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polyethylene fibers and aramid fibers. Body armor, such as bullet-resistant vests, may

be formed from rigid composites and/or flexible composites.

20 Rigid body armor provides good ballistic resistance, but is also very stiff
and relatively bulky. As a result, in general, rigid body armor garments (e.g., vests)
are usually less comfortable to wear than flexible body armor garments. Rigid body
armor is also referred to as “hard” armor, which has been defined in the art (see, for
example, U.S. Patent 5,690,526) to mean an article, such as a helmet or panels for

25 military vehicles, which has sufficient mechanical strength so that it maintains
structural rigidity when subjected to a significant amount of stress and is capable of
being free-standing without collapsing. In contrast to such rigid or hard armor, is
flexible of “soft” armor which does not have the attributes associated with the hard
armor previously mentioned. Although flexible body armor based on high tenacity

30 fibers has excellent service experience, its resistance to pick-up of water and other
liquids may be less than desired, depending on the type of fibers present. That is,
such armor tends to pick up more water (or other liquid) than desired after being

brought in contact with or submersed in water (or the other liquid).
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layers, the fibrous layers comprising a network of high tenacity fibers selected from

the group consisting of aramid fibers, extended chain polyethylene fibers, rigid rod
fibers and blends thereof, the fibers being in a matrix comprising a thermoplastic

20  polyurethane resin.

Also in accordance with this invention, there is provided a flexible ballistic
resistant composite material that has improved resistance to pick-up of water and
other liquids, the composite material comprising a plurality of non-woven fibrous

25  layers, the fibrous layers comprising a network of high tenacity fibers selected from
the group consisting of aramid fibers, extended chain polyethylene fibers, rigid rod
fibers and blends thereof, the fibers being in a matrix comprising a thermoplastic
polyurefhane resin, at least two adjacent fiber layers being oriented in a cross-ply
arraﬁgement with respect to each other.

30

Further in accordance with this invention, there is provided a flexible
ballistic resistant armor that has improved resistance to pick-up of water and other
liquids, comprising at least one flexible composite material, the composite material

comprising a plurality of non-woven fibrous layers, the fibrous layers comprising a
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pol yet hyl @ie2607/06f89 rigid rod fibers and bl ends thereof, pthastoobesas: bei ng
in a mtrix conprising a thernoplastic polyurethane resin. 5 Additionally,
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ext ended chai n pol yethyl ene fibers, rigid rod fibers and bl ends thereof
coating the second fibrous |ayer mnth a thernoplastic pol yurethane resin;

and consol i dating t fhgjsf 1hJe%¥1oﬁﬁﬂth’éfo‘30flae§ Aﬂfeﬁié& f&@ﬂi@ﬁﬁnhﬁctfuﬁr&‘?@ﬂex‘?ﬂgpos' te
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aramid fibers, extended chain polyethylene fibers, rigid rod fibers and blends thereof;
coating the first fibrous layer with a thermoplastic polyurethane resin; providing a
20  second non-woven fibrous layer comprising a network of high tenacity fibers selected
from the group consisting of aramid fibers, extended chain polyethylene fibers, rigid
rod fibers and blends thereof, coating the second fibrous layer with a thermoplastic
polyurethane resin; and consolidating the first and second fibrous layers to form a
composite material.
25
This invention also provides a method of improving the resistance to pick-up
of water and other liquids of a flexible ballistic resistant composite material, the
composite material comprising a plurality of non-woven fibrous layers, the fibrous
layers comprising a network of high tenacity fibers, the method comprising coating
30  the network of high tenacity fibers with a thermoplastic polyurethane resin such that
the resin forms a matrix for said fibers, and wherein the fibers are selected from the
group consisting of aramid fibers, extended .chain polyethylene fibers, rigid rod fibers
and blends thereof. |
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The present invention provides a composite material which is flexible and

has improved resistance to liquid pick-up while retaining its desirable ballistic
resistant properties. Likewise, the present invention provides flexible armor, such as
20  body armor, which has improved resistance to liquid pick-up while also retaining its
desirable ballistic resistant properties and comfort. The composite material and armor

made therefrom can be made on existing equipment in a cost-effective manner.

BRIEF DESCRIPTION OF THE DRAWINGS
25
Fig. 1 is a graph of weight gain versus water submersion time for single

-composite materials, including those of the invention.

Fig. 2 is a graph of weight gain versus water submersion time for 11 layers

30  of composite materials, including those of the invention.
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body the length d1mens1on of which is much greater that the transverse dimensions of

width and thickness.  Accordingly, the term fiber includes monofilament,
multifilament, ribbon, strip, staple and other forms of chopped, cut or discontinuous
20 fiber and the like having regular or irregular cross-section. The term “fiber” includes
a plurality of any of the foregoing or a combination thereof. A yamn is a continuous

strand comprised of many fibers or filaments.

The cross-sections of fibers useful in this invention may vary widely. They
25 may be circular, flat or oblong in cross-section. They also may 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 filament. It is particularly
preferred that the fibers be of substantially circular, flat or oblong cross-section, most
preferably that the fibers be of substantially circular cross-section.
30
As used herein, the term “high tenacity fibers” means fibers which have
tenacity equal to or greater than about 7 g/d. These fibers preferably 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. Preferred fibers are those having a tenacity equal to or
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20 The yarns and fabrics of the invention may be comprised of one or more
different high strength fibers. The yams may be in essentially parallel alignment, or
the yarns may be twisted, over-wrapped or entangled.

High strength fibers useful in the yams and fabrics of the invention are
25 highly oriented high molecular weight high modulus polyethylene fibers (also known
as extended chain polyethylene), aramid fibers, and rigid rod polymers. Blends of

two or more different fibers may also be utilized. Most preferred are aramid fibers.

The fibers may be of any suitable denier, such as, for example, about 50 to
30  about 3000 denier, more preferably from about 200 to about 3000 denier, still more
preferably from about 650 to about 1500 denier, and most preferably from about 800

to about 1300 denier. |
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20
High tenacity polyethylene fibers useful herein are sold under the
trademark SPECTRA® by Honeywell International Inc. of Morristown, New Jersey,
USA.
25 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 fibers is 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
30 measured by an Instron tensile testing machine, is 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
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by an | nst romqlmubirlvemglésml)m@lyrmmfrwpuu ISSOFQOQJ‘ shaab oyge anilliop zand advlgnmmwoo

g/d, nore preferabl t about 500

Peast apout " TG0 He A e R e SRl SRd g eng noli b O B SoBEETIe Theoe
hi ghest val uasghi)oéndntadtpoayeﬂtmlﬂlﬁneﬂmﬂluddxﬁf these niaGnialsi }taye &reaugmansabﬂ y
obtai nabl e only hy enpl oying sol ution grown

Many of tHe oph?{@H{EGnt&\F@ 376 highetoi Hus, arﬁl’@hb‘PgFFFSd ln%%%o%%a 397780
PCT/ US2006/ 0331 54 tallpke CithiioMEindhighil Y51ANhE e o Wt ind SFlaiafls DO

one mllion and about two mllion l'ectl ar wei ght generally have nelting
poi nts in theoparkd tofthg BEK polbtmer. hi ghly ori ented pol yet hyl ene fil anents
made of these materials have nelting points of 5 fromabout 7C to about 13C
hi gher. Thus, a slight increase in nelting point reflects the crystalline
perfection and hi ghdn thbyeetsal off aranfid | fbernt suithblef fibdie foimalndions aasmaticonpar ed

to the bul k poI In, t of ara fiLber sui .t abl e ers formed
from ar orft i BOlYAR! ﬁ)FV&ﬂ?ﬁ‘H&g @%é’éh H%égﬂ 54%“%“’@31‘“"0@5’”%& Befi mby

which is i ”C%f%ﬁ&ttﬁ%@&&&it%p%coﬁsﬁt&ﬁ ﬁ&@@ltﬁ OplcRGreddiifid fiRls WIILRAE St ent
herewith. Preferred aramd fibers wll have a tenacity of at |east about

20 g/ d, an i tenadity oftasrleast abawddQig/d aoflmapl tensile tmodubistof a0 deagy aboutiARD a/d
ener gy-t o-br J4 rti I r ramd
Freroy o b o BT RE b E0EL B o Sl e

ener gy- t o- br edlkhafe aatndcitaof atdaztiibo02(Lf/d and)an edesdy-torteéak ofed leaﬂahwt 20i bers
w |l have a ten

| east _about. 23 g/d ast about
500 g/ d dhd H& ef—tgrgre{ﬂse%ra ﬁofibea% erbﬁg%egaaffam*tysgfp eﬂgast r—ﬂgPut
pol y( p- phenyhRagué 6f fREdsDARIEESE/dfahd ATBHRkESy-16tHrédk JTaY RastBeELH0S g/ ﬂ‘urgh

nodul i and tenaC|ty val ues are particularly useful in formng ballistic

resi stant cexappdet pﬂkmr@steapbthﬂmrdshmaymnmmch heye modpratelyhigbh has a
deni er of 1091(3{1 lqugl &ﬁ{cétﬁxméseﬁre%ﬁuéﬁ&ﬂfﬁgéﬂl a0 f¥if vARRGeQRsigth g and 22

g/ d and Kevl ar
composites. Examples are Twaron® T2000 from Teijin which has a denier of 1000.

20  Other examples are Kevlar® 29 which has 500 g/d and 22 g/d and Kevlar® 49 which
has 1000.g/d and 22 g/d as values of initial tensile modulus and tenacity, respectively,
both available from du Pont. 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

25  isophthalamide) fibers produced commercially by du Pont under the trade name

Nomex®.

Rigid rod fibers are disclosed, for example, in U.S. Pat. Nos. 5,674,969,
5,939,553, 5, 945,537 and 6,040,478, the disclosures of which are incorporated herein
30 by reference to the extent not inconsistent herewith. Such fibers are available under

the designation M5® fibers from Magellan Systems International.

The high strength fabric is in the form of a non-woven fabric, such as plies

of uniditectionally oriented fibers, or fibers which are felted in a random orientation



has 1000.g/d and 22 g/d as values of initial tensile nodulus and tenacity,
respectively, both available fromdu Pont. Copol yners of pol y(p-phenyl ene
t er epht halypghgiR)ooty al so be used, such as co-pol y(p- pheprlrARB006/033151

t erepht hal am de 3, 4" oxydi phenyl ene terephthalam de). Al so useful in the
practice of this invention are poly(m phenylene 25 isophthal am de) fibers
produced conusidizédiohylyborichteddibets typieflly Hahe ohe A of fibers whidheok¢ents ifdngi d 1 od
fibers are disclosed, for exanple, in US. Pat. Nos. 5,6 674,969 tﬁg 939, 553,
5, 945,537 afiectiopapd a second flayeripkfibess which extendstip aydirgetion 308 Sopbtha (®arsher ei n
30 by ref er efiC@e RstNRr OWheE HROhdiVNGA e bR NnidifcA¥Mall-orteHfed fileRSE ar e
avai l abl e under the ‘designation M(r) fTibers from Magell an Systens

| nt er nat i Hnasuccesse plighare preferghly ratated redativs to enetdnothen fon examaplerad Anglesadn
fabric, such o Rl hé5co/gRb bditectionally oriented fibers, or fibers which
are fol ted i A% %P]"E%Sn{@/ﬁ%‘m g% |Lto°§ﬁé‘§“%'2007/ 097780 PCTI US2006/ 033151
unidirectionally oriented fibers typically have one | ayer of fibers which
extends in one di rﬁction and a second.l a of fibers which extends in a

s er S,
direction 90 from t Ke'SfapEsruent jo Ccharagterize; Feﬁﬁ%‘?‘?“’%@?é‘“’t FHREIRATHE PRSI plies

are uni di r ecinvéttnlby thé peithétfles dfRRE fibers."One SuchUaREHIS hr¥dhgBinkMSs @ fBrous
preferably rotated rel ative to one another, for exanple at angles of 0/90

or 0/ 45/ 90/ 4Bye Brwhich dhenBbers Aty aligned parpllel do ope Anether aleng: pgemEAs fibes t he
geomet ri es Oéiretcﬁﬁn frefthies td % %i&iltégﬁ% alty s QEibPryneN?&k@)e A essive {ﬁg&st he
sturta [ | [ayer 1n

fibers. One suc e arrangenen rous 10 Ich the
fibers are abfi giohdinjdireatibmallytabigned: fiberotche be ablated witlc oespeat tbithe prediquect i on

(referred to, as "unj directionall fgned fiber network"). .Sucgessive
ayer s of - SBuR: ExiabB HedHRanS SHa GhiboRmRASHE St oS (Pt hitds W BEr espect
to the previges dire@ioh of the Ghiiradtional fitees éﬂéaepuwoﬂmg& Bfatdd Witk afEp&ti te are
cross-plied, that is, with the fiber direction of the unidirectional

fibers of5 ealetheBbexsirctionafithe wnidirestional fibers of the adjagant layersh Ay gxgaypledb r ect i on

of the unidi i - fil 0 eqad] Al egbgea five
| ayer arti clﬁreﬁ‘\i/let 1ta gé}ta"ktéélésg@é?lcﬁ sfeféﬁaf tc?{f}q’f %Eﬁh"daﬁ%ﬂa??rtsﬁ&fggegg ’ F4 oslto’;gtoed +45,
-45, 90 ancand ORiwith regseptetot the dirdt hayef. iA piefdnayd @xample pucdddes twal layespitiea

I ncludes t V\D0°}9%y?ary§1 .Wl§ugh Fotated unidirectional alignments are described, for example, in

U.S. Pat. Nos. 4,457,985; 4,748,064, 4,916,000, 4,403,012; 4,623,574, and 4,737,402.

20
In general, the fibrous layers of the invention are preferably formed by
constructing a fiber network initially and then coating the network with the matrix
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
25  matrix composition surrounding the fibers or a discontinuous layer of the matrix
composition on the surfaced of the fibers. In the formed case, it can be said that the
fibers are fully embedded in the matrix composition. The terms coating and
impregnating are interchangeably used herein. The fiber networks can be constructed
via a variety of methods. In the preferred case of unidirectionally aligned fiber
30 networks, yarn bundles of the high tenacity filaments are supplied from a creel and
led through guides and one or more spreader bars into a collimating comb prior to
coating with the matrix material. The collimating comb aligns the filaments

coplanarly and in a substantially unidirectional fashion.



0/90 layup. Such rotated unidirectional alignnents are described, for
exanple, in U S. Pat. Nos. 4,457,6985; 4,748,064; 4,916, 000; 4,403,012
4,623, 574wensh7/497780, 402. 20 In general, the fibrous | aypcsusboosiossisi
invention are preferably formed by constructing a fiber network initially
and then coating the network with the matrix conposition. As used herein,
the term "coati ngThé snatlswldof this itventish fehrles imitidbs formlivgg the fibdyemetwerkwor k

wherein the |ndividual, fibers either haye a,continyous |ayer of the 25
matri x compoVes é’ﬁ&u?al’lryo‘b Haidigetional retyarksasodescribgd BH?’iarPBé'ﬁ%g Fa??@'F’%f t he

matrix conpagpdrsion of RmfulkforSof fhe GRANL tohp&sitidnDsHiS thel fibdrhiRel ik M Cange, it -

can be said that the fibers are fully enbedded in the matrix conposition.
The t er ms5 cothen ndjyimgdthe mpirxcpeatefl ndbes rnetwark daydian dbalsolutioae dispespien rer The

fi ber networ ks, £an ipﬁaﬁwgﬁl raucaéﬁgoys \é%yﬁti@n éﬁﬁggpug%hdﬁ%trbﬁﬂ%mb@nh De

preferred case of unidirection I gne net wor'ks, yant bundl es
of the high spazdidno fhelfdaments Alternstinely, ithdfihment structueeinapibe coated withr ough

ui des and ope or nor reader ..bars into ollimting co rfor.to
Joat 1 g wi t U EUSREE Py B iR Ton Shranuiin P PPiG E bdreant Gha B hEH anent s
copl anarly agdthenike. SNﬁ@ﬂcﬁﬁﬁi(ljé}'thé’cé&fédjﬁlﬁt@ﬁé ia9&radhay afehi tepasSedirod@R 40097780
PCT/ US2006/ 033151 The nmethod of this invention includes initially form ng
the fi berl0ne®Vdrfor dayieg in pyhieke thepeapted fiher dieteask ilaysr (PRl Isksubiscisdder i bed

above, “appl ygﬂﬂci@rltsﬂ&\?{oi é?zgporat‘éitﬁé’%ﬁ{ Wm@%ﬁ?k@ﬁﬁitﬁk g c‘Eﬁtteﬂg?ﬁrous

conposition onto the ti1ber network layer, en drying t
mat r i Xx- coat enetivotkemapethew bk plasedron Fhvarreolwebi ovhichkdcapbe si papeprorentilrsi on i s

pref erably an eous, sal ution. of the pol yurethane resin ich . be
sprayed ont os‘ibﬁtga%f’i(’lrzrﬁeﬁ?c& may P‘é?%lg{i’le\}’gﬁcf/‘?/o‘l hearpen %%e%(fo@tc\ﬁ%ﬂgu‘?"g’ﬂ t}f}gy be
coated W th mhfig rRGHEOTIE subbtthtd @it thdi coRIigdated ufitape 'odh Thewbdwolhndfiitdrg or by
means of a roll coater. or the like. After coating, the coated fibrous

| ayer may’ t heqntipeousaeld ;e Kngaygangh 10 oven for drying in which the coated
fi ber network layer (unitape) is subjected to sufficient heat to evaporate

the water in the matrix conposition. The coated fibrous network may then
be placed on a cdFfhei emmsolaiatedwimitabe cam bbeutingadiseretsr shgets iandnlaid up into a

stack for formation into the end use composite. As mentioned previously, the most
preferred composite is one wherein the fiber network of each layer is unidirectionally
20 aligned and oriented so that the fiber directions in successive layers are in a 0°/90°

orientation.

The fibers in each adjacent layer may be the same or different, although it
is preferred that the fibers in each two adjacent layers of the composite be the same.
25
The resin matrix for the fibers in the fibrous layers is a thermoplastic
polyurethane resin. The polyurethane resin may be a homopolymer or copolymer,
and blends of one or more of these resins may also be employed herein. Such resins
are known in the art and are commercially available. Preferably, such resins are
30 provided in an aqueous system for ease of use. These resins are typically available as
aqueous solutions, dispersions or emulsions, in which the solids component may
range from about 20 to about 80 percent by .weight, more preferably from about 40 to
about 60 percent by weight, with the remaining weight being water. Conventional

additives, such as fillers and the like, may be included in the resin composition.
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substrate, or the fibers may initially be placed on a carrier web before
coating with the matrix resin. The substrate and the consolidated unitape
can then meorvepd7ismto a 15 continuous roll in a known nrRQUAIS2006/083151
consol idated unitape can be cut into discrete sheets and laid up into a
stack for formation into the end use conposite. As nentioned previously,
the nost preferred Tdempepition dfsheresinwmatrie materinktoffibisem mepmpwteﬂayeach

| ayer is uni ori t

i tecti ons i frab b SR derklafte hBRE e o e SNSRI oL BB, < 1
each adj acenbasisapedferably forns ztheusalmahwt 40 péreere by weiglitheughpreferablystromef er r ed
that the fibers |{)1 a]b(p %ﬁo cent, | ayers of t co osLte be t he sane.
25 The redi nabpyt 19 o phgut é’efcie YsWeight, pnd mpsmsefe P]é’ygprg aputd S{IR@PApI asti ¢
pol yur et hanezgsé.bghtb}'hﬁn | of h @ domipRsifelgyer. MRY be a honopol yner or

copol ymer, and bl ends of one or nore of” these resins may al so be enpl oyed

herein. Such resins are known in the art and are comercially avail abl e.

Preferably, such r e%'hg%oﬁﬁgsxﬁ%a%r%\ﬂ gtetg}s 1{.x'vc?lﬁm"i1 %lé%'oﬁ'x t flI?JlVlﬁﬁ)aﬁe of

use. These resins are avai e as ous o) |on
di spersi ons hmisaeubgi mohdaung\,humhr tHeat aadi ptassaacrmnbnas, nby exlamnp@e dtrom

about 20 to about 80 perce |y from abo 40 to
Shout 20 Whor CERETBIFeS BRGRE MRy Suout Fastorbath 260 oE Eogy "Ly PG Wer o from

Convent i onal apeaeflitd hﬁfﬁx%%@e\o% 9% fl?iS' 1€a$ aitfor bk ifne dfifFom BBVt P90 Bt Bded in
the resin conposition 2007/ 097780 PCT/ US2006/ 033151 The proportion

of the resinmimasi x material to fiber in the conposite layers may vary
wi del y dependi ng upon the end use. The pol yurethane resin, on a solids
basis, preferably fornms about | to about 40 percent by weight, nore
preferably from 5 dheuntimbér dfdaydpoin thdGomppssite niatérial depeptis on drechantixsilar

Payer. THE cOser tdosaperRLbooth compelies dnIed Fotag D LI JBE T YO
i ndi vi dual ArdBriBAed 0Y° GRATpEctab icBch sthétemd ¢ badrdcdsSIRfatEdantoSH Ghglas, for
exanpl e, at
structure. In an alternate embodiment, the composite may be formed from two sets of
such single structures, such that a total of four layers of fibers are employed; in this
case, two of the two-ply consolidated structures are consolidated with one another.
20
The number of layers of composite used in articles formed therefrom vary
depending upon the ultimate use of the article. Preferably, the composites of this
invention form the outer facing layers of the body armor, such as a vest, but
alternatively they may form the inner layers. For example, in body armor vests for
25 military applications, in order to achieve a desired 1.0 pound per square foot areal
density (4.9 kg/m?), in one typical construction there may be 22 layers. Not all of
these need be formed from the composites of this invention. For example, a vest may
be formed from 11 layers of the t§vo—layer structure that has been consolidated
together in a 90° orientation, which 11 layers need not be bonded to each other. In
30  such an embodiment, there may be 11 additional layers used to form the bottom layers
of the vest material; these layers may be woven, knitted or non-woven fabrics and

preferably also formed from high tenacity fibers, and more preferably formed from

the same group of fibers as are in the non-woven layers.
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10 tenperatures ranging fromabout 75 to about 260 F (24 to 127 C),
pressures of fromabout 1 to about 250 psi (6.9 to 1725 kPa) and for a tine
of from alvworow/®sabout 30 m nutes. The nunber of | ayer BCInUSké0s/08318poOSi t e
materi al depends on the particular 15 end use. Mst preferably, each
conposite is formed fromtwo fibrous |ayers which are oriented 90 with
respect to emehhayshepumber ofalerery based oo theoNatinnebinstitytepofalusticeg(N)) Threaict ur e.
In an altern e i t i Y, i s of
such s, ngt ¢ CEFlict reeb for sHRF PHRATAR [TRaRC ulefl SR okl BEY I A2

enpl oyed; i nlayénss Ascabsee, ronall ddyetshreed be forimed dons tiei cdatpesitesatenslofabis ar e

consol i dated. with one anot her,., 20 The er of |ayers,af c osite used in
arti ol es 1 or IERtoReRB A IS YT A 1 GEORAY R ETER FRTEOERRBIE ho
article. PrepmgfeAll ¥ thisthvemitn)ahd e BéttdmDi1$ layersy fiay | lRNfonAEdNfioRE wousR
facing |layers of the body arnor, such as a vest, but alternatively they

may form t heknifigdepr pagayoyen fabrics, andpeeferably 196 9lsa rfapned, Soms high tepasity | i t ary
applicationsg| I iare, ) I ot areal
donsi (' (4. oPEaP B e PGt A AEE et SRR AL HIRLS 180 o

Not all of whendayeredFdrea foorendd Threanhliehd, therepoay beemploytdfesver tayemstof on. For
exanpl e, .a vest n@% ag%iiorrred from1ll | ayers of the two-layer structure

that has'beeli® HMEBMAAY together in a 90 orientation, which | 1 |ayers
need not be bonded to each other. In 30 such an enbodi nent, there may be 11

additional layers used to formthe hottomlayers of the vgost mat eri al ;
these |ayers may bel@RFesmbadimentof thig myepiic mpF Yests At dormsd drogy 3| y

al so formed émlglrrghbghﬁe%a&fi m&klws&eﬁ, c@rﬂ,gosﬁplrt%nﬂé@ff?&@barymfdomﬂ figom the

sanme group O bers as are in the non-woven |ayers. 11 WO 2007/ 0b7780
PCTI US2006/ 0@@bidationayithranplarality) afrlagers of a composite pzateral dormed draxina iveoven

Institute of Justice (N Threat, .Level . For exampl.e. .for an N J Threat
Lovel |1 T vaRtie afilc (ol By S5t ke 3k mpigma BT RUSE o' @omplast [ O o
| ayers need puyirethafededinom t he conposite material of this 5 invention. In
such enbodi nent, the top 11 layers may be forned fromthe conposite
As noted above, the high tenacity fibers of each layer are coated with the
matrix composition and then . the matrix composition/fibers combination is
20 consolidated. By "consolidating" is meant that the matrix material and the fibrous
layer are combined into a single unitary layer. Consolidation can occur via drying,

cooling, heating, pressure or a combination thereof,

One or more plastic films can be included in the composite to permit
25  different composite layers to slide over each other for ease of forming into a body
shape and ease of wearing. These plastic films may typically be adhered to one or
both surfaces of each composite. Any suitable plastic film may be employed, such as
films made of polyolefins. Examples of such films are linear low density
polyethylene (LLDPE) films, ultrahigh molecular weight polyethylene (UHMWPE)
30 films, polyester films, nylon films, polycarbonate films and the like. These films may
be of any desirable thickness. Typical thicknesses range from about 0.1 to about 1.2
mils (2.5 to 30 pm), more preferably from about 0.2 to about 1 mil (5 to 25 pm), and
most preferably from about 0.3 to about 0.5 mils (7.5 to 12.5 pm). Most preferred

are films of LLDPE.
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material of this invention, and the bottom 11 | ayers may be forned from
woven, knitted or non-woven fabrics, and preferably are also fornmed from
hi gh t enaavdoo7foolros, and nore preferably forned from t hecTaro@rossz of
fibers as are in the non- woven layers. For a lower NIJ Threat Level, there
may be enpl oyed fewer |ayers of |0 the various materials. In one

enbodi nent of this |Vimmm|con$tnmod)s ae rknowwémtﬁbmenfomedmnfm@msalse@hmral ity

of | ayers of 0 d fromara

conbi nati on WPW?énE%ﬂﬁléP‘f fir;% gv se c""“r?ﬁ'b?q‘?l%}'g&ﬁlgldeigmfsﬁg& from
a woven 15 akésistshct abr penetritisn by?lﬁlnélﬁeﬁbeﬂotﬁg& Rbrnhprajeatiles | sachraak etnillats, ot her
than a thernopl astic_  pol yurethane resin ot ed above,_the hi gh tenacity

fibers of Seaéhrapng)apd fragmenta: and thy fike.r Far exsmple, Unitedrdtdest Batents0d08.3%h. ¢ he
matrix conpogtiPad 6REH, COMY %@t BqN 4,677,029, 6XRI0IALBY,; zoi@g 5,471,906;

"consol i dating® 1's neant fhat mat ri'x material “and the’ rous’ | ayer are
conbi ned i nt 6,3308R6,g15%196:852ar §,19680; . 5.C8NH62H; i 8.483,695;c &l 7608%r Vied,&byi ng,

cool i ng, heati r r stic
s can bositaePEled i B LEVE00T: S0bLSD:, npbeS E%B3dient SeMofS: <
layers to sl uge3quer 48p0i568% hET48,064; e43%87,402; fwmm«m i Bj681,a9p0dy650shape and
ease of wearin These plastic films y be adhered_to one or
bot h surflAce4:6 g? Sé% c"h-%gﬁ%s‘f 284,344, 4, 5§9139Ab$ éﬁ#&ét“i V18pmtfay-IBe il oyed,
such as fil u I I r | ow
density pol ﬁoggﬁgngﬁ((:fﬁ%%ﬂ%ﬁ{o?lrﬁg Wt?{%}lg@;ﬁ arrrlti)l gggggrﬁ\?}é?{:‘;ﬁn SER

pol yet hyl eneD(thdiHI\mDE)thIkalnﬂemtlom Sy’esnmledf‘mlgmwelgbﬂ Gompasitentlard Armor

pol ycar bonat i t he |.i.k ny | L bI e

t hi ckness. C&Tpaﬁilrgg'ﬁﬁglgs‘@b’ ?a?r?é@?ﬁi?f‘a‘g@’&{‘n?\éei‘a{ %&gf)lgﬁt’ 9s (2.5
to 30 m, rmbﬂhatoefe@rswm )éoﬁib@éﬂeabﬂuéh @hcRudee Chiglb @tténgth fiblers( matl® i Migh and
nost preferabIY fromabout 0.3 to about, 0.5 mls (7.5 to 12.5 gn). Most
pref erred’ aF’@eFPlaﬁﬁ'e@htn@mﬁEﬂeffzaW%éw 097780 PCT/ US2006/ 033151 Vari ous
constructions are known for fiber-reinforced conposites used in

In one embodiment of the invention, a vest or other body armor or other
article is formed in a conventional manner from a plurality of layers of the composite
material. These layers preferably are not laminated together but may be stitched

20 together to avoid slippage of the individual plies with respect to each other. For
example, the layers may be tack stitched at each comer. Alternatively, the layers may

be encased as a whole in a pocket or other covering.

As mentioned above, the composite material of this invention has
25  improved resistance to pick-up of water. It also has improved resistance to pick-up of

other liquids, such as gasoline, petroleum, oils and lubricants.

The flexible ballistic armor of this invention preferably is characterized in

having a V50 of at least about 1920 fps (585.6 mps) when impacted with a 16 grain

30  projectile, after the armor has been submersed in sea water for 24 hours at 70°F + 5°F
(21°C + 2.8 °C). The flexible ballistic armor of this invention is also preferably
characterized in retaining at least about 85%, more preferably at least about 90%, of _

its V50 performance after immersion in tap water at 70°F + 5°F (21°C £ 2.8 °C) for

20 hours, when impacted with a 17 grain fragment simulated projectile; under these
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i npact and ballistic resistant articles. These conposites display varying
degrees of resistance to penetration by high speed inpact fromprojectiles
such as byd &joSw97780 Shrapnel and fragnents, and the |ike. pEpiyseooai®iis
United States Patents 6,268,301 131, 6,248,676 Bl, 6,219,842 Bl; 5,677,029,
5, 587, 230; 5,552,208; 5,471,906; 5, 330,820; 5,196, 252; 5,190, 802;

5,187, 023; SpdiGnord Uran abodt’ 099 2hd n'i’orég?evfe%ﬂﬁj/ nottmde thdiBiboub4 (08 Frohdhs dry
5,112,667, 5,061, 545; 5,006, 390; 4,953, 2347 4,916, 000; 4,883,700,
4,820,568; A4wewBt.064; 4,737,402; 4,737,401; 4,681,792; 4,650,710; to
4,623,574; 4,613,535; 4,584,347; 4,563,392; 4,543, 286; 4,501, 856;
4,457,985; and 4,403,012; PCT Publication No. WD 91/12136; and a 1984
publicati en of E.MoreokerPothe HFexiblemballistid mimaomaifi dhisl inndion e ptefaratdyl is

"Li ght wei ght Conposi te Har.d. Arnpr n ar el stens wWith T-9 3300 dtex
DuPont  Kevl B eEze i fetadP'Pg&gEBE?‘i“gg“‘ 83%) R P%%@V?f It ‘5’8%@3/?’ %s whi ch
i ncl ude hi ghj${/5¢ perfdinianbe s fer MRARrsidOMghdlifle atl PP STU(AIPC W2 §PCE) for 4

pol yet hyl ene and aram ds. |In one enbodinent of the invention, a vest or

ot her body ahoHss, when smpasted with p 46 grainsprpisetled in a conventional nanner from
a plurality of layers of the conposite material. These | ayers preferably

are not |am nated together but nmay be stitched 20 together to avoid
sl i ppage 10f the i ndirfhe doBdwingi wom-livmiting rexampples ateo peeaatiedtdh ravidéoa maxranpl e,

the layers may he tack stitche t .each conpr. Alternatively, the |ayers
my be enca%%’é?q%fg ‘H“i%ﬁfﬁ“g“\gn °gt dREntig} omﬁffelsf’ec? 'e?‘?“&?ﬁ‘.quﬁé ??EH‘?PB%ed
above, the cpaRAss! &oF?«&iSﬁé ahd adpobtbd Jath R¥ETOrhO0 illastrate’ thel priciia@dof @ei st ance

to pick-up of water. al so has inproved resistance to pick-up of other
|i qui ds, sucinvensiogzase exeraplapeandshoyld nesi hesconstaned as limitingsthe ppeper ofethe bl e

ballistic ar i S 1.0 I i terized in having a
V50 of at Ie{z;aqg%mgbb&w p}&lfg&gggsér?%?e?h%g%%%%wﬁﬁggge@ed wth a 16 grain
30 projegiile, after the arnor has been subnersed in sea water for 24 hours
at 70F 5F (21C 2.8 C). The flexible ballistic arnor of this invention is
al so preferably characterized in rEXAMPGZSt | east about 85% nore
preferably at |east about 90% of i1ts V50 performance after imrersion in
tap water at 70F 5F (21Ct 2.8 C) f&xamplelyoyrs, when inpacted with a 17
grain fragnent sinmulated projectile; under these

A four-ply non-woven composite was formed from layers of aramid fiber

20 (Twaron® T2000 from Teijin, having a denier of 1000 and a tenacity of 26 g/d).
Unitapes of aramid fibers were prepared by passing the fibers from a creel and
through a combing station to form a unidirectional network. The fiber network was

then placed on a carrier web and the matrix resin is coated thereon. The matrix resin

was .a dispersion of a thermoplastic polyurethane resin (described by its manufacturer

25  as being a copolymer mix of polyurethane resins in water (40-60% resin), having a
-relative density of 1.05 g/cc at 23 °C and a viscosity of 40 cps at 23 °C). The coated
fiber network was then passed through an oven to evaporate the water in the
composition and was wound up on a roller, with the carrier web stripped therefrom, in
preparation for forming the composite material. The resulting structure contained 16

30 weight percent of the polyurethane resin. Two continuous rolls of unidirectional
fiber prepregs were prepared in this manner. Two such unitapes were cross-plied at

90° and consolidated under heat and pressure to create a laminate with two identical

aramid fiber laminae. Two such two-ply consolidated structures were then cross-plied

14



13 WO 2007/097780 PCTI US2006/ 033151 not nore than about 50% and nore
preferably not nore than about 40%fromits dry weight. 5 Mreover, the

fl exi bl e lyah haostobers@r nor of this invention preferably is pcinasasie®s31zed in
retaining at | east about 85% nore preferably at |east about 90% of its
V50 performance after i mersion in gasoline at 70F 5F (21C 2.8 C) for 4
hours, when iwssackpsly ardmith compésitgr Shmples of thistmdterial irfdashinmg f18Ix Bmn@5.7 x
non-limting aml es are presented to provi de a nore,. conpl et

Under st andi nd>drePOEETe R iRt iolloKinadeo plees bepie fidicated el symeles
materials, pLreRPstthe Asllowish HQRMIdsSFbrélthe 3arn@sizd A thdsantplés ih Bhmpleel. t he
principles of the invention are exenplary and should not be construed as
limting the scope of the invention. Al percentages are by weight, unless
otherwi se stated. 1 XaNR i | f U2 BhY O8Rs4RY S, ite was
formed fromlayers g?éar arﬁkgﬁflf Eé?gplﬁgn%%@grtgﬁ(ﬁ T5908° ro% {g‘f}mﬁ havi ng
a deni er of dHewdniaediasfdllemaciThg compasitegwak) immersedtiapesontdinesrodapdwaicbatr s wer e
prepared by passing the fihers frama creel .and hrqugh . a caonbi. station
to forma un??ﬂ“? ?6‘?&*’552% (z@?mzlr b ?q‘haé‘ inigpd ﬁ@? “12“%4% thfﬁgwpﬁflgeg&f on a
carrier web ﬂﬂﬁ% VéteicdTB! for X S filufesits deipadred Theewéght. of the weklcomposi@sway Was
.a dispersion of a thernopl astic pol yuret-hane resi ngsiges_cri bed by its

manuf act uPer compaied fethagolthe dpopramrrositeiodeggrming the wsight gainy ddiefesulty atgat er
(40-60% resi owrﬂﬂ‘ﬁiéﬂe géas-é)ruge?hge\{gd @I,ngi ty of 1.05 g/cc at 23 C and a
t .

viscosity of 40 cps e coate fiber network was then passed

t hrough an oven to evaporate the water in the conposition and was wound up
on aroller, with the carrier stripped therefro i reparatign for
formng the conposi EC%aiéequeﬁltg\ﬁ %W@ﬁﬁ‘?r’l‘b"?f?%@%%p%%t eﬁé%’"i 30

wei ght per ceRéurs)fandl fenReVeysofE for @ieduirftiondf thE\¥a-Hoaiesthuous rol |'s of

unidirectional fiber prepregs were prepared in this manner. Two such
uni t apes %ere cross-plied at

Example 2

Example 1 was repeated, except that each two-ply aramid composite was

first formed with a 0.35 mil (8.89 pm) linear low density polyethylene (LLDPE) film

20 on one surface. Two of these composites were consolidated in a press, with the
aramid layers facing each other. The result was a 4-ply aramid structure with

polyethylene films on each outer surface.

The water resistance of this four-ply composite was tested as in Example

25 1, and the results are also shown in Figure 1 (as curve labeled Ex. 2).

It can be seen that the weight gain for this structure is very minimal, being

about 10% after 24 hours. In addition, the weight gain levels off after about 12 hours.

30 ' Example 3

Example 1 was repeatéd using dnly the two ply unitape of aramid fibers.
The water resistance of the two-ply composite was tested as in Example 1, and the

results are also shown in Figure 1 (as curve labeled Ex. 3).

15



90 and consol i dated under heat and pressure to create a lamnate with two
identical aramd fiber |amnae. Two such two-ply consolidated structures
wer e t henww swsoplsed 14 WO 2007/ 097780 PCTI US2006103315ACTAI82006/038151 y

aram d conposite. Sanples of this material neasuring 18 x 18 in. (45.7 x

45.7 cnm) were used in the follow ng test. Unless otherw se i,n.dia;ate t he
test sanples in al Kt B0 befeet Bay BeMeiphbgainfrdhis SEpclure A very minal WIR | he

sanples in E%@g%h?génaéer %o‘ﬂ?sto?ﬁb&jt?b“ up resistance of the 4-ply conposite
structure was etermned as tollows. 49he conposite was imersed in a

container of tap water at roomtenperature (70F, 21C) for an indicated
tinme, aft‘%\’re whi ch the conpositegwas e v%rtti.c lly for 15 mnutes to drip
dry. The i ght of the wet conp red to that of the dry
conposite to determ ne the weight gain. The results are shown in Figure 1

(as curve | abel ed . 1). ]t can be seen that the weight gain increases to
about ‘52% after abggf‘a’ﬂz’lehi)d? §?p°%1tﬁ§ eArept that, thegregipsmgp \"g%a’éhf:laéfqnlfﬁ of the

24-hour t eSt(Kr&én@xﬁmﬁisgpr@féimeﬁe-i‘sp?ﬁﬁe bﬁ)@@%ﬁ‘di?'m@txmﬁbl&% ®aton t Wo- pl y
aram d conposite was first formed with a 0.35 m!l (8.89 m Iinear |ow
density pol yRalymereleC) | Timrmpount pfithe 2¢sinin theeompasitesvias 16%dbyoveighte Fach

conposi t 3 j ed. i -1 W i ac{ ng each
other . THe 1R FAAECaLAR ed oty in 005 WIS A Pk BY L DRESA 1D C
each outer s4iplydeminalhwasfiinaed bp sosbhdutiag owvo 2kply landnate(ayannidnip @amniid), was

tested as in | e 5 1, and the results_are so shown. in Figure 1 (as
curve | abel e‘ﬂ%@é‘)?}’!}'ﬁ&’?’le{}%r{ﬁﬂé Wt Qyler surfacesneil §h WA FFSBRCY H?E].“S.
structure i sspviefuve WadtddRl as ¥ ERSmpRAOHAd He%sits @fe Ao §HWNSIn Fi%nreddqag i on,
the weight gain levels off after about 12 hours. 30 Exanple Exampl e |

was repeat ecrufis labeleshEx. 4)he two ply unitape of aramid fibers.
15

It can be seen that this composite material shows an 80% weight gain after
about 2 hours, and the weight gain remains about the same throughout the 24-hour

test. As compared with Example 1, the weight gain is appreciably more.

20 Example 5 (Comparative)

Example 3 is repeated, except that the resin matrix was the same as in
Example 4. In addition, LLPDE films were attached on both sides of the two plies of
the aramid fabric layers. The water resistance of this two-ply structure was tested as

25  in Example 1, and the results are also shown in Figure 1 (as curve labeled Ex. 5).

It can be seen that this composite material shows a 60% increase in weight
gain after only about 1 hour, and the weight gain remains approximately the same for
the duration of the 24-hour test. As compared with Example 3, the weight gain is

30 appreciably more.

16



The water resistance of the two-ply conposite was tested as in Exanple 1,
and the results are also shown in Figure 1 (as curve |abeled Ex. 3). 15 WO
2007/ 0977800 peOT/0088006/ 033151 It can be seen that the wePGRUSRM6MA3FISE t his
structure is very mnimal, with a weight gain after 24 hours of about 20%
5 Exanple 4 (Conparative) Exanple 1 is repeated, except that the resin
matri x was an el astonmer (Kraton(r) D 107 isoprene-styrene-isoprene bl ock
copol yner avai | abl e 4 tigsnekdraglon11 B9bos 52 thd-four-ply ldbenpasieI 6f ERimplee weRi n in
the conposite was 16% by wei ght. Each 10 2-ply aram d | am nate was .

consol i dat edfermed togethenHagk stitehpdat gpcly ¢qrmrb¢n<{wtpé?stqsé for wright|gain #dfe was
formed by.co Lhdat d 1250l 1 ] ] it h the
pol yet hyl éneﬁsﬁﬂgqb‘h@ evtgultg%ér}péﬁrggg@e%%gﬁé\ﬂaﬁe@r {r}feass?@?ﬁﬂged ?)fft‘ﬂ"fl i S
struct ure wa$he esultscrexshowm ifEFigund 2 (a5 curvadabeled Exe@ul t s are al so shown in
Figure 1 (as «curve |labeled Ex. 4). 15 It can be seen that this conposite
mat eri al shows an 80% wei ght gain after about 2 hours, and the weight gain
remai ns about the sandntty siéghhattthe hRight ghiaUs abs 18 62% Afterc24Thaiie dwhich h
Exanple 1, the weight gain is appreciably nore. 20 Exanple 5 (Conparative)
Exanpl e 3 i stemayiedabept Bstafichde firglBovlesi n matrix was the sane as in
Exanple 49 In addition, LLPDE filnms were attached on both sides of the two
plies of the aramd fabric |layers. The water resistance of this two-ply
structure was tested as 25 in Exanpl Exampleitl t he results are also shown in
Figure 1 (as curve |abeled Ex. 5). It can be seen that this conposite
material shows a 60%increase in weight gain after only about 1 hour, and
the wei ght. gai n r enBkarfiplaBpweérs irépehatet ybut Rthsld riryeroof the Heurcply abmpositefof t he
;gp? ggir afﬂe;t ﬁ{ﬂArxqug igq'gé gtrducvt\{llrg rinals?a-aastrtrerc)il fce>r v%éigﬁthg%inmgl in rlllg(al%gien& 'and th?é(':'esults

15 are shown in Figure 2 (as curve labeled Ex. 7).

It can be seen that the weight gain for this structure is only about 19% at
the end of the 24-hour test.

20 Example 8

Example 6 was repeated, but with 11 layers of the two-ply composite of
Example 3. The structure was tested for weight gain as in Example 6, and the results

are shown in Figure 2 (as curve labeled Ex. 8).

25
It can be seen that the weight gain for this structure is about 40%, from the
beginning to the end of the test.
Example 9 (Comparative)
30

Example 6 was repeated, but with 11 layers of the four-ply composite of
Comparative Example 4. The structure was tested for weight gain as in Example 6,

and the results are shown in Figuré 2 (as curve labeled Ex. 9).
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WO 2007/ 097780 PCTI US2006/ 033151 In this exanple, 11 layers of the
four-ply conposite of Exanple | were fornmed together (tack stitched at each
comer) anWae0g/09Es8eed for weight gain as in 5 Exanpl e 1PCWUSR006/083151

11-1 ayer package allowed to drip dry for the sane period of tinme. The

results are shown in-Figure 2 (as curve |abeled Ex, 6). 1t can _be, seen that
t he wei ght géf“?f % ha‘Eféu?°W)8da§”ftEra 2’3‘8Hb&?‘§,°f\ﬂgf”éth62/§ d xﬁg’(?%ag‘ou’?ﬁ?’he sane
after the figatehOe webhHERIPLEVE SXRIRISle & 1 eReh h&d it trisigt A 11

| ayers of the four-ply conposite of Exanple 2. The sfructure was tested
for wei ght g&ompastivEmmpiePe 6, and the results 15 are shown in Figure 2
(as curve .l abeled Ex. 7). It can be seen that the weight gain for this
structure’is only about 19% at the end of the 24-hour test. 20 Exanple 8

Exanpl e 6 was repeated, but w tExanipled0¢Compirative) t wo- pl y conposite of
Exanple 3. The structure was tested for weight gain as in Exanple 6, and

the results are shown in Figure 2 (as curve |labeled Ex. 8). 25 It can be

seen that the wei ghtexg@mpR  Was tdpested thut Withl B TafersbO e rhd*ply icompoiiteeot
beginning to the end of the test. Exanple 9 (Conparative) 30 Exanple 6 was
repeat ed, bu€ompammtive Examgple §. oFherstructusuwvaspiested: fanpright @aigras ipdivgapletb.ve
Exanpl e T, 1"{_}@& r i i @S i n Exanple 6, and
t he resuﬁ? S %rﬁetﬁé ﬁéé%é‘%rﬁs |gul%gﬁéﬁgég&ccgw\éel%kg?ééo%x. 9). 17 WO

2007/ 097780 PCTI US2006/ 033151 after 24 hours, conpared with a weight gain

04 | '

of about 62%in Exaw)ga% bg 'seéeil that this composite material has a weight gain of about 72%
after 24 hours, compared with a weight gain of only about 40% for the two-ply
composite of Example 8. Also, whereas the weight gain curve of Example 8 is

15  essentially flat, it is rising in Comparative Example 10.

Examples 11 and 12

The ballistic characteristics of multiple layers (shoot pack) of the 4-ply composite

20 of Example 1 were determined before and after 20 hours of soaking in tap water at
70°F (21°C). The fragment was as specified by MIL-P-46593A (ORD), caliber = .22,

17 grain Fragment Simulating Projéctile (FSP). The test method followed the
guidelines of MIL-STD-662F. Several 17 grain FSP were fired on a shoot pack of 23
layers of the 4-ply laminate of Example 1, each measuring 18 x 18 inches (45.7 x 45.7

25  cm), which were stitched only at the comers to hold the layers together. The shoot
pack was clamped only at the top, and the lower part of the shoot pack was partially

restrained by 1.5 inch (3.8 cm) wide steel angles clamped on the edges.

The V50 calculation was determined based on the average of 6 pairs of
30 fragments stopped on the shoot pack and penetrated the shoot pack. V50 velocity is
that velocity for which the projectile has a 50% probability of penetration. The

maximum velocity spread allowed is 125 fps (38.1 mps).
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bal listic performance characteristics in accordance with this test.
The ballistic characteristics of 48 layers of the 2-ply composite of Example 3 were

determined before and after 24 hours of soaking in tap water, in the same manner as

with Examples 11 and 12.

15

The results are shown in Table 2, below. It can be seen that even after 24 hours of

soaking the shoot pack containing the composites of this invention retained 92% of

their ballistic performance characteristics in accordance with this test.

20

TABLE 2
Example | Condition | Weight, | Weight | 17 Grain FSP | Performance
psf Increase V50, fps Retention
(kg/m’) (%) (mps) (%)
13 Control 1.04 Control 1887 Control
(5.10) (575.5)
14 Wet 1.46 40 1727 92
(7.16) (526.7)




5 TABLE | Exanple Condition Weight, Wight 17 G ain FSP Performance psf

I ncrease V50, fps Retention (kg/m) (%9 (nps) (% 11 Control 1.04 Control
1864 Cont mab 2000897180 (568.5) 12 Wet 1.46 40 1590 85 (7. 1BCTUSYH60I31510
Exanpl es 13 and 14 The ballistic characteristics of 48 |layers of the 2-ply
conposite of Exanple 3 were determ ned before and after 24 hours of
soaking in tap water, in the sane manner as wth Exanples 11 and 12. i5

The resul ts ar erhslbastié shaFkirRtics of2818)¥rs dfithefplyRRmpasite dffFamplenwadkt er 24
hours of soaking the shoot &ng cont ai ni.ng, the conposites of this

i nvention r efgerapedeorsand after4 hayr of;seaking ingeslinghraent s BPSTAIUES (7&17' 'CS in
accor dancg %%b?t@aﬁlsﬁg% @&em&@ég&ﬁ;ﬁ%ﬁ {=01141ah 99, %‘Eg‘%ﬁgﬁ ?%uﬂht 17

Gain FSP Per mance s I ncrease et ent1 on (nps)
(% 13 Contrughtmreulamyﬂmdcrl(Rmtest}mtpic)fragnqmsmpse(ﬂi}ﬁhsﬂ.S.]M'myét 1.46 40
1727 92 (7.16) (526.7) 19 WO 2007/097780 PCTI US2006/ 033151 The ballistic
characteristics of 24 |ayers of the 4-ply conposite of Exanple 1 were
determ ned bef ame résiils afetshowd i Table 3Pbelow 2 ldissBowi i Bstlé B the 2bmpogit) of

tenperature (70F, 5 21C). Balljstic tests_were conducted. as. in Exanp
and 12, but stqug_rglogr(m ) increased 1n weight by 13% after 4 hours soaking in gasoline,

10 mdlcatmg a minimal pick-up of the liquid. Also, it can be seen that even after 4 hours

les 11

of soaking in gasoline the shoot pack containing the composites of this invention

retained 89% of their ballistic performance characteristics in accordance with this test.

TABLE 3
15
Example | Condition Weight, Weight 16 Grain RCC | Performance
psf Increase V50, fps Retention
(kg/m’) (%) (mps) (%)

15 Control 0.98 Control 2103 Control
(4.80) (641.4)

16 Wet 1.11 13 1878 89
(5.44) (572.8).

Accordingly, it can be seen that the present invention provides a flexible
20  ballistic composite that has improved resistance to pick-up of water and other liquids.

Armor, such as vests, made from the composite of the invention is flexible and

likewise has improved resistance to pick-up of water and other liquids. The armor
still retains its desirable ballistic-resistant properties.
25 The invention thus provides a method of improving the resistance to pick-up

of water and other liquids of a flexible ballistic resistant composite material, wherein
the composite material comprises a plurality of non-woven fibrous layers. The
fibrous layers comprise a network of high tenacity fibers. The network of high

tenacity fibers is coated with a thermoplastic polyurethane resin such that the resin

20



right circular cylinder (RCC) test sanple fragnments as used by the U S
Arny. The results are shown in Table 3, below. As shown in Table 3, the
conposi t e YYP 2000[QPE8) nvent i on only increased in weight by RCUASRASO3HShour s
soaking in gasoline, 10 indicating a mnimal pick-up of the liquid. Al so,
it can be seen that even after 4 hours of soaking in gasoline the shoot
pack cont ai nPHyethyenelabess sigidred gibers or Blendsthereofon ™ ret ai ned 89% of their

bal li stic performance characteristics in accordance with this test. TABLE
3 Is Exanple Condition Wight, Wight 16 Gain RCC Performance psf

| ncrease V50, fpsTiHeinventiomalsq prgridgy a igthodrafdnproyangithe @sistanot toopig-ugont r ol
2103 Contyol 80 41. 4. Ver. 1.11.13 1378 5a44 2. 8).

Accor di ngf Y, Ofl"g'é%ra%)d t?éﬁesr il Hl)df ﬁggﬂf ’Héleé)? Illg%%{es%%étear{& (rj(r?u%hr %szﬂ %’21 an %ﬁ’ exi bl e
20 bal |'i sti cwhiehpissfoiied hoft athRasti ofer odrfpbsite Shmattralce The ¢ontgosit mdtervadt er and

other liquids. Arnor, sych as vests,_nmade fromth osite of the
i nvention i sCHTRERFHE _Bluéaﬁ’@'o NP B ﬁ%@silﬁﬁ%\%&‘ ‘ﬁ%gggﬁéfi’é’?st%mﬁpﬁ‘ﬂg up of
wat er and ot pgdiwbikbtitEgh teddtfty FER! Thé hitwork SiRgHRnddity AHRRIi§ 80%& with a

bal | i stic-resistant propertiés. 25 The invention thuS provides a nethod of
i nprovi ng t hidemoplasticpelyunethaps rekinspch hat theresin formp omaex hr e ifibersofThe

fl exi bl e bal L1 sl j nt Lte. j al I: C ite
mat eri al 1330n%%x?@é?ogf%ﬁér@?ifgﬁfe@?ﬁﬁ%ﬁﬁ\%ﬁﬁ}p ﬁ@g‘&ﬂ&&%&;{e}r%; ﬁﬁea%gﬁﬁgr ous

| ayers conprfilees areaeimid flbersf exiergled tiaimpoliysthyledectitsers, Hgal rod tfiberslor dlends gh
tenacity fi lz)‘grr:\s?@ls coated with a thernopl astic pol yurethane resin such that
the resin CK¢- 2007/ 097780 PCTI US2006/ 033151 pol yet hyl ene fibers, rigid
rod fibers or blends thereof. This invention also provides a nmethod of

improving the resisyafag th@s RleSdfibk® the invention in rather full detail, it will be
15 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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5 of water and other liquids of a flexible ballistic resistant arnor, such
as a body arnor, which is forned of at | east one conposite material. The
conposite material conprises a plurality of non-woven fibrous |ayers, with
the fibrous layers conprising a network of high tenacity fibers. The
network of high tenacity fibers is coated with a thernoplastic

pol yur et hane resi n such that the re€ILAIMSns a matrix for the fibers. The

to flexib bod r is formed at least in part fromthe conposite

mat eri al tg B¥ s are aram d fibers, extended chain pol yethyl ene
fibers, rigid rod fibers or blends thereof. Havi ng thus described the
invention in rather full detail, it will be 15 understood that such detail

need not be stAiflexible ballistic easistant bady armer vestthatthas mprayrdaesistpnse BgkPcat i ons
| h
may Sque?ﬁLwE@le ORELHES 1i ﬂd? 1dsh%4 Iggq{ﬂﬁ ch@ ﬁfc&np 3@ +f frad-LehRGnoMiicho the

scope of e I nvention | ne ] Ol aims. 21 CLAIM5 \What

i s cl ai meebliapsing] said\vésk eommismg:(a)lal plm‘alﬂw of blycrspﬁmﬂe}bblwompmue magesial, séidt  has

i mproved i,stance. an oth i d a eX|bIe
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conpr i si ngoven)fitkoys! lalyedd cdnyprizing z&yﬁWSrkOCBf lagH teﬁxmdyl aamidnfitesd trddiretiatallpl , sai d

flexible co ite material co r|S|n rali of . non-wove flbrous
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conprising a thermopl astic poI yuret hane resin, said matrix_ being applied

to said fmFiEGesn andepid fhersbeingronsalidatedrinio 3 single Lyitane {ayeh and @Rialureliy wat er |

said mat g e LSt d’se@&ﬁ'l c%ff‘dp@sﬁé H&Eﬁal i oD RPALARE B8, WHerdn Sdid@foruni tary
|l ayer, and (11) a pluralit ayers of a second conposite materi al

f or med fr@mmatdpﬁhi)@dfﬂmf)éﬁowméemmﬁe%al d arnor exhi bi ts at Ieast one of

he foll 0 1920
fpe (585.6 most) whent dmar blle ) O 1UREaAEIR0 foysR sleg) SRR A D0,

has been willbadé graih projectde aftert the arhor havbetrosubmenstd iiGiéa whter ﬁ)r B4 h()lﬂiat70°2 8-
C), (b) d tai,ns at | east about 85%of its V50 performance after
C). (D) paldpabiPE.hSh )

(b) said armor retains at least about 85% of its V50 performance after immersion
in tap water at 70° F.£5° F. (21° C.+2.8° C) for 20 hours, when impacted with a 17 grain
fragment simulated projectile, and

(© said armor retains at least about 85% of its V50 performance after immersion
in gasoline at 70° F.+£5° F. (21° C.£2.8° C.) for 4 hours, when impacted with a 16 grain

projectile.

2. The flexible ballistic resistant body armor of claim 1, wherein said aramid fabric is a

woven fabric.

3. A flexible ballistic resistant body armor vest that has improved resistance to pick-up
of water and other liquids, said flexible armor being incapable of free-standing without
collapsing, said vest comprising a plurality of layers of a flexible composite material, said
flexible composite material comprising a plurality of non-woven fibrous layers, said non-
woven fibrous layers comprising a network of high tenacity aramid fibers unidirectionally

arranged and being in a matrix comprising a thermoplastic polyurethane resin, said matrix
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intap water at 70 F.5 F. (21 C 2.8 C) for 20 hours, when inpacted with a
17 grain fragnment sinulated projectile, and (c) said arnor retains at

| east about 85% of its V50 perfornmance after inmersion in gasoline at 70
F5 F. (21 C. 2.8 C.) for 4 hours, when inpacted with a 16 grain projectile.
2. The flexible ballistic resistant body arnmor of claim1l1, wherein said

aram d f abdingappiedto saldviiodsalyersCas aZopdlyinkemixtdfpobaldiant redins &5 vateq Biid body
arnor vest that has inproved resistance to pick-up of water a}nd her
|i qui ds, @& reqinandyjagd tbesgpbeingesangolidated e p single ynitary_layes,ad Aplastie Hynt

col | apsi ngonddditdlay 8oier ERMBI dufthdtToord! 317 @ldl hoh-WovehaR6is BYerst Whefeih RAG
conposite material, said flexible conposite material conprising a
pl ur al i t yarsior gidwbitseylsast pnoefdhesfolleyiag ropemiesl non- woven fi brous |ayers

compr1 $i9 2 gf Wor S B & OI9SH dhe ATLA DB 981t S ALY

arranged and ng tn a matrix conprising a ther astic’ pol yuret hane
resi n, sawith até giain prgj2ctileiafter thp inioe tast beers sibthefsed inmgs watey far 24 heursiatci®pol yner

m x of po h resins in water, said matrix resin and said fibers:
bei ng cont’%ﬁ@it@%sisn >a single unitary layer, and a plastic film bonded

to an outer fa®)ng saldrdrmoeretins@nRagabaaBsivorudiits W50 @erforimancdisftel aiyraérsion wher ei n
said arnpr_exhibits .Least one_qof t | owi properties: (a) .said
armor hasMdaR/Bgtepat g} %t’é;aglia (gboﬁft2§9§@hfgbé&¥‘%‘§§."g%ﬁﬁg’}’gmwnﬁ ﬁplgc%@'ﬂl with
a 16 grai flagient mblated praédii®d, atdre arnor has been subnersed in sea water for
24 hours at 70 F5(2182.8C.)k (b? said arnor retains at |east about 85% of

its V50 perf or@hnceaidamspr et east abou 8% of i Vap parformanee afterimmergion ¢ 2. g
o bj et 13 SRR A DER I PR ETCE B <ol gt ROSERY 8 iy

per f or mangrejeetile.er i nmersion in gasoline at 70 F.5 F. (21 C2.8 C.) for 4
hours, when inpacted with a 16 grain projectile. 4. Aflexible ballistic
resi stant body arnor vest that has inproved resistance to pick-up of water
and ot her4.l i quA disxibkdiatlisti¢ eesistahebody aomorbestrthatihac mpabied redistince ¢o pitlanpli ng

wi t hout of water and other liquids, said flexible armor being incapable of free-standing without
collapsing, said vest comprising a plurality of layers of a flexible composite material, said
flexible composite material comprising a plurality of non-woven fibrous layers, said non-
woven fibrous layers comprising a network of high tenacity aramid fibers unidirectionally
arranged and being in a matrix comprising a thermoplastic polyurethane resin, said matrix
being applied to said fibrous layers as a copolymer mix of polyurethane resins an water, said
matrix resin and said fibers being consolidated into a single unitary layer, wherein said armor
exhibits at least one of the following properties:

(@) said armor has a V50 of at least about 1920 fps (585.6 mps) when impacted
with a 16 gain projectile, after the armor has been submersed in sea water for 24 hours at 70°
F.£5°F. (21° C.£2.8° C)),

(b) said armor retains at least about 85% of its V50 performance after immersion
in tap water at 70° F.£5° F. (21° C.+2.8° C.) for 20 hours, when impacted with a 17 grain
fragment simulated projectile, and

© said armor retains at least about 85% of its V50 performance after immersion
in gasoline at 70° F.+5° F. (21° C.+2.8° C.) for 4 hours, when impacted with a 16 grain

projectile.
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col | apsing, said vest conprising a plurality of layers of a flexible
conposite material, said flexible conposite material conprising a
plurality of non-woven fibrous |ayers, said non- woven fibrous |ayers
conprising a network of high tenacity aramd fibers unidirectionally
arranged and being in a matrix conprising a thernoplastic pol yurethane
resin, sapd nmafHe Rexiblei badisBO Rbdisesht tuagy;ahﬂorf biOElRMS 4l dyEem % Jek AMhey MEr M X
of pol yurethane resins an water, sai matri x resin and said fihers being
consol i daseseprisgsiagplyrality of jayers of 2 saegnd eopmpesite jpaterial formgd fomyangramid fabripi t s at

| east one of the following properties: (a) said arnor has a V50 of at | east
about 1920 fps (585.6 nps) when inpacted wth a 16 gain projectile, after
t he ar nor6.has Brecltexihihballistic desistans bedyvamer off daimp¥ whereinssaigtarqrand fabricgs £, (21
CcC28C) ) j nor retains at |east about 85%of its V50 performance
after inn%?é?gﬁiﬁggmﬁgp water at 70 F.5 F. (21 C 2.81 C ) for 20 hours,
when inpacted with a 17 grain fragnment sinulated projectile, and (c) said

arnor retains at least, about 85%opof, its VR0 performance. after, i mersion in
Gaool i ne. It " 7oThe AeSifja a9 eskaink Boay gl a5, ShARGRS FisHH CREPREh n 16
grain pr@pegili isecoald With Thaefdn@Ximbdrik Matetials tHa€ i ashedt thod 20 Ggbymeplaseic of
claim4 whereip said vest further conprises a plurality of layers of a
second coﬂgﬁg? Weherial formed froman aramid fabric. 6. The flexible
ballistic resistant body arnor of claim5 wherein said aramd fabric is a
woven aramd fabric. 7. The flexible ballistic resistant body arnor of

claim 5, $&her eThe Bexitle balbishirdresistapobady carmanpb elaim 4 vhergin gadd fhermomdasiecond

matrix ”B%q‘?ﬁ;dr%gﬂte?@s‘in s DrbfSH af n@frBJﬁ%QBH't?%%ﬁ 40 FBQJcé(ﬁV{\;?gwel € of thie

in.
The fl exible istic resistant body arnor o aim4, sal d
t her nopl atetal weightalf yhercotripasite. resin is present in an anpbunt fromabout 1 to
about 40 percent by weight of the total weight of the conposite. 9. The
flexible ballistic resistant body arnor of claim@8, wherein said
t her nopl a&ti c ThHeoflekible bhidiste resisiant b&lypr@seof claim 3n whemeimsaid temediatic 10 to .

r .\wei ght of .
about 30 [Po‘?yu?gcﬂz}ne? sanFs estentom an amount from about 10 to about 30 percent by weight of

8.

the total weight of the composite.

10.  The flexible ballistic resistant body armor of claim 4, wherein said composite
material further comprises at least one plastic film bonded to at least one of said non-woven

fibrous layers.

11. The flexible ballistic resistant body armor of claim 10, wherein said plastic film

comprises a linear low density polyethylene film.
12. The flexible ballistic resistant body armor of claim 4, wherein said composite
material comprises four non-woven fibrous layers which are cross-plied with respect to one

another.

13. The flexible ballistic resistant body armor of claim 12, further comprising a plastic

film bonded to each outermost layer of said non-woven fibrous layers.
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the total weight of the conposite. 10. The flexible ballistic resistant
body arnor of claim4, wherein said conposite material further conprises
at | east one plastic filmbonded to at | east one of said non-woven fibrous
| ayers. 11. The flexible ballistic resistant body arnor of claim 10,
wherein said plastic film conprises a |inear |ow density polyethyl ene
film 12, 14he thendm1e balatc reistentbBgy SR bf Y 12 WHFeiPhdjsdedl fibef laydfaer ei n
said conmposite material conprises four non-woven fibrous |ayers which are
cross- pl i @@ cigse-pligdeas PEcte epch ihes:  another. 13. The flexible ballistic

resi stant body arnor of claim12, further conprising a plastic film bonded
to each outernost |ayer of said non-woven fibrous |ayers. 24 14. The

fl exi bl e bal | i the fexiblsi ballistic igsistyntabadyr argior oif adlaim1 2, whereinesaid adingesitat fi ber
| ayers ar [,0SS-pli t 90 {0 h.other. .15 The f].exi listic
resi stant mgtc?ﬁ?/l Cé’@ﬁg?esgg@%f’ﬁ'iwrﬁv '}ﬁ\ﬁﬁésr &y %\rs Svélllc ag%(r:rr}g’g)ss'?lfeg%#rlﬁeg‘ﬁgao oé%rrpri ses
t wo non- wanogrer.f i brous | ayers which are cross-plied with respect to one
another. 16. The flexible ballistic resistant body arnor of claim 15,
further conprising a plastic filmbonded to one outernost |ayer of said
non-wovenid.i br phsfldxiie ballistic/residth@ Hold@atrdreofRadith 135! fugthe€sdnsirig Dglakticar mor

of claim 15, wherein said ad{' acent fiber layers are cross-plied at 90 to
each ot hefilm hgndedrigeong puternpqstlajer) of said P?!"W@‘éﬁnét{’&%s lystdy arnmor of claim 4,
wherein said fibers have a denier of fromabout 200 to about 3000. 19. The

flexible ballistic resistant body arnor of claim4, wherein said fibers
have a dEhi er Thef fléxikdenballistist resistantt kody soner of3dam 150 whteen saidadinent fikar| i stic

resi st ant Bpé}ggre?@gg_[ﬂééaza}?%goghmﬁ,otw.erei n said arnor has a V60 of at | east

about 192 en 1 npacted with a 16 grain projectile,
after the arnmor has been subnmersed in sea water for 24 hours at 70 F 5 F.
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denier of from about 200 to about 3000.

19. The flexible ballistic resistant body armor of claim 4, wherein said fibers have a

denier of from about 650 to about 1500.

20. The flexible ballistic resistant body armor of claim 4, wherein said armor has a V50
of at least about 1920 fps (585.6 mps) when impacted with a 16 grain projectile, after the

armor has been submersed in sea water for 24 hours at 70° F.+5° F. (21° C.+2.8° C.).

21. The flexible ballistic resistant body armor of claim 4, wherein said armor retains at
least about 85% of its V50 performance after immersion in tap water at 70° F.+5° F. (21°

C.+2.8° C.) for 20 hours, when impacted with a 17 grain fragment simulated projectile.
22. The flexible ballistic resistant body armor of claim 21, wherein said armor exhibits a

weight increase of not more than about 50% from its dry weight after immersion in tap water
at 70° F+5° F. (21° £2.8° C.) for 20 hours.
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| east about 85% of its V50 performance after imersion in tap water at 70
F.5 F (21 C 12.8 C.) for 20 hours, when inpacted with a 17 grain
fragnment sinulated projectile. 22. The flexible ballistic resistant body
arnor of claim 21, wherein said arnor exhibits a weight increase of not
nore than about 50% fromits dry weight after imrersion in tap water at 70
F.5 F. (223. 2. 8‘h€ﬂ)¢xibbrbaﬂ'@ti¢1msisant &ily 28morTéfeldinelk ivhiereitbsdid amnar getpigs ptst ant

body arm) of cI ein.said arnor retains at |east .a % of
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24. The flexible ballistic resistant body arnor of claim23, wherein said
arnor exhibits a weight increase of not nore than about 40% fromits dry

wei ght af ber i Tpenetiee bhl'list‘icaiﬁsﬂ’@ﬁﬁfody &mof @f &laifn 23, Werefn shiBarfnot edtits20

hours. 25. The flexible ballistic resistant body arnor of claim4, wherein
sai d ar novepght wrrgasepf nof raers thagisboyt 49%ofrem itp dry %@t pBerfigMmprsiQroin 420 ater

| mer si on i 5093spl b precg&ng)ggrﬁI}h(l%l C.2.8 C.) for 4 hours, when inpacted

with a 16 grain projectile e flexible ballistic resistant body arnor
of claimd4, whereln said arnor retains at | east about 90%of |ts V50
performana aftrg F5 E,

soline at .7 ) for

 hour s, afen HAETER iR i @Ry gt i, Wnstef spiCarmor i &
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pol yur et h pl.ied to sai 81/00 osite as a dispersion in water,
and has a%ﬂ‘%l *{atﬁsb'g?f“gg‘ﬁg when dippactegovi "c]cﬁrg?‘“?fﬂ@tlfe nd a viscosity of 40 cps
at 23 C. 26

26. The flexible ballistic resistant body armor of claim 4, wherein said armor retains at

least about 90% of its V50 performance after immersion in gasoline at 70° F.+5° F. (21°

C.£2.8° C.) for 4 hours, when impacted with a 16 grain projectile.
27.  The flexible ballistic resistant body armor of claim 4, wherein said thermoplastic

polyurethane resin is applied to said composite as a dispersion in water, and has a relative

density of 1.05 g/cc at 23° C. and a viscosity of 40 cps at 23° C.
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