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ABSTRACT

A substrate and method for providing a thermoplastic com-
posite having a fiberglass mat embedded within a thermo-
plastic polymer. The characteristics of the fiberglass mat

combined with a thermal compression bonding method
allow for a substantially improved and desirable thermal
expansion coeflicient over conventionally filled thermoplas-

tic substrates or other fiberglass reinforced thermoplastics.
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POLYMERIC SUBSTRATES WITH AN

IMPROVED THERMAL EXPANSION

COEFFICIENT AND A METHOD FOR
PRODUCING THE SAME

TECHNICAL FIELD

[0001] A substrate of a thermoplastic composite having a
fiberglass mat embedded within a thermoplastic polymer
and a method for providing the same. The unique charac-
teristics of the fiberglass mat combined with a thermal
compression bonding method allow for a substantially
improved and desirable thermal expansion coefficient over
conventionally filled thermoplastic substrates or other fiber-
glass reinforced thermoplastics.

BACKGROUND

[0002] Thermoplastic polymers are well known, among
other things, to offer the advantages of low density, good
stiffness, chemical resistance, possess an ability to be
formed into various shapes and relatively low cost. Unfor-
tunately, this class of polymers is also known to possess
relatively high thermal expansion values. Values found in
the literature for common thermoplastics such as polyeth-
ylene, polypropylene, PVC, polyester, and nylon typically
range from 50*107% m/(m*° C.) to 250*10~° m/(m*° C.).
Those of ordinary skill in the art of plastics fully appreciate
the importance of using materials with low thermal expan-
sion coeflicients when designing a plastic article for appli-
cations that involve a change of temperature.

[0003] Conventional efforts to lower the thermal expan-
sion coeflicients of thermoplastics involve making compos-
ites by the incorporation of various fillers. Fillers can include
mineral fillers such as calcium carbonate, talc, clay, volcanic
ash or various nanoparticles. Fillers can also include organic
fillers such as wood flour, rice hulls, or corn byproducts. It
is also known to employ fibers such a carbon fibers, various
polymer fibers, cellulose fibers, or glass fibers and combine
them with polymer melt processing techniques to form
thermoplastic composites. Such fibers may be incorporated
as loose fibers or orientated fibers in the polymer or as
woven or non-woven sheets. The woven or non-woven
sheets are often first made into relatively thin webs of a low
basis weight that have thermoplastic or thermoset polymers
incorporated into them. They are then typically applied as
layers to ultimately create a multilayered substrate. Unfor-
tunately, the addition of excessive filler or fibers in an effort
to achieve lower thermal expansion coefficients can com-
promise other properties of thermoplastic composites. For
example, the resulting composite may undesirably exhibit
the reduction of one or more of its weight, overall flexibility,
cost, or impact strength. It can also become very difficult to
mix high amounts of fillers into thermoplastics.

[0004] The thermal expansion coefficient of thermoplastic
composite materials is very dependent on the thermoplastic
resin being used. Thermoplastic resins such as polyethylene
and polypropylene, which have high thermal expansion
coeflicients, are more difficult to modify into thermoplastic
composites having a very low thermal expansion coefficient.
Thermoplastics such as PVC and polyester have lower
thermal expansion coefficients than polyolefins, however
there remains a need in the marketplace for thermoplastic
composites having even lower thermal expansion coeffi-
cients than presently available.
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SUMMARY

[0005] This disclosure is directed to a thermoplastic com-
posite having a fiberglass mat embedded in a thermoplastic
polymer. The fiberglass mat possesses certain characteristics
that enable the reduction of the thermal expansion coeffi-
cient (TEC) of the resulting thermoplastic composite. The
reduction in the TEC represents a significant change from
the TEC of the thermoplastic polymer from its neat form.
The thermoplastic composites of this invention may exhibit
TEC’s of at least 3 times less than a substrate derived from
a neat embodiment of the thermoplastic polymer, or in
certain embodiments a TEC of 50%107% m/(m*° C.) or lower.
In other applications, the thermoplastic composite may
possess a TEC of at least 3 times less than a substrate derived
from an unmodified embodiment of the same thermoplastic
polymer or thermoplastic compound.

[0006] In some embodiments, the overall weight of the
fiberglass mat, the number of intersections of the mat in a
given area, or a combination thereof can enable the reduc-
tion of the TEC of the thermoplastic composite. Embodi-
ments of the fiberglass mat may be described as having an
open weave. The open weave of the fiberglass mat allows
thermoplastic resin to be readily incorporated into it while
the weight allows for materials of a desired thickness to be
produced that possess very low thermal expansion coeffi-
cients. Embodiments may include fiberglass mats with a
weight between 76 and 1500 g/m?, or in certain applications,
150 to 600 g/m*. Additionally the loose weave of the glass
mat may be characterized by having between 20 and 3000
glass intersections within one square centimeter.

[0007] The thermoplastic polymer utilized to form the
thermoplastic composite may vary depending upon the
desired end use application. Embodiments may include
polypropylene, polyethylene, polyolefin copolymers, poly-
vinyl chloride (PVC), polyethylene terephthalate (PET),
polyamide, or combinations thereof. Recycled polymers
may also be employed. For example, a polyolefin containing
cellulose fibers from a hydropulping process can be used.
[0008] One method for forming the thermoplastic com-
posite involves thermal compression bonding. Unlike other
melt processing practices, thermal compression bonding
does not require a precise melt state and operates low
pressure and low shear. One example of thermal compres-
sion bonding is a continuous double belt press. The con-
tinuous double belt press produces a substrate of a selected
width and thickness and of indefinite length. In accordance
with this disclosure, the continuous double belt press is
operated at low pressure so as to enable the thermoplastic
polymer to melt into the open weave of the fiberglass mat
while not unduly compressing the fiberglass. This results in
a plastic substrate with the fiberglass web dispersed through
much of the thickness of the thermoplastic composite. The
thicknesses can range from thin webs having a basis weight
of 500 to 1500 g/m? to thicker panels having a basis weight
of more than 1500 g/m>.

[0009] Another method to enable thicker substrates
involves making panels having a total basis weight greater
than 1500 g/m?> by laminating two or more thermoplastic
composites of this disclosure together in layers. Optional
embodiments include placing an additional amount of ther-
moplastic resin between such layers of thermoplastic com-
posite or by placing an additional amount of thermoplastic
resin on either or both sides of the thermoplastic composite.
Another method to enable thicker substrates is by making
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panels having a total basis weight greater than 1500 g/m® by
taking a single fiberglass containing thermoplastic compos-
ite and subsequently placing an additional amount of ther-
moplastic resin on either or both sides of the fiberglass
containing thermoplastic composite.

[0010] The resultant thermoplastic composites can be used
alone or as a component for flooring, ceiling, roofing, wall
coverings, countertops, exterior decks and other such sheet
applications thermoplastic materials having low coefficients
of thermal expansion are desired.

[0011] The following terms used in this application are
defined as follows:

[0012] “Composite” means a mixture of a polymeric mate-
rial and one or more additional materials.

[0013] “Filler” means an organic or inorganic material that
does not possess viscoelastic characteristics under the con-
ditions utilized to melt process a filled polymeric matrix.
[0014] “Panel” means a substrate having a basis weight of
at least 1500 g/m>.

[0015] “Reclaimed Polymeric Material” means material
resulting from a recycling or reclamation process, such as
for example, hydropulping waste streams, that contain a
polymer, or mix of polymers, and in some cases other fillers,
fibers or additives or combinations thereof.

[0016] “Substrate” means an object of a selected width
and thickness and length.

[0017] “Thermoplastic composite” means a mixture of a
thermoplastic polymeric material and one or more additional
materials.

[0018] “Thermoplastic compound” means a mixture
derived from a thermoplastic resin and one or more fillers,
fibers or additives or combinations thereof.

[0019] “Thermoplastic resin” means a thermoplastic poly-
mer that can optionally containing additional additives.
[0020] “Web” means a substrate having a basis weight of
less than 1500 g/m”.

DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic of a thermal compression
process suitable for practicing various embodiments of the
disclosure.

DETAILED DESCRIPTION

[0022] Materials with low thermal expansion coefficients
are highly desirable in a number of markets including
flooring, building and construction, industrial, transporta-
tion, and automotive to name a few because a low thermal
expansion coefficient allows for a material to be used over
wider temperature ranges without causing problems such as
bending, buckling, breaking or debonding. Those of ordi-
nary skill in the art of plastics fully appreciate the impor-
tance of using materials with low thermal expansion coef-
ficients when designing a plastic article for applications that
involve a change of temperature.

[0023] Flooring, particularly Luxury Vinyl Tile (“LVT”)
applications, is a representative application where a low
thermal expansion coefficient (“TEC”) is desired and impor-
tant. LVT applications utilize a polymeric substrate as a base
layer in a multilayered laminate construction. Temperature
changes within a room caused by changing conditions such
as ambient air temperature changes, subfloor temperature
changes, radiant sunlight warming a location of the floor, or
having the flooring installed at a temperature that is signifi-
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cantly different than the temperature it will be used at are
well known by those skilled in the art to cause problems with
buckling or shrinkage or the debonding of a multilayered
flooring laminate from subfloor to which it has been glued
when the temperature change becomes too great. Each issue
can result in aesthetically unacceptable appearances for
customers desiring a decorative floor covering. In such
applications the polymeric substrate used predominantly in
the industry is based on mineral filled PVC and possess
relatively low TECs.

[0024] Wood and wood resin composites are known for
their very low thermal expansion coefficients. However,
wood and wood resin composites are known to suffer from
sensitivity to moisture in the form of liquid water or humid-
ity in the air. Too much exposure to water is known to cause
swelling in wood-based flooring and results in similar aes-
thetic issues that are described above. Most plastics are not
sensitive to swelling caused by water because they are
inherently non-polar in nature unless they are filled with
natural fillers that can absorb water.

[0025] Replacing PVC or wood with a plastic such as
polyethylene or polypropylene is especially challenging
because these polymeric resins have an inherently higher
thermal expansion coefficient that would need to be dra-
matically reduced to meet or exceed the thermal expansion
coeflicients found in materials used for LVT, other flooring
applications, and applications such as ceiling tiles, wall
coverings, decking materials and other such applications.
[0026] Despite the various challenges, for many years the
global market, led by environmental concerns related to
PVC or water absorption challenges related to wood, has
sought replacements for PVC and wood in a wide variety of
markets including flooring. Environmental concerns about
PVC include its end-of-life properties where it has the
potential to break down into HCI or dioxins if not properly
disposed of. Additionally, phthalate plasticizers, regularly
used to soften rigid PVC to make it more useful in a number
of applications including flooring have also been cause for
concern as they have been linked to various potential health
issues and have been observed to migrate into humans.
Additionally, highly filled PVC that is often used in flooring
applications, is difficult to recycle and reuse. Wood products
are known to suffer from decay, swelling, and rotting when
exposed to too much water over time.

[0027] There have been attempts to address the noted
challenges with PVC, particularly in the flooring market. For
example, various alternatives have been pursued with other
polymers and polymeric composites. Polyolefins such as
low density polyethylene (“LDPE”), high density polyeth-
ylene (“HDPE”), polypropylene (“PP”), and other similar
polyolefins offer a potential alternative because of their
availability, excellent melt processability, relatively low
cost, and their ability to be recycled. Similarly, reclaimed
plastics based upon plastics collected from reclaimed
articles such as carpet, plastic-coated papers, municipal
waste, and industrial scrap have also been considered and
are similarly based on LDPE, HDPE, PP, other similar
polyolefins, as well as nylon, polyester and PVC and mix-
tures thereof.

[0028] The thermal expansion coefficients of neat LDPE
and HDPE are typically about three times the thermal
expansion coeflicient of neat PVC. Neat PP has a lower
thermal expansion coeflicient that depends upon its molecu-
lar orientation and can range from 1.5 to 2.5 times the
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thermal expansion coefficient of neat PVC. Another chal-
lenge for polyolefins such at LDPE, HDPE and PP is that
when compared to neat PVC none can be as efficiently filled
as highly as PVC with fillers that effectively reduce the
thermal expansion coefficient of the neat resins. This chal-
lenge is applied to reclaimed polymeric materials as well.

[0029] This disclosure is directed to solutions to market
needs for cost-effective, polymeric substrates possessing
exceptionally low thermal expansion coefficients for appli-
cations such as flooring, including IVT, ceiling coverings,
wall coverings, exterior decking materials and the like that
enables exceptionally low thermal expansion coefficients
and a method of manufacturing that enables the solution as
well as provides for required flatness in the resultant prod-
uct. Additionally, in certain embodiments, reclaimed plastic
resins enable especially desirably low manufacturing costs
and environmental sustainability.

[0030] Literature values for LDPE and HDPE TEC are
typically about 195 to 250*10~% m/(m*° C.). PP is reported
to range from 100 to 180*107° m/(m*° C.). PVC has a
reported TEC of about 65 to 130¥107% m/(m*° C.). It has
generally been reported that use of mineral fillers, glass
fibers, glass fabrics, and certain plastic mats can reduce the
TEC of polyolefins and PVC. PVC compositions used for
flooring applications typically have a TEC of approximately
50 to 80*10~° m/(m*C). Achieving a TEC in this range using
resins such as LDPE, HDPE, PP or other similar polyolefins
or using reclaimed plastics from the same has proven to be
very difficult and has largely precluded the broad introduc-
tion of non-PVC flooring materials to the market.

[0031] The flooring industry’s requirement for plastic
flooring to have both a low TEC and little or no suscepti-
bility to swelling caused by moisture has also largely pre-
cluded the utilization of natural fiber fillers because of their
tendency to swell when exposed to water. Such a combina-
tion of requirements requires inorganic fillers to be used.
Loading inorganic fillers into LDPE, HDPE, PP or other
similar polyolefins at very high loading levels makes the
resultant thermoplastic composite possess a high density and
generally poor mechanical properties. In fact, it has now
been discovered that the reduction of the TEC of LDPE-
based resins can only be reduced to about 80*10~° m/(m*°
C.) through the addition of fillers.

[0032] Including additional fillers to further reduce the
TEC in polyolefins results in materials that are simply of too
low of mechanical properties to be broadly useful and the
addition of further filler has also been found to enable little
further lowering of the TEC. Numerous organic fillers and
inorganic fillers have been investigated both with and with-
out fiberglass mats and various plastic mats that were
intended to reduce the TEC. One embodiment of this dis-
closure offers a type of fiberglass mat that when properly
combined with a thermoplastic composite can drive the TEC
to less than 10*10~° m/(m*° C.) after the composite has been
allowed to relax by heating to 70° C. at least one hour of
time before finally measuring the TEC. The low TEC values
are achieved while maintaining suitable mechanical proper-
ties, such as modulus and impact strength.

[0033] Substrates embodied in this disclosure comprise
thermoplastic composites having a fiberglass mat that
reduces the TEC dramatically when compared to the same
thermoplastic composite in the absence of the fiberglass mat.
Embodiments may include fiberglass mats with a weight
between 76 and 1500 g/m*, or in certain applications, 150 to
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600 g/m>. In other embodiments, long glass fibers such as
the flexible glass available from Huntingdon, such as 8610
flexible glass, at weights of 150 to 460 g/m*. Such fiberglass
mats also have a characteristic of being from about 1 mm to
10 mm in height when a representative 20.3 cm by 20.3 cm
section of the fiberglass mat is placed between two sheets of
thick paper and loaded with a 228 gram weight that also has
the dimensions of being 20.3 cm by 20.3 cm. Another
characteristic of the fiberglass mat is that it has a relatively
open weave. One method of determining if a fiberglass mat
has an open weave is by counting the number of intersec-
tions between individual fibers in the fiberglass mat over a
specific area. For example, the number of fiberglass inter-
sections measured in a 1 cmx1 cm square section is typically
between 20 and 3000, and in some applications between 70
and 2000.

[0034] A continuous filament mat (“CFM”) can be utilized
as the fiberglass mat described in this disclosure. A CFM is
a reinforcing mat composed of continuous fiber strands that
are spun to produce a random fiber orientation and bulk. The
CFM uses continuous long fibers rather than short chopped
fibers. Continuous filament mat is produced by dispensing
molten fiberglass strands directly onto a moving belt in a
looping fashion. As the fiberglass fiber cools and hardens
and a binder is applied to hold the filaments in place. Such
CFM’s are commercially available from Huntingdon Fiber-
glass Products, LL.C, Huntingdon, Pa. Those of ordinary
skill in the art with knowledge of this disclosure are capable
of selecting a particular fiberglass mat or CFM to meet
desired finished product characteristics.

[0035] These characteristics of the fiberglass mats of this
disclosure provide a volumetric characteristic that allows a
thermoplastic resin or thermoplastic compound to fill into or
flow into the open areas not occupied by the fibers. The
characteristic allowing for the thermoplastic to fill the open
spaces within the fiberglass mat may be especially valuable
for plastic panels having a basis weight greater than 1500
g/m?. Plastic panels having a basis weight greater than 1500
g/m? are usually at least 1 mm thick and typically about 1.5
mm thick. For such thick plastic panels to have a low TEC
it has been found that it is desirable for the fiberglass mat to
be included in as much of the panels’ thickness as possible
and that the glass fiber is well embedded into the thermo-
plastic. It has also been found that increasing the basis
weight of the reinforcing fiberglass mat of the characteristics
described reduces the TEC of the resultant thermoplastic
composite panel so long as the fiberglass mat is well
embedded in the thermoplastic composite.

[0036] One of ordinary skill in the art with knowledge of
this disclosure will recognize that in certain embodiments
the overall thickness of the fiberglass mat as well as the
number of glass intersections per square centimeter should
be selected to allow the fiberglass mat to become sufficiently
embedded into the thermoplastic polymer. A fiberglass web
that is not well embedded into the thermoplastic resin will
result in a panel that will be weak and have a tendency to
split within the fiberglass web. Consequently, another aspect
of'this disclosure is to provide laminates of the plastic panels
of the invention so as to enable even higher basis weight
panels having a low TEC. Another aspect of this disclosure
is to use the plastic panels of this invention as a low TEC
core onto which additional thermoplastic resin or thermo-
plastic compound can be coated onto either the top side, the
bottom side or both sides in varying amounts. Yet, another
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aspect of this disclosure is to use the plastic panels of this
invention as substrate materials that can have decorative
layers added to them to enable decorative floor coverings,
wall coverings, ceiling coverings and other such articles.
Various other combinations of the plastic panels of this
invention may be utilized for a select end use application.

[0037] Additionally, it has been found that the fiberglass
mats of this disclosure are effective with different types of
thermoplastic polymers and their respective compounds in
enabling plastic panels having low TECs. Any thermoplastic
polymer may be used with the embodiments of this disclo-
sure. Non-limiting examples of thermoplastic polymer suit-
able for this disclosure include polypropylene, polyethylene,
polyolefin copolymers, polyvinyl chloride, polyethylene
terephthalate, polyamide, a polyolefin from a hydropulping
process, or combinations thereof. Thermoplastic resins and
thermoplastic compounds made from such thermoplastic
polymers or combinations thereof are also included.

[0038] In alternative embodiments, reclaimed thermoplas-
tics such as a reclaimed thermoplastic polyolefin or thermo-
plastic polyolefin compound or a thermoplastic PVC resin or
a thermoplastic PVC compound may be employed. For
example, in one embodiment, the reclaimed plastic is a
reclaimed thermoplastic polyolefin compound that may con-
tain a filler. The reclaimed polyolefin may be a material
resulting from a recycling or reclamation process that con-
tains a mix of polyolefins, and, in certain embodiments,
cellulosic material having a high aspect ratio. One example
is the hydropulping process used primarily for recovering
cellulosic material from plastic coated paper products. An
example of a hydropulping process can be found in U.S. Pat.
No. 5,351,895, herein incorporated by reference in its
entirety. In certain embodiments, the reclaimed polymeric
material may be included in the substrate in amounts up to
99 wt %.

[0039] In certain embodiments, the thermoplastic resin or
thermoplastic compound have properties that allow for it to
properly flow into the open void spaces within the fiberglass.
Specifically, the thermoplastic may be ground to a small
particle size so that prior to thermal compression bonding it
is able to physically penetrate into the some of the open
areas within the fiberglass mat. Generally, the smaller the
particle size of the thermoplastic resin, the better it flows
into the open spaces within the fiberglass mat before it is
melted. However, particle sizes that are too small can result
in excessive dust and be difficult to handle in a manufac-
turing setting. One of ordinary skill in the art with knowl-
edge of this disclosure is capable of selecting a particular
particle size to match the properties of the fiberglass mat.

[0040] Typically, the pellet size is about 0.25 cm to 0.5 cm
while in other embodiments the powder size is 0.05 cm to
0.2 cm. Various ranges and combinations of sizes can be
utilized. Those skilled in the art are aware of the limits of
thermoplastics being ground to too small of a particle size or
using pellets of too large of a particle size.

[0041] In an optional embodiment, various additives can
be added to the powders and pellets of the thermoplastic
polymer. Such additives can be used to impart additional
characteristics such as color, flame resistance, lighter
weight, lower cost and the like. The fillers can be organic or
inorganic in nature. When added to the powders or pellets it
is preferred that they are of a similar size to the powder or
pellet to help ensure that the dry blend is well mixed. It is
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also possible to add a liquid to the dry blends to help
minimize dust and optimize mixing.

[0042] The thermoplastic polymer should have an appro-
priate melt flow index to ensure an adequate dispersion and
consolidation of the thermoplastic polymer throughout the
fiberglass containing polymeric composite. Materials having
too low of a melt flow index do not flow well when turned
into their liquid state. As a result, such materials are not
effective at filling in the open spaces that exist within the
reinforcing fiberglass mat of this disclosure and the fiber-
glass mat is not well embedded in the resultant panel.
Additionally, if inadequate flow occurs, the reinforcing
fiberglass mat is not embedded in the thermoplastic as well
and does not enable as significant of a reduction in the
resultant panels” TEC. MFI values may range from at least
0.1 to at least 20.0 g/10 minutes and in certain applications
greater than 25 g/10 minutes.

[0043] Thermal compression bonding is capable of pro-
ducing a thermoplastic composite containing a fiberglass
mat of this disclosure that possesses a lower TEC over the
neat thermoplastic polymer. In certain embodiments, con-
tinuous thermal compression bonding on a double belt press
enables the production of thermoplastic composites having
very low TECs. Unlike conventional polymer thermal pro-
cessing methods such as extrusion and injection molding,
the continuous double belt press (“CDBP”) process does not
require precise melt state properties to create the resultant
substrate.

[0044] A CDBP is a thermal compression manufacturing
process that is capable of being used in a continuous manner
and applies the temperature needed to sufficiently melt the
thermoplastic polymer and simultaneously applies relatively
low pressures and low shear stresses. In operation, the
CDBP process can scatter a thermoplastic pellet or powder
onto the fiberglass mat and enables it to flow into the
fiberglass mat with relatively little pressure or shear. The
CDBP can also be used to scatter a thermoplastic pellet or
powder onto a continuous non-stick belt before the fiber-
glass web is placed onto the belt. The CDBP process results
in a very flat thermoplastic composite that varies in thick-
ness less than +/-0.1 mm over a 1 meter distance. The CDBP
process can also enable very flat materials over smaller
distances to achieve the specification of flatness in the
flooring industry, with gaps measured over a 45 cm distance
of less than 0.035 cm. Examples of times, temperature and
pressures used to enable the plastic panels of this disclosure
can be found in the examples section. Those skilled in the art
will know other process conditions that can also be utilized
to enable similar results with a CDBP process.

[0045] A schematic of a continuous double belt process 10
is depicted in FIG. 1. A pellet scattering device 12 is
employed to spread the desired polymeric composite as
pellets 14 onto an extended lower belt 16 and onto a
fiberglass mat (not shown) placed onto the belt by an
unwinding station (not shown). An upper belt 18 comes into
contact with the scattered pellets 14 on the lower belt 16 near
a heating zone 20. The heat melts or partially melts the
pellets 14 and bonds them together (not shown) with the
fiberglass mat (not shown). Nip rolls 22 apply compressive
forces to assist in the processing of the pellets 14 to a
substrate 26 of indefinite length and may help orient high
aspect ratio fillers to impart useful properties. An annealing
zone 24 is used to finalize the process before the substrate
exits from belts 16 and 18. Such an apparatus is available
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from Sandvik-TPS of Goppingen, Germany. Upon take off
of the panel of indefinite length from the continuous double
belt press, the substrate is divided into smaller substrates for
end use applications.

[0046] The use of a CDBP permits the unwinding of a web
of a fiberglass mat onto a continuous non-stick web or belt
from which the resultant thermoplastic composite can sub-
sequently be produced. Additionally, in this process, it is
possible to scatter powders or pellets of thermoplastic resin
or thermoplastic compound on top of the reinforcing fiber-
glass mat after it has been placed onto the continuous
non-stick web and the non-stick web can be substantially
vibrated to help enable the thermoplastic material to fill into
the fiberglass web.

[0047] Inanother embodiment, it is also possible to scatter
powders or pellets of thermoplastic resin or thermoplastic
compound onto the non-stick continuous web before the
reinforcing fiberglass mat is applied to the web and to
subsequently scatter powders or pellets of thermoplastic
resin or thermoplastic compound on top of the fiberglass
web. Varying amount of thermoplastic powders or pellets
can be added to the top or bottom of the fiberglass mat to
result in plastic panels of varying basis weights. The nature
and type of thermoplastic polymers being used for the
various layers can be different. Basis weights may range
from 500 g/m? to 15,000 g/m?, and in certain applications
1500 g/m* to 7,000 g/m>.

[0048] Those of ordinary skill in the art recognize that
pressure applied during the thermal compression bonding
process is a variable that has an impact on the properties of
the resulting substrate. Sufficient pressure is applied after the
thermoplastic polymer is melted or substantially softened to
consolidate the thermoplastic into a thermoplastic panel
having very few voids and to embed the fiberglass web into
the thermoplastic composite. Those of ordinary skill in the
art will also recognize that too much pressure may compress
the fiberglass mat into a very thin state and thereby nega-
tively impact the desired low TEC.

[0049] The thermoplastic polymer chosen may impact the
ability to sufficiently embed the fiberglass into the thermo-
plastic polymer mat during thermal compression bonding.
For example, certain thermoplastic polymers with high TEC
values may achieve better results in final TEC values in the
thermoplastic composite than using a filled thermoplastic
compound with a lower TEC value. It is believed that
unfilled thermoplastic polymers possess an increased ability
to flow into voids within the fiberglass mesh and therefore
can be more effective at attaining lower TEC values in the
finished substrate. In certain embodiments, the thermoplas-
tic composite panels of this disclosure have been found to
have TECs as low as 8*107° m/(m*° C.). Such a value is
similar to the TEC of wood. Such a dramatic improvement
of'the TEC renders the resulting articles of far greater utility
in a number of markets including flooring and LVT appli-
cations in particular, ceiling covering, acoustic sound damp-
eners, wall coverings and other such applications.

[0050] In an alternative embodiment, a thin thermoplastic
composite substrate, for example of approximately 1.5 mm
thick, of the above described fiberglass mat well embedded
in a polyolefin thermoplastic compound is prepared. This
thin thermoplastic composite substrate with opposing sur-
faces is subsequently coated or bonded on both opposing
surfaces with a thermoplastic resin or thermoplastic com-
pound. Such a process can result in panels possessing very
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low TECs and very good flatness. Alternatively two or more
of the thin thermoplastic composite substrates can be lami-
nated together. Pre-making such a thin sheet and subse-
quently coating it with further thermoplastic resin or ther-
moplastic compound or alternatively laminating the thin
sheets together is capable of achieving substrates with very
low TEC values and very good flatness values.

[0051] The resulting substrates may be treated to enable
bonding or attachment of additional layers to create a
multilayered article. Non-limiting examples of such meth-
ods known in the art include plasma treatment, corona
treatment, silane treatment, use of primer materials or heat
treatment.

[0052] The substrates of this disclosure exhibit desirably
low TEC properties not previously recognized or achieved
by those of ordinary skill in the art. TECs of the resulting
thermoplastic composite may range from about one half of
the thermoplastic panels’ unmodified TEC to about one
tenth of the thermoplastic panels’ unmodified TEC. The
TECs of the substrate were measured according the Thermal
Expansion Coeflicient test. The test is performed by cutting
nominally 125 cm square samples, measuring their length
and width with a micrometer, heating them to 70° C. for one
hour and then allowing them to cool to room temperature for
at least one hour. Their length and widths were again
measured with a micrometer to determine any contraction.
The samples were then again heated to 70° C. and after one
hour their length and width was measured immediately after
removing them from the oven to determine their TEC.
Certain embodiments demonstrated a TEC of 35%107°
m/(m*C) or lower. Other embodiments demonstrate a TEC
of at least 3 times less than a substrate derived from a neat
embodiment of the thermoplastic compound.

EXAMPLES

Comparative Example #1

[0053] A reprocessed LDPE, coating grade product
LDPE-W-5, available from United Plastics Recycling of
Montgomery, Ala. available in pellet form and having an
MEFT of 2.6 g/10 minutes was processed using the CDBP. The
MFI measurement was done in accordance with ASTM
D1238-10 Procedure A using a Tinius Olsen Extrusion
Plastometer. The Tinius Olsen Extrusion Plastometer was set
to a barrel temperature of 190° C. and a 2.16 kg load was
applied. The continuous double belt press was a made by
Sandvik-TPS of Goppingen, Germany and has three heating
zone each having a length of approximately 5 meters and
three cooling zones each having a length of approximately
5 meters. The total length of combined heating and cooling
zones, which includes length for nip rollers and other
mechanical equipment is approximately 27 meters. Prior to
the heating and cooling zones are positioned two scattering
units that are capable of applying a precise amount of
powder or pellets across a distance of up to 1.5 meters.

[0054] The materials were scattered unto a Teflon-coated
belt that was moving at 4 m/minute. In this example only one
scattering unit was used. The CDBP was set such that
temperature in heating zone one was 250° C. for both the top
and bottom heaters, the second heating zone was set to a
temperature of 240° C. for both the top and bottom heaters,
the third heating zone was set to 180° C. for both the top and
bottom heaters. Immediately following the heating zones a
3 bar pressure was set to a 61 cm powered nip roller.
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Immediately following the application of nip pressure, the
sample entered the first cooling zone which was set to 40°
C. for both the top and bottom coolers while the second
cooling zone was set to 20° C. for both the top and bottom
coolers.

[0055] The resultant plastic panel had a thickness of 3.2
mm and a basis weight of 2895 g/m2. The TEC of the
samples were tested in accordance with the Thermal Expan-
sion Coeflicient Test described above. Two samples were
measured and an average of all measurements was used to
determine the data reported in Table 1.

Comparative Example #2

[0056] The same LDPE as Comparative Example #1 was
used but in this case it was pulverized into a powder form
and subsequently scattered onto the Teflon-coated belt of the
CDBP. All of the CDBP process conditions and the test
methods were the same as described in Comparative
Example #1. The resultant plastic panel had a thickness of
3.1 mm and a basis weight of 2763 g/m2. The TEC of two
samples were measured using the Thermal Expansion Coef-
ficient test and an average of all measurements was used to
determine the data reported in Table 1.

Example #1

[0057] The same LDPE as described in Comparative
Example #2 was used. In this example two scattering units
were used. The first scattering unit applied the pulverized
LDPE powder directly to the Teflon-coated belt. To this
scattered powder a 305 g/m?> flexible fiberglass from a
continuous strand roll, product 8610 commercially available
from Huntingdon Fiberglass Products, LL.C, of Huntingdon,
Pa., was applied. Subsequently, the second scattering unit
applied another layer of pulverized LDPE. The vibrating
table of the CDBP was turned on following the second
scattering unit. The amount of pulverized LDPE applied was
approximately the same but was optimized so as to enable a
relatively flat resultant plastic panel. All of the CDBP
process conditions and the test methods were the same as
described in Comparative Example #1. The resultant panel
was approximately 3.05 mm in thickness and had a basis
weight of 2956 g/m®. The TEC of two samples were
measured using the Thermal Expansion Coefficient test and
an average of all measurements was used to determine the
data reported in Table 1.

Example #2

[0058] The same LDPE and method of applying it to the
CDBP as described in Example #1 was used. In this case a
229 g/m* semi-rigid fiberglass from continuous strand roll,
product 8635D2 commercially available from Huntingdon
Fiberglass Products, LLC, of Huntingdon, Pa., was used. All
of the CDBP process conditions and test methods were the
same as described in Comparative Example #1. The resul-
tant plastic panel had a thickness of approximately 3.05 mm
and a basis weight of 2823 g/m2. The TEC of two samples
were measured using the Thermal Expansion Coefficient test
and an average of all measurements was used to determine
the data reported in Table 1.
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TABLE 1

Basis  Thick- TEC

Weight  ness *10-6 Shrink-

Example Description (g/m2) (mm) m/(m*C) age
Comparative LDPE Pellets 2895 3.2 212 -0.02%
Example #1
Comparative LDPE Powder 2763 31 206 -0.03%
Example #2
Example #1 LDPE Powder/ 2956 3.05 20 -0.04%

305 g/m2

fiberglass/

LDPE Powder
Example #2 LDPE Powder/ 2823 3.05 34 -0.04%

228 g/m2

fiberglass/

LDPE Powder

Comparative Example #3

[0059] A reprocessed LDPE containing a cellulose fiber

filler, product code 3000282 a densified granulate and hav-
ing an MFI of 0.3 g/10 minutes was used. The densified
granulate was converted to a pellet form by initially pulver-
izing the granulate and then processing the pulverized
powder through a Pallmann Palltruder PF250 using a die
with a hole diameters of approximately 3.6 mm. The heating
zone #1 of the CDBP was set to 230 C for the top and bottom
ovens, heating zone number 2 was set to 210° C. for the top
and bottom ovens, heating zone 3 was set to 150° C. for the
top and bottom ovens and the cooling conditions were the
same as described in comparative example #1. The three 15
cm diameter nip rollers located within the heating zones
were all set to 3 bar of pressure. The 61 cm diameter
powered nip roller following the heating zones was set to 2
bar of pressure and the belt speed was set for 3 meters/
minute. The resultant plastic sheet had a thickness of 6.1 mm
and a basis weight of 7975 g/m2. The properties of the
resultant thermoplastic composite can be found in Table 2.

Comparative Examples 4-11

[0060] Comparative Examples 4-11 investigated the
impact of various fillers to reduce TEC. These examples
were made in a similar manner as Comparative Example #3.
However in this case varying amounts of fillers were
blended with the pulverized LDPE before they were placed
into the Pallmann Palltruder for conversion to pellets. The
calcium carbonate was obtained from GLC 1012d from
Great Lakes Calcium of Green Bay, Wis. The wood flour
was product 4010 maple from American Wood Fibers of
Schofield, Wis. The tale, product Silverline 002, and volca-
nic ash were commercially available from Imerys Corpora-
tion. The amounts of filler and the resultant properties of the
thermoplastic composites are shown in Table 2.
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TABLE 2
Calcium Volcanic ~ Basis
Comparative LDPE Carbonate Wood Flour  Tale Ash Weight Thickness TEC * 10-6 Shrinkage

Example (wt %) (wt %) (wt %) (wt %) (Wt %) (g/m2) (mm) m/(m * C) (%)

3 100 0 0 0 0 7975 6.1 94 -0.21

4 60 20 20 0 0 4951 4.3 96 -0.25

5 50 20 30 0 0 5291 4.5 82 -0.19

6 50 30 20 0 0 5700 4.5 88 -0.16

7 60 20 20 0 0 5669 5.0 96 -0.27

8 50 20 30 0 0 6114 5.2 82 -0.22

9 75 0 0 25 0 3594 3.2 91 -0.33

10 50 0 0 50 0 3726 3.0 90 -0.27

11 40 0 0 0 60 4836 3.15 90 -0.25
Comparative Examples 12-24 the top and bottom. Both of the cooling zones were set at 20°
C. on both the top and the bottom. The first 15 cm diameter
[0061] Comparative Examples 12-25 investigated the abil- nip roller in the CDBP was set at 0.1 bar, the second 15 cm

ity of different glasses in reducing the TEC. These examples
were made in a manner similar to Example #2. However, in
this case a pulverized LDPE containing a cellulose fiber
filler, product code 3000282 a densified granulate and hav-
ing an MFI of 0.3 g/10 minutes was used instead of the
LDPE of Example #2. The different types of fiberglass
investigated included the products from Dryvit Corporation

diameter nip roller was set to 1 bar, the third 15 cm diameter
nip roller was set at 2 bar and the 61 cm diameter powered
nip roller immediately following the heating zone was set to
1.5 bar and the line speed was 3 m/min. The LDPE powder
was scattered using both of the scattering units on the CDBP
as described in Example #1. The properties of the resultant
thermoplastic composites are shown in Table 3.

TABLE 3

Comparative Glass Fabric

Basis
Weight Thickness TEC * 10-6 Shrinkage

Example Supplier Product Name  (g/m2) (mm) m/(m * C) (%)
12 Dryvit Standard 3053 3.05 104 -0.32
13 Dryvit Standard Plus 2937 2.95 96 -0.33
14 Dryvit Intermediate 3220 31 82 -0.29
15 Cross Country 165 g/m2 3310 33 112 -0.23
16 Cross Country 237 g/m2 3480 34 88 -0.23
17 Cross Country 284 g/m2 3487 3.35 90 -0.22
18 Cross Country 474 g/m2 3680 3.5 80 -0.24
19 Fibre Glast 241-B 3046 3.1 95 -0.16
20 Fibre Glast 262-C 2987 3.1 90 -0.21
21 Fibre Glast 259-A 2981 3 79 -0.2
22 Fibre Glast 246-C 2842 2.9 91 -0.25
23 Fibre Glast 573-C 2929 3 93 -0.19
24 Fibre Glast 1094-C 3078 3.1 96 -0.21

of West Warwick, R.1.: Standard (102 g/m?), Standard Plus Examples 3-7

(142 g/m®), and Intermediate (284 g/m?®). Also included
were fiberglass materials from Cross Country Supply that
were 165, 237, 284, and 474 g/m? respectively. Also inves-
tigated were fiberglass webs from Fibre Glast Developments
Corporation and included product 241-B a 47 g/m? fabric,
product 262-C a 95 g/m? fabric, product 259-A a 142 g/m>
fabric, product 246-C a 39 g/m? glass scrim, product 573-C
a 71 g/m* tight weave glass fabric, and product 1094-C, a
213 g/m? twill weave glass fabric. Comparative Examples
12-24 20 did not possess glass intersections in the range of
20 to about 3000 fiberglass intersections per cm? or the
thickness from about 1 mm to 10 mm in height when a when
measured in accordance with this disclosure. For these
examples LDPE pellets described in Comparative Example
3 were pulverized to enable a powder that was subsequently
scattered using two separate scattering units as described in
Example #1. The conditions of the CDBP were set so that the
first heating zone was set to 190° C. on both the top and
bottom, heating zone two was set at 190° C. on both the top
and bottom, heating zone three was set to 150° C. on both

[0062] In Examples 3-7, various thermoplastic resin com-
pounds were investigated in combination with the continu-
ous fiberglass mat and the continuous thermal bonding
process. The HDPE compound included a reclaimed HDPE
of mixed color and an MFI of 0.5 g/10 minutes commer-
cially available from Wyocomp of Cheyenne, Wyo. The PP
was a reclaimed PP having an MFI of 4.6 g/10 minutes and
commercially available from Wellmann Recycled Plastics of
Johnsonville, S.C. The PVC was a reclaimed cellular tan
PVC commercially available from Jamplast of Mount Ver-
non, Ind. The expanded ash was Sil 35 BC commercially
available from Silbrico Corporation of Hodgkins, I1l. The
LDPE was the reclaimed source described in Comparative
Examples 12-24. The wood flour was the same wood flour
as described in Comparative Examples 3-11.

[0063] All of the thermoplastic compounds for Examples
3-7 were made by first pulverizing the plastic into a powder.
When fillers were used, the fillers we subsequently blended
with the pulverized plastic powders to obtain a uniform
mixture. The powders or powder blends were then fed into
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the Pallmann Palltruder to make pellets where were subse-
quently pulverized into a powder form to be used with the
CDBP. The flexible fiberglass from a continuous strand roll
and was Huntingdon product 8610 at 457 g/m> and com-
mercially available from Huntingdon Fiberglass Products,
LLC, of Huntingdon, Pa. The thermoplastic resin powders
were applied to the CDBP and combined with the flexible
fiberglass as described in Example 1. For examples 3-6 the
CDBP line speed was 3 m/minute. For Example 3 all of the
oven temperatures were set to 205° C. on both the top and
bottom. The cooling ovens were set as described in Com-
parative Example 1. The third 15 cm diameter nip roller was
set to 4.3 bars, the 61 cm diameter powered nip roller was
set to 1.8 bar and the fourth 15 cm diameter nip roller that
immediately follows the powered nip roller was set to 4.3
bar. For Example 4 the first heating zone oven was set to
225° C. for both top and bottom. The second heating zone
was set to 180° C. for both top and bottom. Heating zone 3
was set to 140° C. top and bottom. The cooling zones were
set the same as Example 3. All three of the 15 cm diameter
nip rollers found in heating zones 1 to 3 were all set to 3.5
bars. For Example 5 the first heating zone oven was set to
225° C. for both top and bottom. The second heating zone
was set to 165° C. for both top and bottom. Heating zone 3
was set to 130° C. top and bottom. The cooling zones were
both set to 20° C. top and bottom. The second and third 15
cm diameter nip rollers were both set to 3 bars and the 61
cim diameter powered nip roller was set to 3.5 bar.

[0064] For Example 6 all of the conditions were the same
except for the setting for the third heating zone which was
set to 120° C. top and bottom. The amount of scatter was
adjusted to enable the resultant thicknesses shown in Table
4 and the continuous fiberglass mat was approximately
centered in the middle of the panels’ thickness. For Example
7 the PVC was pulverized to a powder and blended with the
expanded ash powder. Four percent of epoxidized soybean
oil was also added to the blend. It was subsequently scat-
tered onto the CDBP and unlike the other samples was not
first made into a pellet before being pulverized. In Example
7 a flexible fiberglass from a continuous strand roll com-
mercially available as Huntingdon product 8610 at 305 g/m?
from Huntingdon Fiberglass Products, LL.C, of Huntingdon,
Pa. was used. The properties of the resultant thermoplastic
composites are shown in Table 4.
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Examples 8-11

[0065] In examples 8-11 the same LDPE as described in
Comparative Examples 12-24 was used. The LDPE was
initially pulverized and subsequently made into pellets using
the Palimam Paltruder as described previously. The pellets
were then subsequently pulverized into a powder before they
were scattered onto the CDBP. In all cases a flexible
fiberglass from a continuous strand roll commercially avail-
able as Huntingdon product 8610 at 305 g/m* from Hunting-
don Fiberglass Products, LL.C, of Huntingdon, Pa. was used
unless otherwise noted. The LDPE powder was scattered
onto the CDBP non-stick belt as well as the continuous
strand fiberglass as described in Example 1 unless otherwise
noted. For Example 8 the CDBP was set with heating zone
1 at 245° C. top and bottom. Heating zone two was set to
220° C. top and bottom, heading zone 3 was set to 180° C.
top and bottom while the cooling zones were both set to 20°
C. top and bottom. The first 15 cm diameter nip roller was
set to 0.1 bar, the second 15 cm diameter nip roller was set
to 2 bar, the third 15 cm diameter nip roller was set to 2 bar
and the 61 cm diameter powered nip roller was set to 1.5 bar.
The line speed was 3 m/minute. For Example 9 the two
plastic panels from Example 8 were place on top of one
another and run through the CDBP with both heating zones
one and two set to 210° C. top and bottom. Heating zone
three was set to 150° C. top and bottom. Both cooling zones
were set to 20° C. top and bottom. 0.1 bar of pressure was
applied at the first 15 cm diameter nip roller. The line speed
was 3 m/minute. The scattering units were not used and no
further LDPE as added to the sample. Also, no additional
fiberglass was added. For Example 10, the plastic panel from
Example 8 was used as a core material in place of the
fiberglass. No additional fiberglass was added. Additional
LDPE resin was scattered to both the top and bottom sides
of the panel. The CDBP settings were the same as Example
9. For Example 11, the two plastic panels from Example 10
were place on top of one another and run through the CDBP
with the heating zones one and two were both set to 210° C.
top and bottom, heating zone 3 was set to 150° C. top and
bottom and both cooling zones were set to 20 C top and
bottom. 0.1 bar was applied at the first 15 cm diameter nip
roller. The properties of the resultant thermoplastic compos-
ites are shown in Table 5.

TABLE 4
Basis
LDPE HDPE PP Wood Flour  Expanded Weight Thickness TEC * 10-6 Shrinkage

Example (wt %) (wt %) (wt%) PVC (wt %) (wt %) Ash (wt %) Fiberglass (g/m2) (mm) m/(m * C) (%)

3 0 75 0 0 25 0 Hundington 8610 3442 33 23 -0.02
457 g/m2

4 0 0 75 0 25 0 Hundington 8610 3680 4.2 39 -0.11
457 g/m2

5 100 0 0 0 0 0 Hundington 8610 4728 4.5 36 -0.10
457 g/m2

6 100 0 0 0 0 0 Hundington 8610 5488 5.2 49 -0.13
457 g/m2

7 0 0 0 90 0 10 Hundington 8610 2331 2.3 14 -0.02

305 g/m2
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TABLE 5
Basis  Thick- TEC Shrink-
Weight  ness *10-6 age
Example Fiberglass (g/m2) (mm) m/(m*C) (%)
8 Hundington 8610 1692 1.6 8 -0.01
305 g/m2
9 Hundington 8610 3680 3.1 9 -0.02
457 g/m2
10 Hundington 8610 3340 3.3 28 -0.05
457 g/m2
11 Hundington 8610 6346 6.5 40 -0.04
457 g/m2
[0066] Although specific embodiments have been illus-

trated and described herein for purposes of description of the
preferred embodiments, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate or
equivalent implementations calculated to achieve the same
purposes may be substituted for the specific embodiments
shown and described without departing from the scope of
the present invention. This application is intended to cover
any adaptations or variations of the preferred embodiments
discussed herein. Therefore, it is manifestly intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:

1. A substrate comprising, a thermoplastic composite
having a fiberglass mat embedded in a thermoplastic resin,
wherein the fiberglass mat has a weight of 76 to 1500 g/m?
and about 20 to about 3000 fiberglass intersections per cm?,
and wherein the thermoplastic composite possesses (i) a
Thermal Expansion Coeflicient of at least 3 times less than
a substrate derived from a neat embodiment of the thermo-
plastic resin, or (ii) a Thermal Expansion Coefficient of
50%107° m/m*° C. or lower.

2. A substrate according to claim 1, wherein the thermo-
plastic composite has a Thermal Expansion Coefficient of
40%107° m/m*° C. or lower 30%¥10™° m/m*° C. or lower,
20*107% in/m*° C. or lower, or 10¥10~° m/m*° C. or lower.

3. A substrate according to claim 1, wherein the thermo-
plastic composite meets the specification of flatness in the
flooring industry, with gaps measured over a 45 cm span of
less than 0.35 cm.

4. A substrate according to claim 1, further comprising
one or more fillers in the thermoplastic composite.

5. A substrate according to claim 1, wherein the filler
comprises a mineral filler or an organic filler.

6. A substrate according to claim 4, wherein the filler
comprises cellulose, calcium carbonate, volcanic ash,
expanded volcanic ash, wood flour or rice hulls.

7. A substrate according to claim 1, wherein the thermo-
plastic resin comprises a polyolefin and the thermoplastic
composite has a thickness of 2 mm to 7 mm and a Thermal
Expansion Coefficient of 50*107° m/m*° C. or lower.

8. A substrate according to claim 1, wherein the thermo-
plastic resin comprises polypropylene, polyethylene, poly-
olefin copolymers, polyvinyl chloride, polyethylene
terephthalate, polyamide, a polyolefin from a hydropulping
process, or combinations thereof.
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9. A substrate according to claim 1, wherein the thermo-
plastic composite has a basis weight between 500 g/m? to
10,000 g/m>.

10. A substrate according to claim 1, further comprising at
least one additional layer bonded to the thermoplastic com-
posite to form a multilayered article.

11. An article comprising a substrate derived from thermal
compression bonding a thermoplastic resin with a fiberglass
mat and optionally one or more fillers, wherein the fiberglass
mat has a weight of 76 to 1250 g/m? and about 20 to about
3000 fiberglass intersections per cm?, and wherein the
thermoplastic composite possesses a Thermal Expansion
Coefficient of at least 3 times less than a substrate derived
from a neat embodiment of the thermoplastic resin, or (ii) a
Thermal Expansion Coefficient of 50%10~° m/m*° C. or
lower.

12. A method comprising;

(a) scattering a thermoplastic resin with optionally one or
more fillers onto a fiberglass mat positioned on a first
rotating belt, wherein the fiberglass mat has a weight of
76 to 1250 g/m* and 20 to 3000 fiberglass intersections
per cm’

(b) thermal compression bonding the thermoplastic resin,
the optional fillers and the fiberglass mat between the
first rotating belt with a second rotating belt to form a
substrate, wherein the substrate possesses (i) a Thermal
Expansion Coefficient of at least 3 times less than a
substrate derived from a neat embodiment of the ther-
moplastic resin, or (ii) a Thermal Expansion Coefficient
of 50%107° m/m*° C. or lower.

13. A method according to claim 12, wherein the substrate
exhibits a TEC of 40%10~° m/m*° C. or lower, 30%107°
in/m*° C. or lower, 20%10~% m/m*° C. or lower, or 10*107°
m/m*° C. or lower.

14. A method according to claim 12, further comprising
first scattering an additional layer of a thermoplastic resin
with optionally one or more fillers onto the rotating belt
before positioning the fiberglass web onto the belt.

15. A method according to claim 12, wherein thermal
compression bonding is performed on a continuous double
belt press.

16. A method according to claim 12, wherein the ther-
moplastic resin comprises polypropylene, polyethylene,
polyolefin copolymers, polyvinyl chloride, polyethylene
terephthalate, polyamide, a polyolefin from a hydropulping
process, or combinations thereof.

17. A method according to claim 12, further comprising
treating a surface of the substrate.

18. A method according to claim 17, wherein treating
comprises plasma treatment, corona treatment, silane treat-
ment, use of primer materials or heat treatment.

19. A method according to claim 12, further comprising
bonding at least one additional layer to the substrate to form
a multilayered article.

20. A method according to claim 14, wherein the ther-
moplastic resin with optionally one or more fillers has a
particle size of 0.05 cm to 0.5 cm.

#* #* #* #* #*



