct separation proc-
esses and/or separation parameters, by selecting appropriate source materials, by combining products from multiple
runs of material through the same separation process and separation parameters, or by combining with other virgin or
recycled products in known amounts.
[0046] The melt flow rate, impact strength, tensile strength, environmental stress crack resistance and other properties
of the recycled thermoplastic resin can be determined by the amounts of different grades of ABS, HIPS, or PP materials
in the recycled thermoplastic resin. The melt flow rate, impact strength, tensile strength, environmental stress crack
resistance and other properties of a recycled ABS material can be determined by the amount of SAN, HIPS, or PC in
the recycled ABS material. The melt flow rate, impact strength, tensile strength, environmental stress crack resistance
and other properties of a recycled HIPS material can be determined by the amount of general purpose PS, modified
PPO, ABS, or PP in the recycled HIPS material.
[0047] Particular embodiments can include one or more of the following features. The compositions can include from
less than 1 to greater than 99 weight percent of a compatible virgin or recycled polymer and greater than 99 to less than
1 weight percent of the recycled thermoplastic material. When the recycled thermoplastic material is ABS material, the
virgin or recycled polymer can be selected from ABS, blends of PC with an ABS, copolymer blends of styrene acrylonitrile
and acrylate polymers, polysulfone, copolymers of styrene and acrylonitrile, PC, PVC, and polyurethane. When the
recycled material is HIPS, the virgin or recycled polymer can include a polymer selected from ABS, general purpose
PS, modified polyphenylene ethers, and other polymers with which HIPS is compatible. When the recycled thermoplastic
material is PP material, the virgin or recycled polymer includes a polymer selected from PP, low density PE, and other
polymers with which PP is compatible. When the recycled material is PC, the virgin or recycled polymer can include a
polymer selected from PC, PC/ABS, acrylonitrile butadiene styrene terpolymer, acrylonitrile styrene acrylate copolymer
and other polymers with which polycarbonate is compatible.
[0048] The composition can be a stabilized plastic composition including the recycled thermoplastic resin and one or
more additives selected from antioxidants, heat stabilizers, and UV stabilizers. The composition can be in the form of a
pellet or sheet extruded from the recycled thermoplastic resin.
[0049] In general, in another aspect, the invention provides formable plastic compositions including recycled thermo-
plastic resins as described above.
[0050] In general, in another aspect, the invention provides articles prepared by the co-extrusion of one or more of
the recycled thermoplastic resins described above and one or more polymers selected from the group consisting of
impact modified styrene acrylonitrile copolymer, blends of polycarbonate with an impact modified styrene acrylonitrile
copolymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone, copolymers of styrene and
acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high impact styrene copolymers and polyolefin.
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[0051] The invention can be implemented to provide one or more of the following advantages. The compositions of
the invention can be derived from a wide variety of feed sources. A number of grades containing a wide variety of
additives can be incorporated into a single recycled plastic material. Products can be prepared from the compositions
of the invention using less petroleum and energy than is generally required to create virgin plastics from petroleum. The
compositions can include a variety of additives that can provide improved properties for some types of recycled plastic
material uses. Compositions can be prepared with material properties that differ from comparable virgin materials,
including density, melt flow rate, tensile stress at yield, and notched izod impact strength. For example, the production
of compositions having melt flow rates between those of extrusion grade plastic and injection grade plastic yields com-
positions that can be effective as interior plastics in coinjection molding applications. The slightly higher viscosity of the
interior plastic relative to the exterior plastic should lead to a more uniform exterior layer, with the result that the interior
plastic can be used in a larger amount and in more complicated parts than would a material with a melt flow rate higher
than that of the exterior plastic. The compositions can exhibit good environmental stress crack resistance properties.
Blending some grades of polymers together results in plastic materials with higher impact strength than that of the
polymer grades individually. Particular properties can be selected for based on the selection of waste plastic materials
or other additions to the recycled plastic material.
[0052] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.

FIG. 1 is an FTIR transmission spectrum of an exemplary mixed ABS material according to one aspect of the invention.
FIG. 2 is an FTIR absorbance spectrum of exemplary mixed and thin ABS materials.
FIG. 3 is a graph of the dynamic shear moduli for exemplary mixed and thin ABS materials at 200°C.
FIG. 4 is an AFM image of an exemplary mixed ABS material.
FIG. 5 shows the dynamic high resolution TGA of exemplary U.S. refrigerator samples.
FIG. 6 shows the dynamic high resolution TGA and DTGA of an exemplary U.S. refrigerator sample, showing the
SAN degradation temperature, rubber content and pigment loading.
FIG. 7 demonstrates the loss modulus (E") and tanδ for exemplary ABS materials derived from U.S. and Japanese
sources.
FIG. 8 is a plot of the retention of tensile strength for exemplary ABS samples exposed to olive oil for 72 hours.
FIG. 9 is a HPLC Chromatogram of an exemplary ABS material derived from Japanese white goods.
FIG. 10 is a plot of the melt flow rate (220/10.0) as a function of composition of exemplary ABS materials.
FIG. 11 shows the XRF spectra of a virgin ABS and an exemplary ABS from office automation equipment.
FIG. 12 is a schematic diagram of a scheme for compounding ABS materials having various melt flow rates to
provide a recycled ABS material having a consistent melt flow rate.
FIG. 13 demonstrates the loss modulus (E") and tanδ for exemplary HIPS materials derived from Japanese and
U.S. sources.
FIG. 14 is a HPLC chromatogram of a solution extracted from an exemplary HIPS material from Japanese white
goods.
FIG. 15 shows the melt flow rate consistency of various lots of recycled HIPS material.
FIG. 16 is a graph of a cooling thermogram showing the crystallization temperatures and enthalpies for an exemplary
PP sample.
FIG. 17 is a graph of a second heating thermogram showing the melting temperatures and enthalpies for an exemplary
PP sample.
FIG. 18 is a HPLC chromatogram of an exemplary PP sample from Japanese white goods.
FIG. 19 shows the melt flow rate and notched izod impact strength consistency of various lots of recycled PP material
derived from Japanese white goods.

[0053] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.
[0054] The invention provides recycled thermoplastic materials having unique measurable characteristics. The recy-
cled thermoplastic materials of the invention can be prepared from a mixture of different grades of a primary polymer
type. In addition, the materials can include residual additives. Alternatively or additionally, the materials can include
multiple compatible or incompatible dissimilar polymers. Further, the materials can include any combination of these
components.
[0055] As used in this specification, a primary polymer type is a polymer that characterizes a plastic. For example, an
ABS material has ABS as its primary polymer. The polymer type indicates that the polymers are related by their linked
molecular components. For example, ABS polymers are copolymers of styrene and acrylonitrile and HIPS polymers
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contain polystyrene. Each of the primary polymer types can be available in various grades. The grades can be charac-
terized by different weights, different molecular composition or different polymer structure or morphology. The variety
of molecular weights of the primary polymer type, along with the other components of a material, give the material its
characteristic properties. Generally, the primary polymer of extrusion grade ABS plastic has an average molecular weight
that is higher than the average molecular weight of the primary polymer of injection grade ABS plastic even though the
primary polymer of each ABS plastic is a type of ABS polymer. Along with other factors, the molecular weight affects
the melt flow rate and viscosity of the material.
[0056] One or more additives can be incorporated into the materials to improve a property or properties of the recycled
plastic material. Additives used in the materials of the invention can include, but are not limited to, antioxidants, heat
stabilizers, UV stabilizers, flame retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers, fiber
reinforcements, fluorescent whiteners, pigments, organic colorants, carbon black, titanium dioxide, and lubricants. Each
class of additives can include a diverse array of additive types.
[0057] For example, antioxidants typically include both primary, which are typically hindered phenols, and secondary
antioxidants, which are typically phosphates. Since there are several types of both primary and secondary antioxidants
that are useful in different applications, there can be a broad variety of antioxidants in any given recycled plastic material.
Residual antioxidants can include, for example, alkylphenols, hydroxyphenylpropionates, hydroxybenzyl compounds,
alkylidene bisphenols, secondary aromatic amines, thiobisphenols, aminophenols, thioethers, phosphates, phosphonites
and others (see, e.g., F. Gugumus, "Chapter 1: Antioxidants" in Plastics Additives Handbook, 4th Edition, Hanser Pub-
lishers, 1996.). There are multiple chemical types in each of these antioxidant families.
[0058] UV (or light) stabilizers can include UV absorbers, hindered amine light stabilizers, certain nickel containing
compounds and others. (see, e.g., F. Gugumus, "Chapter 3: Light Stabilizers" in Plastics Additives Handbook, 4th Edition,
Hanser Publishers, 1996.). Again, there are multiple chemical types in each of these families.
[0059] Flame retardants can include brominated flame retardants, chlorinated flame retardants, antimony trioxide,
phosphorous-containing flame retardants, aluminum hydroxide, boron-containing compounds and others. (see, e.g., H.
J. Troitzsch, "Chapter 12: Flame Retardants" in Plastics Additives Handbook, 4th Edition, Hanser Publishers, 1996.).
There are multiple chemical types of brominated flame retardants, chlorinated flame retardants and phosphorous-con-
taining flame retardants. Bromine and antimony-containing flame retardants are commonly used, and often appear in
particular ratios and at particular levels in plastic products where flame retardant characteristics are desired. For example,
in typical products, the ratio of bromine to antimony can be in the range of from about 1:1 to about 10:1, and the bromine
and the antimony can be present at combined levels of about 1 ppm to about 5% by weight.
[0060] Flame retardant compounds are used in some types of plastics in quantities sufficient to impart flame retardant
properties to the plastic (which can make the plastic eligible for a UL V-0, V-1, or V-2 rating). Waste plastic materials
can include both flame retardant and non-flame retardant plastics. As a result, at least trace amounts of Sb and Br are
typically present and detectable in recycled plastic material derived from such waste streams. The presence of trace
amounts of antimony and/or bromine can therefore be used as a marker to indicate that a particular material is derived
from plastics recovered from a post consumer source. While the levels of antimony and/or bromine may not be high
enough to render a recycled plastic material flame retardant, they may be high enough to impart some flame resistance
to the recycled plastic material that is sufficient to achieve a UL HB rating, which can otherwise be difficult to achieve
when the plastic is molded at a particular thickness. The presence of other flame retardants can similarly serve to identify
materials derived from post-consumer sources. For example, antimony trioxide and phosphorous-based FRs can be
antagonistic in their flame retardant effect, making it unlikely they would be intentionally used together in a virgin material.
As a result, the appearance of both types of compound in a plastic material can be a marker that the material is a product
of a recycling process.
[0061] Impact modifiers or compatibilizers can be added to increase the toughness of the material. Such impact
modifiers and compatibilizers include, for example, copolymers of styrene and diene rubber and copolymers of styrene
and maleic anhydride.
[0062] The recycled plastic material can be compounded with fillers and reinforcements, which can enhance the
material’s mechanical and heat distortion properties. In general, any reinforcing filler can be used, such as fiberglass,
asbestos, mica, wollastonite, talc, calcium carbonate, fly ash, clay, whiskers, metal flakes, ceramics and carbon filaments.
When used, the filler will typically comprise about 5 to about 100 parts by weight per 100 parts by weight of the polymer.
[0063] Some additives can be included in the recycled plastic materials based on the color of the waste plastic material
from which the material is derived, and/or the conditions (e.g., heat, light, chemicals) to which the waste plastic material
was exposed. Often, titanium dioxide along with low levels of antioxidants and possibly optical brighteners are present
in plastics. The titanium dioxide is used to make the plastic white, optical brighteners may be used to hide any yellowing,
and antioxidants are used to prevent degradation during processing and over the life of the part. Mixtures of recycled
plastics tend to have white plastics containing TiO2 pigments and black plastics containing carbon black. In addition to
white and black materials, waste plastic streams can include materials in a variety of other colors, such as blue, green,
yellow and red, which contain a variety of pigments and dyes that give them their color. The presence of these pigments
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and dyes can be detected visually as color flakes in flake mixtures and with various analytical methods (e.g. spectro-
photometry) in pellets or parts molded from pellets. The presence of this broad range of colorants can be a unique
characteristic of plastic products manufactured from broadly mixed post-consumer sources. The compositional ranges
of these colorants in the plastic products is relatively independent of the plastic type. TiO2 pigments are typically found
in the range from about 0.5 to about 5 percent by weight. Carbon black is typically found in the range from about 0.1 to
about 3 percent by weight. Other color pigments and dyes are typically found in the range from about 1 ppm to about
0.1 percent by weight.
[0064] Lubricants can include metallic soaps, fatty acids and esters, hydrocarbon waxes, amide waxes and ester
waxes (see, e.g., T. Riedel, "Chapter 6: Lubricants and Related Additives" in Plastics Additives Handbook, 4th Edition,
Hanser Publishers, 1996.). There are multiple chemical types in each of these families.
[0065] Mixtures of recycled plastics also tend to contain a number of elements including, but not limited to, Cd, Pb,
Hg, Cr and Ni, at levels between about 0.1 ppm and 100 ppm. The presence of two or more of these elements can be
a unique characteristic of plastic products manufactured from broadly mixed post-consumer sources. In one embodiment,
the recycled plastic materials of the invention can be compounded with additional antioxidants and stabilizers, such as,
hindered phenols and phosphite stabilizers.
[0066] As described above, the presence in a material of particular additives or combinations of additives can serve
as a marker that the material is derived from waste plastic sources. Because the compositions of the invention are
generally produced from diverse sources of waste plastic materials, it is likely that they will include a broad spectrum of
additives that would be unlikely to occur in virgin plastic materials. Therefore, particular embodiments of the compositions
of the invention include five or more, 10 or more, 15 or more, 20 or more, or even 30 or more different residual additives
(of the same or different classes).
[0067] In particular embodiments, the additives present in the compositions of the invention can include two or more
compounds that would be expected to interact in ways that would produce undesirable results. For example, as discussed
above, antimony trioxide and phosphorous-containing flame retardants would be expected to be antagonistic in their
flame-retardant activity. Similarly, the combination of certain types of TiO2 with hindered amine light stabilizers or phenolic
antioxidants leads to yellowing. Halogenated (e.g., Br and CI) flame retardants can show reduced effectiveness in
presence of calcium carbonate filler. Other additives that would be unlikely to be intentionally used together in a plastic
material include hindered amine light stabilizers and thioesters, hindered amine light stabilizers and acidic carbon black,
hindered amine light stabilizers and certain phenolic antioxidants, Irganox 1010 and hydrotalcite-based acid scavenger
(DHT 4A), which leads to gray discoloration in PP, zinc stearate and erucamide, which are both lubricants, and mixtures
of TiO2 and carbon black, particularly in the presence of other color pigments or dyes, as discussed above. Similarly,
the compositions of the invention can include additives that are incompatible with one or more of the polymers (e.g., the
primary polymer) of the material, which would also be unlikely to be used in corresponding virgin materials.
[0068] As stated above, the recycled plastic materials can also include additional polymers, such as rubber. Different
rubber morphologies can affect the environmental stress crack resistance of the materials as well as other properties.
Other additional polymers can include dissimilar polymers from the primary plastic type, and virgin polymers similar to
the primary polymer type. Dissimilar polymers do not fit within the defined compositional range of the primary polymer.
Of the dissimilar polymers, there are polymers that are compatible with the primary polymer type -- that is, the compatible
polymers can be combined with the primary polymer in any proportion to yield good physical properties. In addition,
compatible polymers can be miscible with the primary polymer or can be in a separate phase while still yielding a product
with good properties. Conversely, incompatible polymers typically reduce the properties of the plastic due to poor adhesion
between the polymer phases.
[0069] A grade of plastic is defined as a formulation of plastic material with a particular set of targeted physical
characteristics or properties. The particular physical characteristics or properties of a grade are controlled by the chemical
composition of the polymers in the grade, the average molecular weights and molecular weight distributions of polymers
in the grade, the rubber morphology for impact modified grades, and the group of additives in the grade.
[0070] Different grades of a given plastic type would generally be compatible. Grades can generally be melt mixed to
create a new material with a different property profile.
[0071] Different plastic types, on the other hand, cannot generally be melt combined as easily unless the types happen
to be compatible. Blending different plastic types, such as HIPS and ABS, is often avoided except in special situations.
[0072] Because recycled plastic products incorporate waste plastic materials that tend to have been exposed to the
environment longer than virgin plastics, the recycled plastic materials can include compounds resulting from environ-
mental degradation (e.g., oxidation) of compounds that were originally present in the waste plastic materials. This
oxidation often can be detected by observing the bonds of the polymers. The additives in the plastic can also exhibit the
effects of exposure to the environment. For example, antioxidants can be converted to different, often inactive, compounds
after scavenging radicals.
[0073] The polymers and additives discussed above are often founds in blends of waste plastic materials. Generally,
the compositions have properties that make them effective for use in a variety of thermoforming processes.
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[0074] The principal plastic types contained in some typical feed sources in major (M) and minor (m) amounts are
listed in Table 1. Feed sources are described by geography and product type.

[0075] One of the primary sources of plastics is refrigerator parts. The two dominant plastics in refrigerators are ABS
and HIPS. Some refrigerator parts are coextruded into " two or more layers, which can include the same or different
polymer types. Often, for example, the outer layers may include plastics chosen for their environmental stress crack
resistance. A middle layer, which has a lower appearance and mechanical properties requirement, often contains regrind
of materials used in the outer layers.
[0076] Other plastics such as SAN, general purpose PS, PC, PP, PE, PA and PVC are typically in refrigerators in
lesser amounts.
[0077] The primary plastic found in washing machines is PP.
[0078] Plastics from automotive sources include, but are not limited to, ABS, HIPS, modified PPO, PC, PC/ABS, PA,
PVC, polymethyl methacrylate (PMMA), blends of PC with polybutylene terephthalate (PC/PBT), and various polyolefins.
[0079] Plastics from office automation equipment include, but are not limited to, ABS, HIPS, modified PPO, PC,
PC/ABS, PVC, polyacetals. Many of these plastics may be flame retarded to achieve flammability safety ratings for
certain parts.
[0080] Plastics from consumer electronics include, but are not limited to, HIPS, modified PPO, ABS, PC/ABS and PC.
Many of these plastics may be flame retarded to achieve flammability safety ratings for certain parts.
[0081] Waste plastic materials can be derived from post-consumer and post-industrial sources from around the world.
Since different types of polymers (and different grades of the same polymer type) are used in different parts of the world,
it is possible to tailor the recycling process to focus on a particular type of polymer by sorting the scrap according to
location. For example, a recycling operation concentrated on scrap only from North America, only from Europe or only
from Asia can be established - or geographical differences can be taken into account when combining scrap in order to
alter the composition of the thermoplastic resin.
[0082] Time can also be considered in controlling the composition of the recycled plastic materials of the invention by
separating and selecting waste product materials according to age. The type and grades of plastics used in products
has changed over time due to factors such as economics, improvements in polymer properties and environmental
legislation. For example, most refrigerators last for about ten to about twenty-five years, so any recycling of refrigerator
parts is likely to cover parts made over about a ten to twenty-five year period. The types and grades of plastics used in
refrigerators have changed significantly over the past twenty-five years in order to provide adequate environmental
stress crack resistance in the presence of different blowing agents used in the polyurethane foam insulation. This variety
of plastic types and grades from different time periods can be another factor in obtaining uniform properties for the
recycled plastic material - the collection of recycled goods will typically cover more than just a one or two-year period.
[0083] Plastic from waste plastic materials can be separated by density. For white goods, the density of unfilled PP
is below 1.00 g/cm3 and the densities of ABS, HIPS, filled PP, SAN, PS, PC, PVC, nylon and others are above 1.00
g/cm3. Thus, a dense media separation at about 1.12 g/cm3 can isolate a fraction of material with densities between
1.00 and 1.12 g/cm3 that includes mostly ABS, HIPS, filled PP, SAN and PS with lesser amounts of other plastics. A
further dense media separation at about 1.24 g/cm3 can isolate a fraction of material with densities between 1.12 and
1.24 g/cm3 that includes PC, PC/ABS, nylon and flame retardant grades of ABS, HIPS, PC and PC/ABS, along with
lesser amounts of other plastics.
[0084] The fraction with a density below 1.00 g/cm3 for white goods includes mostly unfilled PP and PE as well as
lesser amounts of higher density plastics (due to imperfect separation or voids in the higher density plastic). This fraction
can be further separated using color sorting, thickness sorting and sorting by methods depending on a narrow surface
to mass distribution (electrostatic separation and/or density differential alteration). The resulting PP product may be of
high purity, but still may include small amounts of the other plastics as contaminants.

Table 1: Abundance of Selected Plastics in Various Feed Streams (Major=M, minor=m)

source ABS HIPS PP PC/ABS PC PPO PS SAN

U.S. white goods M M M m m m M M

European white goods m M M m m m M M

Japanese white goods M M M m m m M M

U.S. automotive M m M M M M m m

U.S. office automation M M m M M M m m

U.S. consumer electronics M M m M M M m m
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[0085] The material with densities between 1.00 and 1.12 g/cm3 can be further separated for example, using techniques
described in Provisional Application No. 60/397,980, filed July 22, 2002, Provisional Application No. 60/397,948, filed
July 22, 2002, and U.S. Patent No. 6,452,126, each of which is incorporated by reference herein. The resulting ABS
and HIPS products will achieve a purity based on the effectiveness of the separations. In most cases, purity will be less
than 100%, with minority amounts of the other major and minor plastics.
[0086] The material with densities between about 1.12 and about 1.24 g/cm3 can be further separated. The resulting
flame retardant ABS, flame retardant HIPS, and PC-containing products will achieve purities and compositions based
on the effectiveness of the separations. In most cases, purity will be less than 100%, with minority amounts of the other
major and minor plastics.
[0087] The separations used to recover the plastics typically yield small particles - flakes - between 1 and 8 mm in
size. The recovery of smaller or slightly larger flakes is possible, although considerably larger flakes could limit the ability
to process the material.
[0088] Waste plastic materials recovered from post consumer durable goods have very consistent properties due to
the large degree of mixing of feed materials, the large scale of typical plastics recycling facilities and the method of
manufacturing the product. These factors also contribute to the range of grades of the primary plastic that exists in the
resulting mixture of recycled plastic materials. In addition, the additives found in each of the waste plastic materials are
combined and homogenized into the resultant recycled plastic material. Once the waste plastic materials have been
separated and are in flake form, the properties may differ on a per flake basis from one another. However, when the
properties of the resultant recycled plastic material are taken across a bulk sampling of the flakes, the properties will
typically be reasonably homogenous from sample to sample. The resultant recycled plastic material can be extruded
into pellets using to known extrusion techniques. Pelletization eliminates the heterogeneity of the properties from flake
to flake.
[0089] The mixture of components of the plastic material can be altered to achieve properties desirable for using the
recycled plastic materials in a variety of thermoforming processes. One of the properties that affects the use of a virgin
or recycled plastic material is the melt flow rate. As described above, the melt flow rate for an extrusion plastic is lower
than for an injection plastic. Because of the combination of extrusion and injection plastics in waste plastic material, the
resulting recycled plastic material generally has a melt flow rate in between extrusion and injection plastics. The inter-
mediate melt flow rate can be an advantage for co-injection molding. Properties other than melt flow rate are similar
controllable, as seen in the Examples below. One way of altering the properties is by selecting the feed source based
on the composition of the recycled plastic material in the particular feed source. Another way of altering the composition
of the resulting recycled plastic material is by compounding the recycled plastic material with selected components.
[0090] A recycled plastic material with predetermined properties can be created from waste plastic material in a process
incorporating some or all of the following steps. Waste plastic material is derived from a waste source, such as discarded
plastic products or scrap plastics remaining from an industrial source. Typically, the plastic parts and pieces are separated
from any metal components and then shredded into small pieces. If there is no metal in the products, the plastics can
simply be shredded. The small pieces or flakes are then separated using the techniques described above and in U.S.
Application No. , titled "Multistep Separation of Plastics" to Lawrence E. Allen, III, Brian L. Riise,
Paul C. Allen, and Ron C. Rau, filed on April 14, 2003, incorporated by reference above. Separation can be by plastic
type, e.g. flakes of the same primary polymer, or by predetermined properties that are found in the separated flakes --
for example, separating flakes of the same primary polymer and rich in another polymer. The amount of separation may
depend on the purity of the input waste plastic material, on the desired properties of the recycled waste material, or on
the particular separation processes used. Following separation processes, the recycled plastic material can be com-
pounded with additives or polymers to achieve the desired properties.
[0091] Another way of creating a recycled plastic material with predetermined properties is by separating the waste
plastic material prior to processing the plastic material into flakes. As described above, plastic products of a particular
type or from a particular source are generally made from a single primary polymer type. Thus, selection and use of waste
plastic materials by geographic source or type can result in relatively pure recycled plastic material. More than one
recycled plastic material can be combined to create a recycled plastic material with desired properties. In one embodiment,
the recycled plastic material can be compounded with virgin or recycled polymers. Wide ranges of amounts are possible,
from about 1 to about 99 weight percent recycled plastic material and from about 99 to about 1 weight percent of the
virgin polymer.
[0092] Various processes can be used for making parts and articles from the recycled plastic material, including sheet
or profile extrusion molding, co-extrusion molding, injection molding, co-injection molding, along with other known
processing techniques, such as blow molding and structural foam molding.

ABS Materials

[0093] In one aspect, the invention provides recycled plastic materials that contain predominately recycled ABS ma-
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terial. ABS is one of the major products resulting from the recycling of white goods or other streams of durable goods.
The ABS materials obtained from recycling durable goods have compositions which are characteristic of the blend of
feed material plastics. These compositions have a unique balance of properties and can be effectively used in a variety
of thermoforming processes to produce value added articles.
[0094] The ABS materials typically include about 20 to about 99.9 parts by weight of an impact modified styrene
acrylonitrile copolymer. The ABS materials typically also include 0 to 79 parts SAN. The ABS materials can also include
from about 0.1 to about 25 parts by weight of other additives as described above. Typically, the ABS materials will include
from about 0 to about 24 parts by weight of at least one additional polymer. In particular implementations, the materials
include about 80 to 99 parts by weight of the impact modified styrene acrylonitrile copolymer, while SAN and additives
are present from 0 to 19 parts by weight and from about 1 to about 7 parts by weight, respectively. In particular imple-
mentations additional polymers are present in the ABS materials in amounts ranging from 0 to about 7 parts by weight.
The additional polymers can be selected from polymers including PS, HIPS, a polyolefin, a polyurethane, a nylon,
polyphenylene ether, PC, polyethylene terephthalate or polybutylene terephthalate.
[0095] In one implementation, the recycled plastic material contains about 75 to 98 parts by weight ABS, about 1 to
10 parts by weight of or more additives, about 0 to about 24 parts by weight of at least one additional polymer and has
a rubber content of between about 10% weight and 30% weight.
[0096] Table 2 shows relatively uniform properties the ABS materials exhibit. The broad range of densities results
from the broad range of densities of the component ABS flakes. The density differences are primarily due to different
pigment loadings, although small variations in rubber content and acrylonitrile content can also affect the density. As
discussed above, the ABS materials can include SAN as an additional polymeric component in controlled levels. Varying
the amount of SAN can control the rheological properties, such as the melt flow rate, in the ABS materials. The level of
SAN can be important because other product properties can depend on the amount of SAN.

[0097] The ABS materials typically have a rubber content of between about 5 weight percent to about 30 weight
percent, preferably between about 15 weight percent and about 25 weight percent, as shown in Example 4. When larger
amounts of SAN are included in the mixture, however, the rubber content can be as low as about 5 weight percent. The
properties of ABS product with different levels of SAN are illustrated in Examples 3 and 19. The glass transition tem-
perature of the SAN component is between about 105°C and about 110°C and the glass transition temperature of the
rubber is between about -90°C and about -60°C. In addition, it has been found that the degradation temperature of the
SAN component of the ABS is between about 390°C and 406°C.
[0098] The melt flow rate of the ABS materials can be controlled and falls between those rates typical for the various
grades of ABS virgin material, as seen in Examples 1, 3, 10 and 11. The unexpected uniformity of properties is shown
in Example 20.
[0099] Because the waste plastic material from which the recycled ABS materials are prepared is typically derived
from a range of plastic parts from a number of applications, a number of grades containing a wide variety of additives
can be present, such as, antioxidants and UV stabilizers as described in Example 10. Further, Br and Sb containing
compounds are typically present, small amounts of which can be detected using X-Ray fluorescence spectroscopy
(XRF), as described in Example 18. Other more sensitive techniques can be used if only trace levels are present.
[0100] The ABS product can be compounded with impact modifiers and compatibilizers such as, high rubber ABS
grades, copolymers of styrene and diene rubber, copolymers of styrene and maleic anhydride. The product can also be
compounded with virgin or recycled polymers. These polymers can include ABS, as shown in Examples 8, 9 and 14;
impact modified PS, as shown in Example 7; PC, as shown in Example 16; blends of PC and impact modified SAN, as
shown in Example 17; copolymer blends of styrene acrylonitrile and acrylate polymers; polysulfone; copolymers of
styrene and acrylonitrile; PVC; and other polymers. The range of added polymers can be from less than 1% to over 99%
of the ABS product.

Table 2

Property Method Units Typical range Preferred range

density ASTM D792 g/cm3 1.04 to 1.12 1.06 to 1.10

melt flow rate (230°C, 3.8 kg) ASTM D1238 g/10 min 0.5 to 15 2 to 5

tensile stress at yield ASTM D638 Mpa 30 to 55 36 to 48

notched izod impact strength ASTM D256 J/m 30 to 300 85 to 200
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HIPS Materials

[0101] In another aspect, the invention provides recycled plastic materials that contain predominately recycled HIPS
material. HIPS is one of the major products resulting from the recycling of white goods or other streams of durable goods.
The HIPS materials obtained typically include about 30 to about 99.9 parts by weight of an impact modified styrene
polymer. The HIPS materials also typically include 0 to about 60 parts by weight of general purpose polystyrene and
about 0.1 to about 20 parts by weight of additives as described above. Additionally, the HIPS materials typically include
0 to about 50 parts by weight of at least one additional polymer. In particular implementations, the HIPS materials include
from about 70 to 99 parts by weight of the impact modified styrene polymer, 0 to about 10 parts by weight of general
purpose polystyrene, and about 1 to about 5 parts by weight of other additives. In particular implementations, the HIPS
materials include from 0 to about 29 parts by weight of at least one additional polymer. The one additional polymer can
be selected from the polymers including acrylonitrile butadiene styrene terpolymers, polystyrene, an impact modified
polystyrene, or polyethylene.
[0102] In one embodiment, the HIPS recycled plastic material has about 60 to 98 parts by weight of HIPS, about 1 to
about 10 parts by weight of one or more additives, about 0 to about 39 parts by weight of at least one additional polymer,
and a rubber content of abut 10% to 25% by weight. The glass transition temperature is between about 96°C and about
100°C and a PS degradation temperature between about 400°C and about 415°C.
[0103] The HIPS materials exhibit a relatively uniform set of desirable properties. The following are the typical and
preferred properties for the HIPS materials of the invention:

[0104] The HIPS materials typically have a rubber content of between about 4 weight percent to about 20 weight
percent, as shown in Example 22. In particular implementations, rubber is present in the range between about 8 weight
percent and about 16 weight percent. The glass transition temperature of the polystyrene phase is between about 96°C
and about 100°C and the glass transition temperature of the rubber is between about -90°C and about -60°C. In addition,
it has been found that the degradation temperature of the PS component of the HIPS product is between about 400°C
and 405°C. Methods for measuring rubber content, PS degradation temperature and glass transition temperature are
described in Example 13.
[0105] As shown in Example 21, it is possible to obtain a recycled plastic material that has a melt flow rate that is
intermediate between that used in extrusion grade HIPS and that used in injection grade HIPS. In particular, the melt
flow rate would be about 2 to about 8 grams per 10 minutes. This is advantageous because the slightly lower melt flow
rate relative to typical injection molding grades allows the plastic to be most effective as an interior plastic in co-injection
molding applications. The slightly higher viscosity of the interior plastic relative to the exterior plastic should lead to a
more uniform exterior layer. This means that the interior plastic can be used in a larger amount and in more complicated
parts than would a material with a melt flow rate higher than that of the exterior plastic.
[0106] Because the waste plastic material is typically derived.from a range of plastic parts from a number of applications,
a number of grades containing a wide variety of additives can be present, such as, antioxidants and UV stabilizers.
Further, Br and Sb containing compounds are typically present, small amounts of which can be detected using X-Ray
fluorescence spectroscopy (XRF). Other more sensitive techniques can be used only trace levels are present.
[0107] The broad range of densities listed in the above table is due to the broad range of densities of component HIPS
flakes. The density differences are primarily due to different pigment loadings, although small variations in rubber content
and the amount of the additional polymer may also affect the density.
[0108] The HIPS materials can be compounded with virgin polymers including HIPS, general purpose PS, polyphe-
nylene ether, modified polyphenylene ethers and any other virgin or non-virgin polymer with which HIPS is compatible.
The HIPS materials can include from less than 1 percent of the compounded polymer to over 99 percent of the com-
pounded polymer.
[0109] To increase the tensile strength of the HIPS materials, general purpose PS may be included in the mixture, as
shown in Example 34. To control other properties of the HIPS materials, such as shrinkage, gloss and the heat deflection
temperature, the amount of filled PP can be adjusted, as shown in Example 35. To control the melt flow rate and various

Table 3

Property Method Units Typical range Preferred range

density ASTM D792 g/cm3 1.02 to 1.17 1.04 to 1.08

melt flow rate (200°C, 5.0 kg) ASTM D1238 g/10 min 0.5 to 15 2 to 8

tensile stress at yield ASTM D638 MPa 15 to 30 20 to 27

notched izod impact strength ASTM D256 J/m 30 to 150 60 to 120
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mechanical properties, the HIPS materials can contain various quantities of modified PPO, as shown in Example 29.
The properties of the HIPS materials are uniform, as shown in Example 36.
[0110] One of the unique characteristics of post-consumer recycled plastics is that the mixtures are typically derived
from a range of plastic parts from a number of applications. Therefore, a number of grades containing a wide variety of
additives may be present. A wide variety of antioxidants and UV stabilizers may be present in post-consumer plastics,
as shown in Example 26.

PP Materials

[0111] In another aspect, the invention provides recycled plastic materials that contain predominately recycled PP
material. PP is one of the major products resulting from the recycling of white goods or other streams of durable goods
such as automotive shredder residue. The PP materials of the present invention typically include from about 60 to about
99 parts by weight of polypropylene. The PP materials also typically contain about 1 to about 40 parts by weight of
additives, such as antioxidants, heat stabilizers, UV stabilizers, flame retardants, antistatics, blowing agents, impact
modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent whiteners, pigments, organic colorants, carbon black
and lubricants, and 0 to about 24 parts by weight of at least one additional polymer. In particular implementations, the
polypropylene is present in the range from about 88 to about 99 parts per weight, one or more additives are present in
amounts ranging from about 1 to about 5 parts by weight, and one or more additional polymers are present in amounts
ranging from 0 to about 7 parts per weight.
[0112] In one embodiment, the PP recycled plastic material has about 75 to 98 parts by weight of HIPS, about 1 to
about 10 parts by weight of one or more additives, and about 1 to about 24 parts by weight of at least one additional
polymer. The PP recycled plastic material has distinct melting points at about 125°C and at about 164°C, crystallization
temperatures at about 110°C and at about 130°C and a degradation temperature of about 430°C.
[0113] PP can be compounded with virgin polymers such as, PP, low density polyethylene, and other polymers. The
PP materials have a relatively uniform set of desirable properties. The following are the typical and preferred properties
for the PP materials:

[0114] The broad range of densities listed in the above table results from the broad range of densities of component
PP flakes. The density differences are primarily due to different pigment and filler loadings, although small variations in
copolymer content and the amounts of other plastics also affect the density. The PP materials are typically characterized
by two melting points and two crystallization temperatures. These temperatures and their associated enthalpies of
transition depend on the source of the polypropylene.
[0115] In one embodiment, the source of PP is white goods. The lower melting point is between about 120°C and
about 130°C and has a melting enthalpy between about 0.5 J/g and about 2 J/g. The upper melting point is between
about 162°C and about 165°C and has an enthalpy of between about 70 J/g and about 80 J/g. The ratio of the lower to
upper melting enthalpies, which should be related to the ethylene content in the polymer, is less than about 0.02. The
higher crystallization temperature is between about 124° C and about 130°C and has an enthalpy of between 76 J/g
and about 85 J/g. The lower crystallization temperature is between about 105°C and about 115°C and has an enthalpy
of between about 0.5 J/g and about 1.0 J/g. In addition, it has been found that the degradation temperature of the samples
is between about 424°C and about 432°C.
[0116] In another embodiment, the source of PP is automotive shredder residue. The lower melting point is between
about 120°C and about 130°C and has a melting enthalpy between about 5 J/g and about 20 J/g. The upper melting
point is between about 160°C and about 166°C and has an enthalpy of between about 35 J/g and about 80 J/g. The
ratio of the lower to upper melting enthalpies, which should be related to the ethylene content in the polymer, is between
about 0.1 and about 0.3. The higher crystallization temperature is between about 120°C and about 130°C and has an
enthalpy of between 35 J/g and about 95 J/g. The lower crystallization temperature is between about 105°C and about
120°C and has an enthalpy less than about 10 J/g.
[0117] In yet another embodiment, the source is combined white goods and automotive shredder residue, where the

Table 4

Property Method Units Typical range Preferred range

density ASTM D792 g/cm3 0.90 to 1.00 0.92 to 0.96

melt flow rate (230°C, 2.16 kg) ASTM D1238 g/10 min 5 to 50 15 to 40

tensile stress at yield ASTM D638 MPa 15 to 30 20 to 25

notched izod impact strength ASTM D256 J/m 30 to 300 50 to 150
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lighter colored white goods PP are typically separated from the darker colored automotive PP. If color sorting is not
included, the melting, crystallization and degradation temperatures and enthalpies generally lie somewhere between
those of the two source materials. The consistency of other properties of the recycled plastic are shown in Example 42.
Again, the consistency is due to the large degree of mixing of feed materials, the large scale of typical plastics recycling
facilities and the method of manufacturing the PP materials.
[0118] Example 40 shows the variety of antioxidants and UV stabilizers that can be present in waste plastic materials
and that ultimately are in the recycled plastic. Example 39 shows how impact modifiers can be used to improve the
toughness of the PP materials. Example 41 describes the compounding of a PP material with one type of reinforcing
filler, fiber glass.

PC Materials

[0119] In another aspect, the invention provides recycled plastic materials that contain predominately recycled PC
material. PC, PC/ABS and flame retarded grades of these materials are some of the major components of streams of
durable goods.
[0120] The PC materials include about 5 to about 99 parts by weight of polycarbonate. The PC materials also typically
include about 0 to about 94 parts by weight of ABS. Additionally, the PC materials typically include 0 to about 20 parts
by weight of additives, such as, antioxidants, heat stabilizers, UV stabilizers, flame retardants, antistatics, blowing agents,
impact modifiers, compatibilizers, fillers, fiber reinforcements, fluorescent whiteners, pigments, organic colorants, carbon
black and lubricants. Stabilizers can include hindered phenols, phosphate stabilizers or epoxidized soybean oil. The PC
product can also include 0 to about 30 parts by weight of at least one additional polymer. In particular embodiments, the
PC materials include from about 20 to about 99 parts by weight of polycarbonate, from 0 to about 79 parts by weight of
ABS, from 0 to about 10 parts by weight of additives, and from 0 to about 10 parts by weight of one or more additional
polymers.
[0121] The PC materials can be compounded with additional impact modifiers and compatibilizers, such as PC and
terpolymers of methyl methacrylate, butadiene and styrene (MBS). Further, the PC materials can be compounded with
virgin polymers including ABS, PC, blends of PC and ABS, copolymer blends of styrene acrylonitrile and acrylate poly-
mers, polysulfones, SAN and other polymers. Example 43 describes the use of impact modifiers and stabilizers to
improve the toughness of recycled PC/ABS.
[0122] PC materials derived from mixtures of durable goods containing office automation equipment and consumer
electronics will typically include flame retarded grades of ABS and HIPS as additional polymers because PC-containing
plastics and flame retarded grades of ABS and HIPS are the predominant polymers used in manufacturing electronics
equipment. Moreover, flame retarded grades of ABS and HIPS can be difficult to completely separate from PC-containing
materials by ordinary density separation techniques.
[0123] PC materials derived from mixtures of durable goods containing automotive shredder residue will typically
include nylons, PMMA and PBT as additional polymers because PC-containing plastics and these plastics are some of
the plastics used in automobiles. Moreover, these plastics can be difficult to completely separate from PC-containing
materials by ordinary density separation techniques. Other polymers such as PP, filled PP, polystyrene, HIPS, ABS,
SAN, polyphenylene ethers and others may be present in lesser amounts.
[0124] The invention will be further described in the following examples, which are illustrative only, and which are not
intended to limit the scope of the invention described in the claims.

Example 1. Properties of an ABS Product.

[0125] A plastics-rich feed derived from refrigerators was first generated from a U.S. source. The refrigerator liners,
plastic trays and other plastic parts were separated from the metal components and then shredded into small pieces.
The small pieces or flakes were then subjected to a separation process. Following separation processes, a nearly 100%
pure ABS product consisting of flakes from various grades of ABS was obtained.
[0126] The mixed ABS product was extruded, molded and tested. A light colored ABS product was formed from the
mixed ABS product, which has properties between the extrusion and injection molding grades of virgin ABS shown in
table 5.



EP 1 495 074 B9

17

5

10

15

20

25

30

35

40

45

50

55

Example 2. FT-IR Spectroscopy, Dynamic Rheology and Atomic Force Microscopy of ABS.

[0127] The stream of nearly pure mixed ABS from U.S. refrigerators described in Example 1 was separated into thin
(<1.6 mm), mid (1.6-2.8 mm) and thick (>2.8 mm) fractions using a slot thickness sorter. Mixed ABS and thin ABS were
examined using Fourier Transform Infrared (FT-IR) spectroscopy and dynamic melt rheology. "Mixed ABS" was examined
using atomic force microscopy.
[0128] To measure the FT-IR spectra of the samples, portions of injection molded specimens were pressed at 180°C
into thin films. Then small slices of the films were pressed individually in a diamond anvil optical cell to achieve comparable
film thicknesses and FT-IR spectral absorbances less than 1.0 via transmission experiments. Figure 1 shows the resulting
FT-IR transmission spectrum for mixed ABS. The sample contains an acrylonitrile/butadiene/styrene polymer (ABS), a
metal oxide (most likely titanium dioxide), carbon black (as evidenced by the sloping baseline), and a low level of ester-
bearing material(s). A similar transmission spectrum is obtained for thin ABS.
[0129] Figure 2 shows the absorbance spectra for mixed ABS and thin ABS. The thin ABS (Sample 2) has a slightly
greater carbonyl absorption than the mixed ABS (Sample 1), suggesting that the thin material has a slightly higher level
of material with carbonyl functional groups.
[0130] Samples for dynamic rheological experiments were prepared by molding sample pellets at 180°C into 1.6 mm
thick 25 mm diameter disks. Rheological properties were measured in a Rheometrics RDS II mechanical spectrometer
using strain amplitudes ranging from 0.5% at high frequencies to 3% at low frequencies. Figure 3 shows the elastic (G’)
and loss (G") shear moduli for mixed ABS and thin ABS at 200°C. The samples have very similar dynamic rheological
properties over more than three decades of frequency.
[0131] Atomic force microscopy (AFM) was performed on microtomed sections of an injection molded mixed ABS
specimen. AFM was performed in the tapping mode under normal and hard tapping conditions. Figure 4 shows an AFM
image of mixed ABS in the normal tapping mode. The dark spots in this image are dispersed rubber particles and some
of the lighter spots are TiO2 pigments. Image analysis suggests that the average size of these rubber domains is
0.40�0.15 mm and that the rubber content of the sample is about 18% by volume. Image analysis of the pigments
suggests that the pigment exists as 0.5 to 2 mm agglomerates of 0.1 mm pigment particles and that the pigment content
is 2-3% by volume.

Example 3. Properties of ABS with and without SAN.

[0132] One of the minor plastic components typically found in the ABS product is a thick, clear plastic found in injection
molded refrigerator parts, SAN. The presence of SAN even at small amounts can significantly affect the melt flow rate
of the ABS product. Table 6 gives the melt flow rates of ABS in three different density ranges both with and without the
small amount of SAN that typically end up with the ABS product. Since SAN is thick, these samples are all from the thick
(>2.8 mm) fraction of the ABS product. The low density range is from 1.070 to 1.074 g/cm3, the "medium density" range
is from 1.074 to 1.091 g/cm3, and the "high density" range is from 1.091 to 1.116 g/cm3

.

Table 5: Properties of light colored ABS product from U.S. Refrigerators

Material Density
ρ (g/cm3)

Flow rate MFR (g/10 
min)

Tensile Stress at Yield
(MPa)

Notched
Izod
Impact
(J/m)

Mixed ABS 1.070 2.3 42.8 168

Bayer Lustran 521
(extrusion grade for 
refrigerators)

1.1 1.7 42.8 85

Bayer Lustran 1827 
(injection grade for 
panels)

1.05 3 42.8 294

Table 6: Melt flow rates of thick ABS

sample
MFR
(g/10 min) with SAN

MFR
(g/10 min) w/o SAN

Low density ABS 3.5 2.7
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Example 4. Analysis of ABS component pieces from refrigerators.

[0133] About twenty samples were obtained from end-of-life U.S. refrigerators. The parts included door liners, butter
doors and crispers. The samples obtained were from refrigerators dating from the 1970’s through 2000. The density of
the parts ranged from 1.06 g/cm3 to 1.097 g/cm3, and the thickness ranged from 0.8 mm to about 2.0 mm.
[0134] Rheological and mechanical tests were performed on a subset of the samples. The melt flow rate ranged from
about 0.8 grams per 10 minutes to about 2.7 grams per 10 minutes, the tensile at yield ranged from 41.0 MPa to about
49.3 MPa, and the notched Izod ranged from 130 J/m to about 220 J/m, with one sample having a notched Izod of 360
J/m. Since the number of samples tested was not representative of the total variety of ABS from refrigerators, actual
ranges may be even larger.
[0135] Thermogravimetric analysis (TGA) was performed using the dynamic high resolution feature of a TA Instruments
TGA Q500. The resolution was set to 4.00 C and the sensitivity was set to 1.00. The heating rate was 50°C per minute
when the weight was not changing significantly. The samples were under a nitrogen purge until 500°C, at which time
the samples were purged with dry air to complete the oxidation. The degradation temperatures reported below are the
maxima of the derivative weight loss (DTGA) curves. Figure 5 shows the TGA curves for the mixed, thin, mid and thick
fractions of ABS from a group of the U.S. refrigerator samples. These fractions degrade at similar temperatures, above
about 390°. This degradation is attributed to the SAN portion of the ABS. Above 400°C, a broad degradation attributed
to rubber is observed. Figure 6 shows a plot of the TGA and DTGA curves for the mixed ABS sample (combination of
the thick, mid and thin samples). The compositions were determined by defining step changes relative to the derivative
peaks.
[0136] As shown in table 7, the percent rubber varied from about 16 weight percent to about 20 weight percent, the
titanium dioxide content varied from about 5 weight percent to about 5.8 weight percent, and the SAN degradation
temperatures were all at 400°C or above. Analysis of the sample parts obtained from end-of-life refrigerators showed
similar results, with the percent rubber varying from 16 to 24 weight percent, the titanium dioxide level varying from 2
weight percent to 6.8 weight percent and the SAN degradation temperature varying from 390°C to 406°C.

[0137] Differential scanning calorimetry (DSC) was performed using a TA Instruments DSC Q1000. The program used
a heat-cool-heat cycle with 10°C /minute heating and cooling rates between 50°C and 150°C. Thermograms from the
second heating cycle are used to determine the glass transition temperatures reported below. DSC thermograms of the
various samples showed glass transition temperatures ranging from around 105°C to over 111°C, with one sample
having a glass transition temperature of 101.8°C. For the thin, thick, mid and mixed ABS samples, the glass transition
temperatures varied from 106.4°C to 108.5°C.

Example 5. DMA to determine the rubber glass transition temperature in ABS.

[0138] Dynamic mechanical analysis was performed on ABS products derived from Japanese white goods (JWG)
and from U.S. office automation equipment (U.S. OA). Figure 7 shows the flexural loss modulus (E") and tanδ (E’/E")
curves (E" is the elastic or storage modulus) for the two materials as a function of temperature. The samples were tested
at a frequency of 1Hz and a temperature ramp of 5°C per minute.

(continued)

sample
MFR
(g/10 min) with SAN

MFR
(g/10 min) w/o SAN

Medium density ABS 2.7 2.4

High density ABS 2.8 2.0

SAN alone 6.1 na

Table 7: Compositions and SAN degradation temperatures

Sample Weight % rubber Weight % TiO2 SAN Degradation (°C)

ABS mixed 17 5.0 402

ABS thin 16 5.8 401

ABS mid 20 5.1 401

ABS thick 19 5.0 400
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[0139] ASTM defines the glass transition temperature as temperature at which the maximum of E" occurs. The glass
transition temperature for the ABS from JWG is - 74.4°C and the glass transition temperature for the ABS from U.S. OA
is -79.2°C. As seen in Figure 7, the transition for the rubber in the ABS product from JWG is over a broader temperature
range than that for the rubber in ABS product from U.S. OA. This is as expected, since the JWG feed stream contains
a broader assortment of parts, and therefore a broader assortment of ABS grades. ABS product from U.S. OA also
contains a relaxation at about 20°C that is not present in the JWG ABS product.

Example 6. Use of impact modifiers to improve the properties of ABS from JWG.

[0140] A light colored ABS product recovered from JWG had relatively low impact strength for ABS. This can be the
case if the purity is not high enough or if the ABS grades are not very tough. Two different levels of a high rubber ABS
impact modifier (Blendex 338) were added to the product to create grades with higher impact strength and lower tensile
strength. Table 8 shows the mechanical properties of these materials.

Example 7. ABS product from consumer electronics and office automation equipment.

[0141] Pure ABS was obtained from TV remote controls and pure HIPS was obtained from computer keyboards ground
into flakes. Samples of ABS and HIPS in various proportions were blended by lab extrusion and made into specimens
by injection molding. The compositions and properties are shown in Table 9.

[0142] For these particular grades of ABS and HIPS, the impact strength of ABS increases when the amount of HIPS
is between about 0% and about 8%. The tensile strength decreases with higher levels of HIPS.
[0143] Further analysis of the component materials shows that the ABS has a Tg of 103.6°C and about 25% rubber.
The HIPS has a Tg of 97.7°C and about 15% rubber. This suggests that the impact strength may not be explained purely
by an increase in rubber content.

Example 8. Environmental Stress Crack Resistance of ABS product.

[0144] The environmental stress crack resistance (ESCR) of materials can be an important property requirement for
the application in which the material is used. For examples, plastics used in refrigerators preferably have a good ESCR
to both food oils and blowing agents used to create foam insulation. Similarly, plastics used in automotive applications
(VA) preferably have good ESCR to petroleum-based oils and greases.
[0145] The ESCR properties of four grades of ABS were investigated. One grade was derived from vacuum cleaners
(VC). Another grade was derived from office automation equipment (OA). A third grade was derived from JWG. The
fourth grade was virgin ABS typically used in VA. Each of the individual grades and 50/50 mixtures of all six pairs of
these grades were exposed to olive oil while being subjected to a 2% flexural strain. The approximate times for cracks
to appear and the times to complete failure are given in Table 8. If cracks did not appear after 72 hours, the tensile

Table 8: Mechanical properties of ABS product from JWG with a high rubber ABS impact modifier

Product NI (J/m) TSY (MPa)

Light ABS 96 38.6

light ABS + 5% Blendex 338 145 35.0

light ABS + 10% Blendex 338 188 34.4

Table 9: Properties of ABS/HIPS Blends

Sample composition NI (J/m) TSY (MPa)

pure ABS 182 41.4

99.5% ABS/ 0.5% HIPS 188 41.1

98% ABS/ 2% HIPS 193 40.7

96% ABS/ 4% HIPS 198 40.2

94% ABS/ 6% HIPS 209 39.5

90% ABS/ 10% HIPS 188 38.3
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strength of the sample was measured and compared with the tensile strength prior to exposure to the olive oil. All the
tensile specimens exposed to olive oil that did not exhibit cracks after 72 hrs fractured in a brittle manner in the tensile
test. An audible cracking sound occurred just prior to the samples breaking. As seen in Table 10 and Figure 8, samples
containing ABS from JWG retained a greater percentage of initial tensile strength at yield (TSY than the other samples.
Thus, incorporation of ABS from this source into other grades of ABS from other sources can improve the ESCR.

[0146] Each of the individual grades and 50/50 mixtures of all six pairs of these grades were also exposed to 76 weight
lubricating oil at the same 2% flexural strain for 72 hours. Cracks did not appear in any of the specimens.
[0147] Tensile tests were performed on all of the samples exposed to lubricating oil. Unlike the samples exposed to
olive oil, these specimens failed after yielding. Table 8 shows the tensile strengths before and after exposure to lubricating
oil, along with observations about the specimens during tensile testing. All of the specimens retained at least 97% of
their original tensile strength at yield. Table 11 shows results which suggest that VA has the best ESCR, JWG has the
second best ESCR, and VC and OA have the worst ESCR to lubricating oil. Addition of ESCR grades to non-ESCR
grades of ABS can result in ABS products with improved environmental stress crack resistance compared with the non-
ESCR grade.

Table 10: ESCR of ABS grade mixtures exposed to olive oil

Sample Time for cracks to 
appear (hrs)

Time for complete 
failure (hrs)

Initial TSY (MPa) TSY after 72 hrs (MPa)

VC 4-18 49 36.6 0

OA no cracks no failure 39.3 33.3

JW no cracks no failure 40.9 39.1

VA no cracks no failure 33.5 31.1

VC + OA 4-18 4-18 37.8 0

VC+JW no cracks no failure 38.2 36.3

VC + VA 30�20 47�3 33.0 0

OA + JW no cracks no failure 39.3 36.3

OA + VA no cracks no failure 35.1 31.1

JW + VA no cracks no failure 34.7 34.1

Table 11: ESCR of ABS grade mixtures exposed to 76 weight lubricating oil

Sample Initial TSY (MPa) TSY after 72 hrs (MPa) Observation during tensile tests

VC 36.6 35.9 Breaks right after yield. Break is quiet and also 
incomplete.

OA 39.3 39.1 Breaks right after yield.

JW 40.9 39.6 Banding and cracking after yield and before failure.

VA 33.5 33.5 High elongation before failure. Almost as good as 
before exposure.

VC + OA 37.8 37.0 Breaks right after yield.

VC + JW 38.2 37.5 Banding and cracking after yield and before failure.

VC + VA 33.0 33.3 No banding or cracks form prior to failure.

OA + JW 39.3 39.9 Banding and cracking after yield and before failure.

OA + VA 35.1 34.0 Banding and cracking after yield and before failure.

JW + VA 34.7 34.5 Banding and cracking after yield and before failure.
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Example 9. Improved Impact Strength of ABS Blends.

[0148] The notched izod impact strength of some of the samples described in Example 8 were tested and the notched
izod impact strength improved for the 50:50 blends. Table 12 shows the notched izod impact strength (ASTM D256) for
the components and for the blends. The change in impact strength relative to the lower impact component is also shown.
In all cases, improvement in the impact strength occurred.

Example 10. Additives in ABS.

[0149] Additives were extracted from a sample of ABS product derived from JWG by dissolving the plastic in tetrahy-
drofuran and then precipitating the polymer with methanol. The extracted solution was analyzed using high performance
liquid chromatography (HPLC). Additives were detected by UV absorption at 254.4, 275.4 and 325.4 nm. Figure 9 shows
the HPLC chromatogram (absorbance at 275.4 nm) of the solution of extracted additives. The peak at 4.181 minutes
was determined to be either the antioxidant butylated hydroxytoluene (BHT) or a metal deactivator from Ciba known by
the tradename Irganox MD 1024. The other peaks were not identified, but likely correspond to other trace additives from
the ABS sample.

Example 11. Controlling the melt flow rate of ABS.

[0150] Two high purity ABS products were recovered from a stream of mixed JWG using a plastic separation process.
Extrusion grades of ABS are concentrated in a fraction containing thinner flakes (L ABS) and injection molding grades
of ABS are concentrated in a fraction containing thicker flakes (H ABS). The melt flow rates of the two products are
shown in Table 13. The MFR was measured according to the ISO 1133 condition for ABS.

[0151] Figure 10 shows the MFR as a function of composition for various compounds of the L and H ABS products.
The ABS product can be recombined to formulate a desired MFR for the product as long as it lies between 7.5 and 16.4.

Table 13: Properties of gray ABS products from JWG

sample
MFR (g/10 min)
@ 220/10.0

L ABS 7.5

H ABS 16.4
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Example 12. Impact Modification of ABS from OA.

[0152] An ABS-rich plastic mixture was recovered from a mixture of shredded waste OA. The composition of the ABS-
rich mixture was within the preferred composition range. The mixture was compounded along with 0.1% of a primary
antioxidant (Irganox 1076). A triblock copolymer of styrene and butadiene manufactured by Dexco known as Vector
8508 contains 29% styrene and 71 % butadiene. Vector 8508 was added at 9.1 % by weight to improve the impact of
the ABS-rich plastic mixture. The impact modified ABS was also compounded with 0.1% Irganox 1076. Both unmodified
and modified ABS products were injection molded and the notched izod impact strength was tested according to ASTM
D256. The notched izod impact strength increased from 186 J/m for the unmodified ABS to 366 J/m for the ABS modified
with 9.1% Vector 8508. Example 13. Impact Modification of flame retarded ABS from OA.
[0153] An ABS-rich plastic mixture was recovered from a mixture of shredded waste OA. The mixture contained mostly
flame retarded ABS and the composition was within the preferred composition range. The mixture was pelletized without
additional additives. A high rubber ABS manufactured by GE known as Blendex 338 was added at 5% by weight to
improve the impact of the ABS-rich plastic mixture. The impact modified ABS was compounded into pellets. Both un-
modified and modified flame retarded ABS products were injection molded and the notched izod impact strength was
tested according to ASTM D256. The notched izod impact strength increased from 90 J/m for the unmodified ABS to
160 J/m for the impact modified flame retarded ABS.

Example 14. Blending recycled ABS from consumer electronics with virgin ABS.

[0154] Gray colored ABS product from TV remote controls was compounded with natural Magnum 545 ABS manu-
factured by Dow Chemical. Table 14 lists the compositions and notched izod impact strengths (ASTM D256) of the
various compounds. The data demonstrates that mixtures of different virgin and recycled ABS grades may in some
cases have improved properties relative to the pure component plastics. The addition of recycled ABS in fact improves
the toughness of virgin ABS in this case.

Example 15. Creation of black colored ABS from OA.

[0155] Light gray colored ABS was derived from a mixed stream of post-consumer OA. AB925 is a black color con-
centrate manufactured by Modem Dispersions. AB925 contains 25% C black (19nm particle size) in an ABS/SAN carrier
resin with a MFR=8 g/10 min. Blendex 338 from GE is a high rubber ABS powder that may be added to ABS to improve
the toughness. In order to make a desired black product, a relatively large amount (8%) of AB925 was added to the light
gray ABS. This compound was charcoal in color, but had lower impact strength than the original sample. Blendex 338
was added as an impact modifier to improve the impact strength. Table 15 shows the notched izod impact strength
(ASTM D256) of various ABS products created from these three materials.

Example 16. Blends of ABS derived from OA with PC.

[0156] Gray ABS derived from a stream of mixed OA was compounded with virgin and regrind PC. The virgin PC was
blue Merlon M 40H-R. The regrind PC was a gray flame retardant grade produced by Dow Chemical known as Calibre

Table 14: Gray ABS from TV remote controls compounded with Magnum 545

Sample % Magnum 545 % Gray ABS NI (J/m)

M100 100 0 276

M90F10 90 10 292

M80F20 80 20 287

F100 0 100 181

Table 15: Properties of ABS compounded from light gray ABS

sample % gray ABS % AB925 % Blendex 338 NI (J/m) color

A 100 0 0 223 light gray

B 92 8 0 101 charcoal

C 87 8 5 143 charcoal
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801-10. A PC/ABS product from mixing 50% ABS with 50% virgin PC had a notched izod impact strength (ASTM D256)
of 579 J/m and a tensile strength at yield (ASTM D638) of 51.8 MPa (measured at 5.08 mm/min). These values are
significantly higher than those for the ABS alone (212 J/m and 39.3 MPa). A PC/ABS product from mixing 75% ABS
with 25% flame retardant PC regrind had a tensile strength at yield (ASTM D638) of 46.4 MPa (measured at 5.08 mm/min)
compared with 39.3 MPa for the ABS alone.

Example 17. Blends of ABS derived from OA with PC/ABS.

[0157] Gray ABS derived from a stream of mixed OA was compounded with a virgin blend of polycarbonate and ABS
(PC/ABS). The virgin PC/ABS was white pigmented Pulse 830 produced by Dow Chemical. A PC/ABS product from
mixing 50% ABS with 50% virgin PC/ABS had a notched izod impact strength (ASTM D256) of 476 J/m and a tensile
strength at yield (ASTM D638) of 46.8 MPa (measured at 5.08 mm/min). These values are significantly higher than those
for the ABS alone (212 J/m and 39.3 MPa).

Example 18. Br and Sb in non-flame retarded grades of ABS.

[0158] X-Ray fluorescence analysis was performed on a sample of ABS derived from OA(OA) as well as virgin ABS
(Dow Magnum 545). The voltage was set to 40 kV and the current to 25 PA. No filter was used. Figure 11 shows the
spectra of the two samples. As shown, the ABS from OA (black lines) contains both Br and Sb, whereas the virgin ABS
(black background) contains neither at levels detectable using these experimental conditions. The amount of Br in the
ABS from OA is approximately 0.3% and the amount of Sb is approximately 0.1 %.

Example 19. ABS Products with Controlled Amounts of SAN.

[0159] ABS products with distinct compositions were derived from JWG and OA using a separation processes. One
of the products was enriched in SAN (high SAN) and the other depleted in SAN (low SAN). The low SAN product also
contained 6% HIPS as an additional polymer. Table 16 gives the % SAN and properties of the two product streams as
well as of a 50:50 mixture of the two products. The high SAN product has low impact strength, high tensile strength and
a high melt flow rate. The low SAN product has higher impact strength, lower tensile strength and a lower melt flow rate.
A 50:50 mixture has intermediate mechanical properties.

Example 20. Consistency of ABS Products.

[0160] ABS products derived from durable goods typically have very consistent properties due to the large degree of
mixing of feed materials, the large scale of typical plastics recycling facilities and the method of manufacturing the ABS
product. The properties of virgin ABS polymers are significantly determined by the reaction conditions (temperature,
reaction time, reactant concentrations), since these conditions determine the molecular weight and composition of the
polymer. For recycled ABS products, on the other hand, the properties are determined by factors such as the mix of
feed materials and the separation process. Because the process is performed on a large scale, the mix of plastic flakes
in the product is typically very consistent.
[0161] The consistency of recycled ABS products is shown schematically by Figure 12. In Figure 12, a mixture of
flakes with various melt flow rates (determined by the molecular weight of the polymer in the flake) are compounded to
create pellets with a very consistent melt flow rate. Even if the flakes are the same grade of plastic where the melt flow
rate was only controlled between 5 and 7 g/10 min, the melt flow rate of the product pellets will have a tighter range of
melt flow rates. Other properties of recycled ABS are also controlled tightly by this large scale mixing. Table 17 shows
the melt flow rate and tensile strength at yield of various lots (greater than 2,000 lbs each) of recycled ABS from office
automation equipment. The rheological and mechanical properties are very consistent for these ABS lots recovered
from highly mixed feeds.

Table 16: Properties of ABS/SAN TES products

sample % SAN MFR (g/10 min NI (J/m) TS @ Y (MPa)

high SAN 52 9.8 46 51.9

low SAN 3 8.3 102 42.7

50:50 mixture 27 N/A 75 46.5
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Example 21. Properties of a HIPS Product.

[0162] A plastics-rich feed derived from white goods and other appliances was generated from a Japanese source.
The small pieces or flakes were then subjected to a separation process as previously described. Following these sep-
aration process, a relatively pure HIPS product consisting of flakes from various grades of HIPS was obtained. The light
HIPS product was extruded, molded and tested. The resulting gray colored HIPS product has a melt flow rate between
those of the extrusion and injection molding grades of virgin HIPS shown in the table. The tensile strength is somewhat
higher and the impact strength somewhat lower than the extrusion and injection molding grades. This is likely due to
the presence of a small amount of ABS in the product. Table 16 shows the properties of the light HIPS product.

Example 22. Analysis of HIPS component pieces from refrigerators.

[0163] About thirty samples were obtained from end-of-life U.S. refrigerators. The parts included door liners, butter
doors and crispers. The samples obtained were from refrigerators from the 1970’s all the way up to 2000. The density
of the parts ranged from 1.03 g/cm3 to 1.08 g/cm3, and the thickness ranged from 0.9 mm to about 3.8 mm. TGA was
performed using the dynamic high resolution feature of a TA Instruments TGA Q500. The resolution was set to 4.00 C
and the sensitivity was set to 1.00. The heating rate was 50°C per minute when the weight was not changing significantly.
The samples were under a nitrogen purge until 500°C, at which time the samples were purged with dry air to complete
the oxidation. The degradation temperatures reported are the maxima of the derivative weight loss (with respect to
temperature) curves. The low, high and average values for the rubber content, pigment loading and PS degradation
temperature for the samples of HIPS from U.S. refrigerators are shown in Table 17.

[0164] As shown in Table 17, the percent rubber varied from about 9 weight percent to about 16 weight percent, the
titanium dioxide content varied from about 0.9 weight percent to about 4.6 weight percent, and the PS degradation
temperatures varied from about 401°C to about 414°C.
[0165] DSC was performed using a TA Instruments DSC Q1000. The program used a heat-cool-heat cycle with 10°C
/minute heating and cooling rates between 50°C and 150°C. Thermograms from the second heating cycle are used to
determine the glass transition temperatures reported below. DSC thermograms of the various samples showed glass

Table 2.17: Properties of ABS lots derived from Office Automation Equipment

lot MFR (g/10 min) TS @ Y (MPa)

A 8.5 41.4

B 8.1 40.9

C 8.0 40.9

D 8.0 40.9

E 8.5 40.9

Table 16: Properties of light colored HIPS product from JWG

Material ρ (g/cm3) MFR (g/10 min) NI (J/m) TSY (MPa)

light HIPS 1.05 5.0 74 26.7

Dow Styron A-Tech 1170 (extrusion grade for 
refrigerators)

1.04 2.1 92 17

Dow Styron 478 (injection grade for refrigerators) 1.04 6 124 23

Table 17: Compositions and PS degradation temperature ranges and averages for HIPS from U.S. refrigerators

Sample Weight % rubber Weight % TiO2 PS Degradation (°C)

low 8.6 0.9 401

high 15.9 4.6 414

average 13.5 1.8 408.5
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transition temperatures ranging from around 97°C to around 100°C, with one sample having a glass transition temperature
of 101.9°C and one sample having a glass transition temperature of 89.5°C. The average glass transition temperature
was 98.1°C. One of the samples from a refrigerator main liner showed a melting endotherm at 129°C, which suggests
the presence of a PE surface layer.

Example 23. DMA to determine the rubber glass transition temperature in HIPS.

[0166] DMA was performed on HIPS products derived from JWG and from U.S. OA. Figure 13 shows the flexural loss
modulus (E") and tand (E’/E") curves for the two materials as a function of temperature. The samples were tested at a
frequency of 1Hz and a temperature ramp of 5°C per minute. ASTM defines the glass transition temperature as the
maximum of E". The glass transition temperature for the ABS from JWG is -75.6°C and the glass transition temperature
for the ABS from U.S. OA is - 86.0°C. According to Figure 12, there may also be a significant transition for the rubber
in the HIPS from JWG at around -20°C. There is perhaps a smaller transition from HIPS from U.S. OA in the same range.
This is as expected, since the JWG feed stream contains a broader assortment of parts, and therefore a broader
assortment of HIPS grades. The HIPS from U.S. OA also contains a relaxation at about 10°C that is not present in the
JWG HIPS product.

Example 24. Use of impact modifiers to improve the properties of HIPS from JWG.

[0167] A light HIPS product recovered from JWG had a relatively low impact strength for HIPS. This can be the case
if the purity is not high enough, if the material degraded in-use or in reprocessing, or if the HIPS grades are not very
tough. Two different levels of a high rubber SBS block copolymer impact modifier (Vector 8508) were added to the
product to create grades with higher impact strength and lower tensile strength. Table 18 gives the mechanical properties
of these materials.

Example 25. Use of impact modifiers to improve the properties of HIPS from U.S. refrigerators.

[0168] The starting material for these tests was a stream of HIPS-rich plastic flakes derived from U.S. refrigerators.
Analysis of the product shows that it contains 60% HIPS, 20% ABS and 20% PP (mostly filled). This light HIPS product
has poor mechanical properties, as shown in Table 19. In order to improve the toughness of the material, ten weight
percent of a styrene butadiene block copolymer from Firestone called Stereon 841A is added to the light HIPS. The
properties of this drastically toughened material are shown in Table 19. These results indicate that it is possible to create
products with reasonable properties even when the product purity is not good.

Example 26. Additives in HIPS.

[0169] Additives were extracted from a sample of HIPS derived from JWG by dissolving the plastic in hot xylene and
then precipitating the polymer with methanol. The extracted solution was analyzed using HPLC. Additives were detected
by UV absorption at 254.4, 275.4 and 325.4 nm. Figure 14 shows the HPLC chromatogram (absorbance at 275.4 nm)
of the solution of extracted additives. One of the peaks was determined to be the light absorber 2-(2’-hydroxy-5’-octyl-
phenyl)-benzotriazole (sold as Tinuvin 329 by Ciba or Cyasorb UV-5411 by Cytec Industries). The other peaks were not
identified, but likely correspond to other trace additives from the HIPS sample.

Table 18: Mechanical properties of HIPS from JWG with an SBS HIPS impact modifier

Product NI(J/m) TSY (MPa)

light HIPS 59 25.8

light HIPS + 5% Vector 8508 96 24.4

light HIPS + 10% Vector 8508 123 21.5

Table 19: Mechanical properties of HIPS from U.S. refrigerators with an SBS block copolymer impact modifier

product NI(J/m) TSY (MPa)

light HIPS 18 23.8

light HIPS + 10% Stereon 841A 87 17.6
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Example 27. Impact modification of HIPS from JWG.

[0170] A HIPS product derived from JWG contained HIPS and other components in the preferred range. Stereon 841A
from Firestone is a multiblock copolymer of styrene and butadiene that can be added to HIPS to improve the toughness.
The HIPS was extruded and pelletized. The HIPS pellets were injection molded both with and without Stereon 841A.
Table 20 shows the mechanical properties (ASTM D256 and ASTM D638) of the HIPS products.

[0171] Slight delamination was observed when base resin specimens were broken, but none was observed for the
sample with 2% Stereon 841 A.

Example 28. Flame retarded HIPS derived from television-rich streams.

[0172] Flame retarded HIPS recovered from a stream of mostly postconsumer televisions had a notched izod impact
strength of 90 J/m (ASTM D256) and a tensile strength of 26.0 MPa (ASTM D638). This HIPS product also had a density
of 1.15 g/cm3 due to the presence of high levels of Br and Sb. This product achieves a V-2 rating (drips ignited cotton)
in the UL 94V test.

Example 29. Properties of HIPS compounded with modified PPO.

[0173] Certain feed streams from office automation contain large amounts of both HIPS and modified PPO. As an
example of a product made from such a stream, consider a mixture of gray HIPS from keyboards compounded with
modified PPO from toner cartridges. Table 21 shows the melt flow rate (ASTM D1238 at 200/5.0) mechanical properties
(ASTM D256 and ASTM D638) for various blends of HIPS with modified PPO.

[0174] Table 19 shows that larger amounts of modified PPO in the HIPS product reduce the melt flow rate while
increasing the impact strength and tensile strength at yield. Careful control of the composition may therefore lead to
controlled and advantageous mechanical properties.

Example 30. Creation of Black HIPS from OA.

[0175] HIPS derived from OA was compounded with a black color concentrate and with an impact modifier. PS908 is
a color concentrate produced by Modem Dispersion. Vector 8508 is a triblock copolymer of styrene and butadiene that
may be used as an impact modifier. The unmodified HIPS had a notched izod impact strength of 90 J/m (ASTM D256).
After adding 10% PS908 and 10% Vector 8508, the charcoal colored HIPS product had a notched izod impact strength
of 196 J/m.

Example 31. Impact modification of HIPS from OA.

[0176] A HIPS product was recovered from a stream of mixed OA. The composition of the mixed flakes was within
the preferred range. In order to improve the toughness, 10% of Vector 6241 (a triblock copolymer manufactured by
Dexco) was added. The notched izod impact strength (ASTM D256) increased from 112 J/m for the unmodified HIPS
to 170 J/m for the HIPS with 10% Vector 6241 added.

Table 20: Mechanical Properties of HIPS derived from JWG

Sample NI (J/m) TS @ Y (MPa)

HIPS 65 26.7

HIPS + 2% Stereon 841A 104 26.2

Table 21: Properties of blends of HIPS with modified PPO HIPS/PPO Blends (10/16/00)

Sample % HIPS % PPO MFR (g/10 min) NI(J/m) TS @ Y(MPa)

HIPS 100 0 4.6 149 23.5

HIPS76/PPO24 76 24 2.9 170 26.2
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Example 32. HIPS from JWG compounded with flame retarded HIPS.

[0177] A HIPS-rich flake mixture recovered from JWG had poor mechanical properties due to the presence of ABS
and filled PP outside of the preferred composition range. Rather than further purification or addition of impact modifiers,
the mixture was added in small amounts to flame retarded HIPS derived from OA. Table 22 shows the notched izod
impact strength (ASTM D256) of the flame retarded HIPS with various amounts of HIPS from JWG added. This example
shows that small amounts of a HIPS-rich mixture from JWG can be added to flame retarded HIPS from OA in order to
create a product with good mechanical properties.

Example 33. HIPS from JWG compounded with HIPS from OA.

[0178] The same HIPS mixture from JWG described in Example 30 was added in small amounts to HIPS from OA.
Table 23 shows the notched izod impact strength (ASTM D256) of the HIPS from OA with various amounts of HIPS
from JWG added.

Example 34. General purpose PS in HIPS to improve the tensile strength.

[0179] General purpose PS typically has a greater tensile strength than impact modified HIPS. PS and HIPS are
compatible, so combining them should result in a HIPS product with a greater tensile strength. We have found that a
HIPS product containing about 25 percent PS has a tensile strength at yield of about 31 MPa, whereas HIPS products
without PS may have a tensile strength at yield of about 23 MPa (see Table 21).

Example 35. Filled PP in HIPS to adjust various physical properties.

[0180] Filled PP may be included in HIPS compositions to increase the shrinkage, to reduce gloss and to alter the
mechanical properties. Since PP is a crystalline polymer, its crystallization will lead to increased mold shrinkage of the
HIPS product as well as surface roughness that will reduce the gloss. In addition, mechanical properties such as the
heat deflection temperature should increase when filled PP is included in the HIPS.

Example 36. Consistency of HIPS Products.

[0181] The properties of virgin HIPS polymers are significantly determined by the reaction conditions (temperature,
reaction time, reactant concentrations), since these conditions determine the molecular weight and composition of the
polymer. For recycled HIPS products, on the other hand, the properties are determined by factors such as the mix of
feed materials and the separation process. Because the process is performed on a large scale, the mix of plastic flakes
in the product is typically very consistent. The consistency of recycled HIPS products is shown schematically by Figure
12. In Figure 12, a mixture of flakes with various melt flow rates (determined by the molecular weight of the polymer in
the flake) are compounded to create pellets with a very consistent melt flow rate. Even if the flakes are the same grade
of plastic where the melt flow rate was only controlled between 5 and 7 g/10 min, the melt flow rate of the product pellets
will have a tighter range of melt flow rates.
[0182] Figure 15 shows the melt flow rate various lots (approximately 40,000 Ibs each) of recycled HIPS from office

Table 22: HIPS from JWG added to flame retarded HIPS

Sample % HIPS from JWG NI (J/m)

A 0 104

B 10 100

C 25 91

Table 23: HIPS from JWG added to HIPS from OA

Sample % HIPS from JWG NI (J/m)

A 0 117

B 10 110

C 25 100
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automation equipment. The rheological properties are very consistent (MFR between 5.8 and 6.6 g/10 min) for these
HIPS lots recovered from highly mixed feeds, even though individual flakes can have melt flow rates below 5 or above
7g/10 min. Similar consistency is also observed for the notched izod impact strength and tensile strength for these
products. The notched izod impact strength varies from 93 to 109 J/m and the tensile strength varies from 22.3 to 24.5
MPa for this HIPS product.

Example 37. Properties of a PP Product from JWG.

[0183] A light colored PP product was derived from Japanese goods using recycling processes described in the
previous sections. The PP flake is pelletized, injection molded and tested according to standard procedures. The prop-
erties are shown in Table 24.

Example 38. Thermal Analysis of PP samples from JWG.

[0184] Approximately fifty individual flakes of various colors were taken from sources of JWG. The flakes were analyzed
using DSC and TGA. Differential scanning calorimetry (DSC) was performed using a TA Instruments DSC Q1000. The
program used a heat-cool-heat cycle with 10°C /minute heating and cooling rates between 50°C and 150°C. Thermograms
from the cooling cycle were used to determine crystallization temperatures and enthalpies and thermograms from the
second heating cycle were used to determine melting temperatures and enthalpies. Figures 16 and 17 are plots of heat
flow as a function of temperature for PP samples, demonstrating the determination of the temperatures and enthalpies
of melting and crystallization.
[0185] Thermogravimetric analysis (TGA) was performed using the dynamic high resolution feature of a TA Instruments
TGA Q500. The resolution was set to 4.00 C and the sensitivity was set to 1.00. The heating rate was 50°C per minute
when the weight was not changing significantly. The samples were under a nitrogen purge until 500°C, at which time
the samples were purged with dry air to complete the oxidation. The degradation temperatures reported below are the
maxima of the derivative weight loss (with respect to temperature) curves. The PP flakes were found to typically have
two melting points and two crystallization temperatures. When the source of polypropylene is white goods, the lower
melting point is between about 114°C and about 140°C and has a melting enthalpy less than about 6 J/g. The upper
melting point is between about 162°C and about 168°C and has an enthalpy of between about 70 J/g and about 95 J/g.
The ratio of the lower to upper melting enthalpies, which should be related to the ethylene content in the polymer, is less
than about 10. The higher crystallization temperature is between about 117°C and about 133°C and has an enthalpy of
between 75 J/g and about 100 J/g. The lower crystallization temperature is between about 88°C and about 117°C and
has an enthalpy of less than about 1.5 J/g. In addition, it has been found that the degradation temperature of the samples
is between about 430°C and about 432°C. Upper, lower and average values for the melting, crystallization and degradation
temperatures are shown in Table 25.

Example 39. Improvement of PP from JWG

[0186] Light PP was derived from JWG. Two additives are used to improve the properties of the PP. Bennet BRC 100
is a compatibilizer which has been used commercially to improve the properties of ABS and HIPS. This additive makes
nonpolar components, such as PP and HIPS, compatible with polymers with polar groups, such as ABS. Stereon 841A
is a multiblock copolymer of styrene (44.5 wt. %) and butadiene and is used as an impact modifier for HIPS and polyolefin.
Pellets of the light colored PP were compounded with 3 weight percent BRC 100 and 10 weight percent Stereon 841 A
in an injection molder. Mechanical properties of the samples are given in Table 26. Both modified samples are significantly

Table 24: Properties of light colored PP product from JWG

Material r(g/cm3) MFR(g/10 min) TSY (MPa) NI (J/m)

light PP 0.92 24 24.8 62

Table 25: Melting and degradation temperature ranges and averages for PP from JWG

Sample Tm,lower (°C) Tm,upper (°C) Tdeg (°C)

Low 114 162 430

high 140 168 432

average 120 164 431
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tougher than the base PP sample, although the tensile strength dropped 5-10%.

Example 40. Additives in PP.

[0187] Additives were extracted from a sample of PP derived from JWG by dissolving the plastic in hot xylene and
then precipitating the polymer with methanol. The extracted solution was analyzed using HPLC. Additives were detected
by UV absorption at 254.4, 275.4 and 325.4 nm. Figure 16 shows the HPLC chromatogram (absorbance at 275.4 nm)
of the solution of extracted additives. The peaks likely correspond to trace additives from the PP sample.

Example 41. Compounding PP with Glass Fiber.

[0188] Polypropylene recovered from JWG was compounded with 0.2% of a primary/secondary antioxidant blend
(Irganox B225) and 0-40% glass fibers. The properties of the various glass filled compounds are given in Table 26. All
tensile strengths are for a crosshead speed of 0.2 inches per minute.

Example 42. Consistency of PP Products.

[0189] The properties of virgin PP polymers are significantly determined by the reaction conditions (temperature,
reaction time, reactant concentrations), since these conditions determine the molecular weight and composition of the
polymer. For recycled PP products, on the other hand, the properties are determined by factors such as the mix of feed
materials and the separation process. Because the process is performed on a large scale, the mix of plastic flakes in
the product is typically very consistent. The consistency of recycled PP products is shown schematically by Figure 12.
In Figure 12, a mixture of flakes with various melt flow rates (determined by the molecular weight of the polymer in the
flake) are compounded to create pellets with a very consistent melt flow rate. Even if the flakes are the same grade of
plastic where the melt flow rate was only controlled between 5 and 7 g/10 min, the melt flow rate of the product pellets
will have a tighter range of melt flow rates.
[0190] Figure 19 shows the melt flow rates for various lots (greater than 2000 lbs each) of recycled PP from JWG.
The rheological properties are very consistent (melt flow rate between 22 and 24 g/10 min) for these PP lots recovered
from highly mixed feeds. Similar consistency is also observed for the notched izod impact strength and tensile strength
for these products. The notched izod impact strength varies from 60 to 77 J/m and the tensile strength varies from 23.5
to 24.9 MPa for this PP product.

Example 43. Antioxidants and impact modifiers to improve the properties of PC/ABS.

[0191] Flakes containing PC/ABS and lesser amounts of ABS-FR and PC were obtained from a mixed source of OA.
Pellets from the flakes as well as mixtures of the flakes were prepared with various impact modifiers and stabilizers.
Irganox B900 (B900, from Ciba) is a combination of primary and secondary antioxidants, which should prevent oxidative
degradation and should act as an acid scavenger to slow PC degradation. Epoxidized soybean oil (ESO) typically

Table 26: Mechanical Properties of Modified PP Samples

Sample NI (J/m) TS@Y (MPa)

light PP 62 24.8

light PP + 3% BRC100 88 23.8

light PP + 10% Stereon 841A 120 22.3

Table 26: Mechanical Properties of glass filled PP Samples

% glass in PP NI (J/m) TS@Y (MPa)

0 62 22.0

10 50 23.0

20 51 25.6

30 47 28.6

40 42 41.9
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prevents PC degradation due to acids. Blendex 338 (B338, from GE) is a high rubber ABS which should improve the
impact strength and lower the melt flow rate. Bennet BRC 100 is a reactive compatibilizer which should improve me-
chanical properties by improving the interfacial adhesion between PC and ABS.
[0192] Flakes were dried and compounded with undried additives using a 30 mm twin screw extruder with a temperature
profile from 170°C to 200°C. Pellets were dried and injection molded with a temperature profile from 170°C to 200°C.
Table 27 shows compositions and mechanical properties of the various formulations. Sample PCABS failed prior to
yielding in the tensile test.

Claims

1. A blend of recycled thermoplastic resins, wherein the blend is a thermoplastic resin having at least one uniform
predetermined property selected from the group consisting of melt flow rate and density, said blend comprising:

a primary polymer type selected from one of recycled ABS, HIPS, PP and PC;
residual additives including two or more additives selected from the group consisting of antioxidants, heat
stabilizers, UV stabilizers, flame retardants, antistatics, blowing agents, impact modifiers, compatibilizers, fillers,
fiber reinforcements, fluorescent whiteners, and lubricants; and
one or more secondary polymer types that are different from the primary polymer type, and are selected from
recycled impact modified styrene acrylonitrile copolymers, blends of polycarbonate with an impact modified
styrene acrylonitrile copolymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone,
copolymers of styrene and acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high impact styrene
copolymers and polyolefine, wherein:

the primary polymer type makes up between about 20 and 99.9 parts by weight of the blend and includes
two or more grades of the primary polymer, wherein different grades are characterized by different mo-
lecular weights, different molecular composition, different polymer structure or morphology;
the blend of recycled thermoplastic resins includes a greater amount of the primary polymer type than the
secondary polymer type; and
the residual additives make up about 0.1 to 40 parts by weight of the blend;

wherein the recycled thermoplastic resin is recovered from waste plastic material derived from one or more post
consumer sources selected from office automation equipment, white goods, consumer electronics, automotive
shredder residue, building waste and post industrial molding and extrusion scrap.

2. The blend of claim 1, wherein:

at least one or more of the polymers of the primary or secondary polymer types exhibits detectible oxidation
resulting from aging.

3. The blend of any of claims 1-2, wherein:

the residual additives include bromine and antimony, where the ratio of bromine to antimony is between about
1:1 and 10:1, and the bromine and the antimony are present at combined levels of about 1 ppm to about 5%
by weight.

4. The blend of any of claims 1-3, wherein:

Table 27: Compositions and Mechanical Properties of PC/ABS formulations

sample % B900 % ESO % B338 % BRC 100 NI (J/m) Tensile Strength (MPa)

PCABS 0 0 0 0 21 40.4

FD1 0.5 0 5 0 42 56.2

FD2 0.5 0 3 2 85 52.7

FD3 0 0.5 3 2 58 55.1
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the residual additives include titanium dioxide at levels between about 0.5% by weight and about 5% by weight.

5. The blend of any of claims 1-4, wherein:

the residual additives include carbon black at levels between about 0.1 % by weight and about 3% by weight.

6. The blend of any of claims 1 - 5, wherein:

the residual additives include one or more additional pigments or organic dye colorants at levels between about
1 ppm by weight and about 0.1% by weight.

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

the residual additives include two or more elements selected from the group consisting of Cd, Pb, Hg, Cr and
Ni, the two or more elements being present at levels between about 0,1 ppm and 100 ppm.

8. The blend of any of claims 1 - 7, wherein:

the two or more additives are inconsistent or incompatible with one another or the primary polymer type.

9. The blend of any of claims 1 - 8, wherein:

the primary polymer type includes an impact modified styrene acrylonitrile copolymer;
a first polymer of the one or more secondary polymer types is a styrene acrylonitrile copolymer; and
the blend includes a second polymer and a third polymer of the one or more secondary polymer types that are
different from one another and the first polymer.

10. The blend of claim 9, wherein the blend has the following properties:

a density of about 1.06 to about 1.10 grams per cubic centimeter, as determined by ASTM D 792;
a melt flow rate of about 2 to about 9 grams per 10 minutes, as determined by ASTM D 1238;
a tensile stress at yield of about 36 to about 48 MPa, as determined by ASTM D 638; and
a notched Izod impact (3.2 mm notch) of about 85 to about 200 Joules per meter, as determined by ASTM D 256.

11. The blend of any of claims 9 - 10, wherein:

one or more of the polymers of the secondary polymer types are a blend of polycarbonate with an impact
modified styrene acrylonitrile copolymer, a copolymer blend of styrene acrylonitrile and acrylate- polymers, a
polysulfone, a copolymer of styrene and acrylonitrile, polycarbonate, polyvinyl chloride, or polyurethane.

12. The blend of any of claims 1 - 8, wherein:

the primary polymer type includes an impact modified styrene polymer;
a first polymer of the one or more secondary polymer types is a general purpose polystyrene; and
the blend includes a second polymer of the one or more secondary polymer types that is different from the first
polymer.

13. The blend of claim 12, wherein the blend has the following properties:

a density of about 1.04 to about 1.08 grams per cubic centimeter, as determined by ASTM D 792;
a melt flow rate of about 2 to about 8 grams per 10 minutes, as determined by ASTM D 1238;
a tensile stress at yield of about 20 to about 27 MPa, as determined by ASTM D 638; and
a notched Izod impact of about 60 to about 120 Joules per meter, as determined by ASTM D 256.

14. The blend of any of claims 1 - 8, wherein:

the primary polymer type includes a polypropylene;
the blend includes a second polymer of the one or more secondary polymer types that is different from the first
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polymer, and
the blend has distinct melting points at about 125°C and at about 164°C.

15. The blend of claim 14, wherein:

the polymers of the one or more secondary polymer types include an acrylonitrile butadiene styrene terpolymer,
polystyrene, an impact modified polystyrene, or polyethylene.

16. The blend of any of claims 14 - 15, wherein said blend has the following properties:

a density of about 0.92 to about 0.96 grams per cubic centimeter, as determined by ASTM D 792;
a melt flow rate of about 20 to about 30 grams per 10 minutes, as determined by ASTMD 1238;
a tensile stress at yield of about 20 to about 28 MPa, as determined by ASTM D 638; and
a notched Izod impact (3.2 mm notch) of about 50 to about 100 Joules per meter, as determined by ASTM D 256.

17. The blend of any of claims 1-8, wherein:

the primary polymer type includes a polycarbonate;
a first polymer of the one or more secondary polymer types is an impact modified styrene acrylonitrile copolymer;
and
the blend includes a second polymer of the one or more secondary polymer types that is different from the first
polymer.

18. A pellet extruded from the blend of any of claims 1-17.

19. A sheet extruded from the blend of any of claims 1-17.

20. An article prepared by co-extruding the blend of any of claims 1-17 and one or more polymers selected from impact
modified styrene acrylonitrile copolymer, blends of polycarbonate with an impact modified styrene acrylonitrile co-
polymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone, copolymers of styrene and
acrylonitrile, polycarbonate, polyvinyl chloride polyurethane, high impact styrene copolymers and polyolefins.

21. An article prepared by co-injecting the blend of any of claims 1-17 and one or more polymers selected from impact
modified styrene acrylonitrile copolymer, blends of polycarbonate with an impact modified styrene acrylonitrile co-
polymer, copolymer blends of styrene acrylonitrile and acrylate polymers, polysulfone, copolymers, of styrene and
acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high impact styrene copolymers and polyolefins.

22. A method of preparing a blended thermoplastic material, the method comprising:

providing waste plastic material from one or more sources selected from office automation equipment, white
goods, consumer electronics, automotive shredder residue, building waste and post industrial molding and
extrusion scrap, wherein the waste plastic material includes two or more dissimilar plastic types and contains
non-plastic contaminants;
separating the waste plastic material into a plurality of fractions, wherein each fraction includes multiple grades
of a primary polymer type, selected from one of ABS, HIPS, PP and PC, and one or more secondary polymer
types, selected from recycled impact modified styrene acrylonitrile copolymers, blends of polycarbonate with
an impact modified styrene acrylonitrile copolymer, copolymer blends of styrene acrylnitrile and acrylate poly-
mers, polysulfone, copolymers of styrene and acrylonitrile, polycarbonate, polyvinyl chloride, polyurethane, high
impact styrene copolymers and polyolefine, the primary polymer type is different from the secondary polymer
types and a fraction includes mostly the primary polymer type with a lesser amount of the secondary polymer
types; and different grades are characterized by different molecular weights, different molecular composition,
different polymer structure or morphology; and
blending at least a first fraction to provide a recycled plastic material having at least one uniform predetermined
property selected from the group consisting of melt flow rate and density.

23. The method of claim 22, further comprising:

combining at least a portion of a second fraction with the first fraction prior to blending.
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24. The method of claim 22, further comprising:

combining a virgin plastic material with the first fraction prior to blending.

25. The method of claim 22, further comprising:

compounding an additive or a polymer with the first fraction prior to blending

26. The method of claim 22, further comprising:

determining amounts of a first fraction and determining amounts of a second fraction to combine together prior
to blending, wherein the first fraction includes as the primary polymer a first type of ABS material and the second
fraction includes as the primary polymer a second type of ABS material, and the blending forms a recycled
plastic material having a notched izod impact strength higher than the notched izod impact strength of both the
first type of ABS material and the second type of ABS material.

27. The method of claim 22, further comprising

determining amounts of a first fraction and determining amounts of a second fraction to combine together prior
to blending, wherein the first fraction includes as the primary polymer an ABS material and the second fraction
includes as the primary polymer a HIPS material, and the blending forms a recycled plastic material having an
increased tensile strength relative to a tensile strength of the HIPS material.

28. The method of claim 22, further comprising:

determining amounts of a first fraction and determining amounts of a second fraction to combine together prior
to blending, wherein the first fraction includes as the primary polymer a modified PPO material and the second
fraction includes as the primary polymer a HIPS material, and the blending forms a recycled plastic material
having an increased notched izod impact strength and tensile strength and decreased melt flow rate relative to
the HIPS material

29. The method of claim 22, further comprising:

determining amounts of a first fraction and determining amounts of second fraction to combine together prior
to blending, wherein the first fraction includes as the primary polymer an ABS material and the second fraction
includes as the primary polymer a PC material, and the blending forms a recycled plastic material having an
increased notched izod impact strength and tensile strength relative to the ABS material.

30. The method of claim 22, further comprising:

determining amounts of a first fraction and determining amounts of a second fraction to combine together prior
to blending, wherein the first fraction includes an ABS material and the second fraction includes a regrind flame
retarded PC material, and the blending forms a recycled plastic material having an increased tensile strength
relative to the ABS material.

31. The method of claim 22, further comprising:

determining amounts of a first fraction and determining amounts of a second fraction to combine together prior
to blending, wherein the first fraction includes an ABS material and the second fraction includes a PC/ABS
material, and the blending forms a recycled plastic material having an increased notched izod impact strength
and tensile strength relative to the ABS material.

32. The method of claim 22, wherein:

blending at least a first fraction includes blending a fraction with ABS as the primary polymer to form a recycled
plastic material with a predetermined SAN content,

wherein the predetermined SAN content is sufficient to achieve one or more predetermined properties, the properties
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including one of environmental stress crack resistance, tensile strength impact strength, melt flow rate of the recycled
plastic material.

33. The method of claim 22, wherein:

blending at least a first fraction includes blending a fraction with a first type of ABS material and a second type
of ABS material to form a recycled plastic material having a notched izod impact strength higher than the notched
izod impact strength of the first type of ABS material and lower than that of the second type of ABS material.

34. The method of claim 22, wherein :

blending at least a first fraction includes blending polypropylene and a low density polyethylene or a polymer
with which polypropylene is compatible.

35. The method of claim 22, wherein:

blending at least a first fraction includes blending amounts of polycarbonate and PC/ABS, an acrylonitrile buta-
diene styrene terpolymer, an acrylonitrile styrene acrylate copolymer or another polymer with which polycar-
bonate is compatible.

36. The method of claim 22, wherein:

blending at least a first fraction includes blending amounts of HIPS and an impact modified styrene polymer, a
general purpose polystyrene, a modified polyphenylene ether or another polymer with which HIPS is compatible,

Patentansprüche

1. Gemisch recycelter thermoplastischer Harze, wobei das Gemisch ein thermoplastisches Harz mit mindestens einer
einheitlichen, vorher festgelegten Eigenschaft, ausgewählt aus der Schmelzflussrate und der Dichte, ist, wobei das
Gemisch umfasst:

einen primären Polymertyp, ausgewählt aus recyceltem ABS, HIPS, PP und PC;
verbleibende Zusatzstoffe, die zwei oder mehr Zusatzstoffe einschließen, ausgewählt aus Antioxidantien, Wär-
mestabilisatoren, UV-Stabilisatoren, Flammhemmern, Antistatika, Treibmitteln, Schlagzähmodifizierem, Kom-
patibilisierungsmitteln, Füllstoffen, Faserverstärkungen, fluoreszierenden Bleichmitteln und Schmiermitteln; und
ein oder mehr sekundäre Polymertypen, die sich vom primären Polymertyp unterscheiden und ausgewählt sind
aus recycelten schlagzähmodifizierten Styrolacrylnitrilcopolymeren, Gemischen von Polycarbonat mit einem
schlagzähmodifizierten Styrolacrylnitrilcopolymer, Copolymergemischen von Styrolacrylnitril- und Acrylatpoly-
meren, Polysulfon, Copolymeren von Styrol und Acrylnitril, Polycarbonat, Polyvinylchlorid, Polyurethan, hoch-
schlagzähen Styrolcopolymeren und Polyolefin, wobei:

der primäre Polymertyp zwischen etwa 20 und 99,9 Gewichtsteile des Gemisches bildet und zwei oder
mehr Sorten des primären Polymers einschließt, wobei verschiedene Sorten durch verschiedene Moleku-
largewichte, verschiedene Molekularzusammensetzungen, verschiedene Polymerstruktur oder -morpho-
logie charakterisiert sind;
das Gemisch der recycelten thermoplastischen Harze eine größere Menge des primären Polymertyps als
des sekundären Polymertyps einschließt; und
die verbleibenden Zusatzstoffe etwa 0,1 bis 40 Gewichtsteile des Gemisches bilden, wobei das recycelte
thermoplastische Harz aus Abfallkunststoffmaterial zurück gewonnen wird, das von ein oder mehr Ge-
brauchtmaterialquellen stammt, die aus Büroautomatisierungseinrichtung, Haushaltsgeräten, Unterhal-
tungselektronik, Schredderrückständen von Fahrzeugen, Bauabfällen und nachindustriellem Form- und
Extrusionsfertigungsausschuss ausgewählt sind.

2. Gemisch gemäß Anspruch 1, wobei:

mindestens ein oder mehr Polymere der primären oder sekundären Polymertypen nachweisbare sich aus Al-
terung ergebende Oxidation aufweisen.



EP 1 495 074 B9

35

5

10

15

20

25

30

35

40

45

50

55

3. Gemisch gemäß einem der Ansprüche 1-2, wobei:

die verbleibenden Zusatzstoffe Brom und Antimon einschließen, wobei das Verhältnis von Brom zu Antimon
zwischen etwa 1:1 und 10:1 ist, und Brom und Antimon mit einem kombinierten Gehalt von etwa 1 ppm bis
etwa 5 Gewichtsprozent vorliegen.

4. Gemisch gemäß einem der Ansprüche 1-3, wobei:

die verbleibenden Zusatzstoffe Titandioxid mit einem Gehalt zwischen etwa 0,5 Gewichtsprozent und etwa 5
Gewichtsprozent einschließen.

5. Gemisch gemäß einem der Ansprüche 1-4, wobei:

die verbleibenden Zusatzstoffe Ruß mit einem Gehalt zwischen etwa 0,1 Gewichtsprozent und etwa 3 Ge-
wichtsprozent einschließen.

6. Gemisch gemäß einem der Ansprüche 1-5, wobei:

die verbleibenden Zusatzstoffe ein oder mehr zusätzliche Pigmente oder organische Farbstoffe mit einem Gehalt
zwischen etwa 1 ppm bezogen auf Gewicht und etwa 0,1 1 Gewichtsprozent einschließen.

7. Gemisch gemäß einem der Ansprüche 1-6, wobei:

die verbleibenden Zusatzstoffe zwei oder mehr Elemente einschließen, die aus Cd, Pb, Hg, Cr und Ni ausgewählt
sind, wobei die zwei oder mehr Elemente mit einem Gehalt zwischen etwa 0,1 ppm und 100 ppm vorliegen.

8. Gemisch gemäß einem der Ansprüche 1-7, wobei:

die zwei oder mehr Zusatzstoffe untereinander oder mit dem primären Polymertyp uneinheitlich oder inkompa-
tibel sind.

9. Gemisch gemäß einem der Ansprüche 1-8, wobei:

der primäre Polymertyp ein schlagzähmodifiziertes Styrolacrylnitrilcopolymer einschließt;
ein erstes Polymer der ein oder mehr sekundären Polymertypen ein Styrolacrylnitrilcopolymer ist; und
das Gemisch ein zweites Polymer und ein drittes Polymer der ein oder mehr sekundären Polymertypen ein-
schließt, die sich voneinander und vom ersten Polymer unterscheiden.

10. Gemisch gemäß Anspruch 9, wobei das Gemisch die folgenden Eigenschaften hat:

eine Dichte von etwa 1,06 bis etwa 1,10 Gramm pro Kubikzentimeter, wie durch ASTM D 792 ermittelt;
eine Schmelzflussrate von etwa 2 bis etwa 9 Gramm je 10 Minuten, wie durch ASTM D 1238 ermittelt;
eine Zugfestigkeit unter Belastung von etwa 36 bis etwa 48 MPa, wie durch ASTM D 638 ermittelt; und
eine Izod-Kerbschlagzähigkeit (3,2 mm Kerbe) von etwa 85 bis etwa 200 Joules pro Meter, wie durch ASTM D
256 ermittelt.

11. Gemisch gemäß einem der Ansprüche 9-10, wobei:

ein oder mehr Polymere der sekundären Polymertypen ein Gemisch aus Polycarbonat mit einem schlagzäh-
modifizierten Styrolacrylnitrilcopolymer, ein Copolymergemisch aus Styrolacrylnitril- und Acrylatpolymeren, ein
Polysulfon, ein Copolymer aus Styrol und Acrylnitril, Polycarbonat, Polyvinylchlorid oder Polyurethan sind.

12. Gemisch gemäß einem der Ansprüche 1-8, wobei:

der primäre Polymertyp ein schlagzähmodifiziertes Styrolpolymer einschließt;
ein erstes Polymer der ein oder mehr sekundären Polymertypen ein Mehrzweckpolystyrol ist; und
das Gemisch ein zweites Polymer der ein oder mehr sekundären Polymertypen einschließt, das sich vom ersten
Polymer unterscheidet.



EP 1 495 074 B9

36

5

10

15

20

25

30

35

40

45

50

55

13. Gemisch gemäß Anspruch 12, wobei das Gemisch folgende Eigenschaften hat:

eine Dichte von etwa 1,04 bis etwa 1,08 Gramm pro Kubikzentimeter, wie durch ASTM D 792 ermittelt;
eine Schmelzflussrate von etwa 2 bis etwa 8 Gramm je 10 Minuten, wie durch ASTM D 1238 ermittelt;
eine Zugfestigkeit unter Belastung von etwa 20 bis etwa 27 MPa, wie durch ASTM D 638 ermittelt; und
eine Izod-Kerbschlagzähigkeit von etwa 60 bis etwa 120 Joules pro Meter, wie durch ASTM D 256 ermittelt.

14. Gemisch gemäß einem der Ansprüche 1-8, wobei:

der primäre Polymertyp ein Polypropylen einschließt;
das Gemisch ein zweites Polymer der ein oder mehr sekundären Polymertypen einschließt, das sich vom ersten
Polymer unterscheidet; und
das Gemisch getrennte Schmelzpunkte bei etwa 125°C und bei etwa 164°C hat.

15. Gemisch gemäß Anspruch 14, wobei:

die Polymere der ein oder mehr sekundären Polymertypen ein Acrylnitrilbutadienstyrol-Terpolymer, Polystyrol,
ein schlagzähmodifiziertes Polystyrol oder Polyethylen einschließen.

16. Gemisch gemäß einem der Ansprüche 14-15, wobei das Gemisch folgende Eigenschaften hat:

eine Dichte von etwa 0,92 bis etwa 0,96 Gramm pro Kubikzentimeter, wie durch ASTM D 792 ermittelt;
eine Schmelzflussrate von etwa 20 bis etwa 30 Gramm je 10 Minuten, wie durch ASTM D 1238 ermittelt;
eine Zugfestigkeit unter Belastung von etwa 20 bis etwa 28 MPa, wie durch ASTM D 638 ermittelt; und
eine Izod-Kerbschlagzähigkeit (3,2 mm Kerbe) von etwa 50 bis etwa 100 Joules pro Meter, wie durch ASTM D
256 ermittelt.

17. Gemisch gemäß einem der Ansprüche 1-8, wobei:

der primäre Polymertyp ein Polycarbonat einschließt;
ein erstes Polymer der ein oder mehr sekundären Polymertypen ein schlagzähmodifiziertes Styrolacrylnitrilco-
polymer ist; und
das Gemisch ein zweites Polymer der ein oder mehr sekundären Polymertypen einschließt, das sich vom ersten
Polymer unterscheidet.

18. Pellet, extrudiert aus dem Gemisch gemäß einem der Ansprüche 1-17.

19. Folie, extrudiert aus dem Gemisch gemäß einem der Ansprüche 1-17.

20. Gegenstand, hergestellt durch Coextrusion des Gemisches gemäß einem der Ansprüche 1-17 und ein oder mehr
Polymeren, die aus schlagzähmodifiziertem Styrolacrylnitrilcopolymer, Gemischen von Polycarbonat mit einem
schlagzähmodifizierten Styrolacrylnitrilcopolymer, Copolymergemischen von Styrolacrylnitril- und Acrylatpolyme-
ren, Polysulfon, Copolymeren aus Styrol und Acrylnitril, Polycarbonat, Polyvinylchlorid, Polyurethan, hochschlag-
zähen Styrolcopolymeren und Polyolefinen ausgewählt sind.

21. Gegenstand, hergestellt durch Cospritzgießen des Gemisches gemäß einem der Ansprüche 1-17 und ein oder mehr
Polymeren, die aus schlagzähmodifiziertem Styrolacrylnitrilcopolymer, Gemischen von Polycarbonat mit einem
schlagzähmodifizierten Styrolacrylnitrilcopolymer, Copolymergemischen aus Styrolacrylnitril- und Acrylatpolyme-
ren, Polysulfon, Copolymeren aus Styrol und Acrylnitril, Polycarbonat, Polyvinylchlorid, Polyurethan, hochschlag-
zähen Styrolcopolymeren und Polyolefinen ausgewählt sind.

22. Verfahren zur Herstellung eines gemischten thermoplastischen Materials, wobei das Verfahren umfasst:

Bereitstellen von Abfallkunststoffmaterial aus ein oder mehr Quellen, die aus Büroautomatisierungseinrichtung,
Haushaltsgeräten, Unterhaltungselektronik, Schredderrückständen von Fahrzeugen, Bauabfällen und nachin-
dustriellem Form- und Extrusionsfertigungsausschuss ausgewählt sind, wobei das Abfallkunststoffmaterial zwei
oder mehr verschiedene Kunststofftypen einschließt und nicht-Kunststoff-Verunreinigungen enthält;
Trennen des Abfallkunststoffmaterials in eine Vielzahl von Fraktionen, wobei jede Fraktion mehrere Sorten
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eines primären Polymertyps, der aus ABS, HIPS, PP und PC ausgewählt ist, und ein oder mehr sekundäre
Polymertypen, die aus recycelten schlagzähmodifizierten Styrolacrylnitrilcopolymeren, Gemischen von Poly-
carbonat mit einem schlagzähmodifizierten Styrolacrylnitrilcopolymer, Copolymergemischen von Styrolacrylni-
tril- und Acrylatpolymeren, Polysulfon, Copolymeren von Styrol und Acrylnitril, Polycarbonat, Polyvinylchlorid,
Polyurethan, hochschlagzähen Styrolcopolymeren und Polyolefin ausgewählt sind, einschließt, wobei der pri-
märe Polymertyp sich von den sekundären Polymertypen unterscheidet und eine Fraktion hauptsächlich den
primären Polymertyp mit einer geringeren Menge der sekundären Polymertypen einschließt; und verschiedene
Sorten durch verschiedene Molekulargewichte, verschiedene Molekularzusammensetzungen, verschiedene
Polymerstruktur oder -morphologie gekennzeichnet sind; und
Mischen mindestens einer ersten Fraktion, um ein recyceltes Kunststoffmaterial mit mindestens einer einheit-
lichen, vorher festgelegten Eigenschaft, ausgewählt aus Schmelzflussrate und Dichte, bereitzustellen.

23. Verfahren gemäß Anspruch 22, ferner umfassend:

Kombinieren mindestens eines Teils einer zweiten Fraktion mit der ersten Fraktion vor dem Mischen.

24. Verfahren gemäß Anspruch 22, ferner umfassend:

Kombinieren eines jungfräulichen Kunststoffmaterials mit der ersten Fraktion vor dem Mischen.

25. Verfahren gemäß Anspruch 22, ferner umfassend:

Mischen eines Zusatzstoffs oder eines Polymers mit der ersten Fraktion vor dem Mischen.

26. Verfahren gemäß Anspruch 22, ferner umfassend:

Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion als das primäre Polymer einen ersten Typ
von ABS-Material einschließt und die zweite Fraktion als das primäre Polymer einen zweiten Typ von ABS-
Material einschließt, und das Mischen ein recyceltes Kunststoffmaterial mit einer Izod-Kerbschlagzähigkeit
bildet, die höher ist als die Izod-Kerbschlagzähigkeit sowohl des ersten Typs des ABS-Materials als auch des
zweiten Typs des ABS-Materials.

27. Verfahren gemäß Anspruch 22, ferner umfassend:

Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion als das primäre Polymer ein ABS-Material
einschließt und die zweite Fraktion als das primäre Polymer ein HIPS-Material einschließt, und das Mischen
ein recyceltes Kunststoffmaterial mit einer erhöhten Zugfestigkeit, bezogen auf eine Zugfestigkeit des HIPS-
Materials, bildet.

28. Verfahren gemäß Anspruch 22, ferner umfassend:

Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion als das primäre Polymer ein modifiziertes
PPO-Material einschließt und die zweite Fraktion als das primäre Polymer ein HIPS-Material einschließt, und
das Mischen ein recyceltes Kunststoffmaterial mit einer erhöhten Izod-Kerbschlagzähigkeit und Zugfestigkeit
und verminderter Durchflussrate, bezogen auf das HIPS-Material, bildet.

29. Verfahren gemäß Anspruch 22, ferner umfassend:

Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion als das primäre Polymer ein ABS-Material
einschließt und die zweite Fraktion als das primäre Polymer ein PC-Material einschließt, und das Mischen ein
recyceltes Kunststoffmaterial mit einer erhöhten Izod-Kerbschlagzähigkeit und
Zugfestigkeit, bezogen auf das ABS-Material, bildet.

30. Verfahren gemäß Anspruch 22, ferner umfassend:
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Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion ein ABS-Material einschließt und die zweite
Fraktion wiedervermahlenes flammhemmendes PC-Material einschließt, und das Mischen ein recyceltes Kunst-
stoffmaterial mit einer erhöhten Zugfestigkeit, bezogen auf das ABS-Material, bildet.

31. Verfahren gemäß Anspruch 22, ferner umfassend:

Festlegen der Mengen einer ersten Fraktion und Festlegen der Mengen einer zweiten Fraktion, um sie mitein-
ander vor dem Mischen zu kombinieren, wobei die erste Fraktion ein ABS-Material einschließt und die zweite
Fraktion ein PC/ABS-Material einschließt, und das Mischen ein recyceltes Kunststoffmaterial mit einer erhöhten
Izod-Kerbschlagzähigkeit und Zugfestigkeit, bezogen auf das ABS-Material, bildet.

32. Verfahren gemäß Anspruch 22, wobei:

Mischen mindestens einer ersten Fraktion das Mischen einer Fraktion mit ABS als dem primären Polymer
einschließt, um ein recyceltes Kunststoffmaterial mit einem vorher festgelegten SAN-Gehalt zu bilden, wobei
der vorher festgelegte SAN-Gehalt ausreichend ist, um ein oder mehr vorher festgelegte Eigenschaften zu
erfüllen, wobei die Eigenschaften eine aus Widerstandsfähigkeit gegenüber umweltbedingten Rissen, Zugfe-
stigkeit, Schlagzähigkeit, Schmelzflussrate des recycelten Kunststoffmaterials einschließt.

33. Verfahren gemäß Anspruch 22, wobei:

Mischen mindestens einer ersten Fraktion das Mischen einer Fraktion mit einem ersten Typ des ABS-Materials
und einem zweiten Typ des ABS-Materials einschließt, um ein recyceltes Kunststoffmaterial mit einer Izod-
Kerbschlagzähigkeit zu bilden, die höher ist als die Izod-Kerbschlagzähigkeit des ersten Typs des ABS-Materials
und geringer als die des zweiten Typs des ABS-Materials.

34. Verfahren gemäß Anspruch 22, wobei:

Mischen mindestens einer ersten Fraktion das Mischen von Polypropylen und einem Polyethylen mit geringer
Dichte oder einem Polymer, mit dem Polypropylen kompatibel ist, einschließt.

35. Verfahren gemäß Anspruch 22, wobei:

Mischen mindestens einer ersten Fraktion das Mischen von Mengen von Polycarbonat und PC/ABS, einem
Acrylnitrilbutadienstyrol-Terpolymer, einem Acrylnitrilstyrolacrylat-Copolymer oder einem anderen Polymer, mit
dem Polycarbonat kompatibel ist, einschließt.

36. Verfahren gemäß Anspruch 22, wobei:

Mischen mindestens einer ersten Fraktion das Mischen von Mengen von HIPS und einem schlagzähmodifi-
zierten Styrolpolymer, einem Mehrzweckpolystyrol, einem modifizierten Polyphenylenether oder einem anderen
Polymer, mit dem HIPS kompatibel ist, einschließt.

Revendications

1. Mélange de résines thermoplastiques recyclées, dans lequel le mélange est une résine thermoplastique ayant au
moins une propriété prédéterminée uniforme choisie dans le groupe constitué de l’indice de fluidité et de la densité,
ledit mélange comprenant :

un polymère de type primaire choisi parmi un des éléments recyclés suivants ABS, HIPS, PP et PC ;
des additifs résiduels comprenant deux additifs ou plus, choisis dans le groupe constitué d’antioxydants, de
stabilisants chaleur, de stabilisants UV, de retardateurs de flamme, d’agents antistatiques, d’agents gonflants,
de modifiants au choc, d’agents compatibilisants, de charges, de fibres de renforcement, de blanchisseurs
fluorescents, et de lubrifiants, et
un ou plusieurs polymères de type secondaire qui sont différents des polymères de type primaire, et sont choisis
parmi les copolymères d’acrylonitrile styrène modifiés au choc recyclés, des mélanges de polycarbonate avec
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un copolymère d’acrylonitrile styrène modifié au choc, des mélanges de copolymère d’acrylonitrile styrène et
de polymères d’acrylate, de polysulfone, des copolymères de styrène et acrylonitrile, du polycarbonate, du
polyvinylchlorure, du polyuréthane, des copolymères de styrène à haute résistance au choc et une polyoléfine,
dans lesquels
le polymère de type primaire représente entre environ 20 et 99,9 parties en poids du mélange et comprend
deux grades ou plus du polymère primaire, dans lequel des grades différents sont caractérisés par des masses
moléculaires différentes, une composition moléculaire différente, une structure ou une morphologie de polymère
différentes ;
le mélange de résines thermoplastiques recyclées comprend une quantité de polymère de type primaire supé-
rieure à celle des polymères de type secondaire ; et
les additifs résiduels représentent environ 0,1 à 40 parties en poids du mélange ;

dans lequel la résine thermoplastique recyclée est récupérée des déchets en matière plastique dérivant d’une ou
plusieurs sources post-consommateur, choisies parmi l’équipement d’automatisation de bureau, les appareils élec-
troménagers, l’électronique grand public, les résidus de broyeur automobile, les déchets du bâtiment et les rebuts
résultant du moulage et de l’extrusion industriels.

2. Mélange selon la revendication 1, dans lequel :

au moins un ou plusieurs des polymères de type primaire ou secondaire présente une oxydation détectable
résultant du vieillissement.

3. Mélange selon l’une quelconque des revendications 1-2, dans lequel :

les additifs résiduels comprennent du brome et de l’antimoine, où le rapport entre le brome et l’antimoine est
compris entre environ 1:1 et 10:1 et le brome et l’antimoine sont présents à des niveaux combinés d’environ 1
ppm à environ 5 % en poids.

4. Mélange selon l’une quelconque des revendications 1-3, dans lequel :

les additifs résiduels comprennent du dioxyde de titane à des niveaux compris entre environ 0,5 % en poids et
environ 5 % en poids.

5. Mélange selon l’une quelconque des revendications 1-4, dans lequel :

les additifs résiduels comprennent du noir de carbone à des niveaux compris entre environ 0,1 % en poids et
environ 3 % en poids.

6. Mélange selon l’une quelconque des revendications 1-5, dans lequel :

les additifs résiduels comprennent un ou plusieurs pigments supplémentaires ou colorants organiques, à des
niveaux compris entre environ 1 ppm en poids et environ 0,1 % en poids.

7. Mélange selon l’une quelconque des revendications 1-6, dans lequel :

les additifs résiduels comprennent deux éléments ou plus choisis dans le groupe constitué de Cd, Pb, Hg, Cr
et Ni, lesdits deux éléments ou plus étant présents à des niveaux compris entre environ 0,1 ppm et 100 ppm.

8. Mélange selon l’une quelconque des revendications 1-7, dans lequel :

les deux additifs ou plus sont incohérents ou incompatibles l’un avec l’autre ou avec le polymère de type primaire.

9. Mélange selon l’une quelconque des revendications 1-8, dans lequel :

le polymère de type primaire comprend un copolymère d’acrylonitrile styrène modifié au choc ;
un premier polymère parmi un ou plusieurs polymères de type secondaire est un copolymère d’acrylonitrile
styrène, et
le mélange comprend un second polymère et un troisième polymère parmi un ou plusieurs polymères de type
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secondaire qui sont différents l’un de l’autre et du premier polymère.

10. Mélange selon la revendication 9, dans lequel le mélange a les propriétés suivantes :

une densité d’environ 1,06 à environ 1,10 gramme par centimètre cube, comme déterminé par l’ASTM D 792 ;
une fluidité d’environ 2 à environ 9 grammes par 10 minutes, comme déterminé par l’ASTM D 1238 ;
un module de traction au rendement d’environ 36 à environ 48 MPa comme déterminé par l’ASTM D 638 ; et
une résistance au choc avec entaille Izod (entaille de 3,2 mm) d’environ 85 à environ 200 Joules par mètre,
comme déterminé par l’ASTM D 256.

11. Mélange selon l’une quelconque des revendications 9-10, dans lequel :

un ou plusieurs des polymères de type secondaire sont un mélange de polycarbonate avec un copolymère
d’acrylonitrile styrène modifié au choc, un mélange de copolymère d’acrylonitrile styrène et de polymères
d’acrylate, une polysulfone, un copolymère de styrène et d’acrylonitrile, de polycarbonate, de polyvinylchlorure,
ou de polyuréthane.

12. Mélange selon l’une quelconque des revendications 1-8, dans lequel :

le polymère de type primaire comprend un polymère de styrène modifié au choc ;
un premier polymère de l’un ou de plusieurs des types secondaires est un polystyrène à usage générique ; et
le mélange comprend un second polymère du ou des polymères de type secondaire qui est différent du premier
polymère.

13. Mélange selon la revendication 12, dans lequel le mélange a les propriétés suivantes :

une densité d’environ 1,04 à environ 1,08 gramme par centimètre cube, comme déterminé par comme déterminé
par l’ASTM D 792 ;
une fluidité d’environ 2 à environ 8 grammes par 10 minutes, comme déterminé par l’ASTM D 1238 ;
un module de traction au rendement d’environ 20 à environ 27 MPa comme déterminé par l’ASTM D 638 ; et
une résistance au choc avec entaille Izod d’environ 60 à environ 120 Joules par mètre, comme déterminé par
l’ASTM D 256.

14. Mélange selon l’une quelconque des revendications 1-8, dans lequel :

le polymère de type primaire comprend un polypropylène ;
le mélange comprend un second polymère du ou des polymères de type secondaire qui est différent du premier
polymère ; et
le mélange a des points de fusion distincts à environ 125 °C et à environ 164 °C.

15. Mélange selon la revendication 14, dans lequel :

les polymères du ou des polymères de type secondaire comprennent un terpolymère d’acrylonitrile butadiène
styrène, un polystyrène, un polystyrène modifié au choc, ou un polyéthylène.

16. Mélange selon l’une quelconque des revendications 14-15 dans lequel ledit mélange a les propriétés suivantes :

une densité d’environ 0,92 à environ 0,96 gramme par centimètre cube, comme déterminé par l’ASTM D 792 ;
une fluidité d’environ 20 à environ 30 grammes par 10 minutes, comme déterminé par l’ASTM D 1238 ;
un module de traction au rendement d’environ 20 à environ 28 MPa comme déterminé par l’ASTM D 638 ; et
une résistance au choc avec entaille Izod (entaille de 3,2 mm) d’environ 50 à environ 100 Joules par mètre,
comme déterminé par l’ASTM D 256.

17. Mélange selon l’une quelconque des revendications 1-8, dans lequel :

le polymère de type primaire comprend un polycarbonate ;
un premier polymère parmi le ou les polymères de type secondaire est un copolymère d’acrylonitrile styrène
modifié au choc ; et
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le mélange comprend un second polymère du ou des polymères de type secondaire différent du premier poly-
mère.

18. Pastille extrudée du mélange selon l’une quelconque des revendications 1-17.

19. Feuille extrudée du mélange selon l’une quelconque des revendications 1-17.

20. Article préparé en co-extrudant le mélange selon l’une quelconque des revendications 1-17 et un ou plusieurs
polymères choisis parmi un copolymère d’acrylonitrile styrène modifié au choc, des mélanges de polycarbonate
avec un copolymère d’acrylonitrile styrène modifié au choc, des mélanges de copolymère d’acrylonitrile styrène et
de polymères d’acrylate, une polysulfone, des copolymères de styrène et d’acrylonitrile, du polycarbonate, du po-
lyvinylchlorure, du polyuréthane, des copolymères de styrène à haute résistance au choc et des polyoléfines.

21. Article préparé par co-injection du mélange selon l’une quelconque des revendications 1-17, et d’un ou plusieurs
polymères choisis parmi un copolymère d’acrylonitrile styrène modifié au choc, des mélanges de polycarbonate
avec un copolymère d’acrylonitrile styrène modifié au choc, des mélanges de copolymère d’acrylonitrile styrène et
de polymères d’acrylate, une polysulfone, des copolymères de styrène et d’acrylonitrile, du polycarbonate, du po-
lyvinylchlorure, du polyuréthane, des copolymères de styrène à haute résistance à l’impact et des polyoléfines.

22. Procédé de préparation d’un matériau thermoplastique mélangé, le procédé comprenant :

la fourniture d’une matière plastique de rebut provenant d’une ou plusieurs sources, choisies parmi l’équipement
d’automatisation de bureau, les appareils électroménagers, l’électronique grand public, les résidus de broyeur
automobile, les déchets du bâtiment et les rebuts résultant du moulage et de l’extrusion industriels,
dans lequel la matière plastique de rebut comprend deux types de plastiques dissemblables ou plus et ne
contient aucun contaminant non-plastique ;
la séparation de la matière plastique de rebut en une pluralité de fractions, dans lesquelles chaque fraction
comprend de multiples grades d’un polymère de type primaire, choisis parmi un ABS, HIPS, PP et PC et un ou
plusieurs polymères de type secondaire, choisis parmi des copolymères d’acrylonitrile styrène modifiés au choc
recyclés, des mélanges de polycarbonate avec un copolymère d’acrylonitrile styrène modifié au choc, des
mélanges de copolymères d’acrylonitrile styrène et des polymères d’acrylate, une polysulfone, des copolymères
de styrène et d’acrylonitrile, du polycarbonate, du polyvinylchlorure, du polyuréthane, des copolymères de
styrène à haute résistance à l’impact et des polyoléfines, le polymère de type primaire étant différent du polymère
de type secondaire et une fraction comprenant essentiellement le polymère de type primaire avec une quantité
moindre de polymère de type secondaire ; et des grades différents sont caractérisés par des masses molé-
culaires différentes, une composition moléculaire différente, une structure ou une morphologie de polymère
différentes ; et
le mélange d’au moins une première fraction pour fournir une matière plastique recyclée ayant au moins une
propriété prédéterminée uniforme choisie dans le groupe constitué de l’indice de fluidité et de la densité.

23. Procédé selon la revendication 22, comprenant en outre :

la combinaison d’au moins une partie d’une seconde fraction avec la première fraction avant le mélange.

24. Procédé selon la revendication 22, comprenant en outre :

la combinaison d’une matière plastique vierge avec la première fraction avant le mélange.

25. Procédé selon la revendication 22, comprenant en outre :

la composition d’un additif ou d’un polymère avec la première fraction avant le mélange.

26. Procédé selon la revendication 22, comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend, comme polymère primaire,
un premier type de matériau ABS et la seconde fraction comprend, comme polymère primaire, un second type
de matériau ABS, et le mélange forme une matière plastique recyclée ayant une résistance à l’impact izod avec
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entaille supérieure à la résistance à l’impact izod avec entaille du premier type de matériau ABS et du second
type de matériau ABS.

27. Procédé selon la revendication 22, comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend, comme polymère primaire,
un matériau ABS et la seconde fraction comprend, comme polymère primaire, un matériau HIPS, et le mélange
forme une matière plastique recyclée ayant un module de traction accru relativement au module de traction du
matériau HIPS.

28. Procédé selon la revendication 22, comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend, comme polymère primaire,
un matériau PPO modifié et la seconde fraction comprend, comme polymère primaire, un matériau HIPS, et le
mélange forme une matière plastique recyclée ayant une résistance à l’impact avec entaille izod et un module
de traction accrus et un indice de fluidité inférieur relativement au matériau HIPS.

29. Procédé selon la revendication 22 comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend, comme polymère primaire,
un matériau ABS et la seconde fraction comprend, comme polymère primaire, un matériau PC, et le mélange
forme une matière plastique recyclée ayant une résistance à l’impact avec entaille izod et un module de traction
accrus relativement au matériau ABS.

30. Procédé selon la revendication 22 comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend un matériau ABS et la
seconde fraction comprend un matériau PC ignifuge rebroyé et le mélange forme une matière plastique recyclée
ayant un module de traction accru relativement au matériau ABS.

31. Procédé selon la revendication 22 comprenant en outre :

la détermination de quantités d’une première fraction et la détermination de quantités d’une seconde fraction
à combiner ensemble avant le mélange, dans laquelle la première fraction comprend un matériau ABS et la
seconde fraction comprend un matériau PC/ABS, et le mélange forme une matière plastique recyclée ayant
une résistance à l’impact avec entaille izod et un module de traction accrus relativement au matériau ABS.

32. Procédé selon la revendication 22 dans lequel :

le mélange d’au moins une première fraction comprend le mélange d’une fraction avec de l’ABS comme polymère
primaire, afin de former une matière plastique recyclée ayant une teneur en SAN prédéterminée, dans lequel
la teneur en SAN prédéterminée est suffisante pour atteindre une ou plusieurs propriétés prédéterminées, les
propriétés comprenant une résistance à la fissure de contrainte environnementale, le module de traction, la
résistance au choc, l’indice de fluidité de la matière plastique recyclée.

33. Procédé selon la revendication 22, dans lequel :

le mélange d’au moins une première fraction comprend le mélange d’une fraction avec un premier type de
matériau ABS et un second type de matériau ABS, afin de former une matière plastique recyclée ayant une
résistance à l’impact avec entaille izod supérieure que la résistance à l’impact avec entaille izod du premier
type de matériau ABS et inférieure que celle du second type de matériau ABS.

34. Procédé selon la revendication 22, dans lequel :
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le mélange d’au moins une première fraction comprend le mélange de polypropylène et d’un polyéthylène à
basse densité ou d’un polymère avec lequel le polypropylène est compatible.

35. Procédé selon la revendication 22, dans lequel :

le mélange d’au moins une première fraction comprend le mélange de quantités de polycarbonate et de PC/ABS,
un terpolymère d’acrylonitrile butadiène styrène, un copolymère d’acrylonitrile styrène acrylate ou un autre
polymère avec lequel le polycarbonate est compatible.

36. Procédé selon la revendication 22, dans lequel :

le mélange d’au moins une première fraction comprend le mélange de quantités d’HIPS et d’un polymère de
styrène modifié au choc, d’un polystyrène à usage générique, d’un polyphénylène éther modifié ou d’un autre
polymère avec lequel l’HIPS est compatible.
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