Office de la Propriete Canadian CA 2681554 A1 2008/10/16

Intellectuelle Intellectual Property
du Canada Office (21) 2 681 554
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2008/03/18 (51) ClLInt./Int.Cl. B32B 5/26 (2006.01),

B23B 5/28 (2006.01), F41H 5/04 (2006.01)

(71) Demandeur/Applicant:
HONEYWELL INTERNATIONAL INC., US

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2008/10/16
(85) Entree phase nationale/National Entry: 2009/09/17
(86) N° demande PCT/PCT Application No.: US 2008/057330

(87) N publication PCT/PCT Publication No.: 2008/124257 ARVIDSON. BRIAN D., US:
(30) Priorité/Priority: 2007/03/21 (US11/726,068) ARDIFF, HENRY G., US;
BHATNAGAR, ASHOK, US:

HURST, DAVID A., US;
WAGNER, LORI L., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : STRUCTURES DE TISSUS BALISTIQUES COMPOSITES
54) Title: COMPOSITE BALLISTIC FABRIC STRUCTURES

(57) Abréegée/Abstract:

A multilayered composite fabric which comprises (a) a first fabric comprising non-woven unidirectionally oriented fibers In a first
resin matrix, the fibers comprising high tenacity fibers, the first fabric comprising first and second surfaces; and (b) a second fabric
comprising multi-directionally oriented fibers optionally in a second resin matrix, the second fabric also comprising high tenacity
fibers, the second fabric having first and second surfaces, the first surface of the second fabric being bonded to the second surface
of the first fabric thereby forming the composite fabric. Also described Is a method of making such fabric wherein the second fabric
layer Is used as a support during the manufacturing process and Is thereafter consolidated into a single structure with the first fabric

layer.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2008/124257 A2 I DU C ! A O 0 O

CA 02681554 2009-09-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
16 October 2008 (16.10.2008)

(51) International Patent Classification:
B32B 5/26 (2006.01) F41H 5/04 (2006.01)
B23B 5/28 (2006.01)

(21) International Application Number:
PCT/US2008/057330

(22) International Filing Date: 18 March 2008 (18.03.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/726,068 21 March 2007 (21.03.2007) US

(71) Applicant (for all designated States except US): HONEY -
WELL INTERNATIONAL INC. [US/US]; Law Depart-
ment AB/2B, 101 Columbia Road, Morristown, NJ 07962
(US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ARVIDSON, Brian
D. [US/US]; 4101 Old Cheshire Drive, Chester, Virginia
23831 (US). ARDIFF, Henry G. [US/US]; 8060 Hampton
Station Court, Chesterfield, Virginia 23832 (US). BHAT-
NAGAR, Ashok [US/US]; 7843 Lake Forest Street, Rich-
mond, Virginia 23235 (US). HURST, David A. [US/US];
11121 Morgan Run Road, Richmond, Virginia 23233 (US).

(54) Title: COMPOSITE BALLISTIC FABRIC STRUCTURES

(10) International Publication Number

WO 2008/124257 A2

WAGNER, Lori L. [US/US]; 7934 Fortress Place, Rich-
mond, Virginia 23231 (US).

(74) Agent: BEATUS, Carrie; Honeywell International Inc.,
Law Department AB/2B, 101 Columbia Road, Morristown,

NJ 07962 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, ELE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CFE, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(57) Abstract: A multilayered composite fabric which comprises (a) a first fabric comprising non-woven unidirectionally oriented
fibers in a first resin matrix, the fibers comprising high tenacity fibers, the first fabric comprising first and second surfaces; and (b)
a second fabric comprising multi-directionally oriented fibers optionally in a second resin matrix, the second fabric also comprising
high tenacity fibers, the second fabric having first and second surfaces, the first surface of the second fabric being bonded to the
second surface of the first fabric thereby forming the composite fabric. Also described is a method of making such fabric wherein
the second fabric layer is used as a support during the manufacturing process and is thereafter consolidated into a single structure

with the first fabric layer.



CA 02681554 2009-09-17
WO 2008/124257 PCT/US2008/057330

COMPOSITE BALLISTIC FABRIC STRUCTURES

5 BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to composite materials which are useful for
ballistic and other applications, and to methods for their manufacture.

10

Description of the Related Art

Ballistic resistant products are known In the art. They may be of the
flexible or rigid type. Many of these products are based on high tenacity
15 fibers, and are used in such applications as body armor, such as bullet-

resistant vests.

One popular type of ballistic resistant product iIs made from
unidirectionally oriented high tenacity fibers, such as high tenacity

20  polyethylene fibers or aramid fibers. Such products have desirable ballistic
resistant properties, but require complicated manufacturing processes. As a
result, they are usually more costly to manufacture than other types of ballistic

resistant composites.

25 It would be desirable to provide a ballistic resistant product that
iIncluded unidirectionally oriented fibers but could be produced In a more

economical manner, as well as a process for making such product.

SUMMARY OF THE INVENTION
30
In accordance with this invention, there is provided a multilayered

composite fabric, the composite fabric comprising:
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(a) a first fabric comprising non-woven unidirectionally oriented fibers In
a first resin matrix, the fibers comprising high tenacity fibers, the first fabric

comprising first and second surfaces; and

(b) a second fabric comprising multi-directionally oriented fibers
optionally in a second resin matrix, the second fabric comprising high tenacity
fibers, the second fabric having first and second surfaces, the first surface of
the second fabric being bonded to the second surface of the first fabric

thereby forming the composite fabric.

Further in accordance with this invention, there is provided in a method
of forming a composite fabric structure from high tenacity fibers, the

Improvement comprising:

(a) forming a first fabric comprising non-woven unidirectionally oriented

fibers, the fibers comprising high tenacity fibers;

(b) supporting the first fabric with a second fabric comprising multi-

directionally oriented fibers, the second fabric comprising high tenacity fibers;

(c) coating a first matrix resin onto the first fabric either before, after or while
the first fabric Is supported by the second fabric, such that the matrix resin

extends from the first fabric and at least into the second fabric, and

(d) consolidating the first fabric and the second fabric into a composite fabric
such that the first fabric and the second fabric are bonded together by means
of the matrix resin, whereby the second fabric becomes an integral part of the

composite fabric.

Further in accordance with this invention, there 1s provided a method of

forming a composite fabric structure, the method comprising:

PCT/US2008/057330
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(a) supplying a first fabric comprising non-woven unidirectionally oriented
fibers in a first resin matrix, the fibers comprising high tenacity fibers, the first

fabric comprising first and second surfaces;

(b) supplying a second fabric comprising multi-directionally oriented fibers
optionally in a second resin matrix, the second fabric comprising high tenacity

fibers, the second fabric having first and second surfaces; and

(c) bonding the first surface of the second fabric to the second surface of the

first fabric to thereby form the composite fabric.

In addition to the two fabric layers, other fabric or non-fabric layers
may be present. For example, there may be a three layered structure In
which both outer layers are either the unidirectionally oriented fiber layers or
the outer layers are the multi-directionally oriented fiber layers. In addition,
four layer structures may be provided in which the outer layers are both the
unidirectionally oriented fiber layers and the inner layers are both the multi-
directionally oriented fiber layers. If the second fabric comprises a second
matrix resin, preferably it is chemically the same as the first matrix resin for

ease of manufacturability and uniformity.

The present invention provides a multilayered composite material
that has excellent ballistic properties. |n addition, this material can be made
by using as the supporting structure for the unidirectionally oriented fiber a
layer of or layers of multi-directionally oriented fabric, such as a woven fabric.
The latter fabric becomes an integral part of the composite material and
therefore reduce the cost of manufacture since there iIs less waste.
Additionally, the quality of the material is enhanced by having the supporting

layer become an integral part of the composite material.

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a multilayered composite fabric

which I1s formed from at least a first fabric layer and a second fabric layer.

PCT/US2008/057330
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The fibers In both of the first and second fabric layers comprise high tenacity

fibers, and the layers are bonded together.

For the purposes of the present invention, a fiber is an elongate
body the length dimension of which is much greater that the transverse
dimensions of width and thickness. Accordingly, the term “fiber” includes
monofilament, multiflament, ribbon, strip, staple and other forms of chopped,
cut or discontinuous fiber and the like having regular or irregular cross-
sections. The term “fiber’ includes a plurality of any of the foregoing or a
combination thereof. A yarn is a continuous strand comprised of many fibers

or filaments. Fibers may also be in the form of split film or tape.

The cross-sections of fibers useful herein may vary widely. They
may be circular, flat or oblong in cross-section. They may also be of irregular
or regular multi-lobal cross-section having one or more regular or irregular
lobes projecting from the linear or longitudinal axis of the fibers. It is preferred
that the fibers be of substantially circular, flat or oblong cross-section, most

preferably circular.

As used herein, the term “high tenacity fibers® means fibers which
have tenacities equal to or greater than about 7 g/d. Preferably, these fibers
have Initial tensile moduli of at least about 150 g/d and energies-to-break of at
least about 8 J/g as measured by ASTM D2256. As used herein, the terms
“‘Initial tensile modulus”, “tensile modulus™ and “modulus™ mean the modulus
of elasticity as measured by ASTM 2256 for a yarn and by ASTM D638 for an

elastomer or matrix material.

Preferably, the high tenacity fibers have tenacities equal to or
greater than about 10 g/d, more preferably equal to or greater than about 16
g/d, even more preferably equal to or greater than about 22 g/d, and most

preferably equal to or greater than about 28 g/d.

High strength fibers useful in the yarns and fabrics of the invention

iInclude highly oriented high molecular weight polyolefin fibers, particularly

PCT/US2008/057330
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high modulus (or high tenacity) polyethylene fibers and polypropylene fibers,
aramid fibers, polybenzazole fibers such as polybenzoxazole (PBO) and
polybenzothiazole (PBT), polyvinyl alcohol fibers, polyacrylonitrile fibers, liquid
crystal copolyester fibers, polyamide fibers, polyester fibers, glass fibers,
graphite fibers, carbon fibers, basalt or other mineral fibers, rigid rod polymer
fibers, and mixtures and blends thereof. Preferred high strength fibers useful
iIn this invention include polyolefin fibers (more preferably high tenacity
polyethylene fibers), aramid fibers, polybenzazole fibers, graphite fibers, and
mixtures and blends thereof. Most preferred are high tenacity polyethylene

fibers and/or aramid fibers.

U.S. Pat. No. 4,457,985 generally discusses such high molecular
weight polyethylene and polypropylene fibers, and the disclosure of this
patent i1s hereby incorporated by reference to the extent that it is not
Inconsistent herewith. In the case of polyethylene, suitable fibers are those of
weight average molecular weight of at least about 150,000, preferably at least
about one million and more preferably between about two million and about
five million. Such high molecular weight polyethylene fibers may be spun in
solution (see U.S. Pat. No. 4,137,394 and U.S. Pat. No. 4,356,138), or a
filament spun from a solution to form a gel structure (see U.S. Pat. No.
4,413,110, German Off. No. 3,004, 699 and GB Patent No. 2051667), or the
polyethylene fibers may be produced by a rolling and drawing process (see
U.S. Pat. No. 5,702,657). As used herein, the term polyethylene means a
predominantly linear polyethylene material that may contain minor amounts of
chain branching or comonomers not exceeding about 5 modifying units per
100 main chain carbon atoms, and that may also contain admixed therewith
not more than about 50 weight percent of one or more polymeric additives
such as alkene-l-polymers, In particular low density polyethylene,
polypropylene or polybutylene, copolymers containing mono-olefins as
primary monomers, oxidized polyolefins, graft polyolefin copolymers and
polyoxymethylenes, or low molecular weight additives such as antioxidants,
lubricants, ultraviolet screening agents, colorants and the like which are

commonly incorporated.

PCT/US2008/057330
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High tenacity polyethylene fibers (also referred to as extended
chain or high molecular weight polyethylene fibers) are preferred and are
available, for example, under the trademark SPECTRA® fibers and yarns

from Honeywell International Inc. of Morristown, New Jersey, U.S.A.

Depending upon the formation technique, the draw ratio and
temperatures, and other conditions, a variety of properties can be imparted to
these fibers. The tenacity of the polyethylene fibers are at least about 7 g/d,
preferably at least about 15 g/d, more preferably at least about 20 g/d, still
more preferably at least about 25 g/d and most preferably at least about 30
g/d. Similarly, the initial tensile modulus of the fibers, as measured by an
Instron tensile testing machine, 1s preferably at least about 300 g/d, more
preferably at least about 500 g/d, still more preferably at least about 1,000 g/d
and most preferably at least about 1,200 g/d. These highest values for initial
tensile modulus and tenacity are generally obtainable only by employing
solution grown or gel spinning processes. Many of the filaments have melting
points higher than the melting point of the polymer from which they were
formed. Thus, for example, high molecular weight polyethylene of about
150,000, about one million and about two million molecular weight generally
have melting points in the bulk of 138°C. The highly oriented polyethylene
filaments made of these materials have melting points of from about 7°C to
about 13°C higher. Thus, a slight increase in melting point reflects the
crystalline perfection and higher crystalline orientation of the filaments as

compared to the bulk polymer.

Preferably the polyethylene employed is a polyethylene having
fewer than about one methyl group per thousand carbon atoms, more
preferably fewer than about 0.5 methyl groups per thousand carbon atoms,

and less than about 1 weight percent of other constituents.

Similarly, highly oriented high molecular weight polypropylene fibers
of weight average molecular weight at least about 200,000, preferably at least
about one million and more preferably at least about two million may be used.

Such extended chain polypropylene may be formed into reasonably well

PCT/US2008/057330
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oriented filaments by the techniques prescribed in the various references
referred to above, and especially by the technique of U.S. Pat. No. 4,413,110.
Since polypropylene is a much less crystalline material than polyethylene and
contains pendant methyl groups, tenacity values achievable with
polypropylene are generally substantially lower than the corresponding values
for polyethylene. Accordingly, a suitable tenacity is preferably at least about 8
g/d, more preferably at least about 11 g/d. The Iinitial tensile modulus for
polypropylene Is preferably at least about 160 g/d, more preferably at least
about 200 g/d. The melting point of the polypropylene is generally raised
several degrees by the orientation process, such that the polypropylene
filament preferably has a main melting point of at least 168°C, more preferably
at least 170°C. The particularly preferred ranges for the above described
parameters can advantageously provide improved performance in the final
article. Employing fibers having a weight average molecular weight of at least
about 200,000 coupled with the preferred ranges for the above-described
parameters (modulus and tenacity) can provide advantageously improved

performance In the final article.

In the case of extended chain polyethylene fibers, preparation and
drawing of gel-spun polyethylene fibers are described in various publications,
including U.S. Patents 4,413,110; 4,430,383; 4,436,689; 4,536,536;
4,.545,950; 4,551,296; 4,612,148; 4,617,233; 4,663,101; 5,032,338;
5,246,657, 5,286,435; 5,342,567; 5,578,374; 5,736,244; 5,741,451;
5,958,582; 5,972,498; 6,448,359; 6,909,553 and U.S. patent application
publication 2005/0093200, the disclosures of which are expressly

Incorporated herein by reference to the extent not inconsistent herewith.

In the case of aramid fibers, suitable fibers formed from aromatic
polyamides are described, for example, in U.S. Pat. No. 3,671,542, which is
Incorporated herein by reference to the extent not inconsistent herewith.
Preferred aramid fibers will have a tenacity of at least about 20 g/d, an initial
tensile modulus of at least about 400 g/d and an energy-to-break at least
about 8 J/g, and particularly preferred aramid fibers will have a tenacity of at

least about 20 g/d and an energy-to-break of at least about 20 J/g. Most

PCT/US2008/057330
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preferred aramid fibers will have a tenacity of at least about 23 g/d, a modulus
of at least about 500 g/d and an energy-to-break of at least about 30 J/g. For
example, poly(p-phenylene terephthalamide) filaments which have moderately
high moduli and tenacity values are particularly useful in forming ballistic
resistant composites. Examples are Twaron® T2000 from Teljin which has a
denier of 1000. Other examples are Kevlar® 29 which has 500 g/d and 22 g/d
as values of Initial tensile modulus and tenacity, respectively, as well as
Kevlar® 129 and KM2 which are available in 400, 640 and 840 deniers from
du Pont. Aramid fibers from other manufacturers can also be used In this
invention. Copolymers of poly(p-phenylene terephthalamide) may also be
used, such as co-poly(p-phenylene terephthalamide 3,4 oxydiphenylene
terephthalamide). Also useful in the practice of this invention are poly(m-
phenylene i1sophthalamide) fibers sold by du Pont under the trade name

Nomex®.

High molecular weight polyvinyl alcohol (PV-OR) fibers having high
tensile modulus are described in U.S. Pat. No. 4,440,711 to Kwon et al., the
disclosure of which is hereby incorporated by reference to the extent it is not
iInconsistent herewith. High molecular weight PV-OH fibers should have a
weight average molecular weight of at least about 200,000. Particularly useful
PV-OH fibers should have a modulus of at least about 300 g/d, a tenacity
preferably at least about 10 g/d, more preferably at least about 14 g/d and
most preferably at least about 17 g/d, and an energy to break of at least about
38 J/g. PV-OH fiber having such properties can be produced, for example, by
the process disclosed in U.S. Pat. No. 4,599,267 .

In the case of polyacrylonitrile (PAN), the PAN fiber should have a
weight average molecular weight of at least about 400,000. Particularly useful
PAN fiber should have a tenacity of preferably at least about 10 g/d and an
energy to break of at least about 8 J/g. PAN fiber having a molecular weight
of at least about 400,000, a tenacity of at least about 15 to 20 g/d and an
energy to break of at least about 8 J/g Is most useful; and such fibers are
disclosed, for example, in U.S. Pat. No. 4,535,027

PCT/US2008/057330
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Suitable liquid crystal copolyester fibers for the practice of this
iInvention are disclosed, for example, in U.S. Pat. Nos. 3,975,487; 4,118,372
and 4,161,470. Liquid crystal copolyester fibers are available under the

designation Vectran® fibers from Kuraray America Inc.

Suitable polybenzazole fibers for the practice of this invention are
disclosed, for example, in U.S. Pat. Nos. 5,286,833, 5,296,185, 5,356,584,
5,534,205 and 6,040,050. Polybenzazole fibers are available under the

designation Zylon® fibers from Toyobo Co.

Rigid rod fibers are disclosed, for example, in U.S. Pat. Nos.
5,674,969, 5,939,553, 5,945,537 and 06,040,478. Such fibers are available

under the designation M5® fibers from Magellan Systems International.

Preferably, the fibers in the first fabric layer are selected from the
group of high tenacity polyolefin fibers (more preferably high tenacity
polyethylene fibers), aramid fibers, PBO fibers, graphite fibers and blends
thereof. Likewise, the fibers in the second fabric layer are selected from the

same group of fibers.

The fabric layers of this invention are preferably formed from all or
substantially all high tenacity fibers. Alternatively, at least about 50% by
weight of the fibers Iin the fabric layers are high tenacity fibers and more
preferably at least about 75% by weight of the fibers in the fabric layers are

high tenacity fibers.

The first fabric is in the form of a non-woven fabric of high tenacity
unidirectionally oriented fibers. As Is known, In such an arrangement the
unidirectionally oriented fibers are aligned parallel to one another along a
common fiber direction.  The unidirectionally oriented fabric may include a
minor amount of a material which provides some cross-directional stability to
the product; such material may be in the form of fibers, yarns or adhesive
yvarns all of which are not high tenacity materials, or resins, adhesives, films

and the like that may be spaced along the length of the unidirectionally

PCT/US2008/057330
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oriented fabric but extend at an angle thereto. Such materials, if present, may
comprise up to about 10%, more preferably up to about 5%, by weight of the

total weight of the first fabric.

The first fabric layer may be constructed via a variety of methods.
Preferably, yarn bundles of the high tenacity filaments are supplied from a
creel and led through guides and into a collimating comb. The collimating
comb aligns the filaments coplanarly and in a substantially unidirectional
fashion. The fibers may then be led into one or more spreader bars which
may be included in the coating apparatus, or may be located before or after

the coating apparatus.

The high tenacity fiber network of unidirectionally oriented fibers
forming the first fabric iIs coated with a matrix resin composition. As used
herein, the term “coating” Is used In a broad sense to describe a fiber network
wherein the individual fibers either have a continuous layer of the matrix
composition surrounding the fibers or a discontinuous layer of the matrix
composition on the surfaced of the fibers. In the former case, it can be said
that the fibers are fully embedded in the matrix composition. The terms

coating and impregnating are interchangeably used herein.

Heretofore, In forming such unidirectionally oriented fabric either
before or after coating with the resin matrix the unidirectional fabric was
supported by a carrier web, such as a release paper or a film substrate. Such
previous methods are described, for example, in U.S. Patents 5,552,208 and
06,642,159, the disclosures of which are expressly incorporated herein by
reference to the extent not inconsistent herewith. In such a process, the
carrier web i1s eventually stripped away from the unidirectionally oriented

fabric and 1s discarded.

In accordance with the present invention, preferably after coating
the unidirectionally oriented fibers with the matrix resin, the first fabric Is

supported by means of the second fabric which may be In roll form;

10
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alternatively, the first fabric may be supported prior to or during the coating
step. The second fabric may be fed beneath the first fabric such that one
surface of the second fabric comes in contact with one surface of the first
fabric, In a manner shown, for example, in the aforementioned U.S. Patent
6,642,159 except that the carrier web Is the second fabric material. That is,
the second fabric layer is attached to the first fabric layer after coating of the
first fabric layer. Alternatively, the second fabric layer may be in contact with
and/or support the first fabric layer before the coating step and both fabric
layers are then coated in the coating step, such as shown, for example, in the
aforementioned U.S. Patent 5,552,208.

In one embodiment of the process of this invention, the
unidirectionally oriented fibers of the first fabric are first coated with the
desired matrix resin. After coating, preferably the excess matrix resin in the
first fabric layer Is squeezed out, such as by means of a pair of rollers.
Thereafter, the coated first fabric i1s placed on the second fabric. Both fabrics
are then consolidated and are either allowed to cool or are heated, whereby
matrix resin from the first fabric bonds at least the contacting surface of the
second fabric to the first fabric to thereby form a unitary structure. By passing

the combined fabric structure into an oven, the fabrics are dried.

It Is preferred that the second fabric layer does not include a resin
matrix prior to its contact with the coated first fabric such that the second
fabric is at least partially penetrated by the matrix resin of the first fabric layer.
Alternatively, the second fabric may be precoated with another matrix resin,
preferably of the same or similar chemical structure, prior to contacting and
supporting the first fabric layer. The layers are then laminated together, using
heat and/or pressure. In this case, more preferably the same resin that Is

used as the matrix resin for the first fabric 1s also used for the second fabric.

Alternatively, either fabric layer may be totally impregnated with the
matrix resin and then combined with the other fabric web, which could
become saturated or just bonded at the surface, depending on the amount

and viscosity of the resin.

11
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The matrix resin composition may be applied as a solution,
dispersion or emulsion, or the like, onto the fiber network that forms the first
fabric layer. The matrix resin may be applied by any desired technique, such
as by spraying, dipping, roller coating, hot melt coating, or the like. As
mentioned above, the coated fabric layers may then be passed through an
oven for drying in which they are subjected to sufficient heat to evaporate the

water or other solvent in the matrix resin composition.

The second fabric layer is also formed from high tenacity fibers, but
the fibers are oriented in multiple directions in the fabric. That is, the fibers In
the second fabric are multi-directionally oriented. This means that there are
sufficient fibers which extend in a second direction from the major direction of
the fabric to provide some degree of cross direction strength to the fabric.
The term "multi-directionally oriented fibers™ is distinct from “unidirectionally

oriented fibers’.

The second fabric may be in the form of a woven fabric, a knitted
fabric, a braided fabric, a felted fabric, a paper fabric, and the like. Preferably
the second fabric I1s In the form of a woven fabric. This second fabric layer

may be referred to as a ballistic textile product.

As mentioned above, the high tenacity fibers in the second fabric
layer are chosen from the same group of fibers mentioned above with respect
to the first fabric layer. Preferably, the fibers in the second fabric layer are
also selected from the group of high tenacity polyolefin fibers (more preferably
high tenacity polyethylene fibers), aramid fibers, PBO fibers, graphite fibers
and Dblends thereof. @ Most preferably, such fibers are high tenacity

polyethylene fibers and/or aramid fibers.

If a woven fabric i1Is employed, it may be of any weave pattern,
Including plain weave, basket weave, twill, satin, three dimensional woven
fabrics, and any of their several variations. Plain and basket weave fabrics

are preferred and more preferred are such fabrics having an equal warp and
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weft count. In one embodiment as mentioned above, the woven fabric does
not include a resin matrix. In another embodiment, the woven fabric may

Include a resin matrix prior to bonding to the first fabric.

The yarns of the woven fabric may be twisted, over-wrapped or
entangled. The second fabric be woven with yarns having different fibers In
the warp and weft directions, or in other directions. For example, a woven
fabric may be formed with aramid fibers in the warp direction and high tenacity

polyethylene fibers in the weft direction, or vice versa.

As mentioned above, the second fabric may alternatively be in the
form of a knitted fabric. Knit structures are constructions composed of
Intermeshing loops, with the four major types being tricot, raschel, net and
oriented structures. Due to the nature of the loop structure, knits of the first
three categories are not as suitable as they do not take full advantage of the
strength of a fiber. Oriented knitted structures, however, use straight inlaid
yarns held in place by fine denier knitted stitches. The yarns are absolutely
straight without the crimp effect found in woven fabrics due to the interlacing
effect on the yarns. These laid Iin yarns can be oriented in a monoaxial,
biaxial or multiaxial direction depending on the engineered requirements. Itis
preferred that the specific knit equipment used In laying in the load bearing

yarns is such that the yarns are not pierced through.

The second fabric may alternatively be formed from a non-woven
fabric such as a fabric in the form of a felt, such as needle punched felts. A
felt 1Is a non-woven network of randomly oriented fibers, preferably at least
one of which is a discontinuous fiber, preferably a staple fiber having a length
ranging from about 0.25 inch (0.64 cm) to about 10 inches (25 cm). These
felts may be formed by several techniques known in the art, such as by
carding or fluid laying, melt blowing and spin laying. The network of fibers Is
consolidated mechanically such as by needle punching, stitch-bonding, hydro-
entanglement, air entanglement, spun bond, spun lace or the like, chemically
such as with an adhesive, or thermally with a fiber to point bond or a blended

fiber with a lower melting point.
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Alternatively, the second fabric may be in the form of a paper fabric
that may be formed, for example, by pulping a liquid containing the high

tenacity fibers.

In another embodiment, the second fabric may be in the form of a
multilayer composite fabric, such as a fabric that includes a third layer which
may be a unidirectionally oriented fabric or a multi-directionally oriented fabric.

The third layer is also preferably formed from high tenacity fibers.

The yarns useful in the various fibrous layers may be of any
suitable denier, and may be of the same or different deniers in each layer.
For example, the yarns may have a denier of from about 50 to about 3000.
The selection 1s governed by considerations of ballistic effectiveness, other
desired properties, and cost. For woven fabrics, finer yarns are more costly
to manufacture and to weave, but can produce greater ballistic effectiveness
per unit weight. The yarns are preferably from about 200 denier to about
3000 denier. More preferably, the yarns are from about 400 denier to about

2000 denier. Most preferably, the yarns are from about 500 denier to about
1600 denier.

The resin matrix for the fiber plies may be formed from a wide
variety of thermoplastic, thermosetting or elastomeric materials having desired
characteristics. In one embodiment, the elastomeric materials used in such
matrix possess initial tensile modulus (modulus of elasticity) equal to or less
than about 6,000 psi (41.4 MPa) as measured by ASTM D638. More
preferably, the elastomer has initial tensile modulus equal to or less than
about 2,400 psi (16.5 MPa). Most preferably, the elastomeric material has
initial tensile modulus equal to or less than about 1,200 psi (8.23 MPa).

These resinous materials are typically thermoplastic in nature.

Alternatively, the resin matrix may be selected to have a high
tensile modulus when cured, as at least about 1 x 10° psi (690 MPa).

Examples of such materials are disclosed, for example, in U.S. Patent
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6,642,159, the disclosure of which s expressly incorporated herein by

reference to the extent not inconsistent herewith.

The proportion of the resin matrix material to fiber in the composite
layers may vary widely depending upon the end use. The resin matrix material
preferably forms about 1 to about 98 percent by weight, more preferably from
about 5 to about 95 percent by weight, and still more preferably from about 5
to about 40 percent by weight, and most preferably from about 10 to about 25

percent by weight, based on the total weight of the fibers and resin matrix.

A wide variety of elastomeric materials may be utilized as the resin
matrix. For example, any of the following materials may be employed:
polybutadiene, polyisoprene, natural rubber, ethylene-propylene copolymers,
ethylene-propylene-diene terpolymers, polysulfide polymers, polyurethane
elastomers, chlorosulfonated polyethylene, polychloroprene, plasticized
polyvinylchloride using dioctyl phthalate or other plasticizers well known in the
art, butadiene acrylonitrile elastomers, poly (isobutylene-co-isoprene),
polyacrylates, polyesters, polyethers, fluoroelastomers, silicone elastomers,
thermoplastic elastomers, and copolymers of ethylene. Examples of
thermosetting resins include those which are soluble In carbon-carbon
saturated solvents such as methyl ethyl ketone, acetone, ethanol, methanol,
Isopropyl alcohol, cyclohexane, ethyl acetone, and combinations thereof.
Among the thermosetting resins are vinyl esters, styrene-butadiene block
copolymers, diallyl phthalate, phenol formaldehyde, polyvinyl butyral and
mixtures thereof, as disclosed in the aforementioned U.S. Patent 6,642,159.
Preferred thermosetting resins for polyethylene fiber fabrics include at least
one vinyl ester, diallyl phthalate, and optionally a catalyst for curing the vinyl

ester resin.

One preferred group of materials for polyethylene fiber fabrics are
block copolymers of conjugated dienes and vinyl aromatic copolymers.
Butadiene and isoprene are preferred conjugated diene elastomers. Styrene,
vinyl toluene and t-butyl styrene are preferred conjugated aromatic

MONOMErs. Block copolymers incorporating polyisoprene and/or
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polybutadiene may be hydrogenated to produce thermoplastic elastomers
having saturated hydrocarbon elastomer segments. The polymers may be
simple tri-block copolymers of the type R-(BA), (x=3-150); wherein A is a block
from a polyvinyl aromatic monomer and B Is a block from a conjugated diene
elastomer, or an A-B-A type of elastomer. A preferred resin matrix Is an
styrene-isoprene-styrene block copolymer, such as Kraton® D1107 styrene-

Isoprene-styrene block copolymer available from Kraton Polymer LLC.

One preferred matrix resin for aramid fibers i1s a polyurethane resin,

such as a water based polyurethane resin.

In one preferred embodiment, the matrix resin iIs chosen such that
the composite fabric 1s flexible, and i1s useful In such applications as soft

armor products and the like.

Following bonding of the first fabric and second fabrics together,
they are preferably wound up in a roll. A separator sheet may be employed to

keep the layers from sticking together during winding.

As mentioned above, additional layers may be incorporated in the
composite fabric of the invention. For example, a three layered structure may
be formed by incorporating another unidirectionally oriented fabric of high
tenacity fibers. This additional layer is bonded to the opposite surface of the
second layer from the surface which is bonded to the first layer. The
additional unidirectionally oriented fabric may be combined with the other
fabric layers at the same time that the other fabric layers are combined, or this
third fabric layer may be preattached to the second fabric layer or combined
therewith after bonding of the first and second fabric layers. For example,
after forming a structure of the first and second fabrics, the composite
structure can again be used to support another unidirectionally oriented fabric
of high tenacity fibers, with the second fabric layer supporting the second
unidirectionally oriented fabric layer. As an example, the first formed
composite fabric can be positioned beneath the second unidirectionally

oriented fabric with the multi-directionally oriented fabric being adjacent to a
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surface of the second unidirectionally oriented fabric, and the matrix resin of
the second unidirectionally oriented fabric can be pressed against or into the
multi-directionally oriented fabric. The resultant structure includes the second
multi-directionally oriented fabrics sandwiched between two unidirectionally

oriented fabrics.

Likewise, another multi-directionally oriented fabric (e.g., a woven
fabric) may be combined with the first and second fabrics such that it is
bonded to the surface of the unidirectionally oriented first fabric that is not
attached to the second fabric. In this manner, the first unidirectionally
oriented fabric layer i1s sandwiched between two multi-directionally oriented

fabrics.

In each of these three layered structures, the high tenacity fibers of
each fabric may be the same or different from the fibers in the other fabric
layers. Also, the matrix resin, when present, in each of the fabric layers Is
preferably the same or substantially the same chemically. Alternatively, the
matrix resins of different fabric layers may be different but should be

compatible so that the desired bonding of the layers can be achieved.

In another embodiment of the Invention, a four layer fabric
construction may be formed from two unidirectionally oriented fabric layers
and two multi-directionally oriented fabric layers. For example, two woven
fabric layers may be bonded together and form the internal fabric layers of the
composite structure, with two unidirectionally oriented fabric layers forming

the outer layers of the structure.

Alternatively, a four layer structure may be provided by suitably
bonding two composite fabric structures each formed from a first and second
fabric as described above, with the structures being bonded such that either
the two of the same type of fabric layers are bonded together or two different

types of fabric layers are bonded together.
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Regardless of the number of fabric layers in the composite fabric
structure, the composite fabric i1s formed by consolidation of the various
layers. By “consolidating” is meant that the matrix material and the fibers are
combined into a unitary layer. Consolidation can occur by means of drying,

cooling, heating, pressure or a combination thereof.

An article may be formed from a number of layers of the composite
fabric structure (whether it be a two layer structure, a three layer structure, a
four layer structure, or a structure with additional layers). The number of
layers of the composite fabric structure that are present in such an article
depends upon a variety of factors, including the type of application, desired
weight, etc. For example, in a ballistic resistant article such as a vest, the
number of layers of the two fabric composite structure may range from about
2 to about 60, more preferably from about 8 to about 50, and most preferably
from about 10 to about 40. Such layers may be combined without bonding
the several layers together in a conventional manner, such as by stitching
only along the edge. To form such an article, the composite fabric can be cut

iInto the desired shape.

When several layers of the composite fabrics containing
unidirectionally oriented fibers are employed, the unidirectionally oriented
fabrics are preferably disposed at an angle with respect to each other (e.g.,

cross-plied). Such angles may be about 0°/90°, or any other desired angle.

Various configurations of the composite fabric can be made based on
the desired application, ballistic threat and desirable properties such as flame
retardancy, durability and water repellency, among others. For example, one
can use aramid materials for both the supporting multi-directionally oriented
fabric layer and the unidirectional fabric layer, or high tenacity polyethylene
fibers for both such fabric layers. Alternatively, the high tenacity polyethylene
filbers and aramid fibers may be combined in any desired combination, such
as the first fabric being an aramid fabric and the second fabric being a high
tenacity polyethylene fabric, or the first fabric being a high tenacity

polyethylene fabric and the second fabric being an aramid fabric. In another

18

PCT/US2008/057330



10

15

20

25

30

WO 2008/124257

CA 02681554 2009-09-17

embodiment, a graphite unidirectionally oriented fabric may be attached to a
high tenacity polyethylene fiber woven fabric, or a PBO unidirectional fabric
may be attached to an aramid woven fabric. These materials could arranged

In any desired configuration.

One or more plastic films can be included in the composite to permit
different composite layers to slide over each other, such as for ease of
forming Into a body shape and ease of wearing, or for other reasons. These
plastic films may typically be adhered to one or both surfaces of the
composite fabric. Any suitable plastic film may be employed, such as films
made of polyolefins. Examples of such fiims are linear low density
polyethylene (LLDPE) films, ultrahigh molecular weight polyethylene
(UHMWPE) films, polyester films, nylon films, polycarbonate films and the
ike. These films may be of any desirable thickness. Typical thicknesses
range from about 0.1 to about 1.2 mils (2.5 to 30 um), more preferably from
about 0.2 to about 1 mil (5 to 25 ym), and most preferably from about 0.2 to
about 0.5 mils (5 to 12.5 um). Most preferred are films of LLDPE.

Non-limiting embodiments of the invention include: a unidirectional
non-woven fabric of high tenacity polyethylene yarns attached to a woven
fabric of high tenacity polyethylene yarns; a unidirectional non-woven fabric of
aramid yarns attached to a woven fabric of aramid yarns; a unidirectional non-
woven fabric of high tenacity polyethylene yarns attached to a woven fabric of
aramid yarns; a unidirectional non-woven fabric of aramid yarns attached to a
woven fabric of high tenacity polyethylene yarns; and other structures with the

same or different high tenacity fibers.

The composite fabrics of this invention can be used in a wide
variety of applications, such as ballistic products, structural products,
components In the automotive and aerospace industries, etc. Preferred
applications are soft or hard armor products, such as bullet resistant body

armor (vests and the like), vehicle panels, etc.
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The following non-limiting examples are presented to provide a
more complete understanding of the invention. The specific techniques,
conditions, materials, proportions and reported data set forth to illustrate the
principles of the invention are exemplary and should not be construed as

limiting the scope of the invention.

EXAMPLES
Example 1

A composite Is formed from layers of unidirectionally oriented aramid
fibers and an aramid woven fabric. Aramid yarns of 1000 denier is fed from a
creel and passes through a combing station to form a unidirectional fiber
network. The unidirectional fabric weighs 45 g/m* before coating. The yarns
pass Into a tank containing a solution of a polyurethane matrix resin which
Impregnates into the unidirectional fabric. The coated unidirectional fabric
next passes through a pair of rollers to squeeze out excess matrix resin
solution and spread the matrix solution substantially uniformly among and
between the filaments. The resin pick up is about 16 weight percent, based

on the total weight of the coated fabric.

The coated unidirectional fabric is then placed on a dry aramid woven
fabric (containing no matrix resin) that is fed from a separate roll. The woven
fabric 1s a plain weave scoured fabric of 840 denier aramid yarns weighing 7
oz/square yard (237.4 g/m“). The woven fabric is fed onto the bottom of the
unidirectional fabric layer and acts as a support therefor. The combined
structure 1s fed Iinto a pair of nip rolls which controls the thickness of the
composite fabric and causes the matrix resin from the unidirectional non-
woven fabric to at least contact the adjacent surface of the woven fabric. The
combined structure is then passed into a drying oven where the matrix resin
solvent volatilizes. The consolidated composite fabric 1s wound up Into a

continuous roll.
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Samples of the composite fabric measuring 18 x 18 inches (45.7
X 45.7 cm) are tested for ballistic resistance with a shoot pack weighing 1.00
psf (4.88 kg/m?®) against both 9 mm full metal jacket (FMJ) 124 grain bullets
and 17 grain, 22 caliber, FSP hardened fragment simulators. It is found that
the ballistic properties of the material are acceptable for ballistic resistant

articles.

Example 2

Example 1 is repeated except that the unidirectional non-woven fabric
IS formed from 1300 denier high tenacity polyethylene yarns (Spectra® 1000
from Honeywell International Inc.), with the unidirectional fiber matrix weighing
53 g/m* (before coating). The matrix resin is a styrene-isoprene-styrene
elastomer (Kraton® D1107). The woven fabric i1s a plain weave fabric of high
tenacity polyethylene yarns (375 denier yarns of Spectra® 1000 fiber from
Honeywell International Inc.). The resin pick up Is about 16 weight percent,

based on the total weight of the coated fabric.

When samples are tested as in Example 1, similar results are noted.

The process of the present invention Is In contrast to current
manufacturing processes wherein unidirectional tapes are produced mainly by
using a substrate for providing the cross-directional strength during
processing, for keeping the resin with the unidirectional fibers and for keeping
the integrity of the unidirectional fibers during winding. In such method, the
substrate I1s subsequently discarded and not used as an integral part of the
finished product. This invention employs a second fabric in the form of a
multi-directionally oriented fabric, such as a ballistic textile product, which has
some level of cross-directional strength, to replace the discarded substrate
with a product that will provide ballistic properties for the finished article. The
product of this invention can be produced by a process which reduces the
cost of manufacture of the material and the product has acceptable If not

improved ballistic performance.
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With this invention it i1s possible to reduce the amount of resin in the
composite structure, which can result in higher ballistic performance per unit
weight of the ballistic structure, such as a vest. The cost of the composite
material can be lower and the number of layers required to produce armor

products and the like can also be reduced.

Having thus described the invention in rather full detail, it will be
understood that such detail need not be strictly adhered to but that further
changes and modifications may suggest themselves to one skilled in the art,

all falling within the scope of the invention as defined by the subjoined claims.
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CLAIMS

What is claimed is:

1. A multilayered composite fabric, said composite fabric comprising:

(a) a first fabric comprising non-woven unidirectionally oriented fibers in a first
resin matrix, said fibers comprising high tenacity fibers, said first fabric

comprising first and second surfaces; and

(b) a second fabric comprising multi-directionally oriented fibers optionally in a
second resin matrix, said second fabric comprising high tenacity fibers, said
second fabric having first and second surfaces, said first surface of said
second fabric being bonded to said second surface of said first fabric thereby

forming said composite fabric.

2. The composite fabric of claim 1 wherein said second fabric comprises a
fabric selected from the group consisting of woven fabrics, knitted fabrics,

braided fabrics, felted fabrics, and paper fabrics.

3. The composite fabric of claim 1 wherein said first and second fabrics are

bonded at least by the resin of said first resin matrix.

4. The composite fabric of claim 1 wherein said first and second fabrics are
bonded by the resins of said first resin matrix and said second resin matrix,
and the resins In said first resin matrix and said second resin matrix are

chemically the same.

5. The composite fabric of claim 1 wherein said high tenacity fibers of said
first fabric and said second fabric are selected from the group consisting of
polyolefin fibers, aramid fibers, polybenzazole fibers, polyvinyl alcohol fibers,

polyacrylonitrile fibers, liquid crystal copolyester fibers, polyamide fibers,
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polyester fibers, glass fibers, graphite fibers, carbon fibers, basalt or other

mineral fibers, rigid rod polymer fibers, and blends thereof.

6. The composite fabric of claim 1 wherein said high tenacity fibers of said
first fabric and of said second fabric are selected from the group consisting of
high tenacity polyethylene fibers, aramid fibers, PBO fibers, graphite fibers,

and blends thereof.

7. The composite fabric of claim 1 wherein said high tenacity fibers of said
first fabric and said second fabric comprise high tenacity polyethylene fibers

and/or aramid fibers.

3. The composite fabric of claim 7 wherein said high tenacity fibers of said
first fabric are chemically the same as the high tenacity fibers of said second

fabric.

9. The composite fabric of claim 1 wherein said second fabric Is In the form of

a woven fabric.

10. The composite fabric of claim 1 wherein said high tenacity fibers of said
first fabric comprise aramid fibers and said high tenacity fibers of said second

fabric comprise aramid fibers.

11. The composite fabric of claim 10 wherein said second fabric is in the form

of a woven fabric.

12. The composite fabric of claim 1 further comprising a third fabric, said third
fabric comprising non-woven unidirectionally oriented high tenacity fibers in a
third resin matrix, said third fabric having first and second surfaces, said first
surface of said third fabric being bonded to said second surface of said
second fabric whereby second fabric i1s disposed between said first fabric and
said third fabric.
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13. The composite fabric of claim 1 further comprising third and fourth fabrics,
said third fabric comprising multi-directionally oriented high tenacity fibers
optionally in a third resin matrix, said third fabric having first and second
surfaces, said first surface of said third fabric being bonded to said second
surface of said second fabric, said fourth fabric comprising non-woven
unidirectionally oriented high tenacity fibers in a fourth resin matrix, said fourth
fabric having first and second surfaces, said first surface of said fourth fabric

being bonded to said second surface of said third fabric.

14. The composite fabric of claim 1 further comprising a third fabric
comprising multi-directionally oriented high tenacity fibers optionally in a third
resin matrix, said third fabric having first and second surfaces, said first
surface of said third fabric being bonded to said first surface of said first fabric
whereby first fabric is disposed between said second fabric and said third

fabric.

15. The composite of claim 1 further comprising third and fourth fabrics, said
third fabric comprising non-woven unidirectionally oriented high tenacity fibers
In a third resin matrix, said third fabric having first and second surfaces, said
first surface of said third fabric being bonded to said second surface of said
second fabric, said fourth fabric comprising multi-directionally oriented high
tenacity fibers optionally in a fourth resin matrix, said fourth fabric having first
and second surfaces, said first surface of said fourth fabric being bonded to

sald second surface of said third fabric.

16. The composite fabric of claim 1 further comprising at least one plastic film

attached to at least one of said first and second fabrics.

17. A ballistic article comprising the multilayered composite fabric of claim 1.

18. In a method of forming a composite fabric structure from high tenacity

fibers, the improvement comprising:

(a) forming a first fabric comprising non-woven unidirectionally oriented
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fibers, said fibers comprising high tenacity fibers;

(b) supporting said first fabric with a second fabric comprising multi-

directionally oriented fibers, said second fabric comprising high tenacity fibers;

(c) coating a first matrix resin onto said first fabric either before, after or while
sald first fabric Is supported by said second fabric, such that said resin matrix

extends from said first fabric and at least into saild second fabric, and

(d) consolidating said first fabric and said second fabric into a composite
fabric such that said first fabric and said second fabric are bonded together by
means of said resin matrix, whereby said second fabric becomes an integral

part of saild composite fabric.

19. The method of claim 18 wherein said second fabric comprises a woven

fabric.

20. The method of claim 19 wherein said high tenacity fibers of said first
fabric and of said second fabric comprise high tenacity polyethylene fibers

and/or aramid fibers.

21. A method of forming a composite fabric structure, saild method

comprising:

(a) supplying a first fabric comprising non-woven unidirectionally oriented
fibers In a first resin matrix, said fibers comprising high tenacity fibers, said

first fabric comprising first and second surfaces;

(b) supplying a second fabric comprising multi-directionally oriented fibers
optionally in a second resin matrix, said second fabric comprising high

tenacity fibers, said second fabric having first and second surfaces; and

(c) bonding said first surface of said second fabric to said second surface of

said first fabric to thereby form said composite fabric.
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22. The method of claim 21 wherein said second fabric comprises a woven

fabric.

23. The method of claim 21 wherein said high tenacity fibers of said first
fabric and of said second fabric comprise high tenacity polyethylene fibers

and/or aramid fibers.
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