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Description

Background of the Invention

[0001] The present invention relates to fiber reinforced elastomers, and tires made using fiber reinforced elastomers.
[0002] In general, the presence of short fibers in a cured rubber compound results in an increase in initial or low
strain (low elongation) modulus (stiffness). Concomitantly, the presence of short fibers in the rubber often times results
in reduced fatigue endurance and in higher hysteretic heat build-up under periodic stresses.
[0003] Since the rubber in a rolling tire undergoes periodic deformations, for example, it is desirable that the fatigue
fracture properties of a short fiber reinforced composite, used for such a purpose, be at least equal to those of the
unreinforced rubber matrix.
[0004] Various discontinuous short fibers have been used to enhance stiffness (modulus) of rubber vulcanizates.
For example, discontinuous cellulose fibers have been used as dispersions in rubber as disclosed in US-A-3 697 364,
US-A-3 802 478 and US-A-4 236 563. Other discontinuous fibers have been suggested or used such as, for example,
aromatic polyamides (aramids), aliphatic polyamides (nylon), cotton, rayon, polyester, glass, carbon and steel.
[0005] Many of the polymeric fibers used in the tire art are known as fully oriented or highly short fibers. Elastomers
reinforced with short fibers, for example Kevlar® pulp, demonstrate good stiffness. As the loading of Kevlar® pulp in
an elastomer increases, the stiffness of the composite increases, however, the crack growth resistance decreases.
Consequently, for some applications, it may not be possible to obtain a suitable balance between stiffness and crack
growth resistance in an elastomer by using only fully or highly oriented short fibers.
[0006] WO-A-90/04617 (Allied Signal Inc.) teaches the preparation of partially oriented yarns (POY short fibers)
and discloses that such short fibers can be used in tires. The application does not teach that such fibers can be used
in a tread base, or the specific properties desired for such a use, or the fiber loading required. Normally, where discon-
tinuous fibers are used, the rubber composite also contains a particulate reinforcement in combination therewith.
[0007] In accordance with the invention, it is proposed that short fiber reinforced components can replace conven-
tional components in a tire. For example, it is known in the prior art to provide an overlay ply in the crown area of tires
that are subjected to high speeds. It is proposed in accordance with one embodiment of the present invention, to
eliminate the need for prior art overlay fabric by using a short fiber reinforced rubber layer as the tread base, which
may be calendered, or alternatively, co-extruded with the tread rubber. Co-extrusion of such material will reduce the
labor required to build a tire.
[0008] Accordingly, it is an object of the present invention to provide means for reinforcing an elastomer matrix where-
by a good balance of desired properties in the elastomer matrix is obtained at a minimum cost.
[0009] A tire made using the reinforced matrix of the invention is also disclosed.
[0010] Other objects of the invention will be apparent from the following description and claims.

Summary of the Invention

[0011] A tire component for a pneumatic tire comprising a reinforced vulcanizable composition is provided. In the
illustrated embodiment, a tread base composition is described. The composition comprises a vulcanizable elastomeric
matrix material having dispersed therein an effective reinforcing amount of partially oriented fibers having a modulus
of less than 10 GPa, preferably less than 6 GPa. The partially oriented fibers are from 0.2 to 12 mm long, have a
diameter of 0.005 to 0.02 mm, have an aspect ratio of 25 to 1000, and comprise 1 to 10 parts by weight per 100 parts
by weight (phr) of the vulcanizable elastomeric matrix material. The partially oriented fibers may comprise as specific
examples polyamides, polyesters, polyolefins, and a polymer selected from the group consisting of nylon 6, nylon 46,
nylon 66, polyethylene, polypropylene, polyethylene-terephthalate (PET), Polyethylene napthalate (PEN), and mixtures
thereof.
[0012] As an alternative embodiment, a tire component may be reinforced with a mixture of POY fibers and fibrillated
pulp fibers.
[0013] Also provided is a composition comprising a vulcanizable elastomeric matrix material having dispersed therein
an effective reinforcing amount of a mixture of partially oriented fibers and fibrillated pulp fibers.
[0014] The partially oriented fibers are as described above, and the fully oriented fibers may comprise a rigid rod
fiber in pulp form. In one embodiment, the fully oriented fibers comprise a trunk portion having a length of 0.2 to 5 mm,
a diameter of 0.0005 to 0.02 mm and an aspect ratio of 50 to 1000, said fibers having a plurality of fibrils extending
outwardly from said trunk, said fibers having a surface area of 5 to 20 square meters per gram.
[0015] The partially oriented fibers comprise 0.5 to 10 phr (parts by weight per 100 parts of by weight of vulcanizable
matrix material), and the fully oriented fibers comprise 0.5 to 8 phr with the total of both kinds of fibers comprising a
total of 1-14 phr.
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Brief Description of the Drawings

[0016] Fig. 1 illustrates a tire which can be made using the composites of the invention.
[0017] Fig. 2 illustrates the dumbbell tensile modulus of a control elastomer and the same elastomer loaded with
POY nylon fibers and standard nylon fibers.
[0018] Fig. 3 illustrates the Strebler adhesion of the elastomers of Fig. 2.
[0019] Fig. 4 illustrates cutgrowth rates of oriented (W direction) POY fibers and standard fibers in rubber.
[0020] Fig. 5 illustrates cutgrowth rates of oriented (A direction) POY fibers and standard fibers in rubber.
[0021] Fig. 6 illustrates dumbbell tensile modulus of POY fibers, aramid fibers, and a combination of POY fibers and
aramid fibers in rubber.
[0022] Fig. 7 illustrates the dynamic modulus of the composites illustrated in Fig. 6.
[0023] Fig. 8 illustrates low strain viscoelastic data for the composites illustrated in Fig. 6.
[0024] Fig. 9 illustrates the Strebler adhesion of the composites illustrated in Fig. 6.
[0025] Fig. 10 illustrates the ultimate properties of the composites of Fig. 6.
[0026] Fig. 11 illustrates the fracture properties of the composites of Fig. 6 (orientation A).

Detailed Description of the Invention

[0027] When a crack is formed in an elastomeric material, a stress concentration will develop at the tip of the ad-
vancing crack. There are some well-documented stress dissipation mechanisms that will slow down the rate of crack
growth. For example,

(a) certain elastomers, notably cis-1,4-polyisoprene (natural rubber), crystallize upon stretching (strain-induced
crystallization). In the highly stressed zone at a crack tip, crystallization takes place even when the overall strain
is relatively small, and the energy dissipation accompanying crystallization leads to greatly enhanced tear strength;
(b) particulate fillers, notably carbon black, increase the tear strength of amorphous elastomers to a remarkable
degree. It is generally conceded that reinforcement by fillers is due to major deviation of the tear direction (knotty
tear) augmented by an increase in viscous dissipation;
(c) energy dissipated as heat (hysteresis) will not be available to promote crack growth.

[0028] Fibrillated short fibers, such as Kevlar® pulp, or other highly crystalline, highly oriented, rigid-rod fiber-forming
materials, will force a crack to follow a meandering or tortuous path and thereby provide an energy dissipation mech-
anism leading to an elastomer composite with improved crack growth resistance. At the same time, these materials
will substantially increase the low strain modulus of the elastomer matrix.
[0029] Also, as compared to the elastomer, the hysteresis of the composite made using pulp fibers increases, and
the resistance to fatigue, cut growth, and tearing increase.
[0030] In the conception of the invention, it was proposed to use a partially oriented fiber yarn (POY), or a hybrid
combination of POY short fiber and fibrillated pulp in place of the fully oriented fibers used by the prior art.
[0031] It is believed that composites made using POY fibers exhibit improved cut growth properties because the
POY fiber provides an additional means of dissipating energy when the POY fiber is stretched or oriented when the
rubber matrix is distorted. Also, the low modulus of the POY fiber may cause a reduction of stress at the fiber/rubber
interface.
[0032] POY fibers are made up of polymer chains having large disordered (or non- oriented) domains. When the
fiber is subjected to elongational strain, the disordered domains can stretch (extend), in much the same way that an
elastomer chain expands when subjected to a force, and therefore the fiber has a low tensile modulus and tensile
strength but a high ultimate elongation. The POY fibers add almost as much to the stiffness of an elastomer as do fully
oriented flexible chain fibers when incorporated into a composite, while absorbing energy as they stretch which would
otherwise be available to the elastomer to contribute to fracture propagation.
[0033] Improved compound reinforcement is obtained using a hybrid mixture of POY fibers and fibrillated pulp, liquid
crystalline short fibers which exhibits complementary energy dissipation mechanisms. In the illustrated embodiment
the complementary energy mechanisms are crack deviation and high elongation energy associated with deformation.
[0034] In summary, pulp products are very short, highly fibrillated fibers; the short length provides good dispersibility
and the high surface area and high aspect ratio of the fibrils provide reinforcing properties.
[0035] POY short fibers, preferably POY nylon 66 or nylon 6, will provide a moderate increase of low strain modulus
and a readily available mechanism of energy dissipation upon deformation due to an increased orientation in the mo-
lecular structure of the partially oriented fiber (strain induced crystallization).
[0036] Typically, an elastomer matrix containing POY fibers has nearly equal stiffness and lower cut growth rate,
higher hysteresis, and similar hardness, tear strength, tensile strength and ultimate elongation properties as compared
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to an elastomer matrix which is reinforced with fully oriented flexible chain short fibers. Thus it is possible to achieve
nearly the same increase in stiffness using POY fibers, in a composite, other properties being equal, as it is using
standard fibers, while obtaining significant advantages in cut growth resistance.
[0037] A carbon black filled elastomer loaded with 1 to 10 phr partially oriented Nylon 6,6 short fibers may have a
tensile modulus at 50% elongation of 0.8 MPa to 9 MPa when tested at room temperature and at a rate of 50,8 cm (20
inches) per minute. The cut growth rate may range from 2 to 8 x 102mm/Mc tested at 30% strain cycle at a rate of
10HZ and tested at room temperature. The hysteresis at these test conditions may range from 1.0 to 3.0 x 102 KPa.
The tensile strength tested at the same conditions of such a carbon black filled elastomer may drop from 18.0 MPa
down to 7.0 MPa by adding up to 10 phr of partially oriented Nylon 66 short fibers. The ultimate elongation may likewise
decrease from 600% down to 300%. The room temperature Shore A hardness of such a composition may range from
50 to 70 points.
[0038] In contrast to a POY fiber, a fully oriented fiber, for example a rigid rod liquid crystalline fiber such as Kevlar®,
contains a core of fully oriented polymer chains that are rigidly aligned. Accordingly, the fibers are substantially inex-
tensible and when incorporated into a composite, cause the composite to be relatively more stiff (higher modulus) and
to have more restricted extension (low elongation properties) as compared to composites made with POY fibers.
[0039] The properties of a composite containing both partially oriented fibers and fully oriented liquid crystalline
fibers, (a hybrid short fiber reinforced composite) depend on the amount of each fiber present and can vary over a
broad range. Often, for a particular purpose, a hybrid composite has a better balance of properties than both the
corresponding POY composite and the composite containing fibrillated pulp fibers.
[0040] To fully understand the mechanisms of fiber reinforcement, it is necessary to know the structure of the fibers
and how they are made, particularly in terms of orientation of the polymers in the fiber.
[0041] The manufacture of a thermoplastic polymer such as polyester, nylon or polypropylene into a filament yarn
requires spinning from a melt or a solution and also a process called orientation or drawing. In conventional polymer
melts or solutions, the molecules are arranged in a random coiled configuration; if solidified in this state, the resulting
material would not have the required tensile properties.
[0042] The most important stage of orientation occurs as the fiber is drawn down from the bulge produced at the
spinneret opening. Solidification of the fiber also takes place during this process. The bulge is produced as the polymer
molecules expand after having been released from the pressure in the spin pack. This orientation process is often
called spin draw.
[0043] An additional type of drawing that may take place during fiber production is mechanical drawing.
[0044] The amount of the mechanical drawing varies considerably depending on the process used to produce the
yarn. Nylon or polyester which is spun and solidified at speeds under 1500 meters per minute has very little spin
orientation. Yarns of this type are known as undrawn yarn, unoriented yarn or low-oriented yarn. Most of the required
draw is provided mechanically in a separate process, after spinning is completed, on a draw-twister at a draw ratio of
about 5.0. One drawback is the short shelf life of the spun yarn since crystallization of the as-spun fibers occurs in the
unoriented state while stored at room temperature.
[0045] In the modern spin/draw process, spinning and drawing are accomplished on the same machine at the same
time, and the resulting yarn is called a fully oriented yarn. Spinning is performed at a speed of about 1500 meters per
minute after which a mechanical draw of approximately 2.5 is performed. The keys to this process are high winding
speed (3000 to 4000 meters per minute) and rapid heating techniques used to preheat the solidified fiber before me-
chanical drawing. The spin/draw process is widely used to produce polyamide, polyester and polypropylene filament
fibers.
[0046] In the POY spinning process, the equipment used is very similar to the spin/draw process; the major difference
is the elimination of the mechanical draw from the spinning machine. The winders still operate at speeds between 2500
and 4000 meters per minute; hence, the fibers are drawn from the spinneret at sufficient speed to provide enough spin
orientation so that the spun fiber has stable properties with long shelf life. The spun fiber from this process is called
partially-oriented yarn (POY) and because of its long shelf life, a variety of processes have been developed which
utilize POY as a feed yarn.
[0047] Examples of fibers that may be partially oriented are polyamide, polyester and polyolefins.
[0048] Examples of specific fibers that can be partially oriented are nylon 6, nylon 46, nylon 66, polypropylene,
polyethylene, polyethyleneterephthalate (PET) and polyethylene napthalate (PEN).
[0049] Conventional fibers such as polyamides, polyesters and polyolefins have a flexible molecular chain structure
and tend to crystallize into folded-chain crystalline domains. Fully oriented, or strictly speaking highly oriented, extend-
ed-chain crystalline fibers can be prepared by spinning liquid crystalline melts or solutions of stiff-chain polymers,
known respectively as thermotropic and lyotropic polymers. When spinning liquid crystalline (anisotropic) melts or
solutions, only the spinning process is required and drawing is not necessary to obtain highly oriented fibers.
[0050] In the following paragraphs, we describe some typical liquid crystalline fibers that can be used in our invention.
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1. Vectran® is a fiber spun from a liquid crystalline melt of a rigid, rodlike aromatic copolyester whose molecular
structure is made up of two monomers, viz. p-hydroxybenzoic acid and 6-hydroxy-2 naphthoic acid, in a random
sequence distribution, and in different molecular ratios. It is made by Hoechst-Celanese Corporation, USA, a wholly
owned subsidiary of Hoechst, A.G., Germany.

2. Fibers spun from a liquid crystalline solution of a rigid, rodlike aromatic polyamide via the dry-jet (air-gap) wet
spinning technique are produced commercially by E. I. duPont de Nemours & Co., Inc., USA under the tradename
Kevlar®, and by Akzo Nobel Fibers, the Netherlands, under the tradename Twaron®. The chemical structure of
these para-aramid (or p-aramid) fibers is poly (p-phenyleneterephthalamide).

3. Cellulosic fibers made by spinning liquid crystalline solutions of cellulose esters (formate or acetate) with sub-
sequent saponification to yield regenerated cellulosic fibers. As in the case of aromatic polyamides, the rigid,
rodlike cellulose macromolecules adopt, in suitable solvents, a more or less unfolded, chain-extended configura-
tion. Spinning such solutions leads to the formation of highly oriented fibers in the "as-spun" state, without a me-
chanical post-drawing step.

4. Highly oriented, extended-chain crystalline fibers made from rigid-rod, aromatic heterocyclic polymers by a liquid
crystalline solution spinning route. The best known examples of this class of fibers are poly (p-phenylenebenzo-
bisthiazole) or PBZT, and poly(p-phenylenebenzobisoxazole), known as PBZO.

[0051] All of these highly oriented, stiff-chain polymer fibers will fibrillate to a pulp-type product under mechanical
shear forces. In addition, a highly branched fibrillated, high surface area pulp, similar to cellulosic and aramid pulps,
can also be produced from short wet-spun acrylic (polyacrylonitrile) filaments by commercial mechanical processes.
[0052] Highly oriented aramid fibers can also be prepared by conventional spinning of an isotropic solution of an
aromatic copolyamide, followed by drawing of the spun fibers at very high temperatures and draw ratios. A fiber of this
type, copoly (p-phenylene/3,41-oxy diphenylene terephthalamide), is made commercially by Teijin, Ltd., Japan, under
the tradename Technora®, and can be converted to a pulp that can be used in the hybrid reinforcement composites
of our invention.
[0053] Highly-oriented, extended-chain crystalline fibers can also be produced from flexible chain polymers by the
gel spinning technique. Examples of this type of fiber are polyvinylalcohol (PVA) fiber and some polyolefin fibers (e.g.
polyethylene).
[0054] We note that all these fibers whether stiff or flexible chain, whether made by a liquid crystalline or a conven-
tional solvent spinning process or via gel spinning, have one common characteristic, viz., high degree of orientation.
This ultra-high degree of orientation, and concomitant mechanical anisotropy, is the main microstructural feature re-
sponsible for the tendency of these fibers to undergo to a greater or lesser extent axial splitting and fibrillation under
shear, yielding pulp-like products.
[0055] Although fiber orientation (crystalline and amorphous regions) can be calculated based on X-ray diffraction,
birefringence and sonic modulus measurements, for the purpose of our invention it is better to characterize the fibers
by their mechanical properties, viz., percent elongation at break (ultimate elongation), breaking strength, and most
importantly, initial tensile modulus.
[0056] The highly oriented (ultra-high strength/ultra-high modulus) fibers described in preceding paragraphs offer a
very wide range of properties: tensile strength from 2.5 to 3.5 GPa; tensile modulus from 60 to 250 GPa and elongation
at break from 2.2% to 4.6%.
[0057] The POY fibers used for our invention also exhibit a wide range of properties: initial tensile modulus (at 2%
elongation) from 0.35 to 3.50 GPa, and ultimate elongation from 50% to 350%.
[0058] Composite compositions containing POY short fibers have been characterized in US-A-5 225 457, issued
July 6, 1993. In the patent, it was shown that composites containing nylon-POY fibers had a higher Tc (catastrophic
tearing energy) than composites containing fully oriented nylon fibers.
[0059] Also, it was shown that fracture properties of composites containing POY fibers were greatly improved as
compared to composites containing fully oriented short fibers.
[0060] In a preferred embodiment of this invention, a Kevlar® pulp masterbatch and a POY nylon 66 short fiber, both
produced by duPont, were used.
[0061] The nylon 66 POY obtained from The DuPont Company is made from 176 dtex (160 denier) yarn, comprising
17 filaments in a round cross-section, having a tenacity of 1.65 gpd (grams per denier) (0.166 GPa) and elongation at
break of 315%. The continuous filament is offered by DuPont as a commercial material for use as high elongation pick
yarn; for the examples herein, the yarn was cut into 0,6 cm (1/4 inch) fibers.
[0062] Kevlar® aramid pulp is a unique, engineered short fiber made by The DuPont Company by a proprietary
masterbatch process. Kevlar® fibers have a highly crystalline, oriented, fibrillar microstructure, and pulp products are
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made by fracturing this crystalline structure by masticating fibers, elastomer and fillers together. Consequently, pulp
fibers are short and have many attached fibrils of various shapes, being sometimes curled, branched and often ribbon-
like.
[0063] In one embodiment of the invention, an elastomer composition employing POY short fibers can be used as
a component in a pneumatic tire. In the illustrated embodiment, such reinforcement is used in the tread base of a tire.
The tread base composition comprises a vulcanizable elastomeric matrix material having dispersed therein an effective
reinforcing amount, 1-14 phr, preferably 4-8 phr of partially oriented fibers having a modulus of less than 10 GPa,
preferably less than 6 GPa. The partially oriented fibers are from 0.2 to 12 mm long, have a diameter of 0.005 to 0.02
mm, and have an aspect ratio of 25 to 1000. The POY fibers can be used in a tread base composition at a loading of
1 to 10 phr.
[0064] In an alternative embodiment, a tire component, for example a tread base, can be reinforced with a hybrid
mixture of POY short fibers and fibrillated pulp fibers. In an elastomer matrix that can be used for such a purpose, 0.5
to 10 phr POY fibers and 0.5 to 8 phr pulp fibers can be used wherein the total of the two fibers is 1-14 phr. Preferably,
the matrix will contain 1-8 phr POY fibers and 1-6 phr pulp fibers with a total fiber content of 2-10 phr.
[0065] Using a hybrid mixture of short fibers featuring complementary energy dissipation mechanisms, viz., crack
deviation and high deformational energy, in the preparation of a composite structure, provides a hybrid short fiber
reinforced composite which has an excellent balance of properties. Test data shows that a 3 phr Kevlar® pulp/3 phr
POY nylon 66 hybrid composite increases the dynamic stiffness (elastic shear modulus) of the elastomer matrix and
at the same time improves its crack propagation resistance.
[0066] The aforementioned hybrid composite shows lower hysteresis at low dynamic strains and lower crack prop-
agation rate at 25% dynamic strain "against the grain" than the all-Kevlar® reinforced composites (Figs. 8, 11).
[0067] In addition, the hybrid composite substantially enhances the catastrophic tearing energy and ultimate elon-
gation of the elastomer matrix (Figs. 9, 10). An elastomer tread base reinforced with 40 to 60 phr carbon black and 4
to 8 phr POY nylon short fiber has a tensile modulus at 50% elongation of 2.5 to 5.0 MPa, a cut growth rate of 4 to 6
x 102mm/Mc, a hysteresis of 1.75 to 1.85x102 KPa, a tensile strength of 11 to 15 MPa, an ultimate elongation of 400
to 600% and a Shore A hardness of 53 to 68 points.
[0068] An elastomer tread base reinforced with 40 to 60 phr carbon black and 1 to 12 phr total fiber with 0.5 to 6 phr
fibrillated fibers and 0.5 to 8 phr of POY fibers has a tensile modulus at 50% elongation of 1.0 to 7.0 MPa, a tensile
strength of 9.0 to 15.0 MPa, an ultimate elongation of 300 to 600%, a Shore A hardness of 52 to 70, a cut growth rate
of 1.0 to 10.0x102 mm/MC, and a hysteresis of 1.5 to 3.0x102 KPa.
[0069] Other elastomers that can be used in the invention include, but are not limited to polyisoprene rubber (IR),
styrene butadiene rubber (SBR), butyl and halobutyl rubbers (IIR, BIIR, CIIR), ethylene propylene rubbers (EPM, EP-
DM), crosslinked polyethylene (XLPE) and chloroprene rubbers (CR), nitrile rubbers (NBR), and mixtures thereof.
[0070] In a preferred embodiment, a fiber reinforced elastomer as described above may be co-extruded with other
elastomeric components as a labor saving method to provide a composite article or a single (co-extruded) composite
component of a larger composite article. It has been found that when a fiber loaded elastomer is co-extruded with a
non-fiber containing elastomer, however, the extruder tends to deform the fiber loaded elastomer. It has been found
that this problem can be controlled by proper design of the extruder as have been characterized by L. A. Goettler in a
number of publications. See for example "Short Fiber Reinforcement of Extruded Rubber Profiles", Rubber World, Oct.
1982.
[0071] A tread base (an elastomer composition disposed between the tread and the belt package) containing fiber
reinforcement may be co-extruded with a tread cap to produce a tread package in a one-step operation. The tread
base, as is usual in the art, preferably comprises the same rubber composition as the sidewalls of the tire. It has been
found that because the tread base is fiber reinforced, in some embodiments the overlay ply can be eliminated, and the
tread package can be applied to the tire directly over the belt package using prior art methods. In an illustrated em-
bodiment, the fibers in the tread base are oriented at a substantially 0° angle with respect to the equatorial plane of
the tire.
[0072] Other orientations of the short fibers are possible.
[0073] Similarly, a calender may be used to prepare a fiber reinforced elastomer sheet that can be applied directly
over the belt package.
[0074] With reference now to Fig 1, a tire 70 is illustrated which has been made with a fiber reinforced tread base
80 of the invention. The tread base 80 is incorporated in the tread 82 as it is co-extruded with the tread cap 81. The
crown area of the tire may be further reinforced by belts or breakers 78,78a. The tire can be made as conventional in
the art except that the overlay ply is omitted.
[0075] As is conventional in the art, the tire comprises a pair of beads 72 over which have been wrapped carcass
plies 76. The turning-up of carcass plies 76 over beads 72 forms apex 86 between carcass 76 and turn up 77. When
a tubeless tire is made, the tire will have an inner liner 74 disposed inwardly of carcass ply 76. Tire 70 may also have
optional chafer 90. Sidewalls 84 substantially complete its construction.
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[0076] It has been found that a tire made using a fiber loaded tread base has properties substantially equivalent to
a tire made using a conventional nylon overlay while being made with potentially great savings in labor and materials.
[0077] Further in accordance with the present invention, it has been found that by using a mixture of partially oriented
fibers and fibrillated pulp fibers to reinforce an elastomeric matrix, it is possible to control the properties of the elasto-
meric matrix.
[0078] The invention is further illustrated with reference to the following examples.

EXAMPLE 1

[0079] This example illustrates a comparison of the physical properties of composites made using 4 phr and 8 phr
of POY nylon fibers, and fully oriented nylon fibers in a base formulation.
[0080] The following elastomer formulation was used in this and the following examples unless otherwise specified.

[0081] The rubber samples were milled to provide orientation of the fibers in the rubber, and samples were prepared
and tested wherein the orientation of the fibers was in the direction of milling (with the grain (W)), and perpendicular
to the direction of milling (against the grain (A)). The addition of the fibers did not influence cure characteristics of the
composites. Other properties, such as dumbbell tensile modulus, Strebler adhesion and cut growth rate were influenced
by the fiber addition. The test results are given in TABLE I.
[0082] In this, and the following tables, IN means initial, AV means average, LD means load, N means Newtons, SS
means steady state, PK means peak, and EC means entire curve.

INGREDIENT phr

Polyisoprene 40
Polybutadiene 60
Carbon Black 50
Extender Oil 10.6
Antidegradant 5.25
Wax 0.67
Stearic Acid 1
Zinc Oxide 3.5
Accelerator 0.5
Sulfur 2.25
Total 173.77

TABLE I

CONVENTIONAL PHYSICAL PROPERTIES OF COMPOSITES REINFORCED WITH STANDARD
AND POY NYLON 66 SHORT FIBERS

Std Nylon 66 Level 0 4 8

POY Nylon 66 Level 0 4 8

DUMBBELL TENSILE AT 50,8 cm/min (20 INCHES/MINUTE)

W 50% MODULUS, MPA 0.7 3.4 5.3 2.7 4.5

A 50% MODULUS, MPA 0.7 0.7 1.1 0.7 1.2

W 100% MODULUS, MPA 1.5 3.4 5.3 2.8 4.5

A 100% MODULUS, MPA 1.4 1.3 1.8 1.4 2

W 200% MODULUS, MPA 3.3 4.4 5.5 4 5

A 200% MODULUS, MPA 3.2 2.8 3.2 2.8 3.3

W 300% MODULUS, MPA 6.3 6.9 7.6 6.7 7.6
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[0083] The dumbbell tensile modulus at 50% strain is plotted in Figure 2. The POY nylon 66 fibers are almost as
reinforcing as the standard nylon 6 fibers.
[0084] The Strebler adhesion to itself at 95°C, a measure of ultimate tear strength, is shown in Figure 3. The Strebler
adhesion typically decreases with the addition of higher levels of fiber. The Strebler adhesion, however, did not decrease
significantly with the addition of 8 phr of POY nylon 66 fibers.
[0085] The fracture propagation resistance improved substantially with the addition of fiber and particularly with the
addition of POY nylon 66 fibers. As illustrated in Figures 4 and 5, the cut growth rates decreased in the W and A
directions (with and against the grain) with the best resistance obtained with the POY nylon 66 fibers.

EXAMPLE 2

[0086] This example illustrates a comparison of 6 phr of POY nylon 66 fibers and 6 phr of Kevlar® pulp and a mixture
of 3 phr POY nylon 66 fibers and 3 phr Kevlar® pulp in a tread base formulation. The rubber samples were prepared
as in EXAMPLE 1.
[0087] The addition of the fibers did not influence the cure characteristics of the composites, confirming what was
seen in EXAMPLE 1. Other properties that showed a dependency on fiber type are given in TABLE II and Figures 6
to 11.

TABLE I (continued)

DUMBBELL TENSILE AT 50,8 cm/min (20 INCHES/MINUTE)

A 300% MODULUS, MPA 6.1 5.3 5.4 5.2 5.5

W TENSILE STRENGTH, MPA 14.7 12.6 11.2 13 11.8

A TENSILE STRENGTH, MPA 13.3 11.3 10.5 11.2 10.8

W ELONGATION, % 575 495 435 525 440

A ELONGATION, % 535 515 500 525 500

STREBLER ADHESION TO ITSELF AT 95° C

IN AV LD N 47.91 49.9 45.37 54.26 47.93

SS AV LD N 54.47 52.75 46.03 55.77 52.35

SS PK LD N 67.27 69.33 56.71 69.94 62.75

AV LD EC N 52.17 51.75 45.79 55.24 50.8

LARGE
KNOTTY
TEAR NO
FIBER
VISIBLE

MEDIUM
KNOTTY
TEAR
FIBER
VISIBLE

SMALL
KNOTTY
TEAR
FIBER
VISIBLE

MEDIUM
KNOTTY
TEAR
FIBER
VISIBLE

SMALL
KNOTTY
TEAR
FIBER
VISIBLE

TABLE II

CONVENTIONAL PHYSICAL PROPERTIES OF COMPOSITES REINFORCED WITH
POY NYLON 66 SHORT FIBERS AND ARAMID PULP

POY Nylon 66 Level 0 6 3

Aramid Pulp Level 0 6 3

DUMBBELL TENSILE AT 50,8 cm/min (20 INCHES/MINUTE)

W 50% MODULUS, MPA 0.86 3.63 5.53 3.46

A 50% MODULUS, MPA 0.88 0.94 2.3 1.08

W 100% MODULUS, MPA 1.39 3.65 5.63 3.6
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[0088] The dumbbell modulus at several strain levels is plotted in Figure 6. Dynamic tensile and shear data are
plotted in Figures 7 and 8. The highest composite stiffness is achieved with 6 phr of the Kevlar® pulp. The stiffness
of the composite containing 6 phr of POY nylon 66 fibers can be matched or enhanced using a mixture of 3 phr POY
nylon 66 fibers and 3 phr Kevlar® pulp.
[0089] The Strebler adhesion to itself at 95°C is plotted in Figure 9. The highest stiffness material, the composite
containing 6 phr of Kevlar® pulp, exhibits the lowest cohesive tear strength. Substituting 3 phr of Kevlar® pulp with 3
phr POY nylon 66 returns the tear strength to the level of the fiber free compound.
[0090] The ultimate tear strength was also assessed by measuring catastrophic tearing energy and ultimate elon-
gation and is presented in Figure 10. The results parallel the Strebler adhesion data.
[0091] The fracture propagation, shown in Figure 11, illustrates that the highest stiffness material, the composite
reinforced with 6 phr Kevlar® pulp, has the worst fracture resistance. The composite with 6 phr POY nylon 66 fibers
has a fracture resistance superior to the control. A balance of properties can be obtained with the combination of 3 phr
POY nylon 66 fibers and 3 phr Kevlar® pulp.
[0092] From the results of EXAMPLES 1 and 2, it can be concluded that the hybrid POY nylon 66/Kevlar® pulp
composites provide a means to the engineer to balance stiffness properties of the Kevlar® pulp with the ultimate tear
strength and fracture propagation resistance properties of the POY nylon 66 fibers. These results can be obtained in
a range of fiber levels acceptable for mixing and processing of the composite.

EXAMPLE 3

[0093] Composite laminates simulating the belt structure of a radial tire were built in the laboratory, and their fatigue
strength measured in a load control mode in a closed-loop, servohydraulic tester.

TABLE II (continued)

DUMBBELL TENSILE AT 50,8 cm/min (20 INCHES/MINUTE)

A 100% MODULUS, MPA 1.37 1.43 3.08 1.65

W 150% MODULUS, MPA 2.17 3.85 5.81 4.01

A 150% MODULUS, MPA 2.1 1.97 3.76 2.33

W 200% MODULUS, MPA 3.27 4.51 6.24 4.78

A 200% MODULUS, MPA 3.14 2.8 4.54 3.25

W 250% MODULUS, MPA 4.63 5.61 7.1 5.9

A 250% MODULUS, MPA 4.47 3.9 5.47 4.37

W 300% MODULUS, MPA 6.09 6.9 8.25 7.27

A 300% MODULUS, MPA 5.9 5.11 6.54 5.63

W TENSILE STRENGTH, MPA 15.29 12.19 12.11 11.53

A TENSILE STRENGTH, MPA 14.97 10.68 10.36 10.49

W ELONGATION, % 626 499 474 455

A ELONGATION, % 610 528 472 495

STREBLER ADHESION TO ITSELF AT 95° C

IN AV LD N 55.83 55.46 34.28 48.95

SS AV LD N 62.46 70.62 33.29 57.28

SS PK LD N 76.22 84.02 ----- 68.03

AV LD EC N 60.13 65.35 33.64 54.36

LARGE
KNOTTY
TEAR NO
FIBER
VISIBLE

MEDIUM
KNOTTY
TEAR
FIBER
VISIBLE

SMALL
KNOTTY
TEAR
FIBER
VISIBLE

MEDIUM
KNOTTY
TEAR
FIBER
VISIBLE
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[0094] When angle-plied composite belt laminates are submitted to cyclic tensile loading, interply shearing stresses
are developed leading to edge cracking and eventually to delamination failure.
[0095] The results of fatigue experiments are summarized in TABLES III and IV for steel wire belt composites and
aramid cord belt composites, respectively.
[0096] The modified wire belt composite structure was made of a two-ply, (2+2)x0.25, 8 epc (20 epi), ± 23° natural
rubber laminate and an additional ply of tread base compound reinforced with a hybrid mixture of 3 phr POY nylon 66
and 3 phr Kevlar® pulp short fibers, oriented in the direction of the laminate long axis (0°).
[0097] The modified aramid cord belt composite structure was made of a two-ply, 1670/2 (1500/2), 8 epc (20 epi), ±
23° natural rubber laminate, with an additional ply of tread base compound reinforced with a hybrid mixture of 3 phr
POY nylon 66 and 3 phr Kevlar® pulp short fibers, oriented in the direction of the laminate long axis (0°). The meaning
of this nomenclature is the following: 1500 is the ply denier which corresponds to 1670 dtex; 2 is the number of plies
in the cord; epi is the number of cords or ends per inch of the composite and 23° is the angle the cords make with the
long axis of the composite.

[0098] The data contained in TABLES III and IV show that the modified belt constructions have in all cases higher
fatigue life than the standard belt construction, under cyclic tension loading, at a constant minimum load, over the
whole range of maximum loads investigated.

TABLE III

Fatigue Resistance of Steel Wire Belt Composites
Tension/Tension Fatigue

Room Temperature
Minimum Load:  (114 lb/in) width

Frequenc : 10 Hz
Number of Cycles to Failure

Maximum Load  (lb/in width) Standard Belt Construction (1)
(Control)

Modified Belt Construction (2)

125 (700) 4,990 16,100
107 (600) 33,020 169,400
104 (580) 43,000 439,000
91 (510) 322,450 No Failure
87 (490) 824,000 No Failure
84 (470) No Failure No Failure

(1.) Belt laminate: 2+2x0.25 wire cord; 8 epc (20 epi); ± 23° angle. All natural rubber coat stock.

(2.) Same as (1) but with soft rubber layer (tread base compound/natural & synthetic rubber blends as in formulation previously described) reinforced
with 3 phr POY nylon 66 and 3 phr Kevlar® pulp. Short fibers oriented in direction of laminate long axis (0°).

TABLE IV

Fatigue Resistance of Aramid Cord Belt Composites
Tension/Tension Fatigue

Room Temperature
Minimum Load:  (114 lb/in width)

Frequency: 10 Hz
Number of Cycles to Failure

Maximum Load  (lb/in width) Standard Belt Construction (1) Modified Belt Construction (2)

37 (207) 3,960 10,035
96 (540) 75,400 247,400
91 (510) 139,000 264,500
84 (470) 475,000 No Failure
77 (430) No Failure No Failure

(1.) Belt laminate: 1670/2 (1500/2) aramid cord; 8 epc (20 epi;) ± 23° angle. All natural rubber coat stock.

(2.) Same as 1 but with a soft rubber layer (tread base compound) reinforced with 3 phr POY nylon 66 and 3 phr Kevlar® pulp. Short fibers oriented
in direction of laminate long axis (0°).

20 Kg
cm

Kg
cm

20 Kg
cm

Kg
cm
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Claims

1. A pneumatic tire (70) characterized by having a tread base (80) comprising a vulcanizable elastomeric matrix
material having dispersed therein partially oriented fibers comprising 0.5 to 14 phr of said vulcanizable elastomeric
matrix material, said partially oriented fibers having a modulus of less than 10 GPa, a length of 0.2 to 12 mm, a
diameter of 0.005 to 0.02 mm and an aspect ratio of 25 to 1000.

2. The tire (70) according to claim 1 characterized by said partially oriented fibers having a modulus of less than 6 GPa.

3. The tire (70) according to claim 1 characterized by said vulcanizable elastomeric matrix material being selected
from the group consisting natural rubber/polybutadiene rubber, polyisoprene, styrene butadiene rubber, butyl rub-
ber, and mixtures and blends thereof.

4. The tire (70) according to claim 1 characterized by selecting said partially oriented fibers from the group consisting
of polyamide, polyester, polyolefin and mixtures thereof.

5. A tire (70) having a tread base (80) characterized by comprising a cured elastomeric matrix having dispersed
therein a mixture of partially oriented fibers and fibrillated pulp fibers, said partially oriented fibers comprising 0.5
to 10 phr, and said fibrillated pulp fibers comprising 0.5 to 8 phr of said elastomeric material, wherein the total
amount of the fiber reinforcement is 1-14 phr, said partially oriented fibers having a modulus of less than 10 GPa,
a length of 0.2 to 12 mm, a diameter of 0.005 to 0.02 mm and an aspect ratio of 25 to 1000, and said fibrillated
pulp fibers having a length of 0.2 to 5 mm, a diameter of 0.005 to 0.02 mm and an aspect ratio of 25 to 1000.

6. The tire (70) according to claim 5 characterized by said partially oriented fibers having a modulus of less than 6 GPa.

7. The tire (70) according to claim 5 characterized by 3 phr POY fibers and 3 phr fibrillated pulp fibers.

8. The tire (70) according to claim 5 characterized by said fibrillated pulp fiber being selected from the group consisting
of aromatic copolyesters, p-aramide, liquid crystalline cellulosic fibers, rigid rod aromatic heterocyclic liquid crys-
talline fibers, gel spun fibers, wet spun acrylic fibers, superoriented aromatic copolyamide fibers and mixtures
thereof.

9. The tire (70) according to claim 5 characterized by said partially oriented fibers being selected from the group
consisting of aliphatic polyamide, polyester, polyolefin and mixtures thereof.

10. A composite comprising a cured elastomeric matrix characterized by having dispersed therein an effective rein-
forcing amount of a mixture of partially oriented fibers and fibrillated pulp fibers,

said partially oriented fibers comprising 0.5 to 10 phr, and said fibrillated pulp fibers comprising 0.5 to 8 phr
of said elastomeric material, wherein the total short fiber content is 1-14 phr,
said partially oriented fibers having a modulus of less than 10 GPa, a length of 0.2 to 12 mm, a diameter of
0.005 to 0.02 mm and an aspect ratio of 25 to 1000, and said fibrillated pulp fibers having a length of 0.2 to 5
mm, a diameter of 0.005 to 0.02 mm and an aspect ratio of 25 to 1000.

11. The composite according to claim 10 characterized by said partially oriented fibers having a modulus of less than
6 GPa.

12. The composite according to claim 10 characterized by said fibrillated pulp fiber being selected from the group
consisting of aromatic copolyesters, p-aramide, liquid crystalline cellulosic fibers, rigid rod aromatic heterocyclic
liquid crystalline fibers, gel spun fibers, wet spun acrylic fibers, superoriented aromatic copolyamide fibers and
mixtures thereof and said partially oriented fibers being selected from the group consisting of aliphatic polyamide,
polyester, polyolefin and mixtures thereof.

Patentansprüche

1. Luftreifen (70), dadurch gekennzeichnet, daß er einen ein vulkanisierbares elastomeres Matrixmaterial mit darin
dispergierten teilweise orientierten, 0,5 bis 14 ThK des vulkanisierbaren elastomeren Matrixmaterials umfassenden
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Fasern umfassenden Laufflächenprotektor (80) besitzt, wobei die teilweise orientierten Fasern einen Modul von
weniger als 10 GPa, eine Länge von 0,2 bis 12 mm, einen Durchmesser von 0,005 bis 0,02 mm und ein Seiten-
verhältnis von 25 bis 1000 aufweisen.

2. Reifen (70) nach Anspruch 1, dadurch gekennzeichnet, daß die teilweise orientierten Fasern einen Modul von
weniger als 6 GPa aufweisen.

3. Reifen (70) nach Anspruch 1, dadurch gekennzeichnet, daß das vulkanisierbare elastomere Matrixmaterial aus-
gewählt ist aus der Gruppe bestehend aus Naturkautschuk/Polybutadien-Kautschuk, Polyisopren, Styrol-Butadi-
en-Kautschuk, Butylkautschuk, und Mischungen davon.

4. Reifen (70) nach Anspruch 1, dadurch gekennzeichnet, daß die teilweise orientierten Fasern ausgewählt sind aus
der Gruppe bestehend aus Polyamid, Polyester, Polyolefin und Mischungen davon.

5. Reifen (70) mit einem Laufflächenprotektor (80), der dadurch gekennzeichnet ist, daß er eine vulkanisierte elasto-
mere Matrix mit einer darin dispergierten Mischung teilweise orientierter Fasern und fibrillierter Faserstoff-Fasern
umfaßt, wobei die teilweise orientierten Fasern 0,5 bis 10 ThK und die fibrillierten Faserstoff-Fasern 0,5 bis 8 ThK
des elastomeren Materials umfassen, wobei die Gesamtmenge der Faser-Verstärkung 1-14 ThK beträgt, die teil-
weise orientierten Fasern einen Modul von weniger als 10 GPa, eine Länge von 0,2 bis 12 mm, einen Durchmesser
von 0,005 bis 0,02 mm und ein Seitenverhältnis von 25 bis 1000 aufweisen und die fibrillierten Faserstoff-Fasern
eine Länge von 0,2 bis 5 mm, einen Durchmesser von 0,005 bis 0,02 mm und ein Seitenverhältnis von 25 bis 1000
aufweisen.

6. Reifen (70) nach Anspruch 5, dadurch gekennzeichnet, daß die teilweise orientierten Fasern einen Modul von
weniger als 6 GPa aufweisen.

7. Reifen (70) nach Anspruch 5, gekennzeichnet durch 3 ThK POY-Fasern und 3 ThK fibrillierte Faserstoff-Fasern.

8. Reifen (70) nach Anspruch 5, dadurch gekennzeichnet, daß die fibrillierte Faserstoff-Faser ausgewählt ist aus der
Gruppe bestehend aus aromatischen Copolyestern, p-Aramid, flüssigkristallinen Cellulosefasern, starren aroma-
tischen heterocyclischen flüssigkristallinen Stabfasern, Gel-gesponnenen Fasern, naßgesponnenen Acrylfasern,
superorientierten aromatischen Copolyamid-Fasern und Mischungen davon.

9. Reifen (70) nach Anspruch 5, dadurch gekennzeichnet, daß die teilweise orientierten Fasern ausgewählt sind aus
der Gruppe bestehend aus aliphatischem Polyamid, Polyester, Polyolefin und Mischungen davon.

10. Komposit umfassend eine vulkanisierte elastomere Matrix, dadurch gekennzeichnet, daß darin eine wirksame
verstärkende Menge einer Mischung teilweise orientierter Fasern und fibrillierter Faserstoff-Fasern dispergiert ist,
wobei die teilweise orientierten Fasern 0,5 bis 10 ThK und die fibrillierten Faserstoff-Fasern 0,05 bis 8 ThK des
elastomeren Materials umfassen, wobei der Gesamtgehalt an Kurzfaser 1-14 ThK beträgt, wobei die teilweise
orientierten Fasern einen Modul von weniger als 10 GPa, eine Länge von 0,2 bis 12 mm, einen Durchmesser von
0,005 bis 0,02 mm und ein Seitenverhältnis von 25 bis 1000 aufweisen und die fibrillierten Faserstoff-Fasern eine
Länge von 0,2 bis 5 mm, einen Durchmesser von 0,005 bis 0,02 mm und ein Seitenverhältnis von 25 bis 1000
aufweisen.

11. Komposit nach Anspruch 10, dadurch gekennzeichnet, daß die teilweise orientierten Fasern einen Modul von
weniger als 6 GPa aufweisen.

12. Komposit nach Anspruch 10, dadurch gekennzeichnet, daß die fibrillierte Faserstoff-Faser ausgewählt ist aus der
Gruppe bestehend aus aromatischen Copolyestern, p-Aramid, flüssigkristallinen Cellulosefasern, starren aroma-
tischen heterocyclischen flüssigkristallinen Stabfasern, Gel-gesponnenen Fasern, naßgesponnenen Acrylfasern,
superorientierten aromatischen Copolyamid-Fasern und Mischungen davon, und die teilweise orientierten Fasern
ausgewählt sind aus der Gruppe bestehend aus aliphatischem Polyamid, Polyester, Polyolefin und Mischungen
davon.
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Revendications

1. Bandage pneumatique (70) caractérisé par le fait qu'il possède une base de bande de roulement (80) comprenant
une matière de matrice élastomère vulcanisable dans laquelle sont dispersées des fibres partiellement orientées
comprenant de 0,5 à 14 phr de ladite matière de matrice élastomère vulcanisable, lesdites fibres partiellement
orientées possédant un module inférieur à 10 GPa, une longueur de 0,2 à 12 mm, un diamètre de 0,005 à 0,02
mm et un rapport nominal d'aspect de 25 à 1000.

2. Pneumatique (70) selon la revendication 1, caractérisé par le fait que lesdites fibres partiellement orientées pos-
sèdent un module inférieur à 6 GPa.

3. Pneumatique (70) selon la revendication 1, caractérisé en ce que ladite matière de matrice élastomère vulcanisable
est choisie parmi le groupe constitué par du caoutchouc naturel, du caoutchouc de polybutadiène, du polyisoprène,
du caoutchouc de styrène/butadiène, du caoutchouc butyle, ainsi que des mélanges et des mélanges homogènes
de ces derniers.

4. Pneumatique (70) selon la revendication 1, caractérisé par le fait que l'on choisit lesdites fibres partiellement
orientées parmi le groupe constitué par du polyamide, du polyester, des polyoléfines et par leurs mélanges.

5. Pneumatique (70) possédant une base de bande de roulement (80) caractérisée par le fait qu'elle comprend une
matrice élastomère vulcanisée dans laquelle est dispersé un mélange de fibres partiellement orientées et de fibres
de pâte fibrillée, lesdites fibres partiellement orientées comprenant de 0,5 à 10 phr et lesdites fibres de pâte fibrillée
comprenant de 0,5 à 8 phr de ladite matière élastomère, dans lequel la quantité totale du renforcement à l'aide
de fibres représente de 1 à 14 phr, lesdites fibres partiellement orientées possédant un module inférieur à 10 GPa,
une longueur de 0,2 à 12 mm, un diamètre de 0,005 à 0,02 mm et un rapport nominal d'aspect de 25 à 1000, et
lesdites fibres de pâte fibrillée possédant une longueur de 0,2 à 5 mm, un diamètre de 0,005 à 0,02 mm et un
rapport nominal d'aspect de 25 à 1000.

6. Pneumatique (70) selon la revendication 5, caractérisé en ce que lesdites fibres partiellement orientées possèdent
un module inférieur à 6 GPa.

7. Pneumatique (70) selon la revendication 5, caractérisé par des fibres POY à concurrence de 3 phr et par des
fibres de pâte fibrillée à concurrence de 3 phr.

8. Pneumatique (70) selon la revendication 5, caractérisé en ce qu'on choisit lesdites fibres de pâte fibrillée parmi le
groupe constitué par des copolyesters aromatiques, par du p-aramide, par des fibres cellulosiques en cristal liqui-
de, par des fibres en cristal liquide de type hétérocyclique aromatique pour des fils rigides, par des fibres filées
en gel, par des fibres acryliques filées au mouillé, par des fibres de copolyamides aromatiques superorientées et
par leurs mélanges.

9. Pneumatique (70) selon la revendication 5, caractérisé par le fait que lesdites fibres partiellement orientées sont
choisies parmi le groupe constitué par du polyamide aliphatique, par du polyester, par des polyoléfines et par leurs
mélanges.

10. Composite comprenant une matrice élastomère vulcanisée, caractérisé par le fait qu'il contient, à l'état dispersé,
une quantité de renforcement efficace d'un mélange de fibres partiellement orientées et de fibres de pâte fibrillée,
lesdites fibres partiellement orientées comprenant de 0,5 à 10 phr et lesdites fibres de pâte fibrillée comprenant
de 0,05 à 8 phr de ladite matière élastomère, dans lequel la teneur totale en fibres courtes s'élève de 1 à 14 phr,
lesdites fibres partiellement orientées possédant un module inférieur à 10 GPa, une longueur de 0,2 à 12 mm, un
diamètre de 0,005 à 0,02 mm et un rapport nominal d'aspect de 25 à 1000, et lesdites fibres de pâte fibrillée
possédant une longueur de 0,2 à 5 mm, un diamètre de 0,005 à 0,02 mm et un rapport nominal d'aspect de 25 à
1000.

11. Composite selon la revendication 10, caractérisé par le fait que lesdites fibres partiellement orientées possèdent
un module inférieur à 6 GPa.

12. Composite selon la revendication 10, caractérisé par le fait que lesdites fibres de pâte fibrillée sont choisies parmi
le groupe constitué par des copolyesters aromatiques, par du p-aramide, par des fibres cellulosiques en cristal
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liquide, par des fibres en cristal liquide de type hétérocyclique aromatique pour des fils rigides, par des fibres filées
en gel, par des fibres acryliques filées au mouillé, par des fibres de copolyamides aromatiques superorientées et
par leurs mélanges, et lesdites fibres partiellement orientées sont choisies parmi le groupe constitué par du poly-
amide aliphatique, par du polyester, par des polyoléfines et par leurs mélanges.
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