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(57) Abstract: In-line systems and in-line methods are described that can be used to provide lightweight reinforced thermoplastic
composite articles that include a textured film layer. The textured film layer can provide one or more of water resistance, flame retar-
dancy, a desired surface roughness or other desired properties. The lightweight reinforced thermoplastic composite articles that include
a textured film layer can be used in building applications, in recreational vehicle applications and in other applications as desired.
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IN-LINE LAMINATION PROCESS FOR PRODUCING
THERMOPLASTIC COMPOSITE PANELS WITH TEXTURED FILM LAYERS

{001] 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. 63/145,073 filed on February 3,
2021 and U.8. Application No. 63/188,358 filed on May 13, 2021, The entire disciosure of each

of these applications 15 hereby incorporated herein by reference.

{663} TECHMNOLOGICAL FIELD

[004] Certain configurations described herein are directed to an in-line lamination process that
can produce a thermoplastic composite panel including a textured film laver. In some examples,
the panel can be used in building applications, recreational vehicles and other areas where a

waterproof panel may be desired.

1005 BACKGROUND
[006] Production of decorative panels can be time consuming and tedious. In many cases,

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

{687 SUMBMARY

[008] Certain aspects, configurations, embodiments and examples are described of in-line
processes that can be used to produce panels that include a textured film layer that can be used in
recreational vehicles, butlding applications, in wet applications and in other areas.

[009] o an aspect, an in-hine process of producing a thermoplastic composite article using an in-
line system is described. In certain embodiments, the in-line process comprises combining
reinforcing materials and a thermoplastic material in an aqueous solution, disposing the agueous
solution with the combined reinforcing materials and the thermoplastic material onto a moving
support, removing watet 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 textured film layer on a first surface of the heated, porous core layer
on the moving support, and applying pressure fo the heated, porous core layer comprising the
disposed first textured film layer on the moving support to provide a thermoplastic composite

article.
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(0010} In certain configurations, 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 examples, the method comprises adding a foam to the aqueous solution with
the combined reinforcing materials and the thermoplastic material. In other examples, the method
comprises adding a lofling agent to the aqueous solution with the combined reinforcing materials
and the thermoplastic material. In some embodiments, the method comprises configuring the first
textured fir layer as a polyolefin film. In certain examples, the method comprises configuring
the polyolefin film to comprise a maximum height surface roughness (Rt} of at least 8 microns as
measured using a stylus profilometer.

(0611} In additional examples, the first textured film laver further comprises a pattern. In some
embodiments, the pattern 15 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 patiern.

(00121 In some embodiments, the thermoplastic material comprises a polyolefin and the
reinforcing materials coruprise inorganic fibers.

00137 In other embodiments, the method comprises stretching the first textured film layer prior
to disposing the first textured film layer ou the first surface of the heated, porous core fayer on the
moving support.

[0014] In additional embodiments, the first textured film layer is stretched 1n a machine direction.
[0G15T In certain embodiments, the first textured film layer 1s disposed on the heated, porous core
tayer without using any adhesive between the first textured film layer and the heated, porous core
fayer.

[0016] In some embodiments, the method comprises disposing a skin layer on the second surface
of the heated, porous core layer on the moving support.

[00177 In certain examples, the method comprises disposing an adhesive on the second surface of
the heated, porous core layer prior to disposing the skin layer on the second sutface.

[001&] In some embodiments, the method comprises configuring the thermoplastic composite
article to meet a class B standard as tested by ASTM ES84 dated 2009,

(03191 In other embodiments, the method comprises configuring the thermoplastic composite
article to meet a class A standard as tested by ASTM E84 dated 2009

0020} In certain embodiments, the method comprises consolidating the heated, and porous core
fayer prior to disposing the first textured film layer on the first surface. In some examples, the

method comprises heating the thermoplastic cormposite article after consolidating  the
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thermoplastic composite article to increase an overall thickness of the thermoplastic composite
article.

[0021] In other embodiments, the method coraprises printing a pattero onto the first textured filvo
tayer after disposing the first textured film layer on the first surface of the heated, porous core
fayer.

0022} In additional embodiments, the method comprises embossing the first textured film layer
after disposing the first textured film layer oun the first surface of the heated, porous core layer,
00231 In some exampies, the method comprises disposing a non-porous layer on the first surface
of the heated, porous core layer prior to disposing the first textured film layer.

[0624] In another aspect, an in-line system configured o produce a thermoplastic composite
article is described. In certain examples, 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
aqueous solution to provide a homogeneous dispersion of the thermoplastic waterial and the
reinforcing materials in the agueous solution. The in-line system can also include 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.
If desired, the moving support can tuclude two or more separate sections or segmenis. In some
instances, the in-line system can also include a pressure device configured to remove water from
the homogeneous dispersion on the moving support to provide a web comprsing open cell
structures formed from the reinforcing materials and the thermoplastic material.  The in-line
system can also include a device contigured to dry and heat the web on the moving support 1o
provide a porous core layer on the moving support. The wn-line system can also nclude a first
supply device configured to receive a first film material, wherein the first supply device is
configured to provide the first filro matenial as a first film layer onto a first surface of the porous
core laver on the moving support. The in-line system can also include a consolidating device
configured to consolidate the heated, porous core layer with the disposed first film layer by
applying pressure to the heated, porous core layer and the disposed first film layer to provide a
substantially planar thermoplastic composite article.

00257 In certain embodiments, the first supply device is configured to recetve a roll of the first
film maternal.

[0026] In other embodiments, the in-line system can tnclude a texturizing device configured to
impart a texture to the first film layer prior to disposing the first film laver on the heated, porous

core layer.

(o8]



WO 2022/104075 PCT/US2021/059162
(0627} In some embodiments, the in-line system can include a texturizing device configured to
impart a texture to the first film layer after disposing the first film layer on the heated, porous core
layer.

100287 In certain examples, the in-line system can also include a consolidating device.

(00291 In certain embodiments, the in-line system can include a second heating device positioned
after the consolidating device, wherein the second heating device is configured to heat the
thermoplastic composite article to increase an overall thickness of the thermoplastic composite
after consolidation.

100307 In certain examples, the in-line system can include a sprayer fluidically coupled to the
fluid reservoir, wherein the sprayer is configured to spray the homogeneous dispersion onto the
moving support.

[003 11 In certain embodiments, the in-line system can include a second supply device configured
to receive a supply or a non-porcus material, wherein the second supply device is configured to
provide the von-porous material as a non-porous layer onto the first surface of the porous core
layer on the moving support prior to disposing the first film layer onto the heated, porous core
layer.

(00321 In some embodiments, the in-line system can include a printer configured to print a pattern
on the first film layer after the first filvo layer 15 disposed on the second surface of the heated,
porous core layer.

[0033] In certain configurations, the in-line system can include an embosser configured to provide
a pattern on the first film layer.

100347 In some embodiments, the in-line system can include a processor configured to control
movement of the moving support and optionally the other components of the in-line system.
00357 In an additional aspect, a recreational vehicle (RV) ceiling comprises a first laminated
hightweight reinforced thermoplastic composite article comprising a porous core layer, a first skio
fayer on a first surface of the porous core layer and a textured and patterned film layer on a second
surface of the porous core layer. The RV cetling may also comprise a support siructure coupled
to the first skin layer. For example, the support structure may comprise fubing or a network.
[0036] In certain embodiments, the RV ceiling comprises an exterior panel coupled to the support
structure. In other embodiments, the exterior panel comprises fiberglass or aluminum.

(00371 In some embodiments, the RV ceiling comprises a foam layer coupled to the first skin
fayer and positioned between the first laminated lightweight reinforced thermoplastic composite

article and the support structure.
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[003&] In some embodiments, the textured and patierned film layer comprises a polyolefin film.
For example, the polyolefin film can include one or more of polypropylene, polyethylene or blends
or copolymers thereof.

100397 In certain examples, the porous core layer in the first laminated lightweight reinforced
thermoplastic corposite article comprises a web comprising open cell structures formed from
reinforcing fibers held together by a thermoplastic material.  In other embodiments, the
thermoplastic material in the porous core layer comprises a polyolefin. o some embodiments, the
reinforcing matenials in the porous core layer comprise glass fibers. In additional embodiments,
the recreational celling panel is waterproof.

[0040] In another aspect, a recreational vehicle comprises a ceiling, side walls coupled to the roof,
and a floor coupled to the sidewalls to provide an interior space within the recreational vehicle,
wherein the ceiling of the recreational vehicle comprises a textured film layer as described herein.
i some examples, the RV comprises wheels to permit towing of the recreational vehicle.

[0041] In an additional aspect, a waterproof panel 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 textured and patierned film layer on a second surface
of the porous core layer, and a substrate coupled to the first laminated lightweight reinforced
thermoplastic compostie article through the first skin layer.

[0042] In certain embodiments, the waterproof panel meets a Class B standard as tested by ASTM
E84 dated 2009, In other embodiments, the waterproof panel meets a Class A standard as tested
by ASTM EB4 dated 2009,

100437 In some embodiments, the waterproof panel comprises a non-porous layer between the
second surface of the porous core layer and the textured and patterned film layer.

[0044] In some examples, the textured and patterned film layer comprises microspikes on a
surface of the film layer that couples to the first surface of the porous core layer to increase
adhesion of the textured and patterned film layer to the first surface of the porous core layer.
00451 In certain embodiments, the textured and patierned film layer comprises a basis weight
between 30 gsm {g/m*) and 250 gsm. In other embodiments, the textured and patterned film fayer
comprises more than a single film layer.

00461 In some examples, the waterproof panel comprises a thermoset top coating on the textured
and patterned film layer, e g, a thermosetting material coating on the textured and patterned film
fayer.

(00477 In some embodiments, the waterproof panel is cellulose free.

[0048] In another aspect, a shower panel comprising a lightweight retntorced thermoplastic article

comprising a textured film layer as described herein, e.g., the article comprises a porous core layer,

L‘
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a first skin layer on a first surface of the porous core layer and a textured and patterned film laver
on a second surface of the porous core layer, and an optional substrate coupled to the first
laminated lightweight reinforced thermoplastic composite article through the first skin layer.
100497 In an additional aspect, a shower enclosure comprises a shower pan, a back wall coupled
to the shower pan and sidewalls coupled to the shower pan and the backwall, wherein at least one
of the shower pan, the backwall and the sidewalls comprises a lightweight reinforced
thermoplastic article coraprising a textured film layer as described herein, e.g., at least one of the
sides, the backwall or the pan comprises a porous core layer, a first skin layer on a first surface of
the porous core layer and a textured and patterned film layer on a second surface of the porous
core layer, and an optional substrate coupled to the first faminated lightweight reinforced
thermoplastic composite article through the first skin layer.

[005071 Additional aspects, configurations, embodiments and examples are described below.

{0651] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

00521 Certain specific tllustrations are described below to facilitate a better understanding of the
technology described herein with reference to the accompanying drawings tn which:

[00531 FIG. 1 is a simplified illustration showing a recreational vehicle ceiling, in accordance
with some embodiments;

[0054] FIG. 2 1s a block diagram showing certain steps of an in-ling process that can be used, in
accordance with some embodiments;

FO055T FIG. 3 15 an iHustration showing certain components that can be used to add materials into
a mixing tank, in accordance with certain examples;

00561 FIG. 4A and FIG. 4B are illustrations of a moving support, in accordance with some
embodiments;

[O0S7Y FIG. SA, FIG. 3B and FIG. 5C are illustrations showing a drying device, in accordance
with certain embodiments;

00581 FIG. 6A and FIG. 6B are illustrations showing application of a textured film layer and/or
skin laver to a core laver, in accordance with certain embodiments;

(00597 FIG. 7 15 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;

100607 FIG. 8A and FIG. 8B are llustrations showing rollers that can be used in an in-line process,
in accordance with some examples;

(0061} FIG. 9 is an illustration showing a cutting device that can be used to cut the moving

compostie article wnto mdividual composite articles, in accordance with certain emboduments;
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(00621 FIG. 10A, FIG 108, FIG. 100, FIG 10D, FIG. 10, FIG. 10K, FIG. 106G, FIG. 10H, FIG.
1OL, FIG. 0], FIG. 10K, FIG 10L, FIG 10M, FIG. 10N and FIG. 100 show different patterns
that can be present ou a textured flm laver, in accordance with some examples;

100631 FIG. 11A FIG. 11B, FIG. 11C and FIG. 11D are tllustrations of systems that can be used
to perform the 1n-line process, o accordance with certain ewbodiments;

[0064] FIG. 12 1s an illustration of a recreational vehicle (RV) ceiling, in accordance with some
embodiments;

[00651 FIG. 13 is an illustration of a recreational vehicle that can include an RV ceiling as
described herein, in accordance with some examples;

[0006] FIG. 14A and FIG. 148 are illustrations of shower enclosures, in accordance with some
embodiments;

[0G671 FIG. 15A and FIG. 15B are illustration of a siding panel and a rooting panel, respectively,
in accordance with certain embodiments;

[0068] FIG. 16 is a table showing various films and roaterials present 1o tested LWRT articles;
[0069] FIG. 17A, FIG. 178, FIG 17C, FIG. 17D, FIG. 17E, FIG. 17F, FIG 117G, FIG. 17H and
FIG. 171 are illustrations showing different patterns and textures on film surfaces;

[00707 FIG. 18 15 a table showing tested LWRT articles;

{00711 FIG. 19 1s a table showing surface roughness measurements;

[0072] FIG. 20 is a table showing fire retardancy measurements; and

[0073] FIG. 21 and FIG. 22 are tables showing measured properties for the tested samples.

16074] DETAILED DESCRIPTION

{00757 It will be recognized by the person of ordinary skill 1o the art, given the benefit of this
description, that the different lavers described herein are not necessarily shown to scale. No
material is intended to be required in any one fayer unless specifically indicated in the description
in connection with that particular configuration. The thicknesses, arrangements and end-uses of
the decorative panels may vary.

[0076] In certain embodiments, the processes described herein can be used to produce panels for
use in building applications, vehicles such as recreational vehicles, in wet applications and for
other uses. Recreational vehicles (RVs), including motorhomes and towables, can incorporate
tight weight glass fiber reinforced thermoplastic composite panels into a cetling or other parts to
reduce the weight. Compared with traditionally used wood composites, 1.e. plywood, the
polymeric composites provide abundant benefits, such as better durability, being free of
formaldehyde, lighter weight for fuel efficiency, improved acoustic performance, water resistance

or being waterproof, mold resistance, and flame retardancy, which benefits derive from the high

~
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degree of functional integration of glass and the thermoplastic resin matrix.  In some
configurations, reinforcing fibers, e.g., glass fibers, can advantageously impart to the modulus of
elasticity of the resin mairix, resulting n 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 application thickness, and textured
film layers.

F0077] In certain examples, an outer surface of the panel can include a textured film layer whaich
is “deep” or has a high surface roughness. For example, a textured film can be bonded to an
underlying web or core layer in an in-line process so it generally cannot be separated from the
composite core.  The resulting composite article can exhibit strong tensile strength, which
eliminates the 1ssue of décor/core delamination at the interfaces between layers within the RV
cetling construction. The textured film can also improve flexural stiffness of the board, especially
in the machine direction. The textured panels can also pass ASTM E84 dated 2009 Class A flame
retardancy classifications or ASTM E84 dated 2009 (lass B flame retardancy classifications
depending on the film used. The Class A classification generally means a flame spread index of
-25 and a smoke development index of vo larger than 450, The Class B classification generaily
means a flame spread index of 26-75 and a smoke development index of no greater than 450, In
some embodiments, the textured film and other layers can provide a waterproof panel that can be
used as a shower wall, shower pan or in other wet applications, e.g., as roofing or a roof panel.
In some embodiments, a FMVSS 302 standard may also be used to measure fire or flame
retardancy. The FMVSS 302 test ts sometime referred to as a SAE J369 test standard. These tests
are generally equivalent and are used to determune burning rate measurements. In brief] the tests
use a horizontal flame chamber, a fume hood, a tote large enough to handle specimens of about
12 inches in length, a water source, a timer, a lighter and a ruler. The specimen size is about 4
inches by about 12 inches with 5 or roore specimens typically being tested. The adhesive side of
the specimen is typically subjected to the flame. For FMVSS 302 tests, the fume hood is typically
opened enough to provide an air flow of about 150 cubic feet per minute. For the SAE J369 test,
the fume hood, for example, may be opened to provide the same air flow or may be opened all the
way. Unless otherwise noted herein, the FMVSS 302 test can be interchanged with the SAE 1369
test. The results of these tests can be classified in several ways including DNI, SE/Q, SE/NBR,
SE/B, B, and RB. DNI refers to the material not supporting combustion during or following a 15
second ignition period and/or the material not transmitting a flame front across gither surface 1o a
selected distance. SE/O refers to the material igniting on the surface, but the flame extinguishes
itseif before it woves a selected distance. SE/NBR refers to the matenal stopping burning before

it has burned for 60 seconds from the start of timing and not burning more than about 50 mm from
8
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the point where timing was started. SE/B refers to the leading flame front progressing a selected
distance but extinguishing itself before reaching a second distance. B refers to the matenial burning
the euntire distance. RB refers to the materials that burn so rapidly it 18 not possible to time the
burning rate. One or more of burn distance, burn time, burn rate, and whether the matenial 1s self-
extinguishing may also be measured. Specimens mway be considered to “meet” or “pass” the
FMVES 302 or SAE J369 tests if the flame travels less than about 102 mm per minute. Specimens
may fail the tests if they burn faster than 102 mm per minute.

[0078Y In certain embodiments, the articles described herein can include a textured film on an
outer surface. In some embodiments, the textured film may include a pattern, embossing or other
features that generally provides some depth to the film and results in a rough surface. The overall
basis weight of the film may vary from about 50 grams per square meter (gsm or g/m*°} to about
300 gsm, more particularly about 100 gam to about 250 gsm. The film thickness may vary from
about 0.1 mm to about 0.5 mm, more particularly, about 0.15 mm to about 0.30 mm. Surface
roughness values can be used as a measure of the depth of the film.  For example, a maximum
height surface roughness (Rt} on at least one surface of the film can be 8 microns or more, 10
microns of more, 15 microns or more, or more than 20 microns in the machine direction and in
the cross direction as measured by a stylus protilometer according to ISO 4287:1997. In other
instances, the maximum height (Rt) may be more thao 30 microns in the machine direction and in
the cross direction as measured by a stylus profilometer according to ISO 4287:1997. In other
embodiments, the rmaximum height (Rt) may be more than 40 nmicrons in the machine direction
and in the cross direction as measured by a stylus profilometer according to 150 42871997, In
certain embodiments, the maximurm height (RY) may be more than 50 microns in the machine
direction and in the cross divection as measured by a stylus profilometer according to ISO
4287:1997. In some embodiments, the maximum height (Rt) may be more than 60 microns in the
machine direction and in the cross direction as measured by a stylus profilometer according to
180 4287:1997. In other embodiments, the maximum height (Rt} may be more than 70 microns
in the machine direction and 1o the cross direction as measured by a stylus profilometer according
to IS0 4287:1997.  In some instances, microspikes {or other non-planar structures) on a surface
of the film layer that couples to a first surface of a porous core layer can increase adhesion of the
textured film layer to the first surface of the porous core layer.

[00797 In certain embodiments, the textured film side of the LWRT articles described herein may
have a low or zero water absorption as tested by the Cobb test. Water absorption or retention 1s
generally a measure of the mass of water absorbed over a specific time by a specific area of the
LWRT article in contact with water. For example, water absorption can be measured by punching

a disc of the material and clamping the punched disc with the textured film side facing up. The
9
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clamp can surround the top surface of the disc to form a cylindrical wall that can receive water.
Water 1s then poured into the cylinder, and after waiting for 1 munute, the water is removed and
the specimen 1s weighed to determine how rouch water was absorbed, e g, to determine the weight
gain percentage. If the surface layer 18 porous or not water-resistant, water can penetrate and
saturate the specimen, which would result in a hugher water retention or an 1ucreased weight gain
percentage. In certain embodiments, the textured film side of the LWRT may have a water
absorption of less than 1%, more particularly less than 0.5% or even 0%. As used herein, the
percentages refer to the weight gain percentage after exposure to the water. For example, the
textured film side of the LWRT article may be waterproof so no, or substantially no, water or
moisture can penetrate into the surface. As noted in more detail below, the textured film layer can
be used in combination with a non-porous layer or non-porous coating to further enhance the water
resistance of the LWRT articles.

(00807 In some examples, the materials used in the film may vary and typically the films are
produced using a polyolefin or combinations of polyolefins. For example, the filims can wnclude
one or more of polyethylene, polypropylene, combinations of polyethylene and polypropylene and
copolymers of polyethylene and polypropylene. In some embodiments, the textured filro may be
a homopolymer film, whereas in other embodiments the textured film can include two or more
different polymers, e.g., include a copolymer film. If desived, different areas of the textured filros
could include different polymeric materials.  The textured films can also include colorants,
additives, fibers or other materials as desired.

[0081] In certain embodiments, the textured films may also include a pattern or embossing on a
surface of the textured film. This pattern or embossing may be provided prior to disposing the
film ou a core layer or after disposing the {ilm on a core layer. The paiterns can be printed,
embossed, etched, pressed or otherwise imparted to a surface of the textured film in many different
manners, Hlustrative patierns include, but are not limited to, a square patiern, 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 basket weave pattern, a diamond pattern, a chevron pattern, a French pattern, a fabric pattemn,
light colored patterns, dark colored patterns, coarse patterns or other patterns.

{00821 In other embodiments, the textured film can be used in combination with a top coat of
material that is sprayed, coated or otherwise added to an outer surface of the textured film. While
the top coat material may vary and includes thermoplastic materials and thermosetting materials,
typical top coat materials include, but are not limited to, epoxy resins, acrylic resins, polyester
resing, polycarbonate resins, melamine~formaldehyde resins, polyurethane resins and other

thermosetting resins or thermoplastic resins. In some instances, the resins may comprise polymers
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cross-linked through the use of aminoplasis. Such resins are commercially available and
illustrative resins/coatings are described, for example, in US. Patent Publication No.
20030055145, The exact thickness of the top coat can vary and (s typically much thinner than the
overall filrn thickness. The top coating is generally optically transparent, though it may be colored
if desired.  In some embodiments, the top coat may also provide some abrasion resistance
according to according to SO 9352:2012, Plastics — Dietermination of resistance to wear by
abrasive wheels.

00831 In some configurations, the textured film may also provide some chemical resistance. For
example, the textured film may permit cleaning of a composite article including the textured film
using conventional household cleaners, e g mild bleach, quaternary amines, alcohol, ete, without
damage to the textured film, e.g, without removal of the texture and/or any color or design. In
certain embodiments, light weight reinforced thermoplastic (LWRT) composites can be used as
RY ceiling panels or as a RV ceiling. FIG. | shows one illustration where a RV 100 includes a
ceiling panel that comprises a core layer 110, a textured film 130 and a skin layer 120 The
textured film 130 generally faces an interior space of the RV 100, and the skin laver 120 can
couple to other components of the RV 100 as noted in more detail below. The RV can include
other layers or components. For example, 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 installed to a roof and a floor to provide
strength to the overall unit.  The roof or ceiling can include the panel shown in FIG. 1 that is
bonded to one or more foam layers, structural components of the RV, etc. As noted below, the
core layer 110 can include a porous web that is used in combination with a textured film layer and
optionally additional skin layers. In conventional production roethods, materials roay be bonded
onto a substrate (typically plywood) off-line and used in ceilings of RVs. However, in the past
few vears, 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 materials onto
plywood have stimulated the interest in developing a product by 1n-line laminating a textured film
onto a durable composite panel. In-ling laminated textured film composite panels can provide
similar or better high-quality surtaces, gloss, and color, depending on the design/patterns, as
compared to oft-line laminated plywood panels.

(00847 In certain embodiments, an in-line process to produce a panel with a textured film can
include numerous steps which are typically controlled in an automated manner using a processor
or computer as described in 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. ALWRT

fayer is prepared by combining a thermoplastic material (TP), e.g., a thermoplastic resin, and
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reinforcing materials (RM)} to form a dispersion or mixture 202. This mixture can then be
depostted onto a suitable moving support to provide a web 204 formed by the reinforcing materials
and the thermoplastic resin. The resulting web 204 can 1nclude open cell structures of reinforcing
fibers held 1n place by the thermoplastic material. The resulting web 204 can be heated and dried
to soften or melt the thermoplastic resin and form a porous core layer 206, Ouve or more layers,
e.g., a textured film layer, can then be applied to a surface of the formed and heated porous core
layer 206. For exarople, a textured film layer can be applied to form a LWRT composite article
208, While not shown, a non-permeable layer or coating may be applied between the core layer
206 and the textured film to further render the assembly water resistant or water proof. The
resulting LWRT composite can be consolidated into a flat sheet 210, which can be used in forming
the RV ceiling or other composite panel. For example, the flat sheet 210 on a moving support can
be cut to provide an individual LWRT composite article 212, Various dlustrations of process
conditions, steps and materials are described in more detail below.

{00851 As shown in FIG. 3, a thermoplastic mwaterial can be present to a reservoir 302 and
reinforcing fibers (or other reinforcing materials) can be present in a second reservoir 304, Each
of the thermoplastic material and the retoforcing fibers can be metered, sprayed, or otherwise
introduced into an aquecus solution in a mixing tank 306 comprising water, a liquid or an aqueous
solution. It desired, a foarn 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 suttable temperature to provide a substantially homogenous aqueous 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
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 5
minutes. As noted above, however, in instances where the matenals are continuously added to
the mixing tank 306, mixing 1s performed constantly. The mixing tank 306 can include a paddle
nuxer, an impeller or other devices to facilitate mixing.

[0086] In certain embodiments 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 heretn, the moving support
410 could be broken up into two or more individual segments as desired. The mixing tank 300
can be fluidically 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
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or include a mesh that can receive the dispersion. The exact deposition rate used may vary
depending on the amount of material to be deposited per square meter. The moving support 410
may move at a continuous and coustant 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
spray heads may be heated, cooled or present at room termperature during deposition of the
dispersion. As noted below, different areas of the moving support 410 may have different
temperatures. The exact dimensions of the moving support 410 can vary and typically the moving
support is 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 recetved dispersion to additional sites or stations of the in-
line 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 it can pass through an oven or other drying device.
[0087] In certain embodiments and referring to FIG. 5A, the moving support 410 with the
dispersion of the thermoplastic material and reinforcing fibers can migrate to a drying device 510,
Alternatively as noted above, the drying device 510 may be positioned adjacent to a separate dryer
belt that can receive the formed mat. 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 410 and leave
behind the reinforcing fibers and the thermoplastic material on the moving support 410, 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 i place by the thermoplastic material.
It desired, other materials may also be present in the core layer or sprayed onto the core layer 512,
For example, an adhesive from a reservoir can be sprayed on a surface of the formed core layer
512. In other instances, a coating may be sprayed on the core layer 512 to act as a non-porous
fayer and enhance the waterproot vature of the final LWRT article. The exact temperature used
to heat the web 502 and/or core laver 512 may vary and desirably the temperature ts above a
melting point of the thermoplastic material and below a melting point of the reinforcing fibers. In
some examples, the moving support 410 itself can be heated, whereas in other examples the drying
device 510 can include a heating element or be contfigured as an oven or other heating devices,
While not shown, heated or cooled air can be blown across a top surface of the web 502 or the
core 512. If desired, the drying device 510 and the moving support 410 can both provide heat to
the web 502 on the moving support 410, In some tnstances, the moving support 410 can include

a thermally conductive material that can retain the heat from the drying device 510 to assist in
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maintaining the core layer S12 in a softened form during application of textured film layer or other
materials. In some examples, a pressure device 520 separate from the drying device 310 may be
present {(see FIG. 3C). For example, a vacuum may be applied to the web 502 to remove water
from the web 502 and leave behind the reinforcing materials and the thermoplastic material. The
pressure device 320 1s typically upstream of the drying device 510 and is desigoed 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 downsiream
of the pressure device 520 or downstream of the drying device 510.

[0088] 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 manner. As noted herein,
an outer skin layer typically takes the form of a textured film to irapart some surface roughness
and/or a pattern, embossing, eic. to the cuter surface of the LWRT article. Referring to FIG. 64,
an tllustration i1s shown where a textured film layer 610 is applied to a core layer 512 as the core
fayer 512 exuis the moving support 410 For example, the textured film layer 610 may be present
as a roll of film layer material 605 that 15 unrolled and applied in a continuous manner to one
surface of the core fayver 512 While not shown in FIG. 6A, the textured film layer material 603
can be stretched or elongated prior to applying the film layer 610 to the surface of the core layer
S12. In some examples, the textured film laver matenal 605 can be siretched 1o the machine
direction, e.g., 1n the direction of movement of the moving support, or can be stretched 0 a cross-
direction, e.g, in a direction perpendicular to the machine direction. While the degree of
stretching depends on the particular materials present in the textured film layer material 605, in
some embodiments, the film may be stretched by applying a stretching force of about 60 N 1o
about 250 N to siretch the filro layer matenial 605, The exact force that s applied may vary with
thicker films typically using higher forces to stretch the film. Where a stretching force is applied,
the streiching force is selected to be less than an elongation at break force so the film does not tear
during the stretching. If desired, the film layer material 605 can be stretched between multiple
rollers prior to application to the core layer 512, The textured film layer 610 can be applied at
room temperature even though the core layer 512 still may be heated or otherwise present on the
moving support 410 above room temperature.

[00891 In some embodiments, the final LWRT article includes a textured film faver 610 on a
surface of the core layer 512 A non-porous layer or a non-porous material may be present
between the surface of the core layer 512 and the textured film layer 610, For example, the
porosity of the non-porous layer may be less than 5% or even less than 1% or % to provide a

LWRT article that is essentially waterproof and can be used in wet environmenis such as, for
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example, shower walls, shower receptacles, RV shower walls, roofing panels, exterior panels or
siding or other building and vehicle applications where the article may be exposed to water.
OGO0] In certain embodiments as shown in FIG. 6B, a second skin layer 620 can be applied to a
second surtace of the core layer 512 from a second roll 615 including the second skin material.
The skio layer 620 can be apphed at roow temperature even though the core layer 512 still may
be heated otherwise be present on the moving support 410 above room temperature. Alternatively,
the rolls 605, 615 or layers 610, 620, or both, can be heated prior to betng applied to the surfaces
of the core layer 512. The layers 610, 620 can generally be applied in a continuous manner to form
a thermoplastic composite article that includes the core layer 512, a textured film layer 610 and
optionally a second skin layer 620. While not shown, additional skin layers can be applied on top
of the skin layer 620 using a sirnilar process, while the textured film layer 610 tends to be the outer
fayer of the LWRT articie that faces the use environment. If desired, however, another layer, e.g,
a second textured film layer, could be applied on top of the textured film layer 610,

00917 I some embodiments, it may be destrable to apply an adhesive layer on the core layer S12
prior to applying the layer 610 to the core layer 512, In such instances, an adhesive reservoir 720
{See FIG. 7) can be present and used to spray adhesive on a surface of the core fayer 512 prior to
application of the film layer 610, so an adhesive layer 722 is present on the surface of the core
fayer 512, The exact adhesive used may vary from thermoplastic adhesives, thermosetiing
adhesives or combinations thereof. While not shown, an adhesive 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,  Hhlustrative adhesives include polyolefin adhesives, polyurethane adhesives and
combinations thereof.

[0092] 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 layer(s} 610, 620 to the core layer 512, The exact distance or gap
between the rollers 810, 812 may vary depending on the destred 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.
Further, the rolier 810 can be held at a lower or higher termperature than a temperature of the roller
812, For example, it may be desirable to heat the rolier 810 to enhance bonding of the film layer
610 to a surface of the core layer 512 while cooling the roller 812 to maintain the core layer 512
in a more hardened or solid form. If desired, more than a single set of rollers 810, 812 can be

present. For example and referring to FIG. 8B, a second set of rollers 820, 822 are shown. The
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gap between the ditferent sets of rollers may be different. For example, a first set of rollers &10,
812 may include a first gap that is less than a gap between the rollers 820, 822, The gap between
the various rollers may be fixed or way 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
fower. In some instances, edges of the corposite 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 1f 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
Alternatively, the temperature of each individual roller can be independently controlied to provide
heat or cooling to a particular surface of the article.
[0093] In certain embodiments, once the composite article 1s consolidated, the continuous sheet
of consolidated composite article can be cut or guillotined into individual sheets using a cutting
device 910 (see FI(z. 9). The resulting individual composite articles can be stacked or palietized,
e.g., ou pallet 915, for shipping as shown in the stack 920, The dimensions of the composite
article in FIG. 9 have been intentionally enlarged to show the stacking, since the composite articles
tend to be stacked as individual thin sheets with a thickness, for example, from 1 mumn to about 30
mm. The exact size of the individual composite articles may vary from about 2 feet wide to about
3 feet wide and about 4 feet long to about 16 feet long  In sorse embodiments, the wndividual
composite article may be about 4 feet wide and about 8 feet long so it has similar dimensions to
plywood panels comrmonly used in recreational vehicles and building applications.
00941 In certatn configurations, the core layer that is produced using the in-line process can
include reinforcing fibers in combination with a thermoplastic resin. For example, the core layer
can be formed from a random arrangement of reinforcing fibers that are held in place by the
thermoplastic resin material. For example, the core layer typically comprises a substantial amount
of open cell structure such that void space is present 1o the layers. To sorue instances, the porous
core layer may comprise a void content or porosity of 0-30%, 10-40%, 20-50%, 30-60%, 40-70%,
50-80%, 60-90%, 0-40%, 0-50%, 0-60%, 0-70%, 0-80%, 0-00%, 10-50%, 10-60%, 10-70%, 10-
30%, 10-90%, 10-95%, 20~60%, 20-70%, 20-80%, 20-90%, 20-95%, 30-70%, 30-80%, 30-90%,
30-95%, 40-80%, 40-00%, 40-95%. 50-90%, 50-95%, 60-95% T0-80%, 70-90%, 70-95%. §0-
90%, 80-95% or any illustrative value within these exemplary ranges.
[00957 In certain embodiments, the thermoplastic material used to form the core layers described
herein may include one or more of a polyolefin (e.g., one or more of polvethylene, polypropylene,
etc. ), polystyrene, acrylonitrylstyrene, butadiene, polyethyleneterephthalate,
polybutyleneterephthalate, polybutylenetetrachlorate, and polyvinyl chloride, both plasticized and

unplasticized, and blends of these materials with each other or other polymeric materials. Other
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suitable thermoplastics inchide, but are not limited to, polyarylene ethers, polycarbonates,
polyestercarbonates, thermoplastic polyesters, polyimides, polyetherimides, polyamides, co-
polyamides, acrylonitrile-butylacrylate-styrene polymers, amorphous uylon, polyarylene ether
ketone, polyphenylene sulfide, polyaryl sulfone, polyether sultone, iquid 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 waterials. 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 suttable forms. Hlustrative thermoplastic materials in various forms are
described herein and are also described, for example in U.S. 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 on 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
layer will add to 100 weight percent.

[0096] 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 exarople, para- and weta-aramid fibers, nylon fibers, polyester fibers, a high melt flow
index resin (e.g., 100 g/10 min. MFI or above) that is 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 thereot, metal fibers, metalized natural and/or synthetic fibers, ceramic fibers,
yarn fibers, or mixtures thereof. In certain embodiments, the fibers used may be cellulose free to
avord or reduce the likelihood of wold or other microbial growth. In some ersbodiments, the
fibers in the core can be bi-component fibers, e.g., core-sheath fibers, as described for example,
in U.S. Patent Publication No. 20180162107 published on June 14, 2018 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 properties to the fibers, e g., may be chenucally
treated so that they can react with the thermoplastic material, the lofting agent or both. The fiber
content in the core layer may vary 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 may depend, at least in part, on the thermoplastic material used
and/or the desired properties of the core layer. For example, the fibers can be randomly oriented
or may have a specific selected orientation as desired. In one non-limiting illustration, fibers
dispersed within a thermoplastic material and optiounally other additives to provide the core layers
can generally have a diameter of greater than about 5 microns, more particularly from about 5
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microns to about 22 microns, and a length of from about 5 mym to about 200 mm, more particularly,
the tiber diameter may be from about 2 microns to about 22 microns and the fiber length may be
from about 3 mrm to about 75 mm.

100971 In certain embodiments, other additives may also be present in the mixture comprising the
thermoplastic resin and the reinforcing fibers. For example, a lofting agent, flarve retardants,
colorants, smoke suppressants, surfactants, foams or other materials may be present.  In some
exarnples, the core layer may substantially halogen free or halogen firee 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 one of more of F, Cl, Br, I, and At or compounds that including
such halogens, e g, tetrabromo bisphenol-A polycarbonate or monchalo-, dihalo-, trihalo- or
tetrahalo- polycarbonates. In some instances, the thermoplastic material used in the core favers
may comprise one or more halogens to impart some flame retardancy without the addition of
another flame retardant agent. Where halogenated flame retardants are present, the flame retardant
is desirably present in a flame retardant amount, which can vary depending on the cther
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 ot N,
P, As, Sh, Bi, S, Se, and Te can be added. In some embodiments, the non-halogenated flame
retardant may comprise a phosphorated material so the layers may be more environmentally
friendly. Where non-halogenated or substantially halogen free flame retardants are present, the
flame retardant 1s 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
faver), 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 lavers described herein may
comptise one of more halogenated flame retardants in combination with one or more substantially
halogen free flame retardants. Where two different flame retardants are present, the combination
of the two flame retardants may 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
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present may be about 0.1 weight percent to about 20 weight percent {based on the weight of the
layer), 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 herein can be added to the mixture comprising the
thermoplastic material and fibers (prior to disposal of the mixture on a wire screen or other
processing component) or can be added after the laver is formed. In some examples, the flame
retardant material may comprise one or more of expandable graphite materials, magnesium
hydroxide (MDH) and aluminum hydroxide (ATH).

[0008] In certain embodiments, the skin layers 610, 620 may be the same or may be different. For
example, each of the fayers 610, 620 could be a textured film layer or one of the laver 610, 620
can be a textured film layer and the other laver may be a matenial or layer other than a textured
film layer. In one instance, the skin laver 610 is a decorative, embossed or patterned film layer
and the skin layer 620 can be a decorative or patterned layer or other types of skin layers. Where
one or both of the skin layers 610, 620 includes a pattern, the pattern may be the same or different
at different areas of the skin layer. In some embodiments, a textured film layer or a skin layer
may comprise a pattern that is one or more of a woodgrain patiern (FIG. 10A), a marble pattern
{F1G. 10B}, atile 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
(FI3. 10H), an offset pattern {FIG. 101), a grid pattern (FIG. 101}

3

a stacked vertical pattern (FIG.
10K}, a basket weave pattern (FIG. 10L), a diamond pattern (FIG. 10M), a chevron pattern (FI1G.
10N} or a French pattern (FIG. 100). Other patterns are also possible. In some embodiments, the
pattern may already be present on the textured film layer or skin layer material when it 1s on the
roll 605 or the roll 615, In other instances, a pattern can be printed or embossed onto a film layer
or a skin layer prior to applying the tilm layer or the skin laver to the core layer. An illustration
of a systern that can tnclude a printer to print a pattern on a skin layer is described wn more detail
below. Where one of the layers 610, 620 includes a pattern or embossing, the other layer may be,
for example, a thermoplastic {ilm, a polyolefin film, an elastomer filvo, a scrim, a frim, a web, ete.
In certain configurations, where the other layer takes the form of a thermoplastic film, the
thermoplastic film comprises at least one of a polyolefin, e g., polyethylene or polypropylene, at
feast one poly{ether imide}, at least one poly{ether ketone), at least one poly{ether-ether ketone},
at least one poly(phenylene sulfide), poly{arylene suifone), at least one poly{ether sulfone), at
feast one 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 layer may be, for exampile, 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 instances, the other
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skin layer may comprise a limiting oxygen tndex greater than about 22, as measured per 1SO 4589
dated 1996, Where a fiber based scrim 18 present as (or as part of) the other skin layer, the fiber
based scrirn may 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.
If desired, the scrum may coroprise 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 laver, 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, St, 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 laver, 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. As noted herein, where the LWRT article is
intended to be used in wet applications, 1t may be desirable to select the other skin layer to be
cellulose free to avoid microbial growth.

00991 In certain embodiments, the composite articles described herein roay have desived surface
properties on at least one surface. For example, the core layer of the articles described herein may
have some inherent roughness due to the presence of the remnforcing fibers. This roughness can
be increased by selecting suitable fibers with a suitable length. The underlying roughness of the
core layer can be used in combination with a surface roughness of the textured film layer to tmpart
an overall roughness to the surface of the LWRT article. While surface roughness can be
measured in numerous 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 fength of assessment, Rqg 1s 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). Surface texture
analysis: the handbook. Hommelwerke, p. 106, Surface roughness can be measured using a stylus
profilometer and generally complies with the tollowing standards: JIS (JIS-B0601-2001, JiS-
B0601-1994, JIS BO601-1982), VDA, ISO 4287:1997, and ANSL The parameters {Ra, Rq, Rz,
and Rt} can be characterized by ISO 4287:1997.

FOG100] In certain embodiments, surface roughness (Ra) on at least one surface of the

LWRT composite article, e g, the surface comprising the patterned layer, can be more than 7
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microns in the machine direction and in the cross direction as measured by a stylus profilometer
according to ISO 4287:1997. In other embodiments, a surface roughness (Ra), of a surface
comprising the textured film layer, of the thermoplastic composite article 18 more than 10 microns
in the machine direction and in the cross direction as measured by a stylus profilometer according
to ISO 4287:1997. In other examples, an average RMS profile height (Rq) of at least oue surface
of the composite article, e.g., the surface comprising the textured film layer, can be more than 1
micron tn the machine direction and in the cross direction as measured by a stylus profilometer
according to ISO 4287:1997. In other embodiments, an average RMS profile height (Rq), of a
surface comprising the textured film layer, of the thermoplastic composite article 1s more than 12
microns in the machine direction and in the cross direction as measured by a stylus profilometer
according to ISO 4287:1997. In other examples, a maximum height (Rt} on at least one surface
of the composite article, e.g., the surface comprising the textured film layer, can be more than 10
microns or more than 20 microns in the machine direction and in the cross direction as measured
by a stylus profilometer according to IS0 42871997, In other embodirments, a maximum height
(Rt}, of a surface comprising the textured film layer, of the thermoplastic composite article is more
than 30 microns or more than 40 microns n the machine direction and in the cross direction as
measured by a stylus profilometer according to 18O 4287:1997.

{00101} In certain configurations, a system can be used to implement the w-line process.
An illustration of components of the system are shown in FIG. 1TA. 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 mixing tank
1106, The mixing tank 1106 can be fluidically coupled to a spray head or nozzies 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. A textured filim layer 1130 and a skin layer 1140 can be applied
from supply devices orrolls 1135, 1145 respectively onto oppostie surfaces of the core fayer 1122
to provide a composite article. The composite article can pass through set of roliers 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 is shown that can countrol, 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,

(00102 In certain exarples, the systern 1100 can include other components which can be

present before or after the cutting device 1170, For example, the system 1100 can include another
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cutting station 1175 (FIG. 11B) designed to cut a tongue into one edge of the composite article
and a cut a groove into an oppostte edge of the composite article. This cutting permits different
individual panels to fit into each other 1n use 50 there is some panel overlap at the joints,  Joint
overlap may be particularly desirable in wet applications to prevent water from penetrating behind
the surface of the panels. Io other instances, the system 1100 can include another heating device
1185 (FIG. 11C) that can be used to loft or increase a thickness of the composite article. The
heating device 1185 can be positioned before or after the cuiting device 1170 as desired. Ap
optional adhesive reservoir 1190 (FIG. 11D) can be present to provide an adhesive to the core
tayer before application of the skin layer 1130, A second adhesive reservoir (not shown} can also
be present to provide an adhesive to the core layer before application of the skin fayer 1140, If
desired, a surface of the composite article can be subjected to physical processes, e.g., the textured
film layer can be sanded, polished, etched or embossed, to alter the surface roughness or impart a
desired pattern or texture to the film layer.

[06103] In some embodiments, a system can include multiple sets of rollers. The ditferent
rollers can be present at different temperature or provide different gap thicknesses to compress the
composite article prior to exit of the composite article from the moving support.  In some
instances, the rollers can be used to compress edges of the composite article to a higher degree so
the overall thickness at the edges of the corpostie article are lower than at a central area of the
composite article. The thickness at different edges can be the same or can be different.

[00104] In other embodiments, a system can include a printer that can print a pattern onto
a skin layer prior to applying the skin layer to the core layer. The printer can spray, print or
otherwise deposit an ink and other material, ¢ g, fibers, particles, powders, etc., onto a surface of
the skin layer prior to the skin layer being applied to the core layer or after the skinlayer 1s applied
to the core layer. For example, the printer can be positioned near the roll 1135 of the film layer
o print a paitern onto a surface of the skin layer 1130 as it is unrolled from the roll 1135,
Alternatively, a printer can print a pattern onto the skin layer 1130 after it has been applied to a
surface of the core layer. The exact pattern provided by the printer can vary and may be different
at different areas of the skin layer. For example, the pattern 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
patiern, or a chevron pattern. In other instances, an embosser can be present and used to impart a
pattern or texture to the film layer. The embosser may be used, for example, after the LWRT
article exits the moving support. The LWRT article can be squeezed between multiple plates to
impart a pattern from the plate(s) to one or more surfaces of the LWRT article.

ols}
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f00105] Inn certain embodiments, the in-line processes and in-line system described herein
can be used to produce a ceiling panel. The ceiling panel can be present in a recreational vehicle
or other vehicles, in commercial and residential structures or in other settings. One illustration is
shown in FIG. 12 where an RV ceiling 1200 includes a first laminated hightweight reinforced
thermoplastic compostie article 1210 comprising a porous core layer 1212, a first skin layer 1214
on a first surface of the porous core layer 1212 and a textured film layer 1216 on a second surface
of the porous core layer 1212, The textured film layer 1216 1s typically positioned so it faces an
interior portion of the space formed by the RV. The RV ceiling 1200 can also include an optional
foam layer 1220 coupled to the first laminated hightweight reinforced thermoplastic composite
article 1210 at a first surface of the foam layer 1220, For example, the foam layer 1220 can be
coupled to the first laminated lightweight reinforced thermoplastic composite article 1210 through
the first skin layer 1214 of the first laminated hightweight reinforced thermoplastic composite
articie 1210 so the textured film laver 1216 is present on an interior surface of the RV ceiling
1200, The RV ceiling 1200 also typically includes a support structure 1230, which can take the
form of a chassis, tubing, a cage or other structures. The support structure 1230 typically includes
ametal such as steel, aluminum or the metals. The support structure 1230 can be coupled a second
surface of the foam layer 1220 at a first surface of the support structure 1230, An optional second
faminated lightweight reinforced thermoplastic coraposite article 1240 can be coupled to a second
surface of the support structure 1230, The second laminated lightweight reinforced thermoplastic
composite article 1240 comprises a porous core layer 1242, a first skin layer 1244 on a first surface
of the porous core layer 1242 and a second skin faver 1246 on a second surface of the porous core
fayer 1242, Anexterior panel 1250 can be coupled to the second laminated lightweight reinforced
thermoplastic composite article 1240 to form the RV ceiling 1200 Alternatively, the LWRT
article 1240 can be omitted and the exterior panel 1250 can be coupled directly to the support
structure 1230, In some exaroples, the extenior panel 1250 comprises fiberglass or aluminum,
[00106] As noted herein, the textured film layer 1216 can include a pattern that is one or
more of a woodgrain patiern, a marble pattern, a tile patiern, a random pattern, a pinwheel pattern,
a herringbone pattern, a brick patiern, 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. In certain embodiments, the first skin layer 1214 of the first laminated
tightweight reinforced thermoplastic composite article 1210 comprises a scrim.  In certain
examples, the porous core layer 1212 in the first laminated lightweight reinforced thermoplastic
composite article 1210 can include a web comprising open cell structures formed from reinforcing
fibers held together by a thermoplastic matenal as noted above. Tn some examples, the porous

core layer 1242 in the second laminated lightweight reinforced thermoplastic compostte article
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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
layer 1210, 1240 independently comprises a thermoplastic material as noted herein, eg., a
polyoletin such as, for example, polypropylene, polyethylene, etc. In some embodiments, the
reinforcing materials in each porous core layer comprise reinforcing fibers as noted herein, e.g.,
glass fibers.

FO0107] fn certain embodiments, the RV ceiling may be present in a RV 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 tllustration 1s shown in FIG. 13, where an RV 1300 comprises
an RV ceiling 1312, which can be similar to the RV ceiling 1200 deseribed above. The RV 1300
also includes side walls 1313, 1314 and a floor 1316, The RV 1300 may include wheels 1352,
1354 to permit towing of the RV and/or may include an engine, electric motor or other power
source to permit independent movement of the RY.

{00108} In certain embodiments, the panels including a textured film layer as described
herein may be particularly suited for use in wet applications where the panel will be exposed to
water. This water may be present 1n an interiot enviroument, e.g., 1o a shower or a RV shower,
or may be present in an exterior environment, €.2., as a roofing panel, building siding, etc. One
ihustration of' a shower 18 shown in FIG. 14A, where the shower stall 1410 can be configured as a
stall including one or more panels that comprises a LWRT panel including a textured film as
described herein.  The shower stall 1410 has three panels any one or more of which can be a
LWRT panel comprising a textured film. While not shown, the shower stall 1410 1s typically used
with a shower pan or receptacle, which together provide a generally watertight shower enclosure
suitable for use tn residential applications. If desired, the shower could be configured as a single
solitary piece of material as shown in FIG. 14B. The shower enclosure 1450 has an integrated
shower pan or receptacle, sidewalls and a back wall. Any one or more surfaces of the enclosure
1450 can be produced using a LWRT article with a textured film as described herein. In certain
wet bath RV applications, the shower enclosure 1450 can also include a toilet or be designed to
receive a toilet.

[00109] Referring to FIG. 15A, a side view of a siding panel 1500 is shown. The panel
1500 may comprise a core layer 1510 in combination with a textured film layer 1520 and a skin
fayer 1530, In some examples, the siding panel 1500 may be configured with a flame retardant or
generally be flame retardant. For example, the siding panel 1500 comprises a flame spread index
of less than 25 and a smoke development index of less than 150 as tested by ASTM E84 dated
2009, In some cases, a butt joint, overlapping jont, etc. may exist where the two siding panels

can horizontally lock into each other.
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[06110] In certain instances, any one or more of the LWRT panels with a textured film
described herein can be configured as a roofing panel or a roofing shingle to be attached to a
building such as a residential home or a commercial building. The rooting panel can be used, for
example, to cover an attic space, attach to roof trusses or cover a flat roof as commuonly present in
commercial buildings. If desired, the roofing panel can be coupled to another substrate such as,
for example, oriented strand board, plywood, or even solar cells that attach to a roof and function
to cover the roof. Referring to FIG. 158, a perspective view of a roofing panel 1560 attached to
a house 1550 is shown. In some examples, the roofing panel 1560 comprises a flame retardant,
or iself 1s flame retardant, and 1s coupled to an underlying roofing substrate. I desired, the
roofing panel 1560 may comprise a flame spread index of less than 25 and a smoke development
index of less than 150 as tested by ASTM E84 dated 2009, The roofing panel 1560 could instead
be configured as a roofing shingle that can nail to, or otherwise couple, to an underlying roofing
substrate. In some cases, a butt joint, overlapping joint, etc. may exist where the two roofing panels
or rooting shingles can horizontally lock tuto each other.

[00111] in certain examples, the in-line methods and in-line systems described herein may
be controtled using one or more processors, which can be part of the in-line system or otherwise
electrically coupled to the in-line 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 hiquid from the disposed
dispersion, the temperature of the heating device(s), the pressure applied to the materials and other
parameters of the process and system. Such processes may be performed 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 systerms
and/or common hardware circuity including, for example, a microprocessor and/or suitable
software for operating the system, e.g., to conirol the various fluid reservoirs, mixing 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 elecirically
coupied to the components of the in-line system. The processor is typically electrically coupled to
one or Mmore memory units to receive data from the other components of the system and pernut
adjustment of the various system parameters as needed or destred. The processor may be part of
a general-purpose computer such as those based on Unix, Intel PENTIUM-type processor, Tntel
Core'™ processors, Intel Xeon'™ processors, AMD Ryzen'™ processors, AMI} Athlon™
processors, AMD FX'™ processors, Motorola PowerPC, Sun UltraSPARC, Hewlett-Packard PA-
RISC processors, Apple-desigued processors including Apple A 14 Biouvic processor, A13 Bionic
processor, A12 processor, Apple A1l processor and others or any other type of processor. One
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or more of any type computer system may be used according to various embodiments of the
technology. Further, the systermn may be connected to a single computer or may be distributed
among a plurality of computers attached by a commumcations 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 compouents of the in-hine system. It
should be appreciated that other functions, including network communication, can be performed
and the technology is not imited to having any particular function or set of functions. Various
aspects may be tmplemented as specialized software executfing in a general-purpose computer
system. The computer system may include g 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, ternperatures, moving support speeds and other values used in the in-line
process. Components of the computer system may 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.g., between components that reside on separate discrete machines).
The interconnection device provides for communications {e.g., signals, data, instructions) to be
exchanged between components of the system. The computer system typically can receive 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 15 electrically coupled to a power
source which can, for example, be a direct current source, an alternating current source, a battery,
a solar cell, a fuel cell or other power sources or combinations of power sources. The power
source can be shared by the other components of the system. The system may also include one or
more input devices, for example, a kevboard, 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 system may contain one or more communication
interfaces that connect the computer systern 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 circuiiry
can be present on a printed circuit board or may be present on a separate board or device that is
electrically coupled to the printed circuit board through a suitable mterface, e.g., a serial ATA
interface, ISA interface, PCI interface, a USB interface, a Fibre Channel interface, a Firewire
interface, a M2 connector interface, a PCIE interface, a mSATA interface or the like or through
one orf more wireless interfaces, e.g., Bluetooth, Wi-Fi, Near Field Communication or other
wireless protocols and/or interfaces.

(001121 In certain embodiments, the storage systero used in the systers described herein

typically includes a computer readable and writeable nonvolatile recording medium 1n which
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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
exarple, be a hard disk, solid state drive or flash memory. The program or insiructions to be
executed by the processor may be located locally or remotely and can be retrieved by the processor
by way of an interconnection ruechanism, a communication network or other means as desived.
Typically, in operation, the processor causes data to be read from the nonvolatile recording
medium into another memory that allows for faster access to the information by the processor thao
does the medium. This memory is typically a volatile, randon 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 system. The processor generally manipulates the data within the
integrated circuit memory and then copies the data to the medium after processing 1s completed.
A variety of mechanisms are known for managing data movement between the medium and the
integrated circuit memory element and the technology is not limited thereto. The technology is
also not hivited to a particular oemory system or storage systern. In certain ernbodiments, the
systermn may alse include specially-programmed, special-purpose hardware, for example, an
application-specific integrated circuit (ASIC), microprocessor units MPU) 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 system 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 on 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 18 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 systems available from the Microsoft
Corporation, MAC O8 X, eg., Snow Leopard, Lion, Mountain Lion, Mojave, High Sierra, El
Capttan or other verstous available from Apple, the Solaris operating system 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.
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[00113] In certain examples, the processor and operating system may together define a
platformn for which application programs in high-level programming languages may be written. B
should be understood that the technology 13 not limited to a particular system platform, processor,
operating system, or network. Alse, 1t should be apparent to those skilled in the art, given the
beunetit of this disclosure, that the present technology is not lunited to a specific programming
language 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 communications network, These
computer systems also may be general-purpose computer systems. For example, various aspects
may be distributed among ong 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, vatious aspects roay be performed on a client-server or multi-tier system
that includes components distributed among one or more server systems that perform various
functions according to various embodiments. These components may be executable, intermediate
{e.g., IL) or interpreted {e.g., Java) code which communicate over a communication network (e.g.,
the Internet) using a comrounication protocol {e.g, TCP/IP). It should also be appreciated that
the techoology 1s not limited to executing on any particular system or group of systems. Also, i
should be appreciated that the technology 1s not limited to any particular distributed architecture,
nietwork, or communication protocol.

[00114] In some instances, various embodiments may be programmed using an object-
oriented programming language, such as, for example, SOL, SmaliTalk, Basic, Java, Javascript,
PHP C++ Ada, Python, 1058/Swift, Ruby on Rails or C# (C-Sharp). Other object-oriented
programming languages may also be used Alternatively, functional, scripting, and/or logical
programming languages 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 (GUT) or
perform other functions). Certain configurations may be implemented as programmed or non-
programmed elements, or any combination thereof. In some instances, the systems may comprise
a remote interface such as those present on a mobile 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.

[00115] 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
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produce a core layer of a desired thickness and composition can be retrieved from the database
and used by the in-line system.  The instructions stored in the memory can execute a sottware
module or control routine for the system, which in effect can provide a controllable model of the
in-line system. The processor can use information accessed from the database together with one
or software modules executed in the processor to determine control parameters or values for
different components of the systems, e.g., different temperatures, different pressures, different
consolidation devices, etc. Using input nterfaces to receive control instructions and output
interfaces linked to different system components in the system, the processor can perform active
control over the systen.

[00116] Certain specific examples of LWRT articles that were produced using an in-line

process and tested are discussed below.

FO0117] Example 1
[00118] 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 textured film layer was added to one surface of the core and a
second skin (a 23 gsm water repelient black scrim ) was added to an opposite surface using the in-
fine process along with in-line calendering to press the skins to the core and form an LWRT article.
The various properties of the films and LWRT articles are shown in Table 1w FIG. 16, Six
different textured films were used with basis weights ranging from 110 gsm to 166 gsmn. The film
[00119] Film #1 included both printing and embossing and a random square patiern (see
FIG. 17A) Film #2 includes deep embossing and a white woodgrain pattern (see FIG. 17B). Film
#3 included printing and embossing and a dark woodgrain pattern {(see FIG. 17C). Film #4
included printing with deep embossing, rough/coarse spikes on the backside of the film and a datk
fabric pattern {see FIG. 17D {A or front surface) and FIG. 17E (B or back surface)). Film #5
includes printing and shallow embossing and a grey fabric pattern {(see FIG. 17F (A or front
surface) and FIG. 176G (B or back surface)). Film #6 included printed and shallow embossing
with a coarse fabric and pattern {see FIG. 17H (A or front surface) and FIG. 171 (B or back
surface}). Where a top thermoset coating is indicated in Table 1 (Film 3}, the top thermoset
coating can be one or more of epoxy resins, acrylic resins, polyester resins, polycarbonate resins,
melamine-formaldehyde resins, or polyurethane resins. As a representative film, Film #3 was
tested for its ability to meet indoor air quality tests. Film #3 passed indoor air quality test for total

volatile organic compounds, toluene and formaldehyde.
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[00120] These films were used along with the 23 gsm water repellent scrim and a3
polypropylene glass fiber core (45% by weight PP and S5% by weight glass fibers) to provide

LWRT articles with a basis weight of 960 g/m” as shown in Table 2 in FI1G. 18

100121} Example 2
[00122 Surface roughness (Rt} measurements were performed for the various LWRT

articles of Example 1 and the films used 1o Exarople 1. The resulis are shown in Table 3 in FIG.
19. The machine direction refers to the same direction of movement as the moving support, and
the cross direction is perpendicular to the machine direction. Roughness can indirectly indicate
the embossing depth retaining level with High Rt values suggesting deeper texture. Depending
on whether the film i1s embossed only or “embossment + top surface coating”, some textures’
depth can be retained better, t.e film #2 and ST-13636, while other patterns can lose 50% depth
of the texture, such as Film #4, Film #5, and Film #6. Therefore, a various levels of texture depth
can be adopted according to applications and preferences.  Films #1-4 provided relatively much

deeper/rougher textures compared to Films #5 and 6.

[00123] Example 3
001241 Flame retardancy measurernents of the various samples were performed according

toa FMVSS 302 standard. FMVYSS 301 18 similar to ASTM EB4. During the testing, the textured
film surface faced the flame.

FO0125] The results are shown in Table 4 tn FIG. 20, For comparison, a similar core with
23gsm scrims on both sides has a burning rate value of 2.1 mmch/min according to FMVSS302.
Only sample 8T-13928 had a higher burning rate than reference scrim/core/scrum/ board,
indicating most boards with films provided a good or better flame retardancy than the reference
board. These results are consistent with the LWRT articles meeting a Class A or Class B standard

under ASTM ER4,

[00126] Example 4
[00127] Additional properties of the boards were also measured for the articles including

ash%, thickness, basis weight, density, scrim adhesion, film adhesion, flexural peak load, flexural

stitfness, water retention, surface energy and flatwise tensile peak load. The results are shown in

Tables S and 6 1n FIGS. 21 and 22.

[00128] The presence of the textured film generally increases the stiffness of the LWRT

board. The film surface 1s very water resistant, while the scrim surface also provides good water

resistance too. Flatwise tensile test results indicated these in-line laminated boards would be much
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stronger than EPS or other insulation foams, suggesting these in-line laminated boards will not
fail before the foam fails.
(001291 Adheston (hot-melt) layer of Films #1-3 can help them bond well with LWRT
composite core. A deep embossing type film, like Film #4 (S§T-13799), can help with mechanical
bonding to a LWRT composite core as well. Films #5 and #6 do not have hot-melt adhesive layer
on a backside and their embossing types belong to a category of shallow embossment. Therefore,
the film/core adhesion is not as good as the other 4 samples.

k>
2

(001307 When introducing elements of the examples disclosed herein, the articles "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 1o be open-ended and mean that there may
be additional elements other than the listed elements. It will be recognized by the person of
ordinary skill in the art, given the benefit of this disclosure, that various components of the
examples can be interchanged or substituted with various components in other examples.

[00131] Although certain aspects, coofigurations, examples and embodiments have been
described above, it will be recognized by the person of ordinary skill in the art, given the benefit
of this disclosure, that additions, substitutions, modifications, and alterations of the disclosed

ilfustrative 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 textured film layer on a first surface of the heated, porous core layer on
the moving support; and

applying pressure to the heated, porous core layer comprising the disposed first textured

film layer on the moving support to provide a thermoplastic composite article.

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

reinforcing materials.

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

the combined reinforcing materials and the thermoplastic material.

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

solution with the combined reinforcing materials and the thermoplastic material.

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

polyolefin film.

6. The in-line process of claim 5, further comprising configuring the polyolefin film to comprise
a maximum height surface roughness (Rt} of at least 8 microns as measured using a stylus

profilometer.
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7. The in-line process of claim 6, wherein the first textured film layer further comprises a
pattern.
8. The in-line process of claim 7, wherein the pattern is one or more of a woodgrain pattern, a
marble pattern, a tile pattern, a randoro pattern, a pinwheel patiern, 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.

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, further comprising stretching the first textured film layer prior
to disposing the first textured film layer on the first surface of the heated, porous core layer on

the moving support.

10. The in-line process of claim 9, wherein the first textured film layer 1s stretched 1o a machine

direction.
11, The in-line process of claim 1, wherein the first textured film layer is disposed on the heated,
porous core layer without using any adhesive between the first textured film layer and the

heated, porous core layer.

12. The in-line process of claim 1, further comprising disposing a skin layer on the second

surface of the heated, porous core layer on the moving support.

13. The in-line process of claim 12, further comprising disposing an adhesive on the second

surface of the heated, porous core layer prior to disposing the skin layer on the secound surface.

14, The in-line process of claim 1, further comprising configuring the thermoplastic composite

article to meet a class B standard as tested by ASTM E84 dated 2009,

1S, The in-line process of claim 14, further comprising configuring the thermoplastic composite

article to meet a class A standard as tested by ASTM E&4 dated 2009,
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16. The in-line process of claim 1, further comprising consolidating the heated, and porous core

layer prior to disposing the first textured tilm layer on the first surface.

17. The in-line process of claim 16, further comprising heating the thermoplastic composite
article after consolidating the thermoplastic composite article to increase an overall thickness of

the thermoplastic composite article.

18. The in-line process of claim 1, further comprising printing a pattern onto the first textured
film layer after disposing the first textured film layer on the first surface of the heated, porous

core layer.

19. The in-line process of claim 1, further comprising embossing the first textured film layer

atter disposing the first textured film layer on the first surface of the heated, porous core layer.

20. The in-line process of claim 1, further comprising disposing a non-porous layer on the first

surface of the heated, porous core layer prior to disposing the first textured film layer.

21. An in-line system configured to produce a thermoplastic composite article, the in-line system
comprising:

a fhid reservoir configured to receive an aqueous solution, a thermoplastic material and
reinforcing materials, wherein the fluid reservoir s 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;

a moving support fluidically coupled to the thid reservotr and configured to receive the
homogeneous dispersion from the thud reservoir and retain the homogeneous dispersion on the
moving support;

a pressure device configured to remnove 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;

a first supply device configured to receive a first film material, wherein the first supply
device 1s configured to provide the first film material as a first film layer onto a first surface of

the porous core layer on the moving support; and
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a consolidating device configured to consclidate the heated, porous core layer with the
disposed first fili layer by applying pressure to the heated, porous core layer and the disposed

first film layer to provide a substantially planar thermoplastic composite article.

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

a roll of the first film material.

23. The in-line system of claim 21, further comprising a texturizing device configured to impart
a texture to the first film layer prior to disposing the first film laver on the heated, porous core

fayer.

24. The in-line system of claim 21, further comprising a texturizing device configured to impart
a texture to the first film layer after disposing the first film layer on the heated, porous core

fayer.

25. The in-tine system of claim 21, further comprising a consolidating device.

26. The in-line systern of claim 25, further comprising a second heating device positioned after
the consolidating device, wherein the second heating device is configured to heat the
thermoplastic composite article to increase an overall thickness of the thermoplastic composite

after consolidation.

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

Moving support.

28. The in-line system of claim 21, further comprising a second supply device configured to
receive a supply or a non~-porous material, wherein the second supply device is configured to
provide the non-porous material as a non-porous layer onto the first surface of the porous core
fayer on the moving support prior to disposing the first filim layer onto the heated, porous core

fayer.

28. The in-line system of claim 21, further comprising:
a printer configured to print a pattern on the first film layer after the first flm layer s

disposed on the second surface of the heated, porous core layer; or
35



WO 2022/104075 PCT/US2021/059162

an embosser configured to provide a pattern on the first film layer.

30, The 1u-line system of claim 21, further comprising a processor configured to conirol

movement of the moving support.

31. A recreational vehicle ceiling comprising:

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

an optional support structure coupled to the first skin layer.

32. The recreational vehicle ceiling of claim 31, wherein the support structure comprises tubing

or a network,

33. The recreational vehicle ceiling of clairo 31, further comprising an exterior panel coupled to
the support structure.
34. The recreational vehicle celling of claim 33

whergin the exterior panel comprises fiberglass

3

or aluminum.

3S. The recreational vehicle cetling of claim 31, further comprising a foam layer coupled to the
first skin layver and positioned between the first laminated hightweight retoforced thermoplastic

composite article and the support structure.

36. The recreational vehicle ceiling of claim 31, wherein the textured and patterned film layer
comprises a polyolefio film, and wherein the polyolefin filra comprises polypropylene,

polyethylene or blends or copolymers thereof.

37. The recreational vehicle ceiling of claim 31, wherein the porous core layer in the first
taminated 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 ceiling of claim 37, wherein the thermoplastic material in the

porous core layver comprises a polyolefin,
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39. The recreational vehicle ceiling of claim 38, wherein the reinforcing materials in the porous

core layer comprise glass fibers.

40. The recreational vehicle cetlling of claim 39, wherein the recreational celing panel s

waterproof.

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

ceiling of the recreational vehicle comprises the cetling as claimed n any of claims 31-40.

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

recreational vehicle.

43, A waterproof panel comprising:

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

a substrate coupled to the first laminated hightweight reinforced thermoplastic composite

article through the first skin layer.

44. The waterproot panel of claim 43, wherein the waterproof panel meets a Class B standard as

tested by ASTM E84 dated 2009

45. The waterproof panel of claim 43, wheretn the waterproot panel meets a Class A standard as

tested by ASTM ES4 dated 2009.

46, The waterproof panel of claim 43, further comprising a non-porous laver between the second

surface of the porous core layer and the textured and patterned film layer.

47. The waterproot panel of claim 43, wherein the textured and patterned film layer comprises
microspikes oun a surface of the film layer that couples to the first surface of the porous core
layer to increase adhesion of the textured and patterned film layer to the first surface of the

potous core layer,
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48. The waterproof panel of claim 43, wherein the textured and patterned film layer comprises a

basis weight between 80 gsm and 250 gsm.

49. The waterproot panel of claim 43, wherein the textured and patterned film layer comprises
more than a single film layer.
50. The waterproof panel of claim 43, further comprising a thermoset top coating on the textured

and patterned fiim layer.

51. The waterproof panel of claim 43, wherein the waterproof panel is cellulose free.

52. A shower panel comprising a lightweight reinforced thermoplastic article comprising a

textured film layer as described herein

53. A shower enclosure comprising a shower pan, a back wall coupled to the shower pan and
sidewalls coupled to the shower pan and the backwall, wherein at least one of the shower pan,
the backwall and the sidewalls comprises a lightweight reintorced thermoplastic article

comprising a textured film layer as described heren.
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Table 3
Sample Rt in MD {(am} Rt in €D {m)
Filen #1 7061106 56.1% 76
S$T-13731 {from Film #1) 464+ 11.1 565+ 130
Film #2 2501128 6151136
ST-13636 {from Film #2} 203297 6001118
Film #3 5152124 6231148
ST-13928 {from Film #3) 39,9161 458178
Film #4 3911158 445+ 187
ST-13799 {from Film #4) 2171498 2272580
Film &5 259184 2961100
ST-13928 {from Film #5) 124220 13.0%24.0
Film #6 205162 216138
ST-13965 {from Film #6) 94139 142158

FIG. 19
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