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CELLULOSIC FIBER COMPOSITES Background of the Invention The invention
relates to composites of resins and cellulosic or lignocellulosic fibers. 5
Resins are used in a variety of applications) for example, in food
packaging. Food containers made of resins are typically used once, then
discarded. Cellulosic and lignocellulosic materials are produced,
processed, and used in large quantities in a 10 number of applications.
Once used, these fibers are usually discarded as waste materials. As a
result, there is an ever-increasing amount of waste cellulosic and
lignocellulosic fiber, as well as waste resin. Summary of the Invention 15
In general, the invention features composites including a resin and
texturized cellulosic or lignocellulosic fiber. The invention features a
composite including a resin, such as a thermoplastic resin) and at least
about 20 2% by weight, more preferably at least about 5% by weight,
texturized cellulosic or lignocellulosic fiber. The invention also features
a composite that includes polyethylene and at least about 50% by weight
texturized cellulosic or lignocellulosic fiber. 25 The invention further
features composites, including a resin and cellulosic or lignocellulosic
fiber, that have flexural strengths of at least about 3,000 psi, or tensile
strengths of at least about 3,000 psi. 30 In addition, the invention
features a process for manufacturing a composite; the process includes
shearing cellulosic or lignocellulosic fiber to form texturized cellulosic
or lignocellulosic fiber, then combining the texturized fiber with a resin.
A preferred method    wo ~n3~3s - 2  



~ 0 APR 20~1~ PCT/US98/12661 includes shearing the fiber with a rotary
knife cutter. The invention also features a process for manufacturing a
composite that includes shearing cellulosic or lignocellulosic fiber and
combining the fiber with a 5 resin. The term "texturized cellulosic or
lignocellulosic fiber" as used herein, means that the fiber has been
sheared to the extent that the internal fibers are substantially exposed.
At least about 50%, more 10 preferably at least about 70%, of these fibers
have a length/diameter (L/D) ratio of at least 5, more preferably at least
25, or at least 50. An example of texturized fiber is shown in Fig. 1. The
composites of the present invention are 15 strong, light-weight) and
inexpensive. The raw materials used to make the composites are readily
available; for example, they may include discarded containers composed of
resins, and waste cellulosic or lignocellulosic fiber. Other features and
advantages of the invention 20 will be apparent from the description of the
preferred embodiments thereof, and from the claims. Brief Description of
the Drawing Fig. 1 is a photograph of a texturized newspaper, magnified [ ]
times. 25 Description of the Preferred Embodiments A preferred composite
includes a resin and texturized cellulosic or lignocellulosic fiber. The
resin encapsulates the texturized cellulosic or lignocellulosic fiber and
helps control the shape of 30 the composite. The resin also transfers the
external loads to the fiber and protects the fiber from environmental and
structural damage. Preferred composites include about 20% to about 60%,
more   ' ~ 1 0 A PR 2002 wo 9923138 - 3  preferably about 30% to about 50%,
by weight of the resin. Examples of resins include polyethylene (including,
e.g., low density polyethylene and high 5 density polyethylene),
polypropylene, polystyrene) polycarbonate, polybutylene, thermoplastic
polyesters, polyethers, thermoplastic polyurethane, PVC, Nylon, and other
resins. It is preferred that the resins have a low melt flow index.
Preferred resins include polyethylene 10 and polypropylene with melt flow
indices of less than 3 g/10 min, and more preferably less than 1 g/10 min.
The resins may be purchased as virgin material) or obtained as scrap or
waste materials, and are usually purchased in pelletized form. Preferably,
the resins are 



15 obtained as scrap or waste resins, as these materials are less
expensive. A preferred source of resin is used polyethylene milk bottles.
The texturized cellulosic or lignocellulosic fiber provides the composite
with strength. The composite may 20 include from about 30% to about 90%,
more preferably from about 50% to about 70%, of the texturized cellulosic
or lignocellulosic fiber by weight. Examples of cellulosic fiber include
paper and paper products; examples of lignocellulosic fiber include wood,
wood fibers, and 25 wood-related materials, as well as materials derived
from kenaf, grasses, rice hulls, bagasse, cotton, and jute. A preferred
cellulosic fiber is newsprint. Preferred lignocellulosic fibers include
jute and kenaf. The composites also include coupling agents. The 30
coupling agents help to bond the hydrophilic fibers to the hydrophobic
resins. Examples of coupling agents include malefic anhydride modified
polyethylenes, such those in the FUSABOND (available from Dupont, Delaware)
and POLYHOND (available from Uniroyal Chemical, 35 Connecticut) series. A
preferred coupling agent is a   WO 99123138 - 4  1 Q A PR 202 PCTNS98/22661
malefic anhydride modified high density polyethylene such as FUSABOND MB
100D. The composites can also contain additives known to those in the art
of compounding, such as plasticizers, 5 lubricants, antioxidants,
opacificers, heat stabilizers, colorants, flame retardants, biocides,
impact modifiers, photostabilizers, and antistatic agents. Preparation of
Starting Materials If scrap cellulosic or lignocellulosic fiber is 10 used,
it should be cleaned and dried. The cellulosic or lignocellulosic fiber
must then be texturized before it is combined with the thermoplastic resin.
The fiber can be texturized using any one of a number of. mechanical means,
or combinations thereof. A preferred method of 15 texturizing includes
first cutting the cellulosic or lignocellulosic fiber into 1/4- to 1/2-inch
pieces using a standard cutting apparatus. These pieces are then sheared
with a rotary cutter) such as the one (available from Sprout, Waldron
Companies) described in Perry's 20 Chem. Eng. Handbook, 6th Ed., at 8-29
(1984). The texturized fiber is then passed through a 2 mm mesh screen. It
can be stored in sealed bags; it should be dried at approximately 105C for
4-18 hours (until the moisture content is less than about 0.5%) immediately
25 before use. The resin may be purchased in a pelletized or granulated
form and used without further purification or drying. If surface moisture
is present on the pelletized or granulated resin, however, it should be
dried before 30 use.   WO 99/23138 



- 5  1 0 APR 2002 PCT/US98/22661 Preparation of Composites The composites
can be prepared as follows. A standard rubher/plastic compounding 2-roll
mill is heated to 325-400C. The resin (usually in the form of pellets 5 or
granules) is added to the heated roll mill. After about 10 minutes, the
coupling agent is added to the roll mill. After another five minutes, the
texturized cellulosic or lignocellulosic fiber is added to the molten
resin/coupling agent mixture. The texturized to fiber is added over a
period of about 10 minutes. The composite is removed from the roll mill,
cut into sheets and allowed to cool to room temperature. It is then
compression molded into plaques using standard compression molding
techniques. 15 Alternatively, a mixer, such as a Banbury internal mixer, is
charged with the ingredients. The ingredients are mixed, while the
temperature is maintained at less than about 190C. The mixture can then be
compression molded. 20 In another embodiment, the ingredients can be mixed
in an extruder mixer, such as a MARIS (Turin) TM 85 extruder equipped with
co-rotating screws. The resin and the coupling agent are introduced at the
extruder feed throat; the cellulosic or lignocellulosic fiber is 25
introduced about 1/3 of the way down the length of the extruder into the
molten resin. The internal temperature of the extruder is maintained at
less than about 190C. At the output, the composite is pelletized by cold
strand cutting. 30 Alternatively, the mixture can first be prepared in a
mixer, then transferred to an extruder for the extrusion and pellet-cutting
steps. In another embodiment, the composite can be formed into fibers,
using fiber-forming techniques known to 35 those in the art.   10 APR  2002
WO 99/Z3138 PCT/US98/2Z661 - 6  Properties of the Composite The resulting
composites include a network of fibers, encapsulated within a resin matrix.
The fibers form a lattice network, which provides the composite with 5
strength. Since the cellulosic or lignocellulosic fiber is texturized, the
amount of surface area available to bond to the resin is increased) in
comparison to composites prepared with un-texturized cellulosic or
lignocellulosic fiber. The resin binds to the surfaces 



10 of the exposed fibers, creating an intimate blend of the fiber network
and the resin matrix. The intimate blending of the fibers and the resin
matrix further strengthens the composites. Uses ' 15 The resin/fiber
composites can be used in a number of applications. The composites are
strong and light weight; they can be used, for example, as wood
substitutes. The resin coating renders the composites water-resistant, so
they may be used in outdoor 20 applications. For example, the composites
may be used to make pallets which are stored outdoors for extended periods
of time. Examples ' Composites were prepared as follows. A standard 25
rubber/plastic compounding 2-roll mill was heated to 325400C. The resin
(usually in the form of pellets or granules) was added to the heated roll
mill. After about 10 minutes, the resin banded on the rolls (i.e., it
melted and fused to the rolls). The coupling agent was 30 then added to the
roll mill. After another five minutes) the cellulosic or lignocelluloeic
fiber was added to the molten resin/coupling agent mixture. The cellulosic
or   WO 99I23138 ~ 0 A PR 2002 PCT/US98I22G61 _ 7 _lignocellulosic fiber
was added overa period of about 10minutes.The composite was then removed
from the roll mill,cut into sheets, and allowed to coolto room
temperature.5Batches of about 80 g each were compression molded into6" x 6"
x 1/8" plaques using standard compression moldingtechniques.One composition
contains thefollowingingredients:10Composition No.1IngredientAmount(a)High
density polyethylene '160O1 d newspaper ~2 4 0Coupling agent '815The
properties of Composition No. 1are as follows:Flexural strength (psi)9,810
(ASTMD790)Flexural modulus (10' psi)6.27 (ASTMD790)20A second composition
contains the followingingredients:Composition No.2IngredientAmount(a)High
density polyethylene '16025Old magazines '240Coupling agent '8The
properties of Composition No. 2are as follows:Flexural strength (psi)9,060
(ASTMD790)30Flexural modulus (109 psi)6.78 (ASTMD790) Marlex 16007
Texturized using rotary cutter with 2 mm mesh FUSABONDe 100D   10 APR 2002
WO 99/23138 _ g _ Other embodiments are within the claims. PCTIUS98/12661
What is claimed is:  



10 APR 2002 9 1. A composite comprising a resin and at least about 2% by
weight fiber, wherein the fiber is cellulosic or lignocellulosic fiber that
has been sheared to the extent that the internal fibers are substantially
exposed. 2. The composite of claim 1, wherein at least about 5% by weight
of the fiber is texturized. 3. The composite of claim 1, wherein the fiber
is newsprint. 4. The composite of claim 1, wherein the fiber is jute. 5.
The composite of claim 1, wherein the fiber is kenaf. 6. The composite of
claim 1, wherein the resin is magazine paper. 7. The composite of claim 1,
wherein the resin is bleached kraft board. 8. The composite of claim 1)
wherein the resin is a thermoplastic resin. 9. The composite of claim 8,
wherein the thermoplastic resin is polyethylene. 10. The composite of claim
8, wherein the thermoplastic resin is polypropylene. 11. The composite of
claim 1, wherein the composite comprises about 50% to about 70% by weight
fiber and about 30% to about 50% by weight resin. 12. A composite
comprising polyethylene reinforced with at least about 2% cellulosic or
lignocellulosic fiber, wherein at least about 50% by weight of the
cellulosic or lignocellulosic fiber has been sheared to the extent that the
internal fibers are substantially exposed. 13. A composite comprising resin
reinforced with at least about 2% cellulosic or lignocellulosic fiber,
wherein at least about 50% by weight of the celluIosic or lignocellulosic
fiber has been sheared to the extent that the internal fibers are
substantially exposed, and wherein the composite has a flexural strength of
at least 3) 000 psi.   10 APR 2002 to 



14. The composite of claim 11) wherein the composite has a flexural
strength of at least 6,000 psi. 15. The composite of claim 11, wherein the
composite has a flexural strength of at least 10,000 psi. 16. A process for
manufacturing a composite comprising shearing cellulosic or lignocellulosic
fiber to the extent that its internal fibers are substantially exposed to
form texturized cellulosic or lignocellulosic fiber, and combining the
texturized cellulosic or lignocellulosic fiber with a resin. 17. The
process of claim 16, wherein the resin is a thermoplastic resin. 18. The
process of claim 17, wherein the step of shearing the cellulosic or
lignocellulosic fiber comprises shearing with a rotary knife cutter. 19. A
process for preparing a texturized fibrous material, the process
comprising: shearing a cellulosic or lignocellulosic material having
internal fibers, to the extent that the internal fibers are substantially
exposed, resulting in a texturized fibrous material. 20. The processes of
claims 16-19, wherein said cellulosic or lignocellulosic material is
selected from the group consisting of cotton, jute, paper, and paper
products. 21. The processes of claims I6-20, wherein at least about 50% of
the fibers have a length/diameter ratio of at least about 5. 22. The
processes of claims 16-20, wherein at least about 50% of the fibers have a
length/,diameter ratio of at least about 25. 23. The processes of claims
16-20, wherein at least about 50% of the fibers have a length/diameter
ratio of at least about 50. 24. A texturized fibrous material comprising a
cellulosic or lignocellulosic material having internal fibers, wherein said
cellulosic or lignocellulosic material is sheared to the extent that the
internal fibers are substantially exposed.   11 25. The composites of
claims 1-8 and 11-15, wherein: the resin is selected from the group
consisting of polyethylene, polypropylene, polystyrene, polycarbonate)
polybutylene, thermoplastic polyesters, polyethers, thermoplastic
polyurethane, polyvinylchloride, and polyamides. 26. The composites of
claims 1-15 and 25, wherein at least about 50% of the exposed internal
fibers have a length/diameter ratio of at least 5. 27. The composites of
claims 1-15 and 25, wherein at least about 50% of the exposed internal
fibers have a length/diameter ratio of at least 25. 28. The composites of
claims 1-15 and 25, wherein at least about 50% of the exposed internal
fibers have a length/diameter ratio of at least 50. 0 APR 2002 29. The
composites of claims 1-15 and 25, wherein at least about 70% of the exposed
internal fibers have a length/diameter ratio of at least 50. 
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