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ABSTRACT

A composite sheet material includes, in an exemplary
embodiment a porous core that includes at least one thermo

plastic material and from about 20 Weight percent to about 80
Weight percent of natural ñbers based on a total Weight ofthe
porous core. The natural ñbers include at least one of kenaf

ñbers, jute ñbers, flax ñbers, hemp ñbers, cellulosic ñbers,
sisal ñbers, and coir ñbers.
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COMPOSITE THERMOPLASTIC SHEETS
INCLUDING NATURAL FIBERS

such as, clean incineration at the end of useful life, and

recycle possibilities. Natural liber reinforcement also pro
vides weight reduction in comparison to glass libers.

BACKGROUND OF THE INVENTION

Referring to the drawing, FIG. 1 is a cross sectional sche

matic illustration of an exemplary composite thermoplastic
This invention relates generally to porous liber reinforced

sheet 10 that includes a porous core 12 having a lirst surface
14 and a second surface 16. A decorative skin 18 is bonded to

thermoplastic polymer sheets, and more particularly to
porous liber reinforced thermoplastic polymer sheets that

lirst surface 14. In alternate embodiments, skins andlor bar
rier layers are bonded to second surface 16. decorative skin 18

include natural libers.
Porous liber reinforced thermoplastic sheets have been
described in U.S. Pat. Nos. 4,978,489 and 4,670,331 and are
used in numerous and varied applications in the product

may be at least one of a thermoplastic lilm an elastomeric

lilm, a metal foil, a thermosetting coating, an inorganic coat
ing, a liber based scrim, a non-woven fabric, and a woven

manufacturing industry because of the ease of molding the
liber reinforced thermoplastic sheets into articles. Known

fabric.

techniques, for example, thermo-stamping, compression

tures formed by random crossing over of reinforcing natural

molding, and thermoforming have been used to successfully
form articles from liber reinforced thermoplastic sheets.

libers held together, at least in part, by one or more thermo
plastic resins, where the void content of porous core 12 ranges

Core 12 is formed from a web made up of open cell struc

in general between about 1% and about 95% and in particular

Porous liber reinforced thermoplastic sheets are sometimes
formed into decorative interior panels for use in the interior of

automobiles, mass transit vehicles, and buildings including
commercial buildings and private buildings. Incineration of

20

these decorative panels upon the end of their useful life is
made impractical because of the presence of glass librous
reinforcements.

thermoplastic resins, where about 40% to about 100% of the
25

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a composite sheet material is provided. The
composite sheet material includes a permeable core that
includes discontinuous natural libers bonded together with a
thermoplastic resin. The permeable core has a density from

between about 30% and about 80% ofthe total volume of core
12. In another embodiment, porous core 12 is made up of
open cell structures formed by random crossing over of rein
forcing libers held together, at least in part, by one or more
cell structure are open and allow the flow of air and gases
through. Core 12 has a density in one embodiment of about

0.1 gm/cc to about 1.8 gm/cc and in another embodiment
about 0.3 gm/cc to about 1.0 gm/cc. Core 12 is formed using
known manufacturing process, for example, a wet laid pro
30

cess, an air laid process, a dry blend process, a carding and
needle process, and other known process that are employed

one thermoplastic material and from about 20 weight percent

for making non-woven products. Combinations of such
manufacturing processes are also useful.
Core 12 includes about 20% to about 80% by weight of
natural libers having an average length of between about 5
mm and about 50 mm, and about 20% to about 80% by weight
of a wholly or substantially unconsolidated librous or particu

to about 80 weight percent of natural libers based on a total
weight of the porous core. The natural libers include at least

are based on the total weight of core 12 In another embodi

about 0.1 gm/cc to about 1.8 gm/cc, and includes a surface

region.
In another aspect, a composite sheet material is provided
that includes a porous core. The porous core includes at least 35

one of kenaf libers, jute libers, flax libers, hemp libers, cellu
losic libers, sisal libers, and coir libers.

late thermoplastic materials, where the weight percentages
40

In another aspect, a method of fabricating a porous, natural

ment, core 12 includes about 30% to about 55% by weight of
natural libers. In another embodiment, core 12 includes natu
ral libers having an average length of between about 5 mm

liber-reinforced thermoplastic sheet is provided. The method
includes adding natural libers having an average length of

and about 25 mm. Suitable natural libers include, but are not

about 5 mm to about 50 mm, and thermoplastic resin powder
particles to an agitated aqueous foam to form a dispersed

cellulosic libers, sisal libers, coir libers, and mixtures thereof.
In the exemplary embodiment, natural libers having an

limited to kenaf libers, jute libers, flax libers, hemp libers,
45

mixture, laying the dispersed mixture of natural libers and

average length of about 5 mm to about 50 mm is added with

thermoplastic resin particles down onto a wire mesh, evacu
ating the water to form a web, heating the web above the glass

thermoplastic powder particles, for example polypropylene

transition temperature of the thermoplastic resin, and press
ing the web to a predetermined thickness to form a porous

50

plastic powder in the aqueous foam. The dispersed mixture is

thermoplastic composite sheet having a void content of about
1 percent to about 95 percent ofthe volume ofthe composite
sheet.
BRIEF DESCRIPTION OF THE DRAWINGS

then laid down on any suitable support structure, for example,
a wire mesh and then the water is evacuated through the wire
mesh forming a web. The web is dried and heated above the
55

60

A porous composite thermoplastic sheet containing natural

dation devices, for example calendaring rolls, double belt
laminators, indexing presses, multiple daylight presses, auto

liber is selected from variants that offer good dispersion and

posite sheets having, for example, glass liber reinforcement,

The web is heated above the softening temperature of the
thermoplastic resins on core 12 to substantially soften the
plastic materials and is passed through one or more consoli

libers as reinforcement is described below in detail. Natural

drainage characteristics in an aqueous foam. Natural liber
reinforcement provides environmental advantages over com

softening temperature of the thermoplastic powder. The web
is then cooled and pressed to a predetermined thickness to
produce a composite sheet having a void content of between
about 1 percent to about 95 percent. In an alternate embodi
ment, the aqueous foam also includes a binder material.

FIG. 1 is sectional illustration of a composite plastic sheet
in accordance with an embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

powder, to an agitated aqueous foam which can contain a
surfactant. The components are agitated for a suliicient time
to form a dispersed mixture of the natural libers and thermo

65

claves, and other such devices used for lamination and con
solidation of sheets and fabrics so that the plastic material can
flow and wet out the libers. The gap between the consolidat

US 7,431,980 B2
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ing elements in the consolidation devices are set to a dimen

are currently made with polyurethane foam, polyester fiber
filled multi-layered composites, and thermoplastic sheets.
The porous composite thermoplastic sheets containing natu

sion less than that ofthe unconsolidated web and greater than
that ofthe web if it were to be fully consolidated, thus allow

ing the web to expand and remain substantially permeable

ral fibers as reinforcement can be molded into various articles

after passing through the rollers. ln one embodiment, the gap

using methods known in the art, for example, pressure form

is set to a dimension about 5% to about 10% greater than that

ing, thermal forming, thermal stamping, vacuum forming,
compression forming, and autoclaving. Natural fiber rein

ofthe web if it were to be fully consolidated. A fully consoli
dated web means a web that is fully compressed and substan
tially void free. A fully consolidated web would have less than
5% void content and have negligible open cell structure.
ln another embodiment, core 12 also includes up to about
10 percent of inorganic fibers for added stiffness and or

possibilities. Natural fiber reinforcement also provides
weight reduction in comparison to glass fibers.

improved lofting. The inorganic fibers can include, for
example, metal fibers, metaliZed inorganic fibers, metaliZed

specific embodiments, those skilled in the art will recogniZe

forcement provides environmental advantages over compos

ite sheets having, for example, glass fiber reinforcement, such
as, clean incineration at the end of useful life, and recycle

While the invention has been described in terms of various

synthetic fibers, glass fibers, graphite fibers, carbon fibers,

that the invention can be practiced with modification within
the spirit and scope of the claims.
What is claimed is:

ceramic fibers, mineral fibers, basalt fibers, inorganic fibers,
aramid fibers, and mixtures thereof.
Particulate plastic materials include short plastics fibers

1. A thermoplastic composite sheet material comprising:

which can be included to enhance the cohesion of the web

structure during manufacture. Bonding is affected by utiliZ
ing the thermal characteristics of the plastic materials within

20

sity from about 0.1 gm/cc to about 1.8 gm/cc, said per
meable core including a surface region, said composite

the web structure. The web structure is heated sufficiently to
cause the thermoplastic component to fuse at its surfaces to

adjacent particles and fibers.
ln one embodiment, individual reinforcing fibers should

sheet moldable into predetermined shapes;
25

said natural fibers selected from the group consisting of

kenaf fibers, jute fibers, flax fibers, hemp fibers, sisal

not on the average be shorter than about 5 millimeters,

because shorter fibers do not generally provide adequate rein

fibers, coir fibers, and mixtures thereof.
2. A composite sheet material in accordance with claim 1

forcement in the ultimate molded article. Also, fibers should
not on average be longer than about 50 millimeters since such
fibers are difficult to handle in the manufacturing process.
ln one embodiment, in order to confer structural strength
the natural fibers have an average diameter between about 7
and about 22 microns. Fibers of diameter less than about 7

a permeable core comprising a thermoplastic resin material
reinforced with a web of reinforcing fibers, and discon
tinuous natural fibers, said permeable core having a den

wherein said permeable core has an open cell structure with a
30

void content of about 1 percent to about 95 percent ofthe total
volume of said permeable core.

3. A composite sheet material in accordance with claim 1
wherein said permeable core comprises a thermoplastic resin

selected from the group consisting of polyolefins, polysty

microns can easily become airborne and can cause environ

than about 22 microns are difficult to handle in manufacturing

rene, acrylonitryistyrene, butadiene, polyesters, polybutyle
neterachlorate, polyvinyl chloride, polyphenylene ether,

processes and do not efiiciently reinforce the plastics matrix

polycarbonates, polyestercarbonates, acrylonitrile-buty

mental health and safety issues. Fibers of diameter greater

35

after molding.

lacrylate-styrene polymers, amorphous nylon, and mixtures

ln one embodiment, the thermoplastics material is, at least
in part, in a particulate form. Suitable thermoplastics include,
but are not limited to, polyolefins, including polymethylene,

thereof
4. A composite sheet material in accordance with claim 1
wherein said core comprises from about 20 to about 80 per

polyethylene, and polypropylene, polystyrene, acrylonitryl
styrene, butadiene, polyesters, including polyethylenetereph
thalate, polybutyleneterephthalate, and polypropylene
terephthalate, polybutyleneterachlorate, and polyvinyl

40

cent by weight of said natural fibers and reinforcing fibers,
and from about 20 to about 80 percent by weight of said

thermoplastic resin.
45

chloride, both plasticised and unplasticised, acrylics, includ
ing polymethyl methacrylate, and blends of these materials

cent by weight of said natural fibers and reinforcing fibers,
and from about 45 to about 65 percent by weight of said

with each other or other polymeric materials. Other suitable

thermoplastic resin.

thermoplastics include, but are not limited to, polyarylene

ethers, acrylonitrile-butylacrylate-styrene polymers, amor

50

phous nylon, as well as alloys and blends of these materials
with each other or other polymeric materials. lt is anticipated
that any thermoplastics resin can be used which is not chemi
cally attacked by water and which can be sufficiently softened

by heat to permit fusing and/or molding without being chemi
cally or thermally decomposed.
The thermoplastic particles need not be excessively fine,

55

8. A composite sheet material in accordance with claim 1
wherein said said reinforcing fibers comprise at least one of
60

The porous composite thermoplastic sheets containing

cargo liners, ofiice partitions, and other such applications that

metal fibers, metaliZed inorganic fibers, metaliZed synthetic
fibers, glass fibers, graphite fibers, carbon fibers, ceramic
fibers, basalt fibers, inorganic fibers, and aramid fibers.
9. A composite sheet material comprising:

natural fibers as reinforcement described above can be used

headliners, door modules, side wall panels, ceiling panels,

7. A composite sheet material according to claim 6 wherein
said adherent adjacent layer comprises at least one of a ther
moplastic film, an elastomeric film, a metal foil, a thermoset
ting coating, an inorganic coating, a fiber based scrim, a
non-woven fabric, and a woven fabric.

factory in that they do not flow sufficiently during the molding

in, but not limited to, building infrastructure, automotive

6. A composite sheet material in accordance with claim 1
further comprising an adherent layer adjacent to said surface

region.

but particles coarser than about 1.5 millimeters are unsatis

process to produce a homogenous structure. The use of larger
particles can result in a reduction in the flexural modulus of
the material when consolidated.

5. A composite sheet material in accordance with claim 1
wherein said core comprises from about 35 to about 55 per

a porous core comprising at least one themoplastic material
65

reinforced with a web of reinforcing fibers and discon

tinuous natural fibers, comprising from about 20 weight
percent to about 80 weight percent of reinforcing fibers

US 7,431,980 B2
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5
and natural fibers based on a total Weight of said porous

core layer, said permeable core having a density from
about 0.1 gm/cc to about 1.8 gm/cc, said natural fibers
selected from the group consisting of kenaf fibers, jute

12. A composite sheet material in accordance With claim 9
Wherein saidporous core comprises from about 35 to about 55

percent by Weight of said natural fibcrs and reinforcing fibers,
and from about 45 to about 65 percent by Weight of said

fibers, flax fibers, hemp fibers, sisal fibers, coir fibers,

thermoplastic resin.

and mixtures thereof, said composite sheet moldable

13. A composite sheet material in accordance With claim 9
further compri sing at least one skin, each said skin covering at

into predetermined shapes.
10. A composite sheet material in accordance With claim 9
Wherein said porous core has an open cell structure With a

least a portion of a surface of said porous core layer, said skin
comprising at least one of a thermoplastic film, an elastomeric

void content of about l percent to about 95 percent ofthe total

film, a metal foil, a thermosetting coating, an inorganic coat

volume of said porous core.

ing, a fiber based scrim, a non-Woven fabric, and a Woven

11. A composite sheet material in accordance With claim 9
Wherein said porous core comprises a thermoplastic resin

selected from the group consisting of polyolefins, polysty

fabric.
14. A composite sheet material in accordancc With claim 9
Wherein said reinforcing fibers comprise at least one of metal

rene, acrylonitrylstyrene, butadiene, polyesters, polybutyle
neterachlorate, polyvinyl chloride, polyphenylene ether,

fibers, metaliZed inorganic fibers, metaliZed synthetic fibers,
glass fibers, graphite fibers, carbon fibers, ceramic fibers,

polycarbonates, polyestercarbonates, acrylonitrile-buty

basalt fibers, inorganic fibers, and aramid fibers.

lacrylate-styrene polymers, amorphous nylon, and mixtures
thereof.
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