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IN-LINE LAMINATION PROCESS FOR PRODUCING
DECORATIVE THERMOPLASTIC COMPOSITE PANELS
{601} PRIORITY APPLICATIONS
10021 This application claims priority to, and the benefit of, each of US. Application No.
63/112,914 filed on November 12, 2020, U.S. Application No. 63/143,073 filed on February 3,
2021 and U.8S. Application No. 63/188,358 filed on May 13, 2021, The entire disclosure of each

of these applications 15 hereby incorporated herein by reference.

{6063} TECHNOLOGICAL FIELD
[004] Certain configurations described herein are directed to an in-line lamination process that
can produce a decorative panel.  In some examples, the decorative panel can be used in

recreational vehicles or in bwilding applications.

[605] BACKGROUND
[006] Production of decorative panels can be time consuming and tedious. In many cases,

different components of the panels are produced tn different processes or at different sites.

{06677 SUMMARY

[008] Certain aspects, configurations, embodiments and examples are described of in-line
processes that can be used to produce decorative panels that can be used in recreational vehicles
or building applications.

[009] In an aspect, a process of producing a thermoplastic composite article using an in-line
system 18 described.  In certain configurations, the in-line process comprises combining
reinforcing materials and a thermoplastic material in an aqueous solution. The in-line process can
also 1uclude disposing the aqueous solution with the combined reinforcing materials and the
thermoplastic material onto a moving support. The in-line process can also include removing
water from the disposed aqueous solution on the moving support to form a web comprising open
cell structures formed from the reinforcing materials and the thermoplastic material. The in-line
process can also include drying the web on the moving support to provide a porous core layer.
The in-line process can also include heating the dried, porous core layer on the moving support to
melt the thermoplastic material of the heated, porous core layer. The tn-line process can also
include disposing a first skin layer on a first surface of the heated, porous core layer on the moving
support. The in-line process can also include disposing a second skin layer on a second surface

of the heated, porous core layer on the moving support. The in-line process cao also include
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applying pressure to the heated, porous core faver comprising the disposed first skin layer and the
disposed second skin layer on the moving support to provide a thermoplastic composite article.
00107 In certain ernbodiments, the porous core layer is heated at a first temperature above the
melting point of the thermoplastic material and below the melting point of the reinforcing
materials. In some embodiments, the in-line process can include adding a foam to the aqueous
solution with the combined reinforcing materials and the thermoplastic material.  In other
exaruples, the in-line process can include adding a lofting agent to the aqueous solution with the
combined reinforcing materials and the thermoplastic material. In additional examples, the in-
fine process can include configuring the first skin layer as a scrim. In some embodiments, the in-
line process can include configuring the second skin layer as a patterned layer.  In certain
exaraples, a pattern of the patterned laver includes one or more of a woodgrain pattern, a marble
pattern, a tile pattern, a random pattern, a pinwheel pattern, a herringbone pattern, a brick pattern,
an offset staggered brick pattern, an offset pattern, a grid pattern, a stacked vertical pattern, a
French pattern, a basket weave paitern, a diamond patiern, or a chevron pattern.  In other
embodiments, the thermoplastic material comprises a polyolefin and the reinforcing materials
comprise tnorganic fibers.

(00117 In some examples, a surface roughness {(Ra} of the thermoplastic composite article is less
than 3 microns in the machine direction and in the cross direction as measured by a stylus
profilometer according to IS0 4287:1997. In other examples, a surface roughness (Ra} of the
thermoplastic composite article is ess than 2 microns in the machine direction and in the cross
direction as measured by a stylus profilometer according to IS0 4287:1997.

(00127 In some embodiments, the first skin layer is disposed on the heated, porous core layer
without using auny adhesive between the first skin layer and the heated, porous core layer. In
certain embodiments, the in-line process comprises disposing an adhesive on the second surface
of the heated, porous core layer prior to disposing the second skin layer on the second surface.
in some embodiments, the adhesive comprises a polyolefin or a polyurethane. In certain
examples, the in-line process coruprises cutting a groove into a first end of the thermoplastic
composite panel. In other examples, the in-line process comprises cutting a tongue in a second
end of the thermoplastic composite panel.

[0G131 In some embodiments, the in-line process comprises consolidating the heated, porous core
tayer prior to disposing the first skin layer on the first surface and prior to disposing the second
skin {aver on the second surface.

[0014] In certain examples, the in-line process comprises heating the thermoplastic composite
article after consolidating the thermoplastic composite article to increase an overall thickness of

the thermoplastic composite article.
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(00157 In additional examples, the in-line process comprises printing a pattern onto the second
skin layer prior to disposing the second skin layer on the second surface of the heated, porous core
layer.

10016} In other embodiments, the in-line process comprises printing a pattern onto the second
skin layer after disposing the second skin layer on the second surface of the heated, porous core
fayer.

[0017] In other embodiments, the in-line process comprises compressing lateral edges of the
heated, porous core layer, wherein the compressed lateral edges of the heated, porous core layer
have a lower thickness than a thickness at a central area of the heated, porous core layer.

[001&] In another aspect, an in-line system configured o produce a thermoplastic composite
article 18 provided. In certain embodiments, the in-line system comprises a fluid reservoir
configured to receive an aqueous solution, a thermoplastic material and reinforcing materials,
wherein the fluid reservoir is configured to mix the thermoplastic material and the reinforcing
materials in the agueous solution to provide a homogeneous dispersion of the thermoplastic
material and the reinforcing materials in the aqueous solution. In other embodiments, the in-line
system comprises a moving support fluidically coupled to the fluid reservoir and configured to
receive the homogeneous dispersion from the fluid reservoir and retain the homogeneous
dispersion on the moving support. In some examples, the in-ling system comprises a pressure
device configured to remove water from the homogeneous dispersion on the moving support (o
provide a web comprising open cell structures formed from the reinforcing materials and the
thermoplastic material. In certain examples, the in-line system comprises a device configured to
dry and heat the web on the moving support to provide a porous core layer on the moving support.
If desited, a separate drying device and a heating device can also be used. In other examples, the
in-line system comprises a heating device configured to heat the porous core layer on the moving
support to melt the thermoplastic roaterial of the porous core layer. In additiovnal examples, the
in-line system comprises a first supply device configured to receive a first skin material, wherein
the first supply device 1s contigured to provide the first skin material as a first skin layer onto a
firat surface of the porous core layer on the moving support. In other embodiments, the in-line
systemn comprises a second supply device configured to receive a second skin material, wherein
the second supply device is configured to provide the second skin material as a second skin layer
onto a second surface of the porous core layer on the moving support. In additional configurations,
the in-line system comprises a consolidating device configured to consolidate the heated, porous
core layer with the disposed first skin layer and the disposed second skin layer by applying
pressure to the heated, porous core layer, the disposed first skin layer and the disposed second

skin layer to provide a substantially planar thermoplastic composite article.
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[0019] In certain embodiments, the first supply device is configured to receive a roll of the first
skin material. In other embodiments, the second supply device 1s configured to receive a roll of
the second skin material. In additional embodiments, the in-line system further comprises a device
configured to cut the thermoplastic composite article into individual sheets as the thermoplastic
composite article exits the moving support. Tu some examples, the m-line systern comprises a
second heating device positioned after the consolidating device, wherein the second heating
device 18 configured to heat the thermoplastic composite article to increase an overall thickness of
the thermoplastic composite after consolidation.  In other configurations, the in-line system
comprises a sprayer fluidically coupled to the fluid reservoir, wherein the sprayer is configured to
spray the homogeneous dispersion onto the moving support. In some embodiments, the in-line
systemn comprises an adhesive reservoir configured to dispose an adhesive on the second surface
of the heated, porous core layer prior to disposing the second skin layer on the second surface of
the heated, porous core layer.

00207 To certain configurations, the in-line systers comprises a printer configured to print a
pattern on the second skin layer after the second skin layer is disposed on the second surface of
the heated, porous core layer. In other embodiments, the in-line system comprises a printer
configured to print a pattern on the second skin material before the second skin layer is disposed
on the second surface of the heated, porous core layer. In some embodiments, the in-line system
comprises a processor configured 1o control movement of the moving support.

[0021] In another aspect, a recreational vehicle (RV) wall comprises a first laminated lightweight
reinforced thermoplastic composite article comprising a porous core layer, a first skin layeron a
first surface of the porous core layer and a patterned second skin layer on a second surface of the
porous core layer. In some examples, the RV wall comprises a foam layer coupled to the first
laminated lightweight reinforced thermoplastic composite article at a first surface of the foam
layer, wherein the foam layer 18 coupled to the first laminated lightweight reinforced
thermoplastic composite article through the first skin layer of the first laminated lightweight
reinforced thermoplastic composite article so the patterned second skin layer s present oun an
interior surface of the recreational vehicle wall. In other embodiments, the RV wall comprises a
support structure coupled to a second surface of the foam layer at g first surface of the support
structure.  In additional examples, the RV wall comprises a second laminated lightweight
reinforced thermoplastic compostite article coupled to a second surface of the support structure,
wherein the second laminated lightweight reinforced thermoplastic composite article comprises a
porous core layer, a first skin layer on a first surface of the porous core layer and a second skin
layer on a second surface of the porous core layer. In some embodiments, the RV wall comprises

an exterior panel coupled to the second laminated lightweight reinforced thermoplastic composite
4



WO 2022/104065 PCT/US2021/059150
article.  In some examples, the exterior panel comprises fiberglass or aluminum. In other
exarples, the support structure comprises tubing or a network.

[0022] In certain embodiments, the patterned second skin layer comprises one or more of a
woodgrain pattern, a marble pattern, a tile pattern, a random pattern, a pinwheel patiern, a
herringbone pattern, a brick pattern, an offset staggered brick pattern, an offset patiern, a grid
pattern, a stacked vertical pattern, a French pattern, a basket weave pattern, a diamond pattern, or
a chevron pattern.  In some embodiments, the first skin layer of the first laminated hghtweight
reinforced thermoplastic composite article comprises a scrim. In other embodiments, the porous
core layer in the first laminated lightweight reinforced thermoplastic composite article comprises
a web comprising open cell structures formed from reinforcing fibers held together by a
thermoplastic material.  In other configurations, the porous core layer in the second laminated
fightweight reinforced thermoplastic composite article comprises a web comprising open cell
structures formed from reinforcing fibers held together by a thermoplastic material. In certain
exampies, the thermoplastic material o each porous core layer independently comprises a
polyolefin. In some embodiments, the reinforcing materials in each porous core layer comprise
glass fibers. In other embodirents, the thermoplastic material in each porous core layer is
polypropylene.

{00237 To another aspect, a recreational vehicle corprising a roof, side walls coupled to the roof]
and a floor coupled to the sidewalls to provide an interior space within the recreational vehicle,
wherein at least one of the sidewalls comprises a recreational vehicle wall panel as described
herein. In some embodiments, the recreational vehicle comprises wheels to permit towing or
driving of the recreational vehicle.

00241 Additional aspects, configurations, embodiments and examples are described below.

{0025] BRIEYF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

10026} Certain specific tllustrations are described below to facilitate a better understanding of the
technology described herein with reference to the accompanying drawings in which:

f0027] FIG. 1 1s a simplified illustration showing a recreational vehicle side wall, in accordance
with some embodiments;

[0028Y FIG. 2 is a block diagram showing certain steps of an in-line process that can be used, in
accordance with some embodiments;

[0029] FIG. 3 is an itlustration showing certain components that can be used to add materials into
a mixing tank, in accordance with certain examples;

00307 FIG. 4A and FIG. 4B are dlustrations of a moving support, in accordance with some

embodiments;
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[0031] FIG. SA, FIG. SB and FIG. 5C are dlustrations showing a drving device, in accordance
with certain embodiments;

00321 FIG. 6A and FIG. 6B are illustrations showing application of a skin laver 1o a core layer,
in accordance with certain embodiments;

{00331 FIG. 7 s an illustration showing an adhesive layer reservoir that can be used to apply an
adhesive to a surface of a core layer, in accordance with some examples;

00347 FIG. BA and FIG. 8B are illustrations showing rollers that can be used 1o an in-line process,
in accordance with some examples;

[00351 FIG. 9 1s an illustration showing a cutting device that can be used to cut the moving
composite article into individual composite articles, in accordance with certain embodiments;
(0036} FIG. 10A, FIG. 10B, FIG. 10C, FIG. 10D, FIG. 10E, FIG. 10F, FIG. 10G, FIG. 10H, FIG.
101, FIG. 10], FIG. 10K, FIG. 10L, FIG. 10M, FIG. 10N and FIG 100 show different patterns
that can be present on a patterned skin layer, in accordance with some examples;

(00371 FIG. 1TA, FIG 11B, FIG 11C and FIG. 11D are tlustrations of systems that can be used
to perform the in-line process, in accordance with certain embodiments;

[0038] FIG. 12 15 another illustration of a system that can be used to perform the in-line process,
in accordance with certain embodiments;

00391 FIG. 13 s another tllustration of a system that can be used to perform the in-line process,
in accordance with certain embodiments;

(00407 FIG. 14 15 an dlustration of a recreational vehicle (RV) wall, in accordance with some
embodiments,

100417 FIG. 15 1s an illustration of a recreational vehicle that can include an RV wall as described
herein, in accordance with some examples;

[0042] FIG. 16A and FIG. 16B are photographs showing a woodgrain pattern (FIG. 16A) and a
marble pattern (FIG. 16B),

[00431 FIG. 17A and FIG. 178 are illustrations showing specimens used in a flatwise tensile test,
i1 accordance with certain embodiments;

[0044] FIG. 18A and FIG. 18B are tHustirations showing peak load (FIG. 18A) and flexural slope
(FIG. 18B) for certain test specimens; and

[00451 FIGS. 19A and 198 show sound absorption test results for tested samples and a reference

sample.

{0846] BETAILED DESCRIPTION
(004771 |t will be recognized by the person of ordinary skill in the art, given the benefit of this

description, that the different layers described herein are not necessarity shown to scale. No
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material ts intended to be required in any one layer unless specifically tndicated in the description
in connection with that particular contiguration. The thicknesses, arrangements and end-uses of
the decorative panels may vary.

100487 In certain embodiments, the processes described herein can be used to produce decorative
panels for use in buillding applications, vehicles such as recreational vehicles and for other uses.
Recreational vehicles (RVs), including motorhomes and towables, can incorporate light weight
glass fiber reinforced thermoplastic composite panels into sidewalls, ceiling, roofing, or flooring
parts to reduce the weight. Compared with traditionally used wood composites, i.e. plywood, the
polymeric composites provide abundant benefits, such as better durability, being tree of
formaldehyde, lighter weight for fuel efficiency, improved acoustic performance, water and mold
resistant, and flame retardancy, which benefits derive from the high degree of functional
integration of glass and the thermoplastic resin matrix. In some configurations, reinforcing fibers,
e.g., ¢lass fibers, can advantageously impart to the modulus of elasticity of the resin matrix,
resulting in property enforcement at a minimal weight increase. The performance of the resultant
composite can depend, at least in part, on the core’s formulation {fiber/resin ratio}, weight per unit
area {areal density), panel apphication thickness, and functional skin materials,

[00497 In certain embodiments, the decorative layer, sometimes referred to herein as décor, can
be used to cover/hide the underlying materials porous and rough texture and provide more natural
material appearances. For example, a decorative skin can be bonded to an underlying web or core
layer in an on-line process so it generally cannot be separated from the composite core. The
resulting composite article can exhibit strong tensile strength, which eliminates the issue of
decorative skin/ /core delamination at the interfaces between layers within the RV sidewall
coustruction. The decorative skin material can also 1mprove flexural stiffness of the board,
especially in the machine direction. The patterned panels can also pass ASTM E84 Class A flame
retardancy classifications,

[0050] In certain embodiments, light weight reinforced thermoplastic (LWRT) composites can be
used as RV sidewall and roofing applications. RV sidewall constructions normally include the
exterior wall material, a foam insulation {e.g., PET, EPS or a honeycomb foam), and the interior
wall layer, all of which are laminated or bonded together, and then instalied to a roof and a floor
to provide strength to the overall unit.  For example and referring to FIG. 1, a simplified
tlhustration shows an RV 100 and a RV sidewall 110, The exploded view of the sidewall 110
includes a fiberglass exterior 112, a LWRT layer 114, a chassis 116, ¢.g., a metal cage or tubular
structure, a foam 118 and another LWRT 120 which is typically on an interior surface of the RV.
The LWRT 120 can include a decorative patiern on an tnner surface of the RV wterior that is

visible to a person inside the RV. As noted below, the LWRT 120 can include a porous web in

~
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combination with a decorative skin and optionally additional skin layers. In conventional
production methods, decorative paper or vinyl films are applied onto a substrate (typically
plywood) off-line. However, in the past few years, concern about formaldehyde emissions, poor
durability of plywood, and the high cost of the off-line lamination process by using polyurethane
{PUR) glue to bond the decorative materials onto plywood have stiroulated the interest in
developing a product by in-line laminating the decorative material onto a durable composite panel.
In-line laminated decorative cornposite panels can provide similar or better ligh-quality surfaces,
gloss, and color, depending on the design/patterns, as compared to off-line laminated
plywood/décor panels.

(0051} In certain embodiments, an in-ling process to produce a decorative panel can include
numerous steps which are typically controlled in an automated manner using a processor or
computer as described 1n more detail below. Certain steps of the process, and the various materials
used/produced by each step, are shown by way of the block diagram in FIG. 2. A LWRT layeris
prepared by combining a thermoplastic material (TP, e.g., a thermoplastic resin and reinforcing
materials (RM) to form a dispersion or mixture 20Z. This mixture can then be deposited onto a
suttable moving support to provide a web 204 formed by the reinforcing matenals and the
thermoplastic resin. The resulting web can include open cell structures of reinforcing fibers held
in place by the thermoplastic waterial. The resulting web can be heated and dried to soften or
melt the thermoplastic resin and form a porous core layer 206, Une or more skin layers can then
be applied to a surtace of the formed and heated porous core layer. For example, a decorative
fayer can be applied to form a LWRT composite article 208, The resulting LWRT composite can
be consolidated into a flat sheet 210, which can be used in forming the RV panel or other
composite panels. For example, the flat sheet 210 on the moving support can be cut to provide an
ndividual LWRT composite article 212, Various tllustrations of process conditions, steps and
materials are described in more detail below.

[00521 As shown i FIG. 3, a thermoplastic material can be present in a reservoir 302 and
reinforcing fibers (or other reinforcing materials) can be present o a secound reservoir 304, Each
of the thermoplastic matenial and the reinforcing fibers can be metered, sprayed, or otherwise
introduced mto an aqueous solution in g nuxing tank 306 comprising water, a liquid or an aqueous
solution. If desired, a foam or other additives {as discussed below} may be present in the mixing
tank 306. The thermoplastic material and reinforcing fibers can be mixed for a suitable time and
at a suitable temperature to provide a substantially homogenous agueous dispersion of the fibers
and the thermoplastic material. For example, the materials may be mixed at room temperature,
e.g., about 25 deg. Celsius, or above room temperature or below room temperature by heating or

cooling the mixing tank. In some embodiments, the materials can be added continuously into the
8§
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mixing tank 300 to permit continuous deposition of the dispersion onto a moving support as noted
below. While the exact mixing time may vary depending on the materials used, illustrative mixing
times include 10 seconds to about 10 minutes, more particularly about 30 seconds to about 3
minutes. As noted above, however, in instances where the materials are continuously added to
the mixing tank 306, mixing s performed constantly. The mpang tank 306 can include a paddle
mixer, an impeller or other devices to facilitate mixing.

F0053] In certain erobodiments and referring to FIG. 4A, the dispersion in the mixing tank 306
can be sprayed, dripped or otherwise deposited onto a moving support 410, While the moving
support 410 1s shown as a single segment in certain figures depicted herein, the moving support
410 could be broken up into two or more individual segments as desired. The mixing tank 306
can be thudically coupled to a plurality of spray heads 402 that can spray the dispersion onto a
surface of the moving support 410, As shown in FIG. 4B, the moving support 410 can be porous
or include a mesh that can receive the dispersion. The exact deposition rate used may vary
depending oo the amount of material to be deposited per square meter. The moving support 410
may move at a continuous and constant speed to permit continuous spraying of the dispersion
along a top surface of the moving support 410, The area of the moving support 410 under the
sprav heads may be heated, cooled or present at room temperature during deposition of the
dispersion.  As noted below, different areas of the roving support 410 may have different
temperatures. The exact dimensions of the moving support 410 can vary and typically the moving
support 1s about 4 feet wide and can include a mesh or pore size of about 60 openings/square inch
to about 80 openings/square inch of moving support 410, The moving support 410 permits receipt
of the dispersion and movement of the received dispersion to additional sites or stations of the in-
fine system. At the end of the moving support 410, the formed LWRT articles can be cut and
stacked. The moving support 410 permits continuous formation of LWRT articles. In certain
embodiments, the moving support 410 can be split into two or more separate sections or segments.
For example, a wet mat can be formed on a former belt and then transferred, e g, manually or
automatically, onto a separate dryer belt where 1t can pass through an oven or other drying device,
[0054] In certain embodiments and referring to FIG. SA, the moving support 410 with the
dispersion of the thermoplastic material and reinforcing fibers can migrate to a drying device 510
The drying device 510 can provide heat and/or a negative pressure {vacuum) to remove the water
from the web 502 on the moving support and leave behind the reinforcing fibers and the
thermoplastic material on the moving support 510, This process can form a core layer 512 (see
FiG. 5B} with a high porosity that includes open cell structures formed from the reinforcing fibers
that are held 10 place by the thermoplastic material. I desived, other materials may also be present

in the core layer or sprayed onto the core layer 512, For example, an adhesive from a reservoir
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can be sprayed on a surface of the formed core layer 512, The exact temperature used to heat the
web 502 and/or core layer 512 may vary and desirably the temperature is above a melting point
of the therrvoplastic waterial and below a melting point of the reinforcing fibers.  In some
examples, the moving support itself 410 can be heated, whereas in other examples the drying
device 510 can include a heating elemwent or be configured as aun oven or other heating devices. If
desired, the drying device 510 and the moving support 410 can both provide heat to the web 502
on the moviong support 410, In some instances, the moving support 410 can 1uclude a thermally
conductive material that can retain the heat from the drying device 510 to assist in maintaining
the core layer S12 in a softened form during application of skin layers or other materials. In some
examples, the a pressure device 520 separate from the drying device 510 may be present {see FIG.
5C). For example, a vacuum may be applied to the web 502 to remove water from the web and
feave behind the reinforcing materials and the thermoplastic material. The pressure device 520 is
typically upstrean: of the drying device 510 and is designed to remove at least 40% by volume of
the water from the web 502, more particularly about 60% by volume of the water from the web
502. If desired, another pressure device {not shown} can be downstream of the pressure device
520.

[0055Y In certain embodiments, as the core layer 512 exits the drying device 510, one or more
skin layers can be applied to a surface of the core layer in an automated maunner. Referring to
FI(. 6A, an illustration ts shown where a skin layer 610 is applied to a core layer 512 as the core
layer 512 exits the moving support 410, For example, the skin layer 610 may be present as a roli
of skin layer material 605 that 1s unrolied and applied 1o a continuous manner to one surface of
the core layer S12. As shown in FIG. 6B, a second skin layer 620 can be applied to a second
surface of the core layer 512 from a second roll 615 including the second skin material. The skin
layers 610, 620 can be applied at room temperature even though the core layer 512 still may be
heated otherwise be present on the moving support 410 above room temperature. Alteratively,
the rolls 605, 615 or skin layers 610, 620, or both, can be heated prior to being applied to the
surfaces of the core layer S12. The skin layers 610, 620 can generally be applied 10 a continuous
manner to form a thermoplastic composite article that includes the core layer 512, a first skin faver
610 and optionally a second skin layer 620. While not shown, additional skin layers can be applied
on top of the skin layer 610, 620 using a similar process.

100561 In some embodiments, it may be desirable to apply an adhesive layer on the core layer 512
prior to applying the skin layer 610 to the core layer 512, In such instances, an adhestve reservoir
720 (See FI(G. 7) can be present and used to spray adhesive on a surface of the core layer 512 prior
to application of the skin layer 010, 50 aun adhesive layer 722 1s present on the surface of the core

fayer 512, The exact adhesive used may vary from thermoplastic adhesives, thermosetting
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adhesives or combinations thereof.  While not shown, an adhestve can also be applied 10 an
opposite surface of the core layer 512 prior to application of the skin layer 620 to the core layer
512, Hlustrative adhesives include polyolefin adhesives, polyurethave adhesives and
combinations thereof
[0057] In certain embodiments, the resulting thermoplastic composite article can be consolidated
by applying pressure to the surfaces of the composite article. For example and referring to FIG.
&A, the composite article may pass between rollers 810, 812 {o compress the composite article
and enhance bonding of the skin layer(s) 610, 620 to the core layer 512. The exact distance or
gap between the rollers 810, 8§12 may vary depending on the desired pressure to be applied and
depending on a desired final thickness for the composite article. In general, an overall thickness
of the composite article decreases after passing through the rollers 810, 812, The rollers 810, 812
can be operated at room temperature, above room temperature or below room temperature. If
desired, more than a single set of rollers 810, 812 can be present. For example and referring to
FIG. BB, a second set of rollers 820, 822 are shown. The gap between the different sets of rollers
may be different. For example, a first set of rollers 810, 812 may include a first gap that 1s less
than a gap between the rollers 820, 822, The gap between the various rollers may be fixed or moay
vary. For example, it may be desirable to compress certain areas of the composite article to a
greater degree so the thickness at these compressed areas is lower. In some instances, edges of
the composite article can be compressed more so a thickness at the side edges of the composite
article is lower. Three, four or more sets of rollers may be present if desired. The rollers can be
positioned within an oven or heating device, if desired, to maintain the core layer in a softened
form during consolidation of the composite article.

00581 In certain embodiments, once the composite article is consolidated, the continuous sheet
of consolidated composite article can be cut or guillotined into individual sheets using a cutting
device 910 (see FIG. 9). The resulting individual composite articles can be stacked or palletized,
e.g., on pallet 915, for shipping as shown in the stack 920. The dimensions of the composite
article in FIG. 9 have beeo intentionally enlarged to show the stacking, stoce the composite articles
tend 1o be stacked as individual thin sheets with a thickness, for example, from 1 mm to about 30
mm. The exact size of the individual composite articles may vary from about 2 feet wide to about
& feet wide and about 4 feet long to about 10 feet long. In some embodiments, the individual
composite article may be about 4 feet wide and about 8 feet long so it has similar dimensions to
plywood panels commonly used in recreational vehicles.

[0059] In certain configurations, the core layer that is produced using the in-line process can
inciude reinforcing fibers in combination with a thermoplastic resin. For exanple, the core layer

can be formed from a random arrangement of reinforcing fibers that are held in place by the
H



WO 2022/104065 PCT/US2021/059150
thermoplastic resin material. The core laver typically comprises a substantial amount of open cell
structure such that void space is present in the lavers. In some instances, the porous core layer
may comprise a void content or porosity of 0-30%, 10-40%, 20-50%, 30-60%, 4G-70%, 50-80%,
60-90%, 0-40%, 0-50%, 0-60%, 0-70%, 0-80%, 0-90%, 10-50%, 10-60%, 10-70%, 10-80%, 10-
0%, 10-95%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 30-70%, 30-80%, 30-00%, 30-95%,
40-80%, 40-90%, 40-95%, 50-90%, 50-95%, 60-95% 70-80%, 70-90%, 70-95%, 80-90%, 80-
95% or any dlustrative value within these exemplary ranges.

[00607 In certain embodiments, the thermoplastic material used to form the core layers described
herein may tuclude one or more of a polyolefin (e g., one or more of polyethylene, polypropylene,
etc. ), polystyrene, acrylonitrylstyrene, butadiene, polyethyieneterephthalate,
polybutyleneterephthalate, polybutylenetetrachlorate, and polyvinyl chioride, both plasticized and
unplasticized, and blends of these materials with each other or other polymeric materials. Other
suitable thermoplastics include, but are not limited to, polvarylene ethers, polycarbonates,
polyestercarbouates, thermoplastic polyesters, polyimides, polyetherimides, polyvamides, co-
polyamides, acrylonitrile-butylacrylate-styrene polymers, amorphous nylon, polyarylene ether
ketone, polyphenylene sulfide, polvaryl sulfone, polyether sulfone, liquid crystalline polymers,
poly(1,4 phenylene} compounds commercially known as PARMAX®, high heat polycarbonate
such as Bayer's APEC® PC, high temperature nylon, and silicones, as well as copolymers, alloys
and blends of these materials with each other or other polymeric materials. The thermoplastic
material used to form the core layer can be used in powder form, resin form, rosin form, particle
form, fiber form or other suitable forms. Hlustrative thermoplastic materials 1n varigus forms are
described herein and are also described, for example in U5, Publication Nos. 20130244528 and
US20120065283. The exact amount of thermoplastic material present in the core layer can vary
and ilustrative amounts range from about 20% by weight to about 80% by weight, e.g., 30-70
percent by weight or 35-65 percent by weight, based ou the total weight of the core layer. It will
be recognized by the skilled person that the weight percentages of all materials used in the core
faver will add to 100 weight percent.

[0661] In other embodiments, the reinforcing fibers of the core layers may comprise glass fibers,
carbon fibers, graphite fibers, synthetic organic fibers, particularly high modulus organic fibers
such as, for example, para- and meta~-aramid fibers, nylon fibers, polyester fibers, a high melt flow
index resin {e.g, 100 ¢/10 min. MFT or above) that 1s suitable for use as fibers, mineral fibers
such as basalt, mineral wool {e.g, rock or slag wool), wollastonite, alumina silica, and the
like, or mixtures thereof, metal fibers, metalized natural and/or synthetic fibers, ceramic fibers,
yvarn fibers, or mixtures thereof. In some embodiments, any of the aforementioned fibers can be

chemically treated prior to use to provide desired functional groups or to impart other physical
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properties to the fibers, eg, may be chemically treated so that they can react with the
thermoplastic material, the lofting agent or both. The fiber contert in the core layers may
independently be from about 20% to about 90% by weight of the core layer, more particularly
from about 30% to about 70%, by weight of the core layer. The particular size and/or orientation
of the fibers used roay depend, atleast in part, ou the thermoplastic roaterial used and/or the desired
properties of the core layer. In one non-limiting illustration, fibers dispersed within a
thermoplastic material and optionally other additives to provide the core layers can generally have
a diameter of greater than about 5 microns, more particularly from about 5 microns to about 22
microns, and a length of from about 5 mm to about 200 mm, more particularly, the fiber diameter
may be from about 2 microns to about 22 microns and the fiber fength may be from about 5 mm
to about 75 mm.

[00621 In certain embodiments, other additives may also be present in the mixture comprising the
thermoplastic resin and the reinforcing fibers. For example, a lofiing agent, flame retardants,
colorants, smoke suppressants, surfactants, foams or other materials may be present. In some
examples, the core layer may substantially halogen free or halogen free core layer to meet the
restrictions on hazardous substances requirements for certain applications. In other instances, the
core layer may comprise a halogenated flame retardant agent such as, for example, a halogenated
flame retardant that comprises oue of more of F, Cl, Br, I, and At or compounds that including
such halogens, e.g., tetrabromo bisphenol-A polycarbonate or monohalo-, dihalo-, trihalo~ or
tetrahalo- polycarbonates. In some instances, the thermoplastic material used in the core layers
may comprise one or more halogens to impart some flame retardancy without the addition of
another tlame retardant agent. Where halogenated flame retardants are present, the flame retardant
s desirably present in a flame retardant amount, which can vary depeonding on the other
components which are present. For example, the halogenated flame retardant may be present in
about 0.1 weight percent to about 15 weight percent {(based on the weight of the core layer), more
particularly about 1 weight percent to about 13 weight percent, e.g., about 5 weight percent to
about 13 weight percent based on the weight of the core layer. I desired, two different
halogenated flame retardants may be added to the layers. In other instances, a non-halogenated
flame retardant agent such as, for example, a flame retardant agent comprising one or more of N,
P, As, Sb, By, S, Se, and Te can be added. In some embodiments, the non-halogenated flame
retardant may comprise a phosphorated material so the lavers may be more environmentally
friendly. Where non-halogenated or substantially halogen free flame retardants are present, the
flame retardant is desirably present in a flame retardant amount, which can vary depending on the
other components which are present. For example, the substantially halogen free flame retardant

may be present in about 0.1 weight percent to about 15 weight percent (based on the weight of the
13



WO 2022/104065 PCT/US2021/059150
fayer), more particularly about 1 weight percent to about 13 weight percent, e g., about 5 weight
percent to about 13 weight percent based on the weight of the core layer. It desired, two different
substantially halogen free flame retardants may be added to one or more of the core layers
described herein.  In certain instances, one or more of the core layers described herein may
comprise one or more halogenated flame retardasts in combination with oue or more substantially
halogen free flame retardants. Where two different flame retardants are present, the combination
of the two flame retardants rmay be present in a flame retardant amount, which can vary depending
on the other components which are present. For example, the total weight of flame retardants
present may be about 0.1 weight percent to about 20 weight percent (based on the weight of the
fayer), more particularly about 1 weight percent to about 15 weight percent, e.g., about 2 weight
percent to about 14 weight percent based on the weight of the core layer. The flame retardant
agents used in the layers described hersin can be added to the mixture comprising the
thermoplastic material and fibers {prior to dispesal of the mixture on a wire screen or other
processing component) or can be added after the layer s formed. In some examples, the flame
retardant material may comprise one or more of expandable graphite materials, magnesium
hydroxide (MDH) and aluminum hydroxade (ATH).

[0063] In certain embodiments, the skin layers 610, 620 may be the same or may be different. In
one instance, the skin layer 610 1s a decorative ot patterned layer and the skin layer 620 canbea
decorative or patterned layer or other types of skin layers. Where one or both of the skin layers
610, 620 is a patterned layer, the pattern may be the same or different at different areas of the skin
fayer. In some embodiments, a skin layer may comprise a pattern that is one or more of a
woodgrain pattern (FIG. 10A), a marble pattern (FIG. 10B), a tile pattern (FIG. 10C), a random
pattern (FIG. 10D), a pinwheel pattern (FIG. 10E), a herringbone pattern (FIG. 10F), a brick
pattern (FIG. 10G), an offset staggered brick pattern (FIG. 10H), an offset pattern (FIG. 101}, a
grid pattern (FIG. 101, a stacked vertical pattern (FIG. 10K), a basket weave patiern (F1G. 10L),
a diamond pattern (FIG. 10M)}, a chevron pattern (FIG. 10N) or a French pattern (FIG. 100).
Other patterns are also possible. In some embodiments, the pattern roay already be present on the
skin layer material when 1t ts on the roll 605 or the roll 015, In other instances, a pattern can be
printed onto a skin layer prior to applying the skin layer to the core layer. An illustration of a
systen that can include a printer to print a pattern on a skin layer is described in more detail below.
Where one of the skin layers 610, 620 is a patterned skin layer, the other skin laver may be, for
example, a thermoplastic film, a polyolefin film, an elastomer film, etc. In certain configurations,
the film comprises at least one of a polyolefin, e g., polyethylene or polypropylene, at least one
polytether imide), at least one poly(ether ketone), at least one poly{ether-ether ketone), at least

one poly{phenylene sulfide), poly{arylene sulfone), at least one poly{ether sulfone), at least one
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poly(amide-imide}, poly(1,4-phenylene), at ieast one polycarbonate, at least one nylon, and at
least one silicone. In other examples, the other skin layer may be, for example, a frim (film +
scrim), a scrim {e.g., fiber based scrim), a foil, a woven fabric, a non-woven fabric or be present
as an iNOrganic coating, an organic coating, or a thermoset coating. In other tustances, the other
skin layer may comprise a luniting oxygen index greater than about 22, as measured per ISO
4589 dated 1996, Where a fiber based scrim is present as {or as part of} the other skin layer, the
fiber based scrum rvay comprise at least one of glass fibers, aramid fibers, graphite fibers, carbon
fibers, inorganic mineral fibers, metal fibers, metalized synthetic fibers, and metalized inorganic
fibers. I desired, the scrim may comprise materials or fibers produced from one or more of the
thermoplastic materials described above in connection with the core layers. Where a thermoset
coating is present as {or as part of) the other skin layer, the coating may comprise at least one of
unsaturated polyurethanes, vinyl esters, phenolics and epoxies. Where an inorganic coating is
present as {or as part of} the other skin layer, , the inorganic coating may comprise minerals
containing cations selected from Ca, Mg, Ba, S, Zn, Ti and Al or may comprise at least one of
gypsum, calcium carbonate and mortar. Where a non-woven fabric is present as {or as part of)
the other skin layer, the non-woven fabric may comprise a thermoplastic material, a thermal
setting binder, inorganic fibers, metal fibers, metallized inorganic fibers and metallized synthetic
fibers. H desired, the other skin layer may also coroprise a lofting agent, an expandable graphite
material, a flame retardant material, fibers, etc.
[0064] In certain embodiments, the composite articles described herein may have desired surface
properties on at least one surface. For example, the core layer of the articles described heretn may
be rough due to the presence of the reinforcing fibers. Adding a patterned layer to the core layer
can decrease the overall surface roughness and/or mask the roughness of the core layer. While
surface roughness can be measured in numercus ways, three roughness parameters, mean
arithmetic deviation of profile (Ra), root-mean-square average of the profile heights (Rq), and
maximum height (Rt) can be used as a measure of surface roughness. Ra is the average distance
from the profile to the mean line over the length of assessment, Rq is the root-mean-square average
of the profile heights over the evaluation length, and Rt is the vertical distance between the highest
and lowest points of the profile within the evaluation length.  See, for example, L. Mummery
{1990}, Surtace texture analysis: the handbook. Hommelwerke, p.106. Table 2 below shows the
results. Surface roughness can be measured using a stylus profilometer and generally complies
with the following standards: HS {(JIS-B0O601-2001, JIS-B0601-1994, JIS BO601-1982), VDA,
ISO 4287:1997, and ANSI The parameters (Ra, Rq, Rz, and Rt) can be characterized by ISO
42871997,
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(00657 In certain embodiments, surface roughness (Ra) on at least one surface of the composite
article, e.g., the surface comprising the patterned layer, can be less than 10, 8,8, 7,6, 5, 4 or 3
microns in the machine direction and in the cross direction as measured by a stylus profilometer
according to IS0 4287:1997. In other embodiments, a surface roughness (Ra), of a surface
comprising the patterved layer, of the thermoplastic composite article 1s Jess than 2 roicrons in the
machine direction and in the cross direction as measured by a stylus profilometer according to
IS0 4287:1997. In other examples, an average RMS profile height (Rqg) of at least one surface of
the composite article, e.g., the surface comprising the patterned layer, can be less than 12, 11, 10,
9,8, 7,6, or 5 microns in the machine direction and in the cross direction as measured by a stylus
profiiometer according to ISO 42871997, In other embodiments, an average RMS profile height
{Rq), of a surface comprising the patterned layer, of the thermoplastic composite article 18 less
than 4 microns in the machine direction and in the cross direction as measured by a stylus
profilometer according to IS0 4287:1997. In other examples, a maximum height (Rt} on at least
one surface of the composite article, e.g., the surface comprising the patierned layer, can be less
than 80, 70, 60, 50, 40, 35 or 30 microns in the machine direction and in the cross direction as
measured by a stylus profilometer according to IS0 4287:1997.  In other embodiments, a
maximum height (Rt), of a surface comprising the patterned layer, of the thermoplastic composite
article 15 less than 30 microns in the machine direction and in the cross direction as measured by
a stylus profilometer according to IS0 4287:1997.

[0066] In certain configurations, a system can be used to implement the in-line process. An
fltustration of components of the system are shown in FIG. 11A. The system 1100 includes
reservoirs 1102, 1104, Reservoir 1102 can receive a thermoplastic material, and reservoir 1104
can receive reinforcing fibers. The reservoirs 1102, 1104 can provide materials to a robang tank
1106, The mixing tank 1106 can be fluidically coupled to a spray head or nozzles 1108 to spray
the mixed dispersion onto a moving support 1110, The web 1115 on the moving support 1110
can travel through a vacuum or other pressure device 1120, which can remove the liquid from the
web 1115 to form a core layer 1122, The core layer 1122 can pass through a drying device 1125
to dry and heat the core layer. Skin layers 1130, 1140 can be applied from supply devices or rolls
1135, 1145 respectively onto opposite surface of the core layer 1122 to provide a composite
articie. The composite article can pass through a set of rollers 1160, 1162 to consolidate the
composite article. The consolidated composite article can be cut into individual articles by cutting
device 1170 as the sheet of moving, consolidated thermoplastic composite article passes through
the cutting device 1170, A processor 1180 1s shown that can control, for example, movement of
the moving support 1110, spraying of the material onto the moving support 1110, and other

devices and parameters used by the system 1100
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(06671 In certain examples, the system 1100 can include other components which can be present
before or after the cutting device 1170, For example, the system 1100 can include another cutting
station 1175 (FIG. 11B) designed to cut a tongue into one edge of the composite article and a cut
a groove into an opposite edge of the composite article. This cutting permits different individual
panels to fit into each other n use 30 there is some panel overlap at the joints.  In other nstances,
the system 1100 can inchide another heating device 1185 (FIG. 11C) that can be used to loft or
increase a thickoess of the composite article. The heating device 1185 can be positioned before
or after the cutting device 1170 as desired. An optional adhesive reservoir 1190 (FIG. 11D) can
be present to provide an adhesive to the core layer before application of the skin layer 1130, A
second adhestve reservoir {not shown) can also be present to provide an adhesive to the core layer
before application of the skin layer 1140
[0068Y In some embodiments, a system 1200 can include multiple sets of different rollers
including rollers 1160, 1162 and rollers 1212, 1214 as shown in FIG. 12, The different rollers can
be present at different temperature or provide different gap thicknesses o compress the composite
article prior to exit of the composite article from the moving support. In some instances, the rollers
1212, 1214 can be used to compress edges of the composite article to a higher degree so the overall
thickness at the edges of the composite article are lower than at a central area of the composite
article. The thickness at different edges can be the same or can be ditferent.

[0669] In other embodiments, a system can include a printer 1310 that can print a paftern onto 3
skin layer prior to applying the skin laver to the core layer as shown in FIG. 13, The printer 1305
can spray, print or otherwise deposit an ink and other material, e g., fibers, particles, powders, etc,
onto a surface of the skin layer prior to the skin laver being applied to the core layer or after the
skin layer is applied to the core layer. The printer 1305 can be positioned near a roll 1335 of skin
layer to print a pattern onfo a surface of the skin layer 1330 as it is unrolled from the roll 1335,
While not shown, a printer can be positioned to apply a patterned layer to the skin layer 1340 after
it has been applied to a surface of the core layer 1122, The exact pattern provided by the printer{(s)
can vary and may be different at different arcas of the skin layer. For example, the patiern printed
onto the skin layer may be one or more of a woodgrain pattern, a marble pattern, a tile pattern, a
random pattern, a pinwheel pattern, a herringbone pattern, a brick pattern, an offset staggered
brick pattern, an offset pattern, a grid pattern, a stacked vertical pattern, a French pattern, a basket
weave pattern, a diamond pattern, or a chevron pattern.

(0670} In certain embodiments, the in-line processes and in-line system describred herein can be
used to produce a side wall. The side wall can be present in a recreational vehicle or other vehicles,
a cubicle, an office wall, a residential wall or 10 other settings. One illustration is showun in FIG.

14 where an RV wall 1400 includes a first laminated lightweight reinforced thermoplastic
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composite article 1410 comprising a porous core layer 1412, a first skin layer 1414 on a first
surface of the porous core layer 1412 and a patterned second skin layer 1416 on a second surface
of the porous core layer. The patterned skio fayer 1416 is typically positioned so it faces aninterior
portion of the space formed by the RV wall 1400, The RV wall 1400 can also include a foam
fayer 1420 coupled to the first laminated Hghtweight reinforced thermoplastic coruposite article
1410 at a first surface of the foam layer. For example, the foam layer 1420 can be coupled to the
first laminated hightweight reinforced thermoplastic composite article 1410 through the first skin
fayer 1414 of the first laminated lightweight reinforced thermoplastic composite article 1410 so
the patterned second skin layer 1416 is present on an interior surface of the RV wall 1400, The
RV wall 1400 also typically includes a support structure 1430, which can take the form of a
chassis, tubing, a cage or other structures. The support structure 1430 typically includes a metal
such as steel, aluminum or the metals. The support structure 1430 can be coupled a second surface
of the foam layer 1420 at a first surface of the support structure 1430, A second laminated
fightweight reinforced thermoplastic corposite article 1440 can be coupled to a second surface of
the support structure 1430, The second laminated lightweight reintorced thermoplastic composite
article 1440 corprises a porous core layer 1442, a first skin layer 1444 on a first surface of the
porous core layer 1442 and a second skin layer 1446 on a second surface of the porous core layer
1442 An exterior panel 1450 can be coupled to the second lanunated lightweight reinforced
thermoplastic composite article 1440 to form the RY wall 1400. In some examples, the exterior
panel 1450 comprises fiberglass or aluminum.

[00711 As noted herein, the patterned second skin layer 1416 can include a patiern that is one or
more of a woodgrain patiern, a marble pattern, a tile pattern, a random pattern, a pinwheel pattern,
a herringbone pattern, a brick pattern, an offset staggered brick patiern, an offset patiern, a grid
pattern, a stacked vertical pattern, a French pattern, a basket weave pattern, a diamond pattern, or
a chevron patiern. In certain embodiments, the first skin layer 1414 of the first laminated
lightweight reinforced thermoplastic composite article 1410 comprises a scrim.  In certain
examples, the porous core layer 1412 1n the first laminated lightweight reinforced thermoplastic
composite article 1410 can include a web comprising open cell structures formed from reinforcing
fibers held together by a thermoplastic matenal as noted above. In some examples, the porous
core layer 1442 in the second laminated lightweight reinforced thermoplastic composite article
comprises a web comprising open cell structures formed from reinforcing fibers held together by
a thermoplastic material. In some configurations, the thermoplastic material in each porous core
fayer 1410, 1440 independently comprises a thermoplastic material as noted herein, eg., a

polyolefin such as, for example, polypropylene, polyethylene, etc. In some embodiments, the
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reinforcing materials in each porous core layer comprise reinforcing fibers as noted herein, e g,
glass fibers.

00727 In certain embodiments, the RV wall may be present 1n a recreational vehicle comprising
a roof, side walls coupled to the roof, and a floor coupled to the sidewalls to provide an interior
space within the recreational vehicle, One illustration is shown in FIG. 15, where an RV 1500
comprises ann RY wall 1510, which can be similar to the RV wall 1400 described above. The RV
1500 also includes aroof 1512, another side wall 1514 and a floor 1516, The RV 1500 may include
wheels 1552, 1554 1o permit towing of the RV and/or may include an engine, electric motor or
other power source to permit independent movement of the RV,

[0073] In certain examples, the in-line methods and in-line systems described herein may be
controlied using one or more processors, which can be part of the in-line systemn or otherwise
electrically coupled to the in-ling system through an associated device, e.g., computer, laptop,
mobile device, etc. For example, the processor can be used to control the mixing speed of the
materials, the speed of the moving support, the pressure used to remove hquid from the disposed
dispersion, the temperature of the heating device(s), the pressure applied to the materials and other
parareters of the process and systern.  Such processes ray be perforrued automatically by the
processor without the need for user intervention or a user may enter parameters through a user
interface. Io certain configurations, the processot may be present in one Of More computer systems
and/or common hardware circuity including, for example, a microprocessor and/or suitable
software tor operating the system, e.g., to control the various fluid reservoirs, muxng tank,
pressure devices, speed, temperatures, etc. The processor can be integral to the in-line system or
may be present on one or more accessory boards, printed circuit boards or computers electrically
coupled to the components of the in-line system. The processor is typically electrically coupled to
one or more memory units o receive data from the other components of the system and permit
adjustment of the various systern parameters as needed or desired. The processor may be part of
a general-purpose computer such as those based on Unix, Intel PENTIUM-type processor, Intel

™M srocessors, AMD Ryzen™ processors, AMD Athlon™

Core™ processors, Tntel Xeon
processors, AMD FX'™ processors, Motorola PowerPC, Sun UliraSPARC, Hewlett-Packard PA-
RISC processors, Apple-designed processors including Apple A 14 Bionic processor, A13 Bionic
processor, A12 processor, Apple A1l processor and others or any other type of processor. Oune
or more of any type computer system may be used according to various embodiments of the
technology. Further, the system may be connected to a single computer or may be distributed
among a plurality of computers attached by a communications network. It desired, different
components of the in-line system may be controlled by a respective processor or computer that is

separate from a processor or computer used to control other components of the in-line system. It
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should be appreciated that other functions, including network communication, can be performed
and the technology is not limited to having any particular function or set of functions. Various
aspects may be implemented as specialized software executing in a general-purpose computer
system. The computer system may include a processor connected to one or more memory devices,
such as a disk drive, memory, or other device for storing data. Memory is typically used for
storing programs, temperatures, moving support speeds and other values used in the in-line
process. Components of the coroputer system way be coupled by an interconnection device,
which may include one or more buses {e.g., between components that are integrated within a same
machine} and/or a network (e.¢., between components that reside on separate discrete machines).
The interconnection device provides for communications {g.g., signals, data, insiructions) to be
exchanged between components of the system. The computer system typically can recetve and/or
issue commands within a processing time, e.g., a few milliseconds, a few microseconds or less, to
permit rapid control of the system. The processor typically is electrically coupled to a power
source which can, for example, be a direct current source, au alternating current source, a battery,
a solar cell, a fuel cell or other power sources or combinations of power scurces. The power
source can be shared by the other componenis of the system. The systern may also include one ot
more input devices, for example, a keyboard, mouse, trackball, microphone, touch screen, manual
switch {e.g., override switch) and one or more output devices, for example, a printing device,
display screen, speaker. In addition, the sysiemy may contain one or more communication
interfaces that connect the computer system to a communication network {(in addition or as an
alternative to the interconnection device). The system may also include suitable circuitry to
convert signals received from the various electrical devices present in the systems. Such circuitry
can be present on a prnted circuit board or may be present on a separate board or device that is
electrically coupled to the printed circuit board through a suitable interface, e, a senal ATA
interface, ISA interface, PCI interface, a USB interface, a Fibre Channel interface, a Firewire
interface, a M.2 connector interface, a PCIE interface, a mSATA interface or the like or through
one or more wireless interfaces, ¢.g., Bluetooth, Wi-Fi, Near Field Commumication or other
wireless protocols and/or interfaces.

(00747 In certain embodiments, the storage system used in the systems described herein typically
inchides a computer readable and writeable nonvolatile recording medium in which codes of
software can be stored that can be used by a program to be executed by the processor or
information stored on or in the medium to be processed by the program. The medium may, for
example, be a hard disk, solid state drive or flash memory. The program or instructions to be
executed by the processor may be located locally or remotely and can be retrieved by the processor

by way of an interconnection mechanism, a communication network or other means as desired.
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Typteally, in operation, the processor causes data to be read from the nonvolatile recording
medium into another memory that aliows for faster access to the information by the processor than
does the medium. This memory 18 typically a volatile, random access memory such as a dynamic
random access memory (DRAM) or static memory (SRAM). It may be located in the storage
system or in the memory systems. The processor generally manipulates the data within the
integrated circuit memory and then copies the data to the medium after processing is completed.
A variety of wechanisms are known for managing data movement between the mediom and the
integrated circuit memory element and the technology is not limited thereto. The technology is
also not hinuted to a particular memory system or storage system.  In certain embodiments, the
system may also include specially-programmed, special-purpose hardware, for example, an
application-specific integrated circuit (ASIC), microprocessor units MPUY or a field
programmable gate array (FPGA) or combinations thereof. Aspects of the technology may be
implemented in software, hardware or firmware, or any combination thereof. Further, such
methods, acts, systems, system elements and components thereof may be implemented as part of
the systems described above or as an independent component. Although specific systems are
described by way of example as one type of systers upon which various aspects of the technology
may be practiced, it should be appreciated that aspects are not limited to being implemented on
the described system. Various aspects may be practiced oo one ot roore systems having a different
architecture or components. The system may comprise a general-purpose computer system that is
programmable using a high-level computer programming language. The systems may be also
implemented using specially programmed, special purpose hardware.  In the systems, the
processor s typically a commercially available processor such as the well-known microprocessors
available from Intel, AMD, Apple and others. Many other processors are also commercially
available. Such a processor usually executes an operating system which may be, for example, the
Windows 7, Windows 8 or Windows 10 operating systemns available from the Microsoft
Corporation, MAC 08 X, eg., Snow Leopard, Lion, Mountain Lion, Mojave, High Sierra, El
Capitan or other versions available from Apple, the Solaris operating systern available from Sun
Microsystems, or UNIX or Linux operating systems available from various sources. Many other
operating systems may be used, and in certain embodiments a simple set of commands or
instructions may function as the operating system.

[00757 In certain examples, the processor and operating system may together define a platform
for which application programs in high-level programming languages may be written. It should
be understood that the technology is not limited to a particular system platform, processor,
operating system, or network. Also, it should be apparent to those skilled 1o the art, given the

benetit of this disclosure, that the present technology 15 not linuted to a specific programming
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fanguage or computer system. Further, it should be appreciated that other appropriate
programming languages and other appropriate systems could also be used. In certain examples,
the hardware or software can be configured to implement cognitive architecture, neural networks
or other suitable implementations. I desired, one or more portions of the computer system may
be distributed across one or more computer systems coupled to a coramunications network. These
computer systems also may be general-purpose computer systems. For example, various aspects
may be distributed among one or more computer systems configured to provide a service {e.g,,
servers} to one of more client computers, or to perform an overall task as part of a distributed
system. For example, various aspects may be performed on a client-server or multi-tier system
that includes components distributed among one or more server systems that perform varicus
functions according to various embodiments. These components may be executable, intermediate
{e.g., L) orinterpreted (e g., Java) code which communicate over a communication network {(e.g,,
the Internet) using a communication protocol {e.g., TCP/IP). It should also be appreciated that
the technology 1s not limited to executing on any particular system or group of systems. Also, it
should be appreciated that the technology is not limited to any particular distributed architecture,
network, or communication protocol.

(00761 In some instances, various embodiments may be programmed using an object-oriented
programuing language, such as, for example, SQL., SmaliTalk, Basic, Java, Javascupt, PHP, C++,
Ada, Python, i0S5/Swift, Ruby on Rails or C# {C-Sharp). Uther object-oriented programming
languages may also be used. Alternatively, functional, scripting, and/or logical programming
janguages may be used. Various configurations may be implemented in a non-programmed
environment {e.g., documents created in HTML, XML or other format that, when viewed in a
window of a browser program, render aspects of a graphical-user interface (GUI) or perform other
functions). Certain configurations may be implemented as programmed or non-programmed
elements, or any combination thereot. In some instances, the sysiems may comprise a remote
interface such as those present on a mohile device, tablet, laptop computer or other portable
devices which can communicate through a wired or wireless interface and permit operation of the
in-line system remotely as desired.

(00777 In certain examples, the processor may also comprise or have access to a database of
information about specific articles to be produced. For example, specific parameters used to
produce a core layer of a desired thickness and composition can be retrieved from the database
and used by the in-line system. The wnstructions stored in the memory can execute a software
module or control routine for the system, which in effect can provide a controliable model of the
in-line systern. The processor can use wnformation accessed from the database together with one
or software modules executed in the processor to determine control parameters or values for

ols}
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consolidation devices, etc. Using input interfaces to receive control instructions and output
interfaces hinked to different systern components in the system, the processor can perform active
control over the systen.

{00781 Certain specific examples of LWRT articles that were produced using an in-line process

and tested are discussed below

[00791 Example |

F00807] A LWRT article was prepared by adding chopped glass fibers (e.g., 30-70 % by weight}
into a polypropylene (PP} resin matrix as reinforcement in an in-line process as described herein
to form a web or core. A first skin (non-woven scrim with a basis weight of 23 gsm or g/m?) was
added to one surface of the core and a second skin {105 g/m* with a marble or woodgrain pattern)
was added to an opposite surface using the in-line process along with in-line calendering to press

the skins to the core and form an LWRT article.

{00811 Example 2

[0082] Vartous physical and analytical tests were conducted on disks with 99 mm diameter cut
from the LWRT article of Example 1. The areal density (g/m” or gsm, S replicates), ash content
(%, 5 replicates), density (g/em’, S replicates), and as-produced thickness (mm, 5 replicates) of

the laminated decorative panels were measured. The results are shown in Table 1 below.

Table 1. Physical properties of in-line laminated LWRT composite decorative panels.

Areal v ;
Sample Skin layer 1 Skin layer 2 density Ash (%) E}mm;} Thickness
Code . (gm?) {glem”) {mn)}

Décor with printed

DA 1102 +23 | 494402 0334007 | 2984004
woodgrain pattem

Woedgrain | 23gsm scrim

Décor with printed

, . 1094+ 12 | 495+£0.1 0364008 | 2904006
marble-fike pattern

Marble 23gsm serim

[00837 Since the PP/glass LWRT composite substrate has a porous structure with a high void

content, significantly low densities were achieved. The densities are 0.35 and 0.36 g/om® for the
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two samples, respectively. These LWRT composties are approximately 50% lighter than ordinary
plywood, and comparable with modified plywood. Areal density and ash content of the two
finished LWRT/décor samples are very close with standard deviation values in the range of £ 5
% of the average value, indicating these in-line laminated decorative composite panels are very
uniform. The thickness for these in-line laminated decorative panels meets the flatness
requirements of 2.9 £ 0.2 mum for these decorative panels to be used for the interior layer of the
RV sidewall. Photographs of the woodgrain {(FIG. 16A) and the marble pattern (FIG. 16B) are

shown.

(0084} Example 3

[008S] LWRT specimens from the LWRT article of Example 1 having a size of 75 mm X 75 mm
were cut from the LWRT board without surface skins and from the LWRT boards laminated with
the décor {Woodgrain and Marble) by the inline lamination process. The surface roughness of ten
saroples was measured. One measurement was perforred on each surface roughness test specimen
along the machine direction (MDD} and cross-machine direction (CD} using a stylus-type
profilometer (Mitutoyo Surfiest $1-210). Tracing speed, stylus tip diameter, and tip angle were 10
mm/min, 4mm, and 90 degrees, respectively. Three roughness parameters, mean arithmetic
deviation of profile (Ra), root-mean-square average of the profile heights (Rg), and maximum
height (Rt) were recorded. Ra is the average distance from the profile to the mean line over the
tength of assessment, Rq is the root-mean-square average of the protile heights over the evaluation
fength, and Rt is the vertical distance between the highest and lowest points of the profile within
the evaluation length.  See, for example, L. Mummery (1990). Surface texture analysis: the

handbook. Hommelwerke, p.106. Table 2 below shows the results.

Table 2. Surface roughness parameters of the in-line laminated decorative panels.

Surface Roughness (MD) surface Roughness (CD)

Samples
Ry, pm Ry pm Ky, pm Ry, pm Ry, pm i pm

PP/glass LWRT

136151169+ 181 1600+£96 1184091 226412 11390148
bare surface

Woodgrain 14+£02 {1 17£02 1227 1401 16+£02 { 125£20
Marble 2807 { 37£07 } 254x32 {29405 37£05 4 27229

[0080] PP/glass LWRT composite bare surface has Ra, Rq and Rt values of 13.6, 16.9 and 100.0
microns 0 the machine direction (MD) and 184, 22.6 and 139 microus in the cross direction
{CD). Surface roughness is higher for CD than that for MD, indicating better alignment of glass
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fibers in the machine direction than in the cross direction during the in-line lamination process. In
both MD and CD, the values of Ra, Rg and Rt for both decorative patterns are significantly lower
than those values for PP/glass LWRT bare surfaces, which further indicates that laminating these
kinds of décor onto LWRT composite substrate can cover the porous structure of LWRT core
board and efficiently improve the surface smoothness and appearance accordingly. For example,
Ra was decreased significantly to 1.4 microns in both MD and CD from PP/glass LWRT bare
surface to woodgrain pattern décor panel’s surface, which s lower than the surface roughness (Ra)
of plywood. These resuits are consistent with the decorative layers especially the woodgrain

pattern, being sufficiently thick to sufficiently cover the core texture of LWRT composites,

(00871 Example 4

FO0BB] A 180 degree peel test was performed on the décor and serim sides for the two faminated
decorative samples with woodgrain {Woodgrain} or marble-like (Marble} patterns on an MTS
testing machine with a 250 N load cell following ASTM standard D903-2004. Rectangular (25
mm ~# 100 mm) specimens (10 replicates) were cut from a production sheet in MD and CD. The
cross-head speed, span, anvil diameter, and nose diameter were 153 rom/min, 64 mm, 6.4 mm, and

6.4 mum, respectively. The results are shown in Table 3.

Table 3. Adhesion strength between décor or serim and LWRT composite core substrate.

. i Peak load MD (N} Peak ipad CD (N}
Sample code Décor/Scrim ‘ ,
Avg, Std. dev. Avg. Std. dev.
5 i Décor Separation between lavers cannot be initiated
YWoodgrain T 4 ) T
Scrim Separation between layers cannot be initiated
Marbl Décor Separation between layers cannot be initiated
Viarble - , ; e
Scrim Separation between layers cannot be initiated

Neither the décor nor the scrim could be separated from composite core substrate, indicating a
good interfacial bonding between the skin materials and PP/glass LWRT core board under

ambient conditions.

{00891 Example 3

(00907 A flatwise tensile (FWT} test of the as-produced decorative panel of the two samples
{Woodgrain and Marble) was performed on an MTS mechanical testing machine according to
ASTM C297-04. Ten specimens (81 mm x 51 mm)} were cut out across CD from a production
panel. Cross head speed was 50 mm/min and the load cell was 5 kN, Each specimen was bonded
onto tensile fixtures/end tabs (top and bottom) with urethane glug/adhesive (3M Scotch-Weld
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3535; ratio of weight for Base to Accelerator 1s 100:105; density is about 1.29 g/em3), and the
glued samples were left in air for 24 hours to allow the glue to fully cure. The tlatwise tensile
(FWT)strength 1s an desirable criterion for a flat panel being used for the RV sidewall application.
The results are shown in FIG. 17A (woodgrain decorative skin) and FIG. 17B (marble decorative
skin).

[0091] From the pictures of the tested specimens, it can be seen that nearly all the specimens failed
either on the surface of the décor at the wnterface between décor and testing fixture, or dueto a
glue failure. Averaged peak load values for Woodgrain and Marble samples were 1545 and 1172
N, respectively, which are significantly higher than most of the FWT peak load values of EPS
foams (< 700 N} reported in the literature, while EPS foam is one of the most commonly used
insulation foam in the RV sidewall construction. These resulis are consistent with the as-produced
decorative panels being much stronger in z-direction through thickness as compared to EPS foams,
which would reduce the likelihood that the finished RV sidewall panels would not be delaminated

within the decorative panel.

(00931 A flexural (3-point bending) testing was performed on as-produced laminated panels
{Woodgrain and Marble) according to ASTM D790-2007. Rectangular (25 mm < 100 mun)
specimens {10 replicates) were cut from panels in the directions of both MDD and CD. The test was
performed with sample’s scrim side or décor side facing against the load using a MTS mechanical
testing machine using a 250 N load celi. The cross-head speed, span, anvil diameter, and nose
diameter were set 10 be 15 mm/min, 64 mm, 6.4 mm, and 6.4 mm, respectively. Significance in
the flexural strength and modulus were statistically analyzed using one-way analysis of variance
{ANOVA) by software R version Ri386-3.5.0 (The R Foundation, hitps://'www r-project.org/} at
an o level of 0.05 eraploying a Tukey’s test. The results are shown 1o FIGS. 1BA (peak load) and
188 {modulus).

{00941 For the flexural strength (peak load), with the seriro side facing against load (or facing up)
during the bending test, the Woodgrain sample has significantly higher strength (20 % higher)
than the Marble sample in the MD . With the décor or scrim side facing up, stiffness for Woodgrain
sample has significantly higher values than the Marble sample in MB. For example, the slope
values of Woodgrain sample are 26 % and 40 % higher than the Marble sample when the scrim
side and décor side taced up respectively during the test. Overall trend for both samples is the
flexural strength and stiffness are better in the MD than i the CD, which again is atiributed to the
better glass alignment in the MD thao in CD. In addition, 10 both MD and CD for both samples,

the décor side facing up during the testing can have higher strength and stifthess than the scrim
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side facing up. This suggests laminating a décor skin layer onto LWRT composite improves the
overall strength and stiffness of resulting decorative panels as compared with LWRT having both

sides as scrims as being used in RV sidewall construction.

[0096] The flammability performance was evaluated following two standards, Federal Motor
Vebicle Safety Standards (FMVSS 302-03) and ASTM E84. FMVSS 302 15 wore commonly
accepted in automotive interior applications, while the performance tested by ASTM E&4 method
gives more 1nsight to the performance expected by building and construction industries including
RV industry. Specimens were cut into 304.8 mm ~ 254 mm and tested horizontally based on
FMVSS 302, In the ASTM E84 test, both samples (Woedgrain and Marble) were cut into 0.61 m
# 1.83 m and evaluated for flame spread index (FSI} and smoke development index (8D} in order

to classify the material into Class A, B or C. The results are shown in Table 4.

Table 4. Flammability performance of the two decorative panels.

‘ning Rate by FMVSS 302 Tes |
Sample Burning Rate by FMVSS 302 TeSb | by and SDI by ASTM £84 Test
ERRENR/ENRENY
Waoodgrain 33805 FSI=125;,8DI=50
Marble 47.0+64 FSI= 125; 8DI =30

From the FMVSS 302 test, the Woodgrain sample burned 30% slower than the Marble sample.
Flame spread index (FST) of Woodgrain sample was 25, meeting the Class A performance (FSI <
25} and the smoke development index (8D} was 50 which is significantly lower than the Class
A, B or C requirement (8D1 <450}, In comparison, the Marble sample has FS of 125 and SDI of
30, meeting Class C requirement. The only difference between these two samples was the
decorative material’s decorative pattern; hence, the better FR performance of the Woodgrain
sample could be due to the difference trom the marble-like pattern and woodgrain pattern.
However, the Marble sample already meets the FR requirement for the single component of the

RV sidewall for ASTM E84 Class C.

(00971 Example 8
[0098]  The sound absorpiion property, sound absorption coefficient, was determined for the
articie of Example 1 and Luan/NPP decorative panels using a two-microphone transfer-function

method, 1n accordance to the ASTM E1050-98 standard. Luan plywood panel was laminated with

~T7
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NPP pattern decorative paper by a secondary lamination process. The frequency range at which
the assessments were performed was 100 to 6500Hz. Every sample was tested with the decorative
side or scrim side (bare Luan surface for Luan/NPP panel} facing to the sound source. The results
are shown in FIG. 19A (decorative side toward sound source) and FIG. 19B (scrim side toward
sound source).
[0099]  The different tested samples including the following composition: ST-13792 included
a LWRT core layer with a basis weight of 1200 g/m?, a thickness of 3.6 mm, 45% by weight
polypropylene and 55% by weight glass fibers. ST-13793 included a LWRT core laver with a
basis weight of 1670 g/m?, a thickness of 4.7 mm, 50% by weight polypropylene and 50% by
weight glass fibers. All other tested samples had a LWRT core layer with a basis weight of 960
g/m?, athickness of 2.7 mm, 45% by weight polypropylene and 55% by weight glass fibers. The
overall dimensions of each sheet sample produced was about 1219 mm wide by 2438 mm long
{roughly 4 feet by 8 feet). Sample §T-13378 included a marble patterned layer on an outer surface.
Samples ST-13794 and ST-13882 included a fabric patterned layer on an outer surface. The
remaining samples including a wood grain patterned layer on an outer surface.
[00100]  The acoustic charactenization of the materials was based on the sound absorption
coefticient, «; this parameter is the ratio of absorbed sound intensity to incident sound intensity
on a surface. If o value 1s close to 1, with an absorption plateau at this value on a large frequency
range, this material can be considered to have good sound absorption properties. The sound
absorption capacity of LWRT articles can be influenced by various factors, such as areal density,
denstty, thickness, and the filler {type and content}.
[00101]  In the full frequency range (100-6500Hz), the sound absorption coetficient of the tested
saroples were significantly higher than the Luan/NPP decorative panel no matier which surface
was facing the sound source. When the decorative paper side faced to sound source, the coefficient
varied from 0.1 1o 0.5, while this value was only about 0.1-0 2 for the Luan/NPP panel. When the
scrim side faced to the sound source, the coefficient value varied from 0.1 to¢ 0.9 for the RVX3 .6
core (ST-13792) and RVZ4.7 core {(ST-13793} based samples. RVX2.7 core based samples
showed this coefficient in the range of 0.1 and 0.7, while Luan/NPP sample only had this value of
0.1-0.2. The LWRT panels can decrease sound/noise reflection significantly as compared with
Luan/NPP panel. The thicker the substrate the better sound absorption performance can be
achieved.
[00102] When introducing elements of the examples disclosed herein, the atticles "a,” “an,”
“the” and “said” are intended to mean that there are one or more of the elements. The terms
“comprising,” “including” and “having” are intended to be open-ended and mean that there may

be additional elements other than the listed elements. It will be recognized by the person of
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ordinary skill in the art, given the benefit of this disclosure, that various components of the
exarmples can be interchanged or substituted with various components in other examples.
[001031 Abthough certain aspects, configurations, examples and embodiments have beeo
described above, it will be recognized by the person of ordinary skill in the art, given the benetit
of this disclosure, that additions, substitutions, modifications, and alterations of the disclosed

lustrative aspects, configurations, examples and embodiments are possible.
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CLAIMS

1. Anwn-line process of producing a thermoplastic composite article using an in-line system, the
in-line process comprising:

combining reinforcing materials and a thermoplastic material in an aqueous solution;

disposing the aqueous solution with the combined reinforcing materials and the
thermoplastic material onto a rooving support;

removing water from the disposed aqueous solution on the moving support to form a
web comprising open cell structures formed from the reinforcing materials and the thermoplastic
material;

drying the web on the moving support to provide a porous core layer,

heating the dried, porous core layer on the moving support to melt the thermoplastic
material of the heated, porous core layer;

disposing a first skin layer on a first surface of the heated, porous core layer on the
moving support;

disposing a second skin layer on a second surface of the heated, porous core layer on the
moving support; and

applying pressure o the heated, porous core layer comprising the disposed first skan
fayer and the disposed second skin layer on the moving supportt 1o provide a thermoplastic

composite article,

2. The in-line process of claim 1, wherein the porous core layer is heated at a first temperature
above the melting point of the thermoplastic material and below the melting point of the

reinforcing materials.

3. The in-line process of claim 1, further comprising adding a foam to the aquecus solution with

the combined reinforcing matenials and the thermoplastic material.

4. The in-line process of claim 1, further comprising adding a lofting agent to the agueous

solution with the combined reinforcing materials and the thermoplastic material.

5. The in-line process of claim 1, further comprising configuring the first skin layer as a scrim.

6. The in-line process of claim 5, further comprising configuring the second skin layerasa
patterned layer.
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7. The in-line process of claim 6, wherein a pattern of the patterned layer 18 one or more of a
woodgrain patiern, a marble pattern, a tile pattern, a random pattern, a pinwheel pattern, a
herringbone pattern, a brick patiern, an offset staggered brick pattern, an offset pattern, a grnd
pattern, a stacked vertical pattern, a French patiern, a basket weave pattern, a diamond patiern,

or a chevron pattern.

8. The in-line process of claim, 7 wherein the thermoplastic material comprises a polyolefin and

the reinforcing materials comprise inorganic fibers.

9. The in-line process of claim 1, wherein a surface roughness (R, of the thermoplastic
composite article is less than 3 microns in the machine direction and in the cross direction as

measured by a stylus profilometer according to IS0 4287:1997.

10. The in-line process of claim 1, wherein a surface roughness (R} of the thermoplastic
composite article is less than 2 sucrons 1u the machine direction and in the cross divection as

measured by a stylus profilometer according to ISG 4287:1997.

11, The in-line process of claim 1, wherein the first skin layer s disposed on the heated, porous
core layer without using any adhesive between the first skin layer and the heated, porous core

fayer.

12. The in-line process of claum 1, further comprising disposing an adhesive ou the second
surface of the heated, porous core layer prior to disposing the second skin layer on the second

surface.

13. The in-line process of claim 14, wherein the adhesive comprises a polyolefin or a

polyurethane.

14. The in-line process of claim 1, further comprising cutting a groove into a first end of the

thermoplastic composite panel.

15. The in-line process of claim 14, further comprising cutting a tongue in a second end of the

thermoplastic composite panel.
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16. The in-line process of claim 1, further comprising consolidating the heated, porous core
layer prior to disposing the first skin laver on the first surface and prior to disposing the second

skin layer on the second surface.

17. The in-line process of claim 1, further comprising heating the thermoplastic composite
article after consolidating the thermoplastic composite article to increase an overall thickness of

the thermoplastic coraposite article.

18. The in-line process of claim 1, further comprising printing a pattern onto the second skin
faver prior to disposing the second skin layer on the second surface of the heated, porous core

fayer.

19. The in-line process of claim 1, further comprising printing a pattern onto the second skin
fayer after disposing the secound skin layer oo the second surface of the heated, porous core

fayer.

20. The in-line process of claim 1, further comprising compressing lateral edges of the heated,
porous core layer, wherein the coropressed lateral edges of the heated, porous core layer have a

fower thickness than a thickness at a central area of the heated, porous core layer.

21, Anin-line system coufigured to produce a thermoplastic composite article, the in-line system
comprising:

a fluid reservoir configured to receive an aquecus solution, a thermoplastic material and
reinforcing materials, wherein the fluid reservotr is configured to mix the thermoplastic material
and the reinforcing materials in the agueous solution to provide a homogeneous dispersion of the
thermoplastic material and the reinforcing materials in the agueous solution;

a moving support fluidically coupled to the fluid reservoir and contigured to receive the
homogeneous dispersion from the fluid reservoir and retain the homogeneous dispersion on the
moving support;

a pressure device configured to remove water from the homogeneous dispersion on the
moving support to provide a web comprising open cell structures formed from the reinforcing
materials and the thermoplastic material;

a device configured to dry and heat the web on the moving support to provide a porous

core layer on the moving support;
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a first supply device configured to receive a first skin material, wherein the first supply
device 18 configured to provide the first skin material as a first skan layer onto a first surface of
the porous core layer on the moving support,

a second supply device configured to receive a second skin material, wherein the second
supply device s configured to provide the second skin material as a second skin layer onto a
second surface of the porous core layer on the moving support; and

a consolidating device configured to consolidate the heated, porous core layer with the
disposed first skin layer and the disposed second skin layer by applying pressure to the heated,
porous core layer, the disposed first skin layer and the disposed second skin layer to provide a

substantially planar thermoplastic composite atticle.

22. The in-line system of claim 21, wherein the first supply device is configured to receive

a roll of the first skin material.

23. The in-line system of claim 22, wherein the second supply device is configured to receive

a roll of the second skin material.

24, The in-line system of claim 21, wherein the wn-line system further comprises a device
configured to cut the thermoplastic composite article into individual sheets as the thermoplastic

composite article exits the moving support.

2S. The in-line system of claim 21, further comprising a second heating device positioned after
the consolidating device, wherein the second heating device 18 configured to heat the
thermoplastic compostte article to increase an overall thickness of the thermoplastic composite

after consolidation.

26. The in-line system of claim 21, further comprising a sprayer fluidically coupled to the fluid
reservoir, wherein the spraver is configured to spray the homogeneous dispersion onto the

moving support.
27. The in-line systern of claim 21, further comprising an adhesive reservoir contigured to

dispose an adhesive on the second surface of the heated, porous core layer prior to disposing the

second skin layer on the second surface of the heated, porous core layer.
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Z8. The in-line system of claim 21, further comprising a printer configured to print a pattern on
the second skin layer after the second skin layer is disposed on the second surface of the heated,

potous core layer,

29. The in-line systern of claim 21, further comprising a printer configured to priut 4 pattern on
the second skin material before the second skin layer is disposed on the second surface of the

heated, porous core layer.

30. The in-line syster of claim 21, further comprising a processor configured to control

movement of the moving support.

31. A recreational vehicle wall comprising:

a first laminated lightweight reinforced thermoplastic composite article comprising a
porous core layer, a first skin layer on a first surface of the porous core layer and a patterned
second skin layer on a second surface of the porous core laver;

a foam layer coupled to the first larinated lightweight reinforced thermoplastic
composite article at a first surface of the foam layer, wherein the foam layer is coupled to the
first laroivated lightweight reinforced thermoplastic composite article through the first skin layer
of the first laminated lightweight reinforced thermoplastic composite article so the patterned
second skin layer is present on an waterior surface of the recreational vehicle wall;

a support structure coupled to a second surface of the foam layer at a first surface of the
support structure;

a second famunated lightweight reroforced therroplastic composite article coupled to a
second surface of the support structure, wherein the second laminated lightweight reinforced
thermoplastic composite article comprises a porous core layer, a first skin layer on a first surface
of the porous core layer and a second skin layer on a second surface of the porous core layer,;
and

an exterior panel coupled to the second laminated lightweight reinforced thermoplastic

composite article,

32. The recreational vehicle wall panel of claim 31, wherein the exterior panel comprises

fiberglass or aluminum.

33. The recreational vehicle wall pavel of claim 31, wherein the support structure comprises

tubing or a network.
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34. The recreational vehicle wall panel of claim 31, wherein the patterned second skin layer
comprises one or more of a woodgrato pattern, a marble pattern, a tile pattern, a random patiern,
a pinwheel pattern, a herringbone pattern, a brick pattern, an offset staggered brick pattern, an
offset patiern, a grid pattern, a stacked vertical pattern, a French pattern, a basket weave pattern,

a diamond pattern, or a chevron pattern.

35. The recreational vehicle wall panel of claim 34, wherein the first skin layer of the first

faminated lightweight reintorced thermoplastic composite article comprises a scrim.

36. The recreational vehicle wall panel of claim 31, wherein the porous core layer in the first
faminated lightweight reinforced thermoplastic composite article comprises a web comprising

open cell structures formed from reinforcing fibers held together by a thermoplastic material.

37. The recreational vehicle wall panel of claim 36, wherein the porous core layer in the second
lamninated lightweight reinforced thermoplastic composite article comprises a web comprising
open cell structures formed from reinforcing fibers held together by a thermoplastic material.
38. The recreational vehicle wall panel of claim 37, wherein the thermoplastic material in each

porous core layer independently comprises a polyolefin.

39. The recreational vehicle wall panel of claim 38, wherein the reinforcing materials in each

porous core layer comprise glass fibers.

40, The recreational vehicle wall panel of claim 39, wherein the thermoplastic material in each

porous core layer is polypropylene.

41. A recreational vehicle comprising a roof, side walls coupled to the roof, and a floor coupled
to the sidewalls to provide an interior space within the recreational vehicle, wherein at least one

of the sidewalls comprises the recreational vehicle wall panel as claimed in any of claims 31-40.

42. The recreational vehicle of claim 41, further comprising wheels to permit towing of the

recreational vehicle.



PCT/US2021/059150

1/19

WO 2022/104065

[ O

07T+ -
.

ST o °

11




2/19

WO 2022/104065

TP \\\\\\\\\\\* ‘//////// RM
202

Dispersion of TP/RM =

PCT/US2021/059150

1 Deposit on Moving Support

204
Web s

l Dry + Heat

206
Porous Core Layer e

Apply Decorative Layer +
Optional other layer(s)

LWRT Composite Article ™08

Consolidation

/210

Flat LWRT composite sheet -

Cutting

1
Individual LWRT composite article v 212

FIG. 2



3/19

WO 2022/104065 PCT/US2021/059150

o X FIG. 3

~402  FIG. 4A

410

A O

410
o FIG. 4B




WO 2022/104065

502~

4/19

Dhrection of movement ~——»

512

Yy ¥ v ¥

 Vacuum

Direction of movemesng —»

FIG. 5C

PCT/US2021/059150

410

\4 10



5/19

PCT/US2021/059150

WO 2022/104065

FIG. 6A

605

bdoh
A by
3 d
4 4 A

610

EL 2 2N

L aa

[EE XYY
+*

>
iy
P4 {
e
o4 ¥d
254+
e
$4¥
—t
+44

512

R

» {
422 H PR
FEPPEREEPPE

A

410~

FIG. 6B



6/19

WO 2022/104065

605

720~ | Adhesive T
Reservoir | 4%
i

PCT/US2021/059150

FIG. 7

610

----------------------------

12, HERiaiiey

\\'\nn

R

620

FIG. 8A

‘ ol Al
ol e il ol b

~722



WO 2022/104065

PCT/US2021/059150

......................... S - 920

PO OO S S S R F R S 2 ER AL IVRTT IR PRI T RGeS




WO 2022/104065

N

& &i& &

FIG. 10D

1

........................

8/19

FIG. 10B

FIG. 10E

N NN
.

A
M-

L ederhene
AT

ANNRNNRD SRR DEENNNNNN SN NN

FIG. 10H

[T U U U U ——

FIG. 10N

PCT/US2021/059150

-

' L
RN *&\&\\&\\l\\m

FIG. 10F

M R I N
etilelatudedotadetutedetatetotulde
:‘:ﬁ:&gﬂ:ﬂ:.gi::":!:ﬁ:b‘l:Q"O:t:o
Satuleatate R R
A LN R R RS
SRR RS R R GRS
-:;:g:;:;:gzggm:s:::s:;:iz-:'zi'e
HERe R X 3
PEREHRY ytetakyted
.i.t,i‘i RN 4!
Tatutelatafetatatotatetotstetetels:
sTatae oty talytetaty ul Eak Kt ted
O Igﬁﬁil.‘l\' MO
aiepetaiegeteisietslniel et eiulot o
HITHHHHIMG OIS
aegedeteXatitetals 0‘&':‘;*3':"0"
Tauiepstaielataleineiatnleiattel
Bii it
133 o‘a'-gt‘gga preepited 135

SeFatede
R RS R R RN
Tatufetatuteladutatutedatutetatate
#’Q‘n’ggo"!"‘t‘;‘:so'g’i%':’:}"
PR R R AR

FIG. 10I

FIG. 10L

FIG. 100




9/ 19 PCT/US2021/059150

WO 2022/104065

Vil 'Did

| amMH
0911

(®

§ 3% < Y
_E.EE:EEEEE.E:..E.ogﬁﬁimﬁs_s.:::E...
H
;
4
/

GeTT

081 ﬂ

| 10882001 |-

\,\.\
: v
[ 1 4
; : L
\V&§§§§§§@@
§ [ s P .
4 H ' ! A
iiiiiiiiiiiii § 7 i 3 :

L W_\.. Li/ 8011
mﬁﬁﬁmmm

9011
S
N

1-¢ott

0071



10 / 19 PCT/US2021/059150

WO 2022/104065

d11 "Old

et

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\

e
AR SESHESRURRREAERA AN . “
i
i
.

(0)

1 I0882001d

“““““

007171



11 / 19 PCT/US2021/059150

WO 2022/104065

o111 "Old

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\

i i O s
: : Q::—Eﬁ:ﬂ.ﬁ:ﬁﬁ. : i P A
i 3 ' [ i 7N h
; f 3 1 7 PR, L
“ o et ettt I A e L L L QOTI
: : / T 1
. ’

.l 108sa001g |-

007171



12 / 19 PCT/US2021/059150

WO 2022/104065

il Did

zo11

PR R

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\

TRHTH I AN
3

O

130883001d |-

0811~

PEGPT A

\x§§§§§§§§N®
iy 1 .V‘.u“.

0011



13 / 19 PCT/US2021/059150

WO 2022/104065

...................................

%& Ve

¢l 'O

0P 11

ixwwﬁwm%xwywwwwvv$k@%ﬁ&&wwwv

.‘.1,’.4:1, v
P AP R a4

T ¢«¢+¢+4¢¢¢¢*¢»¢oo¢¢*»*fo¢«¢+

))))))))))))))))))))))))))))

Qmﬂw

O@MM

gelt



14/19

WO 2022/104065 PCT/US2021/059150

7
K

1330

1340

Printer

FIG. 13

1335

™
.
v



WO 2022/104065 1 5/ 19 PCT/US2021/059150

1400

N

i

1440 { 1442/WWW

141 / 1111111111111111111111111111111 1 |16
111111111111111111111111111111

1111111111111111111111111111111

1512

1500

1514—" 1516

1552/.

FIG. 15



16 / 19 PCT/US2021/059150

WO 2022/104065

d91

DId

VOl

DId

7

2
2

i

-
7

s
\_\w\




17 / 19 PCT/US2021/059150

WO 2022/104065

AR TARY

¥

twi/,T "OIA



WO 2022/104065 PCT/US2021/059150

Marble

in
Decorative pattern

FIG. 18B

Wicodygra

B}

x
+
%

-
©

3000
50.0 -

250
= 200.0 -
1500
100.

FIG. 18A

Decorative pattern

500




Sound absorption coefficient

.
2
—t

Sound absorption coefficient

G
et

19/19

WO 2022/104065 PCT/US2021/059150
0.6000
~8T-13378  ~-8T-13797 - $T-13800
ST-13844 5T-13823  ~ ST-13883
------ 8T-13794  —ST-13882  ~-8T-13792 /™ .
0.5000 4 sT13793 - Luan/NPP CON
0.4000 -
0.3000
0.2000 -
0.1000 -
FIG. 19A
0-0&00 " 1 v ¥ T T ¥
0 1000 2000 3000 4000 5000 6000
Frequency (Hz)
1.0000
~8T-13378 ST-13797 ST-13800
0.9000 b . ST“13844 ...... ST~13823 ...... ST,,?BSSS
o0.8000 4 ~STH13794 ST-13882 -~ ST-13792
------- ST-13793  ~~Luan/NPP
0.7000 -
0.6000 -
0.5000 - o
FIG. 19B .~
0.4000
0.3000 \
0.2000 | s
0.1000
0.0000

3000

4000

Frequency (Hz)

5000




INTERNATIONAL SEARCH REPORT International application No.
PCT/US21/59150

A. CLASSIFICATION OF SUBJECT MATTER
IPC - B328B 27/28; B32B 5/18; B29C 31/08; B29C 44/46; B29C 44/36; B32B 38/06; B32B 5/20; B29C 43/22; B29C 43/48 (2021.01)

B29C 43/48; B32B 38/0032; B32B 27/28; B32B 5/18; B29C 31/08; B29C 44/36; B29C 44/46; B32B 2260/021; B32B 5/20:
CPC - B3z 37/0053; B32B 38/004; B32B 38/06; B32B 2305/02; B32B 2309/00; B32B 2605/00; B29C 43/22

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2020/0114839 A1 (CHENG PENG et. al) 16 April 2020; abstract; paragraphs [0005], 1-6, 11, 14, 21
[0012]-[0013], (0020], [0072]-[0073], [0075], [0077]-[0078), [0080]-[0085), [0095]; claim 11 -

Y 7-10, 12-13, 15-20, 22-30
Y US 2005/0148262 A1 (VARONA EUGENIO G et. al) 07 July 2005; paragraphs [0050), {0060} 7-8
Y US 2018/0311931 A1 (WODZINSKI TODD RICHARD et. al) 01 November 2018: abstract: 12-13
paragraphs [0006]), [0012], [0014], [0075], [0085)
Y US 10,704,269 B2 (VALINGE INNOVATION AB) 07 July 2020; abstract; column 2, lines 1-5; 15
column 6, lines 20-23; column 11, lines 8-10; column 27, lines 30-32; column 32, lines 6-14
Y CN 111497357 A (JIANGSU QlYI TECH CO LTD) 07 August 2020; see machine translation; 16
abstract; claim 12; paragraphs [0008], {0012], [0100], {0128]
Y CN 102218866 B (HIROTANI KK) 24 December 2014; see machine translation; abstract 17, 25
Y US 10,525,678 B2 (AVERY DENNISON CORP) 07 January 2020; abstract; column 3, lines 18, 29
45-57; column 4, lines 4-7; column 11, lines 6-8, 17-25; column 12, lines 43-45
Y WO 2017/175878 A1 (TOKUYAMA CORP) 12 October 2017; see machine translation; 19, 28
abstract; claim 5; page 5, bottom; page 7, bottom
Y WO 2020/200796 A2 (FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER 20
ANGEWANDTEN FORSCHUNG LEV) 08 October 2020; see machine translation; paragraphs
% Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T" later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step

filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish t qf{)ubllcanon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“O” documentreferring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P"  document published prior to the international filing date but later than “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
21 March 2022 (21.03.2022) APR 25 2022

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents : Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71.273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US21/58150

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
[0065]-[0066), (0074)
US 3,282,769 A (RODMAN CLARENCE J et. al) 14 January 1963; figure 1; column 4, lines
Y 20-28, 55-65, 70-74; claim 3
22-23, 27
WO 2006/101044 A1 (FUJI PHOTO FILM CO LTD) 28 September 2006; see machine
Y translation; abstract; claim 1; paragraphs [0060], [0067], (0074], [0096]
24
US 2008/0057188 A1 (BYERS JOSEPH L et. al) 06 March 2008; abstract; paragraphs [0022],
Y [0038]
26
US 6,495,091 B1 (MANSON JAN ANDERS et. al) 17 December 2002; abstract; figure 10;
Y column 6, lines 44-53; column 8, lines 28-35, 64-67; column 11, lines 1-22
30
JP 2020142423 A (TORAY IND INC) 10 September 2020; see machine translation; abstract;
Y page 7, sixth paragraph; page 8, first-second paragraphs; page 12, first paragraph
9-10
QUICK GUIDE TO PRECISION MEASURING INSTRUMENTS. "Quick Guide to Precision
A Measuring instruments” . .
Https://mww.mitutoyo.co.jp/eng/products/menu/QuickGuide_Surftest.pdf. 1997; Entire 9-10

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US21/68150

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-30

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US21/59150

-***-Continued From Box No. Ill: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-30 are directed towards an in-line process of producing a thermoplastic composite article from a disposed aqueous
solution on a moving support.

Group l: Claims 31-42 are directed towards producing a recreational vehicle wall comprising a foam layer and a support coupled to a
thermoplastic composite article.

The special technical featured of Group | discloses an in-line process of producing a thermoplastic composite article using an in-line
system, the in-line process comprising: combining reinforcing materials and a thermoplastic material in an aqueous solution; disposing
the aqueous solution with the combined reinforcing materials and the thermoplastic material onto a moving support; removing water from
the disposed aqueous solution on the moving support to form a web comprising open cell structures formed from the reinforcing
materials and the thermoplastic material; drying the web on the moving support to provide a porous core layer; heating the dried, porous
core layer on the moving support to melt the thermoplastic material of the heated, porous core layer; disposing a first skin layer on a first
surface of the heated, porous core layer on the moving support; disposing a second skin layer on a second surface of the heated, porous
core layer on the moving support: and applying pressure to the heated, porous core layer comprising the disposed first skin layer and the
disposed second skin layer on the moving support to provide a thermoplastic composite article, which are not present in Group il; and

the special technical features of Group il include producing a recreational vehicle wall comprising a patterned second skin layer; a foam
layer coupled to the first laminated lightweight reinforced thermoplastic composite article at a first surface of the foam layer, wherein the
foam layer is coupled to the first laminated lightweight reinforced thermoplastic composite article through the first skin layer of the first
laminated lightweight reinforced thermoplastic composite article so the patterned second skin layer is present on an interior surface of
the recreational vehicle wall; a support structure coupled to a second surface of the foam layer at a first surface of the support structure;
a second laminated lightweight reinforced thermoplastic composite article coupled to a second surface of the support structure, wherein
the second laminated lightweight reinforced thermoplastic composite article comprises a porous core layer, a first skin layer on a first
surface of the porous core layer and a second skin layer on a second surface of the porous core layer; and an exterior panel coupled to
the second laminated lightweight reinforced thermoplastic composite article, which are not present in Group .

The common features of Groups I-Il include a thermoplastic composite article comprising a porous core layer, a first skin layer on a first
surface of the porous core layer and a second skin layer.

The common features are disclosed by US 2020/0114839 A1 to Cheng, et al. (hereinafter “Cheng”).

Cheng discloses a thermoplastic composite article comprising a porous core layer, a first skin layer on a first surface of the porous core
layer and a second skin layer (a thermoplastic article comprising a core layer with a first second skin layer and a second skin layer;
abstract; paragraphs [0005, [0013]; claims 11, 13).

Since the common features are disclosed by Cheng the Groups I-{l lack unity.
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