(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 October 2020 (01.10.2020)

‘O 00 0O O 0
(10) International Publication Number

WO 2020/198551 Al

WIPO I PCT

(51) International Patent Classification:
B32B 1/08 (2006.01) B32B 27/30 (2006.01)
B32B 27/08 (2006.01)

(21) International Application Number:
PCT/US2020/025107

(22) International Filing Date:
27 March 2020 (27.03.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/824,752 27 March 2019 (27.03.2019) UsS

(71) Applicant: ENGINEERED PROFILES LLC [US/US];
2141 Fairwood Avenue, Columbus, OH 43207 (US).

(72) Inventors: DHANAPAL, Vickram; 200 Kitdare Drive,
Delaware, OH 43015 (US). DAVIS, Brian; 1856 Willow
Forge Drive, Columbus, OH 43220 (US). FENNEMAN,
Matthew, Thomas; 1048 Greythorne Place, Columbus, OH
43230 (US). DAVIS, Michael, Kenneth; 3911 Chevington
Road, Columbus, OH 43220 (US).

(74) Agent: NORRIS, Jeffrey, C. et al.; Standley Law Group
LLP, 6300 Riverside Drive, Dublin, OH 43017 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: THERMALLY STABLE MULTILAYER POLYMER EXTRUSION

50 5a
44a

38a 94a

10a
\ 20a
)
— 60
/ 40a 30a 36a

FIG. 1

wo 20207198551 A1 |0 00000 Y00 O A 0

(57) Abstract: A combination of materials that may be formed through an extrusion process. The resulting product has at least two
layers. By coextruding multiple layers of at least two types of materials together, the final product may have improved mechanical,
thermal, electrical, and other properties as compared to the original materials used. Additionally, by using an additive, filler, or doping
material in at least one layer of the final product during the extrusion process, the mechanical, thermal, electrical, or other properties
of the final product may be further improved.
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THERMALLY STABLE MULTILAYER POLYMER EXTRUSION

[0001] This application claims the priority benefit of U.S. Provisional Application
No. 62/824,752, filed March 27, 2019, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] Coexirusion is the process of forming an extrudate comprised of more than
one plastic melt stream. The process came aboul because some service demands,
particularly trom the packaging industry, could not be salisfied by a single polymer
although they could be met by a combination of polymars. Coextrusion was first practiced
int the production of cast film and is now also used in blown film and sheel exirusion. The
intention is normally to produce a laminar structure in which each layer contributes a key
property 1o the overall product performance. Coextruded films may be very complex
structures comprised of many different functional layers, including tie layers whose
purpose is to bond neighboring layers of limited compatibility.

[0003] Various components and materials have been used in the past for multi-
layer, coextrusion of polymeric materials. This process is able to create composite
materials with properties that are not found in a single material. Typically, a multilayer
coextrusion process is employed to form sheets and film of polymeric materials having
unique properties. Two or more diverse synthetic resinous materials may be
simultaneously extruded from a single die opening to form a layered structure.

[0004] Besides being able to create very thin structures, coextrusion allows a large

amount of the layered material to be produced rapidly and cost effectively. Furthermore,
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multilayered structures with alternating mechanical, electrical, or optical properties can
enable a variety of functional devices.

[0005] Additionally, the process of co-extrusion allows the addition of additives or
fillers to the polymeric mixtures of one or multiple layers. These fillers are added to
polymers to accomplish many different property changes and improvements. They can
alter physical properties, reduce costs, trim weight, change the electrical conductivity, and
enhance thermal properties, just to name a few. In almost every case they also have an
effect on processing behavior during extrusion.

[0006] There have been numerous compositions that have been manufactured in
an attempt to modify the coefficient of thermal expansion of the resultant composition. In
these compositions, structures contain networks of fiber reinforcing materials that serve
to constrain movement as a function of increasing temperature. The difficulty in most of
the previous materials is that the processes used are a two-dimensional process that
greatly limits the potential geometry of the finished article.

[0007] In other cases, molded polymers having constrained coefficient of thermal
expansion properties have been produced using fibrous reinforcement. This method
however is mostly impractical because molding operations require a flow pattern that
results in orienting the fibers along the flow patterns within the mold thereby creating a
large coefficient of thermal expansion wherein the finished part has a great differential in
coefficient of thermal expansion properties within itself. Specifically, the coefficient of
thermal expansion properties is reduced along the flow directions wherein the reinforcing
fibers are aligned, but the coefficient of thermal expansion remains relatively large across

the flow directions within the part.
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[0008] Residential and commercial Window and door colors are getting darker by
user preferences. Consequently, the heat buildup on some of the components on the
exterior of the window and doors are getting upwards of 230 degrees Fahrenheit.
Traditionally, chlorinated polyvinyl chloride may be a useful choice for some darker colors
to maintain thermal stability because of the higher heat distortion temperature but as the
window and door colors get to black and dark bronze, and designs are becoming more
flat, chlorinated polyvinyl chloride may still not be preferable as it does not withstand the
higher heats, for long periods of time.

[0009] As another example, refrigerated tractor trailers have support beams
running through the length of the trailer that are currently made from foam polyvinyl
chloride (PVC). The foam PVC may help to minimize cost. However, the part also needs
a certain specific gravity (0.09 to 1.1) to withstand loads typically placed in a trailer.

SUMMARY OF THE INVENTION

[0010] An exemplary embodiment may address some or all of the shortcomings of
the known art. An exemplary embodiment of the invention is a new combination of
materials that may be formed through an extrusion process. The resulting product has at
least two layers. By coextruding multiple layers of at least two types of materials together,
the final product may have improved mechanical, thermal, electrical, and other properties
as compared to the original materials used. Additionally, by using an additive, filler, or
doping material in at least one layer (e.g., multiple or all layers) of the final product during
the extrusion process, the mechanical, thermal, electrical, or other properties of the final
product may be further improved. However, in some other exemplary embodiments, at

least one layer may not comprise an additive, filler, or doping material.
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[0011] In at least one exemplary embodiment, at least one layer may comprise
polyvinyl chloride, high-density polyethylene, or other similar or suitable material. The
second layer may comprise a polycarbonate, acrylic, acrylonitrile styrene acrylate,
acrylonitrile butadiene acrylate, chlorinated polyvinyl chloride, or other similar or suitable
material. For example, the second layer may have at least one additional filler, additive,
or doping material mixed in with the polymeric material. Some types of filler material
include, but are not limited to, glass, talc, fiborous material, chemicals, metals, other
mineral fillers, and other organic or inorganic materials. Other materials or material layers
may be used if desired and compatible with at least one of the aforementioned layers.
[0012] The filler, additive or doping materials may be of any material that is
compatible with the material of the layer in which the filler is placed. Additionally, users
may choose which filler, additive or doping materials to use based on the properties that
will be enhanced or added to the final material. One or more filler material may be used.
[0013] In particular, it is desired that the fillers and materials selected be useful in
improving the thermal stability of the final product. Thermal stability is a substance's
resistance to permanent property changes caused solely by heat. Decomposition
temperature is a commonly used metric to assess thermal stability.

[0014] Additionally, the final material may have improved heat deflection, improved
thermal movement, improved surface finish, or improved impact resistance. The final
material may be able to provide better structural stability, be produced at a lower cost and

provide improved physical, electrical or other characteristics as needed.
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[0015] In addition to the novel features and advantages mentioned above, other
benefits will be readily apparent from the following descriptions of the drawings and
exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 is a side elevation view of one example of a final part that may be
achieved by a coextrusion process.

[0017] Figure 2 is a side elevation view of a second example of a final part that
may be achieved by a coextrusion process.

[0018] Figure 3 is a side elevation view of a third example of a final part that may
be achieved by a coextrusion process.

[0019] Figure 4 is a side elevation view of a fourth example of a final part that may
be achieved by a coextrusion process.

[0020] Figure 5 is a side elevation view of a fifth example of a final part that may
be achieved by a coextrusion process.

[0021] Figure 6 is a side elevation view of a sixth example of a final part that may
be achieved by a coextrusion process.

[0022] Figure 7 is a side elevation view of a seventh example of a final part that
may be achieved by a coextrusion process.

[0023] Figure 8 is a side elevation view of an eighth example of a final part that
may be achieved by a coextrusion process.

[0024] Figure 9 is a side elevation view of a ninth example of a final part that may

be achieved by a coextrusion process.
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[0025] Figure 10 is a side elevation view of a tenth example of a final part that may
be achieved by a coextrusion process.

[0026] Figure 11 is a side elevation view of an eleventh example of a final part that
may be achieved by a coextrusion process.

[0027] Figure 12 is a side elevation view of a twelfth example of a final part that
may be achieved by a coextrusion process.

[0028] Figure 13 is a side elevation view of a thirteenth example of a final part that
may be achieved by a coextrusion process.

[0029] Figure 14 is a side elevation view of a fourteenth example of a final part that
may be achieved by a coextrusion process.

[0030] Figure 15 is a side elevation view of a fifteenth example of a final part that
may be achieved by a coextrusion process.

[0031] Figure 16 is a side elevation view of a sixteenth example of a final part that
may be achieved by a coextrusion process.

[0032] Figure 17 is a side elevation view of a seventeenth example of a final part
that may be achieved by a coextrusion process.

[0033] Figure 18 is a side elevation view of an eighteenth example of a final part
that may be achieved by a coextrusion process.

[0034] Figure 19 is an exemplary chart of coefficient of linear thermal expansion
and shrinkage for various embodiments of multilayer structures comprising a PVC layer
and a glass-filled polycarbonate layer.

[0035] Figure 20 is an exemplary chart of shrinkage of polyvinyl chloride and

chlorinated polyvinyl chloride.
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[0036] Figure 21 is an exemplary chart of shrinkage of examples of multilayer
extrusions comprising a polyvinyl chloride layer and polycarbonate layer.

[0037] Figure 22 is an exemplary chart of shrinkage of examples of multilayer
extrusions comprising a polyvinyl chloride layer and a polycarbonate—acrylonitrile
butadiene styrene alloy composite.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0038] This disclosure describes exemplary embodiments of a composite part that
may be made from a co-extrusion process, wherein the final part may have improved
thermal stability. Additionally, depending on the materials and fillers used, the part may
have improved mechanical, chemical, electrical or other properties. A combination of
materials may be used to achieve the desired properties. For example, a combination of
materials may be chosen to reduce cost, while increasing thermal stability and other
properties and also giving the final part a high-quality appearance.

[0039] The final part may comprise at least two layers of different materials. At
least one layer may be a polymeric material, wherein a filler, additive or doping material
may be included in the polymeric material. The part may typically be made by a known
coextrusion process. However, other suitable manufacturing processes may be
employed.

[0040] Various combinations of materials may be chosen depending on the
conditions the final part is required to withstand and the mechanical, thermal, chemical or
other properties the final part is required to have.

[0041] In an exemplary embodiment, the first layer may be a polymer, co-polymer,

or other material having the desired characteristics. The first layer may be any material
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that is chemically compatible with or otherwise connectable to (e.g. a tie layer may be
used) the polymeric material of a second layer. In an exemplary embodiment, the material
in the first layer may be comprised of polyvinyl chloride (PVC), high-density polyethylene
(HDPE), or other similar or suitable material. In another exemplary embodiment of a part
having an overall thickness of 0.040 to 0.060 inches, the first layer may be 0.001 inches
to 0.050 inches thick. More preferably, in such an embodiment, the first layer may be
0.005 inches to 0.030 inches thick and still more preferably the first layer may be 0.015
inches to 0.025 inches thick. In yet another exemplary embodiment having an overall
thickness of 0.5 inches, the first layer may be 0.002 inches to 0.200 inches. Other
exemplary embodiments may have other overall thicknesses, as well as first layers having
other overall thicknesses, such as may be needed or beneficial for particular parts or
uses.

[0042] The second layer may be a polymer, co-polymer, or other material that is
chemically compatible with or otherwise connectable to the first layer. Additionally, the
material of the second layer may include a filler, additive or doping material to create a
composite material. In an exemplary embodiment, the main component of the second
layer may typically be polycarbonate (PC), acrylic, acrylonitrile styrene acrylate (ASA),
acrylonitrile butadiene acrylate (ABA), chlorinated polyvinyl chloride (CPVC), or other
similar or suitable material.

[0043] While some examples of materials are mentioned above for the different
layers, many other types of the materials may be implemented in various other
embodiments.  For example, standard plastics, engineering plastics, advanced

engineering materials, and imidized materials may be used for any layer, which may be
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amorphous or crystalline materials, wherein the materials of adjacent layers may or may
not be compatible. For instance, in the event of incompatible layers, a tie layer may be
used to bond the adjacent layers together. In the progression from standard plastics,
engineering plastics, advanced engineering materials, to imidized materials, the
characteristics of the materials may generally transition from being: 1) general purpose,
lower stress tolerance, good bonding, and good formability; 2) engineering or structural
grade and good wear resistance; to 3) higher temperature resistance, higher steam
resistance, higher wear resistance, and higher chemical resistance. Examples of
standard plastics include, but are not limited to, polystyrene (PS), acrylonitrile butadiene
styrene (ABS), PVC, polypropylene (PP), HDPE, and low-density polyethylene (LDPE).
Examples of engineering plastics include, but are not limited to, polyphenylene oxide
(PPO), acrylic, PC, acetal, polyoxymethylene (POM), polyethylene terephthalate (PTEP),
ultra-high molecular weight polyethylene (UHMW PE), nylon, and polyamide (PA).
Example of advance engineering materials include, but are not limited to, polysulfone
(PSU), polyphenylsulfone (PPSU), polyetherimide (PEI), polyphenylene sulfide (PPS),
polyetheretherketone (PEEK), and Polytetrafluoroethylene (PTFE). Lastly, examples of
imidized materials include, but are not limited to, polyimide (Pl), polybenzimidazole (PBI),
and polyamide-imide (PAIl). The particular materials used for each layer of a multilayer
structure may be selected to achieve the desired physical characteristics. However, other
factors may also factor into a selection of materials, such as material availability, material
costs, manufacturability, etc.

[0044] As stated above, the first or second layer (or additional layers in other

embodiments) may contain a filler, additive, or doping material that is designed to improve
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the thermal, electrical, chemical or other properties of the final part. A user may select
the appropriate filler, additive or doping material and the concentration of that material
based on the desired properties of the final part. The amount, and type, of filler added will
depend on the physical or other properties that may be given to the final part. In an
exemplary embodiment, the filler may be added in an amount from 10 wt. % to 45 wt. %
of the weight of the second layer, and more preferably the amount of filler added may be
in the amount of between 30 wt.% and 40 wt. % of the weight of the second layer. In yet
another exemplary embodiment, the filler may be added in an amount from 0 wt. % to 70
wt. % of the weight of the second layer, and more preferably the amount of filler added
may be in the amount of between 0.5 wt. % to 70 wt. % of the weight of the second layer.
Other exemplary embodiments may have other filler content, such as may be needed or
beneficial for particular parts or uses.

[0045] For example, a user may decide that the final part may need to have
increased thermal stability. In this case, in addition to the thermal stability of the
aforementioned polymer, a glass or fiber filler may be added to the first or second layer
to further increase the thermal stability of the final part. The filler may be added to the
polymeric material during the compounding or extrusion process and may be generally
mixed into the polymer in a homogenous or non-homogenous manner. Talc, chemicals,
metals, other mineral fillers, or other organic or inorganic fillers may also be used to
increase the thermal stability (or other physical properties) either alone or in conjunction
with glass or fibrous filler.

[0046] In another embodiment, the second layer may be 0.001 inches to 0.030

inches thick. More preferably, the second layer may be 0.008 inches to 0.025 inches
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thick, and still more preferably the second layer may be 0.012 inches to 0.018 inches
thick. However, the thicknesses of the first and second layers may vary such as to
account for the overall thickness of the product, the particular type of part or its uses, the
particular materials, or other considerations. For example, in another embodiment having
an overall thickness of 0.500 inches, the first layer may have a thickness of 0.100 to 0.480
inches, and the second layer may have a thickness of 0.020 to 0.400 inches. Additionally,
the second layer may be more preferably comprised of an acrylonitrile butadiene acrylate
and chlorinated polyvinyl chloride copolymer with a fibrous glass filler.

[0047] In addition to thermal stability, other fillers may be used either alone or in
conjunction with other fillers to achieve other improvements in one or more properties.
For example, if the final product needs improved electrical conductivity, aluminum
powder, carbon fiber, or graphite may be used. |If the final product needs improved
structural strength, boron, carbon, carbon fiber, Kevlar™ or other fibrous materials may
be used.  For improved resistance to combustion the addition of chlorine, bromine,
phosphorous, or metallic salts may be useful. Other additives and properties may be
changed by the addition of other materials not mentioned herein, but generally known in
the art.

[0048] Percentages of blends and combinations therein may vary from part to part
as design requires (e.g., the amount of thermal stability or other material property that is
needed per the end application).

[0049] In one example, polyvinyl chloride may be used as the first layer.
Acrylonitrile styrene acrylate, an acrylonitrile butadiene acrylate (e.g. ABS), or

polycarbonate copolymer blend may be used as a second layer. The second layer may

11



10

15

20

WO 2020/198551 PCT/US2020/025107

contain glass or other filler in a homogenous mixture with the aforementioned polymer.
In addition, a third layer comprising polyvinyl chloride may be added to the other side of
the second layer. In one exemplary embodiment of a product that has an overall thickness
of 0.060 inches, the first layer may be 0.001 inches to 0.050 inches thick. More preferably,
in this example, the first layer may be 0.005 inches to 0.030 inches thick and still more
preferably the first layer may be 0.015 inches to 0.025 inches thick. Other exemplary
embodiments may have fewer or more layers, be comprised of different materials, or have
different thicknesses, such as to account for a particular type of part or its uses, the
particular materials, or other considerations.

[0050] In the above example, the polyvinyl chloride may act to smooth out a
surface and form a thin decorative cap. Other exemplary embodiments may utilize other
materials or layers to achieve a desirable surface (e.g., an aesthetically pleasing or
durable surface).

[0051] For instance, in another exemplary embodiment, the final part may contain
a fourth layer. In an exemplary embodiment of a product that has an overall thickness of
0.060 inches, this fourth layer may be an ultra-violet (UV) light protection layer. The UV
protective layer may be 0.001 inches to 0.010 inches thick. More preferably, the UV
protective layer may be 0.003 inches to 0.008 inches thick and still more preferably the
UV protective layer may be 0.004 inches to 0.006 inches thick. Again, other exemplary
embodiments may have fewer or more layers, be comprised of different materials, or have
different thicknesses, such as to account for a particular type of part or its uses, the

particular materials, or other considerations.
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[0052] Turning now to the Figure 1, which shows a side view of at least one part
that may be formed by a coextrusion process. The part 5a comprises a first layer 10a, a
second layer 20a, and a third layer 30a. In this example, the first layer 10a and third layer
30a may be polyvinyl chloride or high-density polyethylene. More specifically, the first and
third layers may be approximately 0.020 inches thick and may comprise an interior grade
rigid polyvinyl chloride. However, in this example, third layer 30a may also have portions
32a, 34a, and 36a that have increased thickness (e.g., at respective corners of part 5a
that may be subject to more demands or forces when installed). The second layer 20a
may be a polymer or copolymer blend with a filler material to enhance the chemical,
electrical, mechanical or other physical properties of the final part. The second layer 20a
may also be a composite that is coextruded with the first 10a and third 30a layers. An
exemplary embodiment of the part may also have an optional fourth layer 40a that is an
ultra-violet coating designed to protect the part from degradation due to exposure to light.
In this example, the fourth layer 40a extends only partially around the part 5a, primarily
around what may be referred to as the outer or visible portion 7a of part 5a when installed.
More particularly, in this example, the fourth layer 40a terminates at an end portion 42a
at or adjacent one corner of part 5a and at an end portion 44a at or adjacent another
corner of part 5a. Additionally, in this example, end portion 42a interrupts and reduces
the thickness of portion 38a of third layer 30a, whereas end portion 44a gradually
decreases in thickness as it terminates. Furthermore, in this embodiment, the part may
have attached additional elements or projections 50 and 60 that are used to allow the part
to be connected to or interact with other parts. In this exemplary embodiment, the

attached additional elements or projections 50 and 60 may be a soft polyvinyl chloride
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layer that serves as a seal or a friction fit into components that the part is being connected
to. Other exemplary embodiments may utilize another soft or flexible material (e.g., an
elastomer) for achieving a seal or a friction fit.

[0053] Figure 2 shows a side view of an example of a second part 5b. This
embodiment may be similar to the first embodiment. The part 5b comprises a first layer
10b, a second layer 20b, and a third layer 30b. In this example, the first layer 10b may
be polyvinyl chloride or high-density polyurethane. The second layer 20b may be a
polymer or copolymer blend with a filler material to enhance the chemical, electrical,
mechanical or other physical properties of the final part. The second layer 20b may also
be extruded with the first 10b and third 30b layers. An exemplary embodiment of the part
may also have an optional fourth layer 40b that is an ultra-violet coating designed to
protect the part from degradation due to exposure to light. In this example, the fourth
layer 40b extends only partially around the part 5b, primarily around what may be referred
to as the outer or visible portion 7b of part 5b when installed. More particularly, in this
example, the fourth layer 40b terminates at an end portion 42b at or adjacent one corner
of part 5b and at an end portion 44b at or adjacent another corner of part 5b. Additionally,
in this example, end portion 42b interrupts and reduces the thickness of portion 38b of
third layer 30b, whereas end portion 44b decreases in thickness as it terminates.
Furthermore, in this embodiment, the part may have attached additional elements or
projections 70, 80, and 90 that are used to allow the part to be connected to or interact
with other parts. In this exemplary embodiment, the attached additional elements or
projections 70, 80, and 90 may be a soft polyvinyl chloride layer that serves as a seal or

a friction fit into components to which the part is being connected or with which it is
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interacting. Again, other exemplary embodiments may utilize another soft or flexible
material (e.g., an elastomer) for achieving a seal or a friction fit.

[0054] Figure 3 shows a side view of a third part 5¢ that may be formed by the
coextrusion process. In this example, the part 5¢ comprises an outer layer 10c, and an
inner layer 20c. The inner layer 20c may be a polymer or copolymer blend with a filler
material to enhance the chemical, electrical, mechanical or other physical properties of
the final part. The inner layer 20c may be coextruded with the outer layer 10c. In this
embodiment, the part 5¢ may have an additional element or projection 95 that is used to
allow the part to be connected to other parts. In this embodiment, the attached additional
element or projection 95 may be a soft polyvinyl chloride layer that serves as a seal or a
friction fit into components that the part is being connected to. As before, other exemplary
embodiments may utilize another soft or flexible material (e.g., an elastomer) for
achieving a seal or a friction fit.

[0055] Figure 4 shows a side view of an example of another part 5d that may be
formed by a coextrusion process. In this example, the part 5d comprises a first layer 105,
a second layer 110, and a third layer 115. In this example, the second layer 110 forms
an inner surface 112 of part 5d. The first layer 105 terminates and gradually decreases
in thickness at an end portion 107 at or adjacent one end of part 5d and at an end portion
109 at or adjacent an opposite end of part 5d. Additionally, in this example, the third layer
115 primarily forms an outer surface 116 of part 5d, which terminates and decreases in
thickness at an end portion 117 at or adjacent one corner of part 5d and at an end portion
119 at or adjacent another corner of part 5d. The first layer may be comprised of either

polyvinyl chloride or high-density polyethylene. The second layer 110 may be a polymer
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or copolymer blend with a filler material to enhance the chemical, electrical, mechanical
or other physical properties of the final part. The third layer 115 may be a UV coating
designed to protect the part from degradation due to exposure to light. Other exemplary
embodiments may implement other suitable materials to protect against degradation due
to light or weather.

[0056] Figures 5—-11 show various examples of parts that may be comprised of a
foamed polymer exterior and at least one glass filled polymer core. While these or other
exemplary embodiments may refer to examples of the use of glass filler, some examples
of a core or other layer may not comprise any fillers or may comprise different or additional
fillers. Figure 5 shows an example of a part 150a in which a continuous glass filled
polymer core 160a extends substantially through an entire length of a foamed polymer
exterior 170a. More particularly, the continuous glass filled polymer core 160a extends
substantially through an entire length of part 150a in this example. In addition, this
embodiment of glass filled polymer core 160a may have opposing end portions 162a and
164a that are each thicker than and extend substantially orthogonally from a main portion
166a. Figure 6 shows a part 150b that may be similar to part 150a except for the absence
of end portion 164a.

[0057] On the other hand, Figure 7 shows an example of a part 150c that may be
similar to part 150a except that that a main portion of the core layer is discontinuous. The
localized segments may be useful for reinforcing or stabilizing particular areas of part
150c. In particular, part 150c is comprised of an L- shaped, glass filled polymer core

segment 180c and an L-shaped, glass filled polymer core segment 182c, which are
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respectively situated about corners 190c and 192c of part 150c for enhanced stability and
reinforcement.

[0058] Figure 8 shows an example of a part 150d that may be similar to part 150c
except that a core bridge connects the L-shaped, glass filled polymer segments. In
particular, part 150d comprises a core bridge 184d that connects the L-shaped, glass
filled polymer segments. In this example, core bridge 184d is of reduced thickness (i.e.,
localized wall reduction) than the adjacent portions 186d and 188d of the core layer.
However, in other exemplary embodiments, a core bridge may have increased thickness
relative to the adjacent portions of a core layer in order to provide for increased stability
or reinforcement through that area of the product.

[0059] Figure 9 shows an example of a part 150e that may be similar to part 150a
except that a main portion of the core layer is discontinuous in multiple places. In this
example, part 150e has a core in which a main portion is divided into localized core
segments 190e, 192e, and 194e. For instance, the select placement of localized core
segments may be useful for a variety of reasons including, but not limited to, localized
stability or reinforcement, material availability or cost savings, the reception of mechanical
hardware, etc.

[0060] Figure 10 shows an example of a part 150f that may be similar to part 150e
except that the end portions of the core layer have been removed. Specifically, part 150f
has a core that is only comprised of localized segments 190f, 192f, and 194f. While such
segments are of substantially equivalent size and are substantially equivalently spaced
in Figure 10, other exemplary embodiments may have segments that are of different sizes

or have different amounts of separation from an adjacent segment. The size and
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placement of a segment may vary in different embodiments for a variety of reasons
including, but not limited to, localized stability or reinforcement, material availability or cost
savings, the reception of mechanical hardware, etc.

[0061] In Figure 11, part 150g may be similar to part 150c of Figure 7. In this
exemplary embodiment, the localized, L-shaped core segments 180g and 182g are of
reduced size relative to the corresponding segments of Figure 7. For example, the more
localized (i.e., smaller) core segments of Figure 11 may be sufficient for a particular part
or its uses.

[0062] Figures 12-18 show examples of another type of part, wherein any of the
aforementioned considerations may also apply. The exemplary parts of Figure 12-18
may be comprised of a polymer substrate, at least one glass filled polymer core, and a
polymer capping layer that extends at least partially around the exterior of the part.
[0063] Figure 12 shows an example of a part 200a in which a continuous glass
filled polymer core 210a extends substantially through an entire length of a polymer
substrate 220a. More particularly, the continuous glass filled polymer core 210a extends
substantially through an entire length of part 200a in this example. In addition, this
embodiment of glass filled polymer core 210a may have opposing end portions 212a and
214a that extend substantially orthogonally from a main portion 216a. Furthermore, in
this example, a polymer capping layer 230a extends partially around the part 200a,
primarily around what may be referred to as the outer or visible portion 202a of part 200a
when installed. More particularly, in this example, the polymer capping layer 230a
terminates at an end portion 232a at or adjacent one corner 204a of part 200a and at an

end portion 234a at or adjacent another corner 206a of part 200a. Additionally, in this
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example, the polymer capping layer 230a interrupts and reduces the thickness of polymer
substrate 220a as compared to the portion of polymer substrate 220a that is not covered
by polymer capping layer 230a. However, in other exemplary embodiments, a polymer
capping layer may not impact a thickness of an underlying polymer substrate.

[0064] Figure 13 shows a part 200b that may be similar to part 200a except for the
absence of end portion 214a.

[0065] On the other hand, Figure 14 shows an example of a part 200c that may be
similar to part 200a except that that a main portion of the core layer is discontinuous. The
localized segments may be useful for reinforcing or stabilizing particular areas of part
200c. In particular, part 200c is comprised of an L- shaped, glass filled polymer core
segment 240c and an L-shaped, glass filled polymer core segment 242c, which are
respectively situated about corners 250c¢ and 252c¢ of part 200c for enhanced stability and
reinforcement.

[0066] Figure 15 shows an example of a part 200d that may be similar to part 200c
except that a core bridge connects the L-shaped, glass filled polymer segments. In
particular, part 200d comprises a core bridge 244d that connects the L-shaped, glass
filled polymer segments. In this example, core bridge 244d is of reduced thickness (i.e.,
localized wall reduction) than the adjacent portions 246d and 247d of the core layer.
However, in other exemplary embodiments, a core bridge may have increased thickness
relative to the adjacent portions of a core layer in order to provide for increased stability
or reinforcement through that area of the product. Additionally, in this example, portion
246d has a notched corner 248d, and portion 247d has a notched corner 249d, wherein

a notched corner or other area of reduced thickness may be useful for various reasons
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including, but not limited to, increased flexibility in that area, reduced need for localized
stability or reinforcement in that area, material availability considerations, material cost
considerations, etc.

[0067] Figure 16 shows an example of a part 200e that may be similar to part 200a
except that a main portion of the core layer is discontinuous in multiple places. In this
example, part 200e has a core in which a main portion is divided into localized core
segments 250e, 252¢, and 254e. For instance, the select placement of localized core
segments may be useful for a variety of reasons including, but not limited to, localized
stability or reinforcement, material availability or cost savings, the reception of mechanical
hardware, etc.

[0068] Figure 17 shows an example of a part 200f that has a core that is only
comprised of localized segments 250f, 252f, and 254f. While such segments are of
similar size and are substantially equivalently spaced in Figure 17, other exemplary
embodiments may have segments that are of different sizes or have different amounts of
separation from an adjacent segment. The size and placement of a segment may vary
in different embodiments for a variety of reasons including, but not limited to, localized
stability or reinforcement, material availability or cost savings, the reception of mechanical
hardware, etc.

[0069] In Figure 18, part 200g may be similar to part 200c of Figure 14. In this
exemplary embodiment, the localized, L-shaped core segments 240g and 242g are of
reduced size relative to the corresponding segments of Figure 14. For example, the more
localized (i.e., smaller) core segments of Figure 18 may be sufficient for a particular part

orits uses. Regarding the aforementioned examples, other exemplary embodiments may
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utilize other suitable materials, layers, thicknesses, and termination points (if any) such
as may be needed or beneficial for a particular part or its uses, physical properties,
material availability, cost considerations, or other factors. Such as addressed above, it
should be noted that these material combinations may not always be homogeneously,
continuously, or consistently blended or provided throughout the part. For example, while
a homogenous blend may be used for the thermally stable layer, a layer may be distinct
from other layers that may serve as legs, connectors, or capstocks in the final part.
Furthermore, one or more thermally stable layers may be co-extruded within the final part
to create more thermally stable areas of a final part, or a completely thermally stable part
up to the temperatures the thermally stable part is designed to perform best under.
[0070] Figure 19 is a chart of coefficient of linear thermal expansion (CLTE) and
shrinkage for examples of multilayer core extrusions (MCE) comprised of various
materials. In particular, each example comprised an outer core of PVC and an inner core
of a glass filled polycarbonate (PC) composite. The chart provides examples of how
CLTE and shrinkage may be improved by changes in the thicknesses of the layers and/or
in the content of the inner core material. Although not addressed in this example, changes
in the outer core material would also impact CLTE and shrinkage.

[0071] The charts of Figures 20-22 address shrinkage of other examples of
structures. Figure 20 first compares shrinkage of only a PVC layer or a CPVC layer at
different temperatures. Figure 21 addresses shrinkage of multilayer core extrusions
comprising a PVC layer and a PC layer at different amounts of filler content in the PC
layer, different temperatures, and different layer thicknesses. For further comparison,

Figure 22 considers similar factors that affect shrinkage of multilayer core extrusions
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comprising a PVC layer and a PC-ABS alloy composite. Again, among other factors, filler
content, layer thicknesses, and temperature variations may be varied to individually or
collectively impact the physical characteristics (e.g., shrinkage or CLTE) of a component.
[0072] In one exemplary embodiment, the final product may be used as a glazing
for windows or doors. In this embodiment, the second layer may comprise an
approximately 0.015 inches thick glass filled ABS or polycarbonate composite.
Additionally, this embodiment may have a first layer that may be an approximately 0.040
inches thick layer of PVC. This combination has the potential to generate an improved
thermal stability, improved impact resistance, and improved appearance while
simultaneously decreasing the cost of the part. Achieving these results is not possible
with a pure PVC or CPVC part.

[0073] In another embodiment, support structures may be made stronger by
adding an internal layer that is made out of a glass filled material (e.g. a glass filled PVC
composite). By using a glass filled PVC composite, the final parts used in the support
structure may be produced with a specific gravity as low as 0.5, thereby reducing the
weight of the trailer, while still meeting structural requirements.

[0074] While the product presented herein has been described with reference to
various embodiments, those skilled in the art will understand that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope and essence of the disclosure. In addition, many modifications may be made
to adapt a particular situation or material to the teachings of the disclosure without

departing from the essential scope thereof. Therefore, it is intended that the product
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presented herein not be limited to the particular embodiments disclosed. Also, all citations

referred to herein are expressly incorporated herein by reference.
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CLAIMS

What is claimed is:

1. A multilayer structure comprising:
a first layer comprising either polyvinyl chloride or high-density polyethylene; and
a second layer formed on at least one side of the first layer, wherein the second
layer is a composite material comprising a polymeric material selected from at least one
of polycarbonate, acrylic, acrylonitrile styrene acrylate, acrylonitrile butadiene acrylate,
acrylonitrile butadiene styrene, polycarbonate-acrylonitrile butadiene styrene alloy, or
chlorinated polyvinyl chloride.
2. The multilayer structure of claim 1, wherein the composite material further
comprises a filler, additive, or doping material wherein the filler, additive, or doping
material is selected to improve the physical, chemical, or electrical properties of the
multilayer structure.
3. The multilayer structure of claim 2 wherein the selected filler is adapted to improve
the electrical conductivity of the multilayer structure.
4. The multilayer structure of claim 3 wherein the selected filler is either aluminum
powder, carbon fiber, or graphite.
5. The multilayer structure of claim 2 wherein the second layer is adapted to improve
the structural strength of the multilayer structure.
6. The multilayer structure of claim 5 wherein the second layer comprises filler that is
selected from the group consisting of Kevlar™, carbon, boron, carbon fiber, or

combinations thereof.
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7. The multilayer structure of claim 1, further comprising a third layer on a second
side of the second layer opposite the first layer, the third layer comprising either polyvinyl
chloride or high-density polyethylene.
8. The multilayer structure of claim 7 further comprising a fourth layer which is an
ultraviolet protection layer.
9. The multilayer structure of claim 1 further comprising a third layer which is an
ultraviolet protection layer.
10.  The multilayer structure of claim 1 wherein the second layer improves the thermal
stability of the multilayer structure.
11.  The multilayer structure of claim 10 wherein:

the second layer comprises filler that is selected from the group consisting of glass,
talc, fibrous material, chemicals, metals, other mineral fillers, other organic or inorganic
materials, or combinations thereof; and

the filler is adapted to improve the thermal stability of the multilayer structure.
12.  The multilayer structure of claim 10 wherein:

at least one of the first layer and the second layer further comprises a filler,
additive, or doping material; and

the filler, additive, or doping material is selected to improve the thermal stability of
the multilayer structure.
13.  The multilayer structure of claim 1 wherein the multilayer structure is configured to
conform to various external structures or equipment.
14.  The multilayer structure of claim 1 wherein the second layer is separated into

multiple localized segments.
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15.  The multilayer structure of claim 1 wherein the first layer comprises foamed
polyvinyl chloride.
16. A multilayer structure comprising a multilayer structure with a first layer and a
second layer wherein:
the first layer comprises either polyvinyl chloride or high-density polyethylene; and
the second layer may be formed on multiple sides of the first layer, wherein the
second layer may be a composite material comprising a polymeric material selected from
at least one of polycarbonate, acrylic, acrylonitrile styrene acrylate, acrylonitrile butadiene
acrylate, acrylonitrile butadiene styrene, polycarbonate-acrylonitrile butadiene styrene
alloy, or chlorinated polyvinyl chloride, and the composite material further comprises a
filler, additive or doping material wherein the filler, additive, or doping material is selected
to improve the physical, chemical, or electrical properties of the multilayer structure.
17.  The multilayer structure of claim 16 wherein the filler, additive, or doping material
is selected to improve the thermal stability of the multilayer structure.
18.  The multilayer structure of claim 16 wherein the first layer further comprises a filler,
additive, or doping material wherein the filler, additive, or doping material is selected to
improve the thermal stability of the multilayer structure.
19.  The multilayer structure of claim 16 wherein the second layer is separated into
multiple localized segments.
20. The multilayer structure of claim 16 wherein the first layer comprises foamed
polyvinyl chloride.
21. A multilayer structure comprising:

a first layer comprising polyvinyl chloride; and
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a second layer formed on at least one side of the first layer, wherein the second
layer is a composite material comprising a polymeric material selected from at least one
of polycarbonate, acrylonitrile butadiene styrene, or polycarbonate-acrylonitrile butadiene
styrene alloy.

22. The multilayer structure of claim 21 wherein the first layer comprises foamed

polyvinyl chloride.
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