H GH PERFORVMANCE BALLI STI C COVWPOSI TES HAVI NG | MPROVED  FLEXI BI LI TY
AND METHOD OF MAKI NG THE SAME 5 CROSS- REFERENCE TO RELATED

APPLI CATONS ¢ 2008/097355 This application clainms the gqaghhd7 09012
U.S. provisi ona( application toSerial Nunber 60/843,868, filed
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Field of the Invention 15This invention relates to high performance
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Description of the Related Art

20 Ballistic resistant products for vests and the like are known in the
art. Many of these products are based on high tenacity fibers, such as
extended chain polyethylene fibers. Body armor, such as bullet-resistant
vests, may be formed from rigid composites and/or flexible composites.

25 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

30 article, such as a helmet or panels for 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 or “soft” armor
which does not have the attributes associated with the hard armor previously

35 mentioned. Although flexible body armor based on high tenacity fibers has



5Various attenpts have been made to produce flexible ballistic
conposites, such as providing permanent creases in a fibrous web as
is disclos Patent 5,124,195 to Harpell et al.
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1)



25 two | ayer structure of the conposite, and a total areal density
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15st r uct ur esstpEturdef the apoeesite; a V50 of at | east about 1875 fps (572
nps) . In further accordance with this invention, there is
provided a flexible ballistic resistant arnor product conprising a
plurality of |ayéhetesm ‘KeelHsangte iscdntped pelewnaterial, the conposite
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Further in accordance with this invention, there is provided a flexible
ballistic resistant composite material having improved flexibility, the composite
material comprising a plurality of non-woven fibrous layers, the fibrous layers
comprising a network of high tenacity poly(alpha-olefin) fibers having a

20 tenacity of at least about 35 g/d and a tensile modulus of at least about 1200
g/d, the fibers being in a matrix comprising a block copolymer of a conjugated
diene and a vinyl aromatic monomer deposited on the fibers as an aqueous
composition, the composite having a total areal density equal to or less than
about 100 g/m? and a stiffness of less than about 2.5 pounds (1.14 kg) for a

25 two layer structure of the composite, and a total areal density equal to or less
than about 190 g/m® and a stiffness of less than about 3.0 pounds (1.36 kg)
for a four layer structure of the compaosite, whereby when assembled together
a plurality of the composites meets at least one of the following ballistic
criteria:

30 (a) for a total weight of 0.75 pounds per square foot (3.68 kg/m?) when
impacted with a 9 mm full metal jacket bullet:

(i) for a plurality of the composites comprising two layer
structures of said composite, a V50 of at least about 1600 fps (488 mps), and
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30 In still further accordance with this invention, there is provided a
method for the manufacture of a flexible ballistic resistant composite material
that has improved flexibility, the method comprising providing a first non-
woven fibrous layer comprising a network of high tenacity poly(alpha-olefin)

fibers having a tenacity of at least about 35 g/d and a tensile modulus of at
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30
DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a flexible composite which is

ballistic resistant. These composites are particularly useful in ballistic
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t enper at by eavimadort Bﬁho@@'ﬂéﬂﬂdr%}swre Ié{rafobéé brd}éctaﬁ@ GRIA khe SnderMbrbe
inparted to these fibers values for initial tensile

modul us and ! ?%@é‘i‘"?&a"éﬁ@tﬁ%ﬂ@%nﬁlﬁ s peicHany erefprag Bt BRHPeyitsPs

sol ution gr %s@hhaﬂl@'cn‘%@l’aﬂrwﬂgar W OAEeEDeSsediBRY mekt pReerhbly angnthe have
melting points hi gher th he nelting point of the polyner from

whi ch they VPP 359 r?é'BSta'T*I'ﬁM Cirguigr Cé%?rﬁﬂcgon hi gh nol ecul ar wei ght
pol yet hyl ene of about 150 000, about one mllion and about two

mllion rmlecular WEI ener ve nmeltin |nt5| t he | k of
L? ed tgererzlln t% tgrm thgh tenacity fgoeré’) means fibers WhI%H

have a tenacity equal to or greater than about 35 g/d. These fibers preferably
have initial tensile moduli of at least about 1200 g/d and an ultimate
elongation of at least about 2.5 %, as measured by ASTM D2256. Preferred



5 138C. The highly oriented polyethylene filanments nmade of these
materials have nelting points of fromabout 7C to about 13C higher.
Thus, a sl gase in nelting point reflects the I
perfection ﬁ’%&h”%"?é‘ﬁ%r crystalline orientation of the fﬁcﬁm{ﬁg"’g@u
conpared to the bulk polymer. 10Sim larly, highly oriented high

nmol ecul ar wei ght pol ypropyl ene fibers of weight average nol ecul ar

wei ght at st abo%ﬁz 0,.000, refera4n¥ at | east, K about ape | 1ion
and nore pre 818, these hakigg aat? aeit: SHaND Of grpeirlyhaL aiQE 0 gdch

ext ende(cji ](3hi’vltbﬁsﬂéohﬁbﬁulg@)ehaéletoﬁﬁrygtl%%tefr(lhﬁrﬁtébbmtt 02502 gRioaRd lay Lvmhbte
oriente |

t t h
ref er ences é}gﬁ P%r‘%eadqg??te Lg%ﬁrdpﬁ&%’r | P egﬂ‘fdt \(%a(rgtqc]) SOq';ﬁe of
U.S. Pialt Nohavtnmgdel{éiwéd;(} of ot laast MINm’QﬁMIeQ‘ﬁ@dUilfS(ﬁdﬁ%bt'im%/d atnﬁ |
crysta ine ma con n EH
SAASEIR S AR RN o P DT gl i
subst anti al | yiodOueT “tériie rrtdﬂielueoamceémmﬁmg’lgweaalth@moHOIUs pokMpetiditylasne.

Accordingly, a suitab L.ty is prefer east . about g/ d,
nore prefer arﬂ??/sué“?& p%égp&g.‘%gﬁ{orﬁyaé? gnggﬁﬁégﬂﬁy Q% for 2 pefrx é“%ﬁd%l
forfpol %Ior op%ll Fne ![s Er ef er abI y at [I_east ﬂ)out 160 g/d, nore

preferably at |east-abg e meltin

pol ypropyl ene is ge ﬂ%&l"%e gtﬂ?ﬁ C%Té%c%égg%%ﬁ p{%sgngrn %thatl on
process, 1Gudh ih ti farmeofpa)lrmpwmwh datwrid foi"raedarﬁrtorrpmefa‘oainhqntubm alghm n

I ti I
‘rl'rﬁet Ipzr;?t Pg:ﬂ %P%){/tyarlfbgf%??eBéégﬁag@%{&?ﬁ%cﬁﬁé@&a\eﬁoae%ctrﬂlgbdgg para ters
can advant agedwakywperein the lfb@'soaredumélrécmonwycehgnadtheth’latn@byaarel cle.
Enpl f I t
about 200, 008 PER0R b Pl T SCter A1, BC Lot BBF lackin.! o5
above-descri I’Ereﬂaraiay atnsiaet @)c(utrﬁﬂ%l hysweight of dreafitery )n thamopmoven éabric
advant ageousint duRIIRNE thrdDRPRAGEIBAE hdrd thiBbl 8 cBLH bidLR75% by

A particul ar yprefe rrs one t as ‘t
properties: weignicfthe fdier%@ the dabdic age thenkiph tenaoitiufingss. oMoswsfegahdy, and

an ultimte .

havi ng a den@ggﬁgﬁé”y%gffgﬁgég%q Qﬁ%ﬁg%ta%&h%’ﬂgﬂ tg%“%ﬁ?ﬂhgﬁ% %@Erl c
of this invedov®&n is in the formof a non- 5 woven fabric, such as
plies of unidirectionally oriented fibers, or fibers which are felted
in arandomorientati on and which are _enbedded in a suitable resin
matrix. Habrics forlfediah sifangH Bhareeertiswarly ysefiliietheyarns ged dabrics

typically haafeth@nﬁvénw@rar@ référ%ﬁ&sh:&ﬁwcd?leﬁ?éheﬁgﬁ maem \%@ﬁtcﬁlpﬁn and
a second | ayer of bers |c extends in a difection from

" fibers in tHBOQLI“FSstOIHeé'S'MJﬁne fiages; @Ispkaown @s iexigndediehain FEH'Y%EW%HQ% and

uni di recti ondriy oAEhBRTIRch frhdiediFar WBighS H@ﬁeﬁﬁht‘{lﬁs rﬂolygﬁ)p@reﬁe prrb%mr abl'y
rotated relative to one another, for exanple at angl'es of

0/ 90/ 0/ 90, dYlo%s prefarcrshars ustegried shaip H@Vetaﬂﬁ'l‘%ﬁbe@t is convenl ent to
charactegd ze the geonetries of the conposites of the invention by the
geonetries of the fibers. One such suitable arrangenent is a fibrous
| ayer in which the Theyarns afjoelgspidee pypaiiondnay be srardifstHénedong a

common fi berm@*’erdﬁﬁatrérﬂfhlgﬁ*urﬁfeﬁ theidetsO F&éfe?eleﬂbﬂéWe@Cthb98@'5'a¥|d@ébr@§ed
fi ber networ Successi (2 ers of su uni dI‘E] tio al i gned
”F‘% % d

h
fibers can t'%eolp‘é‘?’g'&”\ﬂfei g the 5arpﬁ 95, engidibpLy eféabl y,
the fibrous Heayresseialyhparalé SiMREHLL 6 & y@fn@smaplbeedmstehatove:s,
with the fiber direction of the unidirectional fibers of each network
layer rotat &t2RPY Prenigled: t o the fiber direction of the
unidirectional fibers of the adjacent |ayers. An exanple is a five
| ayer article with the second, third, fourth and fifth |layers rotated
+45, -45, 90 and O with respect to the first layer. A preferred
exanpl e i ncl udes t whelyaysr @aywt of @any 20itdblO Qeniay - Bgr. exGuple, titd parad

may have a denier of from about 50 to about 3000 denier, more preferably



30 constructing a fiber network initially and then coating the
netvvork vvith the matrix conposition. As used herein, the term
"coating" @5‘0@ p a broad sense to describe a fi ber Ilrte[[],ﬁg[]&m 012
wherein the i'ndl Vi gual fi bers either have a continuous Tayer of %ﬁe
mat ri x conposition surrounding the fibers or a discontinuous |ayer of
the matrix corrposition on the surfaced of the fibers. In the forner

case, it can be rs.ar dded i mat ri x
conpositi on.fr Wtaoaeﬁof'ﬁ%édgb%er\ %?@ ﬁS“%F% P?‘W@P(Q,Ht (l?;%) tgbl y
used herein. amme WDbectenml aod ksoatanefaeab@orfrsm abdwedl \Oatoaabauti 80P of
met hods. In é(% &P eferred case of unidirectionally aligned fiber

net wor ks, Yundl es of 5 the hi gh tenacity filanments are supplied
froma creeI and | ed through guides into a collimating conb and one
or nore spreader bak Of;.t mmat er | The
collimati gn)g conb aﬁil énggl h@ofgﬁg?n‘g%% ggn%ﬁgﬁ'gaﬁsggtsgéﬁ(wgg rﬁélé&Jlar
subst anti al I\yelgm golyetbylemn andf a@yprowlermoTh@smnﬁdueodismdrﬁum iafivibist i on
i ncl udes ini rabl.y

uni i roct i orf el oD dHrBtaleuchl BREIRET M oxidll it Rk nd

di spersion dncmﬂmtbﬁrewﬁtht trethereasé f mjm:bméerta, emt@rﬁtﬁbemerefthwof
network | ay j b ayer.
The sol uti oﬁke[ ﬁtg%gﬁ%?g?ﬂ%%ﬂ!éer%ﬁ%ﬁoﬂ%Iééggﬁgggtb@gud;do ?Feff?galy\@ Iﬁaﬁ

el ast ometd ¢ abost pae milion erd more\mraferahhweb@eespamm@mﬂbon fied about
filaments, AeGhBh ok mmoebhlmewb&gahgéﬁe ﬁ@éfs% yiRphsh il L

t he aqueous sol ut1on, rsion or e y nmeans

of a roll cowidiondsee ersl Rl N4, 637, 3¥aanthd). St ﬁét d‘diat & 180052l ayer
may then be f%ﬁéﬁtds&dﬂr paghs %Blu%r?r!o foIrm & %ﬁél”&rdc‘fhré"“(h@@ U.sepspaied

fiber network | aye unita is su to sufficient heat to 90

evaporate t I‘fb"fi/ﬁi%/*é} Geimap Ol |&0%ﬁﬁé§iﬂﬂﬁﬁ]PatPﬁbNéo%ﬁ%ﬁs?)l Bt has

net work fRy Jdimhyish e%&?@%agrbeapr%éuééd%y M‘G&hnd‘@h@'ﬂré@ﬁﬁb BRcasPasRer or
a filmsubstrate,” or the ers may initially | aced on a carrier

web before cé&t iPah NR-th/0Hed HatAs RS%E‘Ffﬁ'” %t%@&qlﬁﬁﬁ%@e?%a

consol i dat edpréaurhlﬂaqumeart bebtRfedOHAR AINh& rAa)COIMdin LY ah®uhtsi i 2
known manner. ,)5 The consolidated unjtape can be cut into

di screte shedell Brgchiag A" UEMRPEOR Bela@kcopding 1 MAstYiBs Uniit #ef H€0end

use conposi tRainAhaMestrbsNa@ml QHdi M'rﬁfay élb@ cBREin ﬁrﬁii&i frefevAE®NRRSI t e
is one whereint WO yer ?@tlunl di rectfkona| |y

al i gned &hd fB?feéH@'bﬁb%W Wél% {H’é‘efqrtB‘E?fBBP'W@@f'?B ves such as alkene-

30i nsuccessi p@)rﬁef@f siar e@dﬂﬁ&moo@werﬁeamyo Npolyethylene, pbR@rdpyle@es drn
each adjacent | a e sane.or different, although it is
preferred tPH bﬂJrYge t%Pg'mﬁrseae A W&@%ﬁ?slé@&'@a&‘r qrgmers.
conposite beoﬁcf‘@dsﬁd‘rﬁ)lef ins, graft ponolé’fhﬁcdpﬁWniermhdlpolﬁoﬁj’Iméth@[efleé)&TrS in

the fibrous yers is re rably an el astoner.ic.u tur bl
copol yrrer - of0@JrEnus: BeErErasties Sl 25 BIPTH Ay e flrev ik er
based di spersramningagentd] spenaisanddfie Keatider ane ddinbibhly ibcorporated.
styrene-i soprene-styrene el astomer which preferably contains |ess
t han about 0.5 wei ght percent retained organic solvent. The

di spersi on preferaligh contig peyaethyiawdfivers iare defareat ancdear@ssodd neddrn

L o B PR, AR Bl DIRhedL B PM Rf °

percent, noriNewdatey,adA from about 35 to 10 about 50 wei ght percent,
and rmst sPr eferably from about 40 to about 45 wei ght percent. The
solids cdntent may be diluted if desired by the addition of water, or
it may be increasedddapendisgiumed the tﬂh’rmaadldltt—:-crmmun‘ the sdrasi treytlomaddfl ers
and the lik out
400 cps as ‘retr%rg u'?%dgé%{% h??’:‘f%?géﬁg @%*QQP@?P ?ﬂ g%‘ g&g;ﬁée%?ag{nedqg
from1-3. libedeofihaant Thazﬂlgl'@ddvalueeeﬁ)rsm’nm terssilé inhdduihus amidtena@tyl arke may

generally obtainable only by employing solution grown or gel spinning



O her bl ock copol yners of conjugated di enes and vinyl aromatic
nononers may alternatively be enployed as the matrix resin. Butadiene
and 10 |s preferred conjugated diene el asto ,
Vi nyl toluene gﬁgﬁ%gbutyl styrene are preferred vinyl gﬁ&%ﬁﬁ%#%ﬁﬂ§
nononers. Bl ock copol yners incorporating polyi soprene may be

hydr ogenated to produce thernopl astic elastoners haV|ng sat ur at ed

hydr ocar bon el ast one rs ma tri-block
copol yners o?rOP‘ﬁ%elsyM\a ?E' fianeggﬂ%hg %W%BP@ &quéﬁ?nstﬁa e
from a pol yvpesint ofahe palymer fronowkich sy WereFoandal. oThus, famxampienjhighat ed

known 1 -t hePBRegh yeigPbpotiRifletd arop IR TS R, RO ATGe' MlGR Rb Bk °" ©
anount of t hisvonetilbon badetlac omggrgi deneralivhhavb nnoltid@mmmts @ thon bulkeof

Leht v o5 gnfaba fHewBRl elBa Ponlelifida bl el HRED: Bditig o

anount of t heaveanplisg pbiofs ofsfean aboatoltCste abepthBhs nlgber t‘FrmsseIshglst

content and | erc e t I

Soml gat qnl hBRas ShCFRIAL P‘g{ﬁw el 3 B Pefih r(%'p%r Bier of

t he resin natrystallimaorartaiontad tHel filementaas bmpmqitbfsiheéullmo@men s | ower
than heretofore enployed in comercial products. Preferably, the
resin, on a solids basis, preferably forns about 7 to about 20 5
percent by wei ght Similariyp highlyraalehtedfhighnmalbouler vSghtpobipmptyleb? fiperscent
by wei ght, é?aﬁ ch
conposite | ayer tﬁg@%@&?f?}oﬂ;’%&érﬁ% E?QEBQ%P SWOO%R\OIEJG?A%DW %L@I?g e
formed from ahsut Dmﬁjml}icmmd herigi piefetaphcaineast bieutitwg milheremaip batusathd
pressure, a ut 75
o about | 260 B 93epde, SAL R i REL e EmaboRe) Rebsphl) 388D
psi (6.9 to qrﬁzedkﬁameaﬁdbsr d;he gchnigeesivrgscobedilibine yatasatsirrends
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t he particular end use. era osifeis formed
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al ternate enbodi nen t he corrﬁ)om te mag/ formed fromtwo sets of
such si ngl e RAYRIRAVANESAre gapsrahnabsiantigydowesithan the qospenrands valuser s

are enpl oyedpr polydthfisnes aﬁ&ordlr\@’y %fsuitgtﬁe &é«@cm} ¥ FEBRB|y éi@éa%ﬂabout 8
structures are consol i dat ed wi or nore

plastic #91 ,amefeders‘af%wnﬂt "?ﬁﬁt @8@'6} ?hgfqneTeéﬁ’HB%lltﬁés”ﬁomB@f'%ﬁ for

di fferent CQFBWdJﬂ n'eal)i!er@feFa‘BEySétl IQ@stQa\b%bt mbfoowﬂﬁé ;fréiéra%ﬁfsé’t 18hst
formng int ag_%ﬁand ease, of wearin | astic filns
19%t-e

may typi cal IE)POHES % dnelfiea gPinp 6 W%B?'V%&‘Bﬂe'ﬂﬁ IS gRMerAySESAt e,

Any suit abl eseb@s tdegrdek| m (1% oh@nt@tmi Py&@ss,Wbiidh Pia€ftes ryptdpyihebei ng
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const ruct i orpagdmetbiss (rhoddunt BOcﬁl terisacity X ven [providen aid vearttegeshisig himpsoved
cross-pl |0ed at. 0/ 90 anﬂ‘ghfa Ims of LLDPE on both of its exterior
surfaces’” A éf(%n@cﬁrré ln gﬁstructl on of this invention is a four

ply
A particularly preferred fiber is one that has the following properties:
tenacity of 36.6 g/d, a tensile modulus of 1293 g/d, and an ultimate elongation



5 lam nate which is the conbination of two |ayers of the two ply

| am nate previously nentioned. This four ply | am nate al so has LLDPE
films on exterior surfaces. The nunber of f
conposi tebﬁ e((‘]&gmr%l’%?tl cles fornmed 10 therefromvary dep%%& (?6%)}12
the ultimate use of the article. Preferably, the conmposites of this
invention formthe outer facing |layers of the body arnor, such as a
vest, but alt tivel formthe inner er er of
avers of chd 40bEBI Y. ARG RER 9d¢%ﬂsvt%e?v'%ai9"¥%§e"ﬁg?@ 30 g
desired areadifilaglemtsity in the final product, considering the desired
per formance, weight 15 and cost. For exarrpl e, in body arnor vests in
order to achieve a desired approximate 1.0 pound per square foot
areal density (4. 90THeghigR)sirength dalwict ¢fpthisaihverdios tis urctHeofmrmhﬁrwndmy be

Cayers of® ¢ NAOYB. A0 UGS s Bl PE MRS B S She o oottt i n

body ar nor vastfgtediinacackm bderdatitineanel mudesneranbmippd oxa mtableoreé’lﬁ

d f
Poral of abolfBopayareray PHE ety o ¥R nebr Shr- ke ot
| ayers of t Heyérmfrﬂtaprg/wbm‘hsmm&mmnefdntehium and @nsecond idyee ofldbensed
areal | dens! el skBod R3S oPEciBhBS oBAl bb3bLS h 4% BkERleR" phelEnlmy be
of any desi red” afoun oun per
squar e f obt l(wdivwsaltmﬂes 688 umgﬁraqt)onaﬂmoeemmbf berabthe a&cessive aiba@uareo 75

o about 1. b Baundp Asa oHa1d 8 ah3rBE, bPererile ' aBLs dribsBRer Al

t he nunber sina Istic

constructi or0°{ﬂ0é‘ﬂ&’9@°obly0°f‘tﬁ‘1/@§§45°r‘(8mab@h@l’mletso about 65 Iayers nmor e
preferably from about 35 to about 55 |ayers; and the nunber of |ayers
ina ballistic article of the four-ply construction Preferably ranges
from about 13 to abbigtcoggnienyér eharadennsrtbe geemelriad o theraompabitast of20 t o
about 30,4 AYGE Svehfiorsb ik GoBfelries e oAt Nho Lilh BHEBRTarnBhoddiif S
refers to onﬁ tvﬁe awe)tlrﬂsql(()3 ere above- rescrleb %ﬁﬁ HH@an% gérﬁé(
constructi ons: a f'ﬁﬁlﬂlsﬂﬁﬁeé'f‘w@ﬂém&b?fsaﬁr@ ah@}edd@nqﬂ@bﬁow@@ E\Nﬁ@ﬁéﬁﬁn@ Ae
fibers are %?rﬂ&?q"bﬁhadu’écm YRheene dd tlaer“L:°rn|d|rect|onaII allgnbEl fibipul d

be pointed out that other |ayers nmay be present toP er wth the
conposi t e of "eMPrE’)i nYaeLsBYP aﬁe@rpfa?q%runtﬂ"@m”bﬁ igned fibeke carhese

addi tional | BiescswitPdspEct WO ¥RPredidid bRt . @frefﬂ%w’%\é%réﬁhéyé@ ofihe
preferabLﬁ/ alsoforrredfromhlg!gtenamt fib whi ch f1bers may

al so be Hl gFoEREds e5e cressyefied( Bepisavdh &g ﬁBerﬁrgg}og °f6|?e Heidirgstional her

hi gh tenaci tipefd @@é@hwomaaﬁra@?e@d qurcésge@trwsﬁ@rb&mbwﬁéﬁme PBO
fibers, etc. total areal density he conposites of

this invent |W'f9§t'%}aéf%%fél9f§h ecRfliznent Byes- |%B§X%PA%'%%8¥R 'ayeroafasaﬁfz
and nore prefigy el secbhdnthird, Goavg0dhd Tifth 1ayeab pithted A0 59/ 482, g‘oorana (1°vvo

| structure of th c site terial of this inventi
DLt o by P SRS (S PEaT Bt RpreBred B s dvp BYarutl 87

g/ n2. Fogs a d;mr I3y- ?m St U g@t@te@f um[hmeaaoﬁmoalghmemt gfd abs®ibed i
invention, the tota re sity to S
t han about 1%'“@%1? gﬁd%n%r Z\I]o&r &@agﬁ%y f@‘%‘bo‘ﬁ%&l@ tdog[g:béfﬂs 190
g/ n2. Most 4&35%f andb|7g7 40be total areal density for a four ply
structure of the conposite is about 180 g/ nR2. As used herein, the
total areal density of the conposite is defined as the wei ght per
unit area of t helrrrgérteirall mgéibrcrmtleyejr@bf ﬂhermemgori e grefepaisy foemed by hi s
i nvention (to eth ut |
nature oft { HONST{EPe i ROdp i A s e s meteesh Seb B on
of the 20 Irastex $ombo$|ﬂm1 C(Aspmedtrere)lh thii termh risteating ois, useddh a broad
conparatively | o flbe nS|t escn.b achieved.. As such,
Chere s avarmsnfigie A 81 soBRM WoFGin PRs Gy Bl BeRr e GEaRca
bal I'i stic prooptmdousslayer of the matsix naingubsgibovaircuhdingi thh filenacirt ¥
discontinuous layer of the matrix composition on the surfaced of the fibers. In

10



WO 2008/ 097355PCT/ US2007/ 078012 exanple, United States Patents
6, 219, 842; 5,677,029, 5,587,230; 5,552,208; 5,471, 906; 5, 330, 820;

5. 165, 00, "D ABIITE 51115 667 5. 061,545 5. 006, 390, FBEISH
4,916, 000; 4.883,700: 4.820,568. 4,748,064

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. The fiber networks can be constructed via a variety of methods. In
the preferred case of unidirectionally aligned fiber networks, yarn bundles of

5 the high tenacity filaments are supplied from a c¢reel and led through guides
into a collimating comb and one or more spreader bars prior to coating with
the matrix material. The collimating comb aligns the filaments coplanarly and
in a substantially unidirectional fashion.

i0 The method of this invention includes initially forming the fiber network
layer, preferably a unidirectional network as described above, applying a
solution, dispersion or emulsion of the matrix composition onto the fiber
network layer, and then drying the matrix-coated fiber network layer. The
solution, dispersion or emulsion is an agueous product of the elastomeric
15 matrix resin, which may be sprayed onto the filaments. Alternatively, the
filament structure may be coated with the aqueous solution, dispersion or
emulsion by dipping or by means of a roll coater or the like. After coating, the
coated fibrous layer may then be passed through an oven for drying in which
the coated fiber network layer (“unitape”) is subjected to sufficient heat to
20 evaporate the water in the matrix composition. The coated fibrous network
may then be placed on a carrier web, which can be a paper or a film
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 be

wound into a continuous roll in a known manner.

25
The consolidated unitape can be cut intc discrete sheets and laid 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 aligned and oriented so that the fiber directions
30 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.

11



54,737, 402; 4,737,401; 4,681, 792; 4,650, 710; 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 Publigat, V\D 91/ 12136 aI | descri be bal I I St |

conposi tesﬁi\%hiloc 9?%& ude high strength fibers nmade fro%éﬁ%ﬁﬁﬁ%ou
nol ecul ar wei ght pol yet hyl ene. 10l n one enbodi nent of the invention,
a vest or other body arnor or other article is forned in a
conventional manner froma plurality of |ayers of the conposite
material. These |layers preferably are not | am nated together but may
be stitched toget hethe savoatdx $ori thpdigersof thehorousdiayerdus prefriably ani t h

respect 10 CaRloNLNE s Rl K IRk gl 3Y e MBoRBRL BEerR L A

at each 15corner ncas as a whol e
in a pocket mrtmﬂérbrrusaﬁﬂevater@ased d[speT‘I'Shml iS|33BiISb$!’elObajf|Krat)n® Rr13r of

| east about TR60°FsErFithrba GREiAEE Rhlchnerk oy M lery Bel gt o
(503 nps) wheh weightpedeni rétaiacd CDTUHIfIIGlSOl\tmt al Theachksperdier Ipegferablyr a
constructi on, oggajr‘?‘é,d o ch)dt \%%wP'éénG&[@ﬁ%%tE re%@se é)tdﬁ‘ﬁF e%r‘f&&tﬁ}?&%{n‘&a“ce

wth ML-STD for a cons ction
conposi te, tandiosidanesitywicel tatdisslidsoerenton the saﬁaﬂ&eer@mnzmay Fange V50

0 (2 aeaS! FRUbodORD B 8550 psrRhehirablotobi (7 Lo AR 101525

fps (465 nps) when |rrpacte num sted in
accor dané® vihowt I“@DLW@Q#.UL pBoent, HTh@g'éOq@)rmﬁJ@TQbWeEfOfar@Odéﬁ@rtm syt 4Si ng a

shoot pack C\Lmé "ﬁl‘?é‘%&ldé%?né Pméybd difiidd J‘Fitgén%@t%tﬁ@éﬂmﬁorpf 0.75

pounds per squ f oot nown i n

art, the Vs50vgter GEittypay be ﬂmaseéufdiﬂsv?d Py thenpgditon: ofevigopifomediiense has
a 50% pr obabi ﬁ1¥ I|Qt—f- QQW?&JI %‘s‘pgl'%ion as sold Rhdh MREb Sty c;fQSo&tQm@Q:?)bta%S of

this invention based on ourg‘g construction are characterized in
bal i stic pePeaiithed OFFal298@). cinchihap edsiarkifio (ize] TRRing o 1163Hips)
when i mpact eghiehiordt @d8fVdsublich"B &liers afkiethe Mtk | iBdy be included in the

elastomeric composition.

Other block copolymers of conjugated dienes and vinyl aromatic

monomers may alternatively be employed as the matrix resin. Butadiene and

20 isoprene are preferred conjugated diene elastomers. Styrene, vinyl toluene
and t-butyl styrene are preferred vinyl aromatic monomers. Block copolymers
incorporating polyisoprene 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 (x=3-150); wherein A

25 is a block from a polyvinyl aromatic monomer and B is a block from a

conjugated diene elastomer.

Such water based elastomeric materials are known in the art and
are commercially available.
30
The amount of the water based composition which is deposited on
the fibers in the fibrous networks of the invention is chesen so as to achieve a
desired level of resin content in the fiber network. The amount of the
composition used of course depends upon the solids content and the

12



nore preferably a V50 of at |east about 1725 fps (526 nps) when
tested in accordance with ML-STD-662E. The four-ply | am nates are

al so char r Ln a V50 of at |east about 1550 fps 7
preferably (Eﬁ 8@3&’ about 1575 fps (480 nps) when ima#ﬁﬁ%@%}lﬁ4
magnum bul | et when 5 tested in accordance with M L-STD- 662E. These

properties are determ ned on the same shoot pack as with the 9 nm

full metal jacket bu t descri.bed ab m)re the flexjble
bal 11561 6 oy FROFOTIAGA 911BE PSRRI E AIaSeIE ot B ISpIdss e A ersTsbl i o

IhaVI tng g ViSOclhgf;%@][sublem tiad PEipoitdASof e rétéﬁﬁnms}natéﬁf; o fiberf eulr: bl y at
eas abou act e a I N ragnen
S ool at ey, et TR E et TR oy e ity RS
Eﬂaieg4ggggAt mfepdat}l ,Ghepaxsi, tod. a Eaﬁsﬂ:raag][rﬁwefermys fclatmssmeau T lcedbc?_y 20bI

- e our am,na re ra
6 hros b gt by BreBE inare Eombloros; SRk ds ARt 52 B L

nps), nore peeibier abd ynost pretaably about 159 §e@ehipsy wbight, rmpsaacrvxlo@rnpmmtpact ed
with the sagE 17 grain FSP. These properties are determ ned using a
shoot pack of¥®8 x 18 inches (45.7 x 45.7 cm) having a wei ght of 1.00
pounds per square foot (4.90 kg/ mz). 20As nenti oned above t he

conposites of thisjdnvention are rt her.char terlz |nhvn
stiffness of |ess t-[liln1 nc%%(ff’fefn%ted%la (ﬂt {h 'rfﬁ%!?é‘) maﬁre% e?rgﬁ% h? Ss

than about Zndivipoalnidmir(z0 b koksglidafirgy utltm head - gidy presawes steh aS;t fdrf ness

i d 0 I

Gtiftness s reampinal EST s Tagdie oy A 180 p PR GR% 127
four-ply corf@)smﬂe&u?&obf frémh sbputve i Blooyt 250 epss (6.9 tndd25 k%a)la@sfot han
about 3.0 pqw&f%itgodhg)m ag@ﬁﬁrﬁh% ny | ess than about 2.8 pounds

(1.27 kg). e conposites of this invention
are characterized in relatively | ow peel strengths, as neasured by a

nodi fi ed version of .

herein i és referred théﬁi%%@?%é&rs T'b?heo:éﬁﬂnﬁé‘eé?@%ﬂ%aﬁégﬁescbﬁggl on
and in the dlesliowlar end use. Test pseferably eagh compesite & wmed cirard tvo
measure the 1@?&] s V&8 Hith BR! ¥RSTed @6° LY &ESpeRt td WAcH bt aﬁdrﬂ%tv@” al's

bonded t oget For testing the Peel Strengt etween | ayers of
cross- pl i ed begneongelidaigidtintooa smgt%amcturamln@cnu iermaie webgedistentt the

films, thr eecom.keeaap% oIl w@d@agei chh%mgg]dﬂanﬁﬂﬁ@é s8Eh that a

cross-plied material . Care 1s taken to followt direction
during ciittitelgl ohious avsree of fivrrs ssenemplaviedein tisycasge e ofiithee two-aly

inches | ong doﬁsdldgtea%tiﬁaa_ures are consolla_é?te@iﬁtﬁ'bﬁé Qﬁothé\e bond strength of
a 2 ply mterial or the outer layers of a 4 ply material (what is

referred to as the 1-2 bond and the 3-4 bond) a strip 1 inch (2.5 cm
wi de of the 2 inchdn &hordiptttis AIFY &eldesiPAB REluBEMA thé @omposite to

permit different composite layers to slide over each other for ease of forming

25 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, with preferred films being formed from polyolefins.
Examples of such films are linear low density polyethylene (LLDPE) films,
ulirahigh molecular weight polyethylene (UHMWPE) films, polyester films,

30 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 um), more preferably from about 0.2 to about 1 mil (5 to 25
pm), and most preferably from about 0.25 to about 0.5 mils (6.3 to 12.7 pm).
Most preferred are films of LLDPE.

13



to center, leaving 0.5 inch (1.25 cn) on each edge of
cross-directional fibers. This is necessary to hold the other side of

t he nat erlgb o~ Sﬂ) s .Lhat side is the cross-directional fﬂ(ﬁﬁﬁszﬁdﬂ%(ﬂfd
€ nachl ne

does not frength to be peeled w thout sone of

directional fibers being present in the clanp together with the
cross-directional fibers. 15 Each test sanple is peeled up to
2 inch (5 cm length so that the sanple can be gripped in an | nstron
testing nmachine. Once the sanple is firmy clanped into the grips of
t he machi ne, the teﬁme peefatar t@dtrt:cnope:ﬁlthrshev@ﬁnnpheaatWoaoIgznammatleead

d of 10 h A5 h 0 h_of
the sampl o 1 ¥NERE ahSe Rl R and rasl ot fods BB nel pLS Piltrand
]'Ehe aver age s*l,wmlbses{)eeq s‘ieoamiep(etﬁérretdheorts@pctﬁ:npemms wﬁr&dtud:hcs avfemag?ofeel
orce are_c u r
each intetfa 3 'i' é"i‘&ﬁﬁ' ESanSI (éo Hgl gﬁ\g“é gaa réogF tl?est%rwgr?t&ﬁ\érﬁgate
reported f orpreaomsly micetidrede Tofs feaghly &aripdie alsﬁhmsé.LDE’chﬂms bnthettf @fce

tested for a ) e (the 0/90 interface) and 3 interfaces
tested for a'tsf%(uerr%k')rélfﬁa?aégpl e (the 0/90, 90/0 and 0/90 interfaces).

30The procedure for the 4 ply material is the sane, except to neasure
the 2-3 | ayer bond el t e S| S. C h

wi de x 11 inches (ZTP@ QU%Eg:%q PS‘%{E gﬁw&s‘ﬁéal e!jfmt %&'C{ar%i (%?{h{éggs of
t he sanple (thedefromndn0dg@nding Lpeeltrmllﬁmemusa@f theharticlia Pfeferbblyhibe
sanple (fi I | i.on
fibers to proa{bg)s%sagf)ms [h%ﬁﬁp m”‘u ?’ffﬁgf‘g%ﬁ%m {rbg tgdlggfé}%nﬁé

two- pl y conpushias aofest,Hiug aitem@tmelydhey maeﬁ@rratbeynrteméeyeeeel Thegnigobasngt h
is less tha S

t han about rb %g\c‘)gu%ﬁhg ‘BQHQ’QT:{ [§L9 pfibﬁ &‘%} ?t%gg ? Eﬁ‘g‘%ﬁﬁ? gﬁ&gd%bév\%eg"%a
conposi te |S€rﬁ@i£§0$@dnlﬂé& fm;eénrqdh@t @Wﬁlqﬂrln@ﬁwe(@esged PRERRESAE. tWﬁ;ng ply
and the 90 ploy bdit.a For exgmple! gﬁg &%“ér’(rfdr'%b@ﬂ% o' tot |eval€1’ d@%uiéd

corrp03|te of this inventlon, Strength |s(£ era ess
than about CBPProxiRiEs!-0poRnd gy sauere et areal depgityf @9Qbkg/m )eS% ONRan

about 0.6 paynés Jogstzgctlbﬁ)thergh'ﬁafﬁgla gtéled’fgétﬂ)uf g’i l%féch‘éf i }(No ply

COI’T'pOSI te i s  neasured between he second ayers
bet ween t he GNpiaiction 0o apeys AN, t@@&wim@trwtm i an@%@qu@o

constructi Orgmbokﬁﬁié’rﬁﬁﬁ“bégy Wrhdt \)@étssiri &aepm&@d d@ér‘é@%pﬁaxhﬁét@d on
poly (alpha- olefin) fibers, the bal ccoggzoMes of thi

i nventi o hdV/& P rpqusﬂ%?reé?‘ﬁélreﬁgﬁ%?'W>f3 SRikge. there rpay bg §1t‘i’t€] of

properties, gt B@mérss@ﬂtﬁé ReS-Bly (ddhshgstioh Ioeébbutlmtmgerslshmecmpgsrsl tes
of this invention are further, characterized in havin ower Pee

Strengt hs t HRRSIERHOR AT fih avepfiony (HISPReIeP @rgal fepsily| (?fg'f"? LRIt es.

/0 ballistic resistant article may be of any desired amount, such as from about
0.5 to about 1.2 pounds per square foot (2.45 to 5.88 kg/m?), more preferably

25 from about 0.75 to about 1.1 pounds per square foot (3.68 to 5.29 kg/m?). In

general, the number of layers in a ballistic article of the two-ply construction

preferably ranges from about 25 to about 65 layers, more preferably from

about 35 to about 55 layers; and the number of layers in a ballistic article of

the four-ply construction preferably ranges from about 13 to about 33 layers,

30 more preferably from about 20 to about 30 layers. It should be recognized

that the number of layers refers to only the layers of the above-described

composite constructions, and more preferably are for composites wherein the

fibers are extended chain polyethylene fibers.
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As nentioned above, the flexible or soft arnor of this invention is
in contrast to rigid or hard arnor. The flexible materials and arnor

of this in%i%bs?d}ﬁio not retain their shape when subj ecl;(felgggzg(,,?n%%%
g S ng

significan unt~of stress and are i ncapabl e of bein
wi t hout col | apsi ng. The followi ng non-limting exanples are
presented to provide a nore conplete understanding of the invention.

The specific technigues ondi tipns, rials roportions a
reported data set f'gPﬁ?F'?g 'HOIF{'}%CF?@&EE’R% er 2 ”%ertg rl’es?ﬂet(’g%g%rnti on
aLe exenpl arwltralﬂdel edmpﬁsﬁienﬂtthlbmmoﬁbgt immdaasoraﬂbdunttorm likee Tieape of
t he |nvent| on ercent ages are S.

Stated, R TRLEF walr sell Wit RS SRRk Ve was
formed from dala;yarrmedffrda-n aigh dertity ﬁbasnwﬁpbcﬁbe:a@ép@l@o el hgi teyheitye
fiber from tiaon The . fiber.h at

36.6 g/ d. " DOErTEIaL RS o MBtne Bfer R et oPR B RO on o
3. 03 per centliquikh@ystalraepdiyester, PBESibEE3 2t 240 fi | arrents)

Uni -directional preinpregnated tapes ('unitapes”) of these fibers

were prepared and a matrix resin was coated thereon. The to matrix
resin was Prinlin(riheBT&a7eiéal fdeosityPiotribe d@nitositen of Goispinyentiohi ish i s

a vater baseholiaRPLalANonl (AHONCh PII0TH W8 16sL3BRERE: Rb¥ ene

resin bl ock cop roduct 1s des acturer
as conpr il&i nahouby5 weabout, 1068;!r7i%f®¢ratvanphy)stlmtmae7of tne compositeamaledal

rosin deriv e %.0f c ant
2.1% of an i@ﬁ%i'@%@oiu% Pér%lgﬂ?}%ta?%%l gnt dg'uﬁ éﬁjge % O
sodi um hydr ostiagie 27 agith’a ﬁ@rs@d@lrtmy atrugture eD8E) cwmpoaadle mgerlal'ltﬁdham)unt

of styrene i dfig Hﬂéx&grﬁbén d%‘i%@f ﬂs%‘?% D gléquamb daL&hhan ge&'ut%a

particle size I,S descri coat 1 ng, water is
evapor at ed f@/6Wn @pApoSie iporerahby frﬁ'@ ﬁb@ér14féttﬂo@b@u\h/a‘§0\/\/911nhd udogin a

O ais COMblGRRNIG Ridisroh AT foP B! o0NA LBGTo BY REISHROMEIE

prepared in { TWo such ‘uni tapes were cross-
consol i dat ecPhpntidB0 géat Apdsed 88y éhe @t@r%aﬁléjeaﬂiyaﬁﬁ thatcemmpﬁtte Bwo

i dentical palgfigbingsene \A‘/é@ﬁrpéradﬁtna%ea Hhehd @S- Fa&@rgnﬁénﬁﬁd%%g the
cont ai ned 15 wei ght Percent of the elastonmeric fesin. Two such

two- ply cons@Mreattear i Iﬂ&@rﬁlpaétomﬁh@r ville Rlagti® §lnsf vdigedhnclualpaing at

90, and Con&@turaaéfetﬂeLﬂb@eranaﬁlegatmateﬂalpérﬁagwcﬁ.n HaCcdrREUbon"GF the
structure was a 4- g*f?s‘éﬁﬁﬁ eth | ene fiber conposite, Both the two-ply

and the burlayry ot I”%i?/é’?@”ﬁ%(éHﬂT‘ gempargfiely lov Bgseresivel y)

were sandw cdediibetaeps abM@véd—WéEchh' erd & RivaikabRSSo R fibdbs per weight
appr oxi mat el under heat and pressure. Sanples of

Y
t hese mater|tam&w%&%#%&%@%%@OPﬂme%45 7 x 45.7 cm) were tested

for their ballistic
As noted above, the high tenacity fibers of each layer are coated
25 with the matrix composition and then the matrix composition/fibers
combination is 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.

Various constructions are known for fiber-reinforced composites
used in impact and ballistic resistant articles. These composites display
varying degrees of resistance to penetration by high speed impact from
projectiles such as bullets, shrapnel and fragments, and the like. For
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properties and their flexibility properties. The Exanple 1 sanples
had a thickness of 0.005 inch (0.127 mm and the Exanple 2 sanples

had a thi%@g@szogg%ao. 009 inch (0.229 mm. Ballistic teﬁéfg@fzogﬁﬁsoﬁ?e

9 Mm FMJ b 44 Magnum bul | ets were conducted as
M L- STD- 662E, and the backi ng of the shoot pack was clay. Ballistic
testing for the 17 grain FSP was conducted as per M L-STD 662E, and

b o "ot RSl oBEE alf o ey L8 sl Saticlore
foot (3.68 kgambd0e,As5886,820;t he,196,262; padkssokc! 546,039, | ayesd98f the
composi to (i el atiio FHPARETS Fonos ARt /o grhtebrep 0aRPT ot pot Bads
the t o':] al ﬁr&aﬁb‘ﬁ@(ﬂ]si 1.959@34;1. @,@1a,outmds4,se3,7emua4,62®,663;2( 41,|.7@®,08g/ ) .
As , L [ [ 5

c_orr;lcj)gi _te5 (?ﬁi?ﬁg%g' ?’Fgﬁéﬁ;aln%’%é&;qg%ye%’gl‘s@ﬁ@;?\e&?&z%sz‘kcog’sgg’ﬁsg

(i ncluding f4,68%p47, B3 2xX1 US43 286; 4601858; 4,46a1H68; and 6408,0¢2,dPCiTer ent
e o b B PARENETRb S 3B ek PERIR Wohirssrurp b one
fi ber based iodogobighesength Eb¢re sazid ffcor hiph eiotecplzo peight pdyetfiyiena.esul t s
are also shown in Table 1, below. Exanple 3 was Spectra Shield(r)

Plus LCR from Honeywel | International Inc. (having a thickness of
0. 006 ineh (0.152 nmone anthodimérs od thenwovepltipn ca eest-qoldtfeedt blodyriarmagreorof

Spect r a( _r) 1&9& 5&@8 i f(grljrwég(?n %e&)in%atio W r]hQnr?er 'ﬂ'o‘?ﬁ Qgtﬁﬁrglitgjoi%&e s of
styrene-i soprene-styrene resin appli ed fFom an organi ¢ S0l v Rt> “and
havi ng a r estha coowbsite maferiabolibeszOkiydrg prefeghly. arExmtidreinateddegether

- i ek J . 25.40. 152
o b T b B RHATBURG, @ B¢ SRERDe U e HBaaRE oD 1
with a Kratorgpgct @1each ethegn erer-axgoiee He- [9ys e ey heokicn stitahed algdchg a

505 06 e RRr s ISR Mot iy be dMoasod ag @ wholg in & pagket or,

other covering.

The flexible ballistic armor of this invention preferably is characterized
in having a V50 of at [east about 1600 fps (488 mps), preferably at least about
20 1650 fps (503 mps) when impacted with a 9 mm full metal jacket bullet, for a
construction based on a two-ply composite, when tested in accordance with
MIL-STD-662E. Also for a construction based on a two-ply composite, the
composite of this invention is characterized in a V50 of at least about 1500 fps
{458 mps), preferably at least about 1525 fps (465 mps) when impacted with a
25 44 magnum bullet, when tested in accordance with MIL-STD-662E. These
properties are determined using a shoot pack of 18 x 18 inches (45.7 x 45.7

cm) having a weight of 0.75 pounds per square foot (3.68 kglmz).

As is known in the art, the V50 velocity is that velocity for which the
30 projectile has a 50% probability of penetration.

Similarly, the composites of this invention based on four-ply
construction are characterized in ballistic performance of a V50 of at least
about 1700 fps (519 mps) when impacted with a 9 mm full metal jacket bullet,
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(g/n2) 9 M FM .11 V50, fps (nps) 44 Magnuml V50, fps (nps) 17 Gain
FSP2 V50, fps (nps) Stiffness, Ibs (kg) Peel Strength, Ibs (kg) 1

WO 2008/097355 PCT/US2007/078012

more preferably a V50 of at least about 1725 fps (526 mps) when tested in
accordance with MIL-STD-662E. The four-ply laminates are also
characterized in a V50 of at least about 1550 fps (473 mps), preferably at
least about 1575 fps (480 mps) when impacted with a 44 magnum bullet when
5 tested in accordance with MIL-STD-662E. These properties are determined
on the same shoot pack as with the 9 mm full metal jacket bullet described

above.

Furthermore, the flexible ballistic armor of this invention preferably is

10 characterized in having a V50 of at least about 1825 fps (556 mps), more
preferably at least about 1875 fps (572 mps) when impacted with a 17 grain
Fragment Simulating Projectile (FSP) per MIL-STD-662E, for a construction
based on a two-ply composite. The fragment was as specified by MIL-P-
46593A (ORD), caliber = .22. The four-ply laminates preferably are also

15 characterized in a V50 of at least about 1875 fps (572 mps), more preferably
at least about 1900 fps (579 mps) when impacted with the same 17 grain
FSP. These properties are determined using a shoot pack of 18 x 18 inches
(45.7 x 45.7 cm) having a weight of 1.00 pounds per square foot (4.90 kg/m?).

20 As mentioned above, the composites of this invention are further
characterized in having a stiffness of less than about 2.5 pounds (1.14 kg),
preferably less than about 2.0 pounds (0.91 kg), for the two-ply composite.
Stiffness is measured in accordance with ASTM D4032, and the lower the
stiffness the higher is the flexibility of a composite. For the four-ply composite

25 of this invention, the stiffness is less than about 3.0 pounds (1.36 kg), and
preferably less than about 2.8 pounds (1.27 kg).

Additionally, the composites of this invention are characterized in

relatively low peel strengths, as measured by a modified version of ASTM

30 D3330. The peel strength as described herein is referred to as Peel Strength
in the following description and in the claims.

The Peel Strength test is conducted to measure the Peel Strength
between the layers of two or more materials bonded together. For testing the
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97 1697 1530 1951 1.9 0.845 (two ply) (517.6) (466.7) (595.1) (O0.86)
(0.384) 2 180 1758 1599

WO 2008/097353 PCT/US2007/078012

Peel Strength between layers of cross-plied material, with or without

lamination between plastic films, three samples per material are cut from the

sheet of cross-plied material. Care is taken to follow the fiber direction during

cuiting the sample. The sample size is 2 inches wide x 11 inches long (5 x
5 28 cm).

To determine the bond strength of a 2 ply material or the outer layers
of a 4 ply material (what is referred to as the 1-2 bond and the 3-4 bond) a
strip 1 inch (2.5 cm) wide of the 2 inch (5 cm) wide sample is peeled down the
10 center, leaving 0.5 inch (1.25 cm) on each edge of cross-directional fibers. This
is necessary to hold the other side of the material since that side is the cross-
directional fiber side and does not have the sirength to be peeled without some
of the machine directional fibers being present in the clamp together with the
cross-directional fibers.
15
Each test sample is peeled up to 2 inch (6 cm) length so that the
sample can be gripped in an Instron testing machine. Once the sample is
firmly clamped into the grips of the machine, the test is started to peel the
sample at a cross-head speed of 10 inches (25.4 cm)min. A 5inch (12.7 cm)
20 length of the sample is peeled in the machine. The peel force is recorded and
the average peak peel force (of the top 5 peaks) and the average peel force

are calculated.

Three identical peels are tested for each interface of each sample

25 and the average peel strength is reported for each interface of each sample.
There is one interface tested for a two ply sample {(the 0°/90° interface) and 3
interfaces tested for a four ply sample (the 0°90° 90°0° and 0°/90°

interfaces).

30 The procedure for the 4 ply material is the same, except to measure
the 2-3 layer bond Peel Strength the sample size is cut to 1 inch wide x 11
inches (2.5 x 28 ¢m) long and one half of the thickness of the sample (film and
0°/90°) is peeled from the other half of the sample (film and 0°/90°}, since both
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1956 2.7 0.100 (four ply) (536.2) (487.7) (596.6) (1.23) (0.045) 3
118 1560 1421 1756 3.0 2.35
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halves have machine direction fibers to provide the strength to the strip for

peeling.

For the two-ply composite of this invention, preferably the Peel

5  Strength is less than about 1.0 pounds (0.45 kg), and more preferably less
than about 0.9 pounds (0.41 kg). The Peel Strength for a two ply composite is
measured between the two plies (e.g., between the 0° ply and the 90° ply in a
cross-plied construction). For the four-ply composite of this invention, the
Peel Strength is preferably less than about 0.7 pounds (0.32 kg), and more

10 preferably less than about 0.6 pounds (0.27 kg). The Peel Strength for a four
ply composite is measured between the second and third layers, (e.g.
between the first 0°/90° ply and the second 0°%90° ply in a 0°/90°0°90°

construction).

15 Compared with existing commercial products based on poly (alpha-
olefin) fibers, the ballistic composites of this invention have lower fiber areal
density, higher V50 ballistic properties, and lower stiffness (higher flexibility).
The composites of this invention are further characterized in having lower
Peel Strengths than conventional poly(alpha-olefin) ballistic composites.

20
As mentioned above, the flexible or soft armor of this invention is in
contrast to rigid or hard armor. The flexible materials and armor .of this
invention do not retain their shape when subjected to a significant amount of
stress and are incapable of being free-standing without collapsing.
25

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

30 limiting the scope of the invention. All percentages are by weight, unless

otherwise stated.

19
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EXAMPLES

Examples 1 and 2

A two-ply non-woven composite was formed from layers of

5 extended chain Spectra® 1000 polyethylene fiber from Honeywell
International Inc. The fiber had a tenacity of 36.6 g/d, a tensile modulus of
1293 g/d and an ultimate elongation of 3.03 percent. The yarn denier was
1332 (240 filtaments). Uni-directional preimpregnated tapes (‘unitapes”) of
these fibers were prepared and a matrix resin was coated thereon. The

10 matrix resin was Prinlin® B7137HV (from Pierce & Stevens Corp.), which is a
water based dispersion of Kraton® D1107 styrene-isoprene-styrene resin
block copolymer.  This product is described by its manufacturer as
comprising, by weight, 68.7% Kraton® D1107, 22.7% of a wood rosin
derivative as a resin modifier, 3.9% of a nonionic surfactant, 2.1% of an

15 anionic surfactant, 2.3% of an antioxidant and 0.3% of sodium hydroxide, and
a viscosity at 77°F (25°C) of 400 cps. The amount of styrene in the polymer is
described as 14% by weight, and the particle size is described as 1-3 p.
Following coating, the water is evaporated from composition and the fiber
network was wound up on a roll. Two continuous rolls of unidirectional fiber

20  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 polyethylene fiber lamina. The resulting structure contained 15
weight percent of the elastomeric resin.  Two such two-ply consolidated
structures were then cross-plied once again at 90°, and consclidated under

25 heat and pressure. The resulting structure was a 4-ply polyethylene fiber

composite.

Both the two-ply and the four-ply consolidated layers (Examples 1

and 2, respectively) were sandwiched between two LLDPE films (thickness of

30 approximately 0.35 mil (8.9 um)) under heat and pressure. Samples of these
materials measuring 18 x 18 in. (45.7 x 45.7 cm) were tested for their ballistic
properties and their flexibility properties. The Example 1 samples had a
thickness of 0.005 inch (0.127 mm) and the Example 2 samples had a
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conposi tes. density was 1.00 pounds per square foot (4.90 kg/m?). As such, the shoot

10 packs included 51 layers of the 2 ply composite (including films) and 27 layers

of the 4 ply composite (including films).
The results are shown in Table 1 for the different ballistic tests.

15 Examples 3 and 4 (Comparative)

For comparative purposes, samples of commercially available
polyethylene fiber based composites were tested for their properties. The
results are also shown in Table 1, below. Example 3 was Spectra Shield®

20  Plus LCR from Honeywell International Inc. (having a thickness of 0.006 inch
(0.152 mm)), which is a two-ply cross-plied laminate of Spectra® 1000 fibers
(1100 denier), with a Kraton® D1107 styrene-isoprene-styrene resin applied
from an organic solvent, and having a resin content of about 20% by weight.
Example 4 was Dyneema® SB31 from DSM (having a thickness of 0.006 inch

25 (0.152 mm)), which is a two-ply cross-plied laminate of polyethylene fibers,
with a Kraton® D1107 styrene-isoprene-styrene resin, and having a resin
content of about 16+2% by weight.
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51. A
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hi gh tenacity pol y(al phaolefin) fibers having a tenacity of at | east
35 g/d and a {&rsiplec] Tortarbal$ soM Faib” | east  1[20@0ragy/ [d$tifises,d] T 1Hz@r s | bei ng
in a mtrix conprisinopeasitpl OCksocPPO| pagaim'qf BpZLQ capy ugptseehotl €ne and
a Vi nyI aronmafi c non n@vmz;jeposdnpgd ORsSRL d JshRRINS Qg an| agueous
conposition, said conposite|having a ;mg)al :ﬂgpgﬁl density eg%al to or
| ess than 100 d—g_stiffpness 5|3°°° 15\%“ S-PoHn vl &4 kg)
for a two layer structure of sard con‘b glt and a1‘fota gl%al
density equal [t®o®BY) | ess t han (5188 gy 56dhd &%Vilf f@88s pf OPs |t han
3.0 pounds (1[362kg)| foroa {our7séayler 12B8st|r uedeurie ofrsa doganposit e.
2. The conposi { g, Ef rial of |claks 1 ket ei Bogdijacgns) fl bpews | ayers
are cross-pli %JFE)E—L%&EGGJ—W” 2 ﬁ(nnf[\ 8 {ﬁg“ Tﬁn coh ncazfn
material of clairhl, whdfei h a | acen ‘qu brodgsel yers arp czrgss-plied
at about 90 wi t¢PMeesipect t o okfES-Bnot W&?ﬁ.‘f) 4.W)conﬁ36§)| te @A%Rrial of
claim1, wherérinssar|d TisBer$ 1m4at [esmd dne -of [saixd fipraues [ayers
conpri se extendgd,ghai n pol yetdykene Jd7Ber|s- (1.36) (1.774)
5 1= weight of shoot pack 0.75 psf (3.68 kg/m?)
2 = weight of shoot pack = 1.00 psf (4.90 kg/m?)
It can be seen that the two ply and four ply ballistic materials not
only have the highest ballistic resistance against a 9 mm FMJ hand-gun
10 bullet, but also have either the same or higher ballistic resistance against a 44
magnum highly deformable bullet. This is surprising for a ballistic material
that has excellent flexibility.
Also, surprisingly, the composite material of this invention has
15 excellent fragment resistance against 17 grain, 22 caliber Fragment
Simulating Projectiles.
The two ply product also has the highest flexibility compared with
the comparison products. Higher flexibility is very desirable because it
20  provides comfort in a ballistic vest. Such vests may be worn by military

personnel! or law enforcement officers during their long hours at duty.

Accordingly, it can be seen that the present invention provides a

ballistic composite and articles formed therefrom that have improved flexibility

and excellent ballistic resistance.

The present invention also provides a

process for making the improved flexible composites.

I~
(2%



25 5The conposite material of claiml1l, wherein said bl ock copol yner
conprises a styrene-isoprene-styrene bl ock copolyner. 6. The
conposite ter) Of claim1, further conprising at | &St

30pl astic 11 Z%n#;g((ﬁ]’?’(?%nt act with at | east one of said fi bro£§P§7§°g§°§?
7. The conposite material of claim®6, wherein said plastic film
conprises a linear |ow density polyethylene film 8. The conposite
material of claiml, further conprising a plastic filmin contact

wi th each of said fjibrous |ayer ch that the fibrous. layer.s are
posi i oned bet veen TRW IS eEoRtqchioe teBon . Satierolhlf tall il o2og
claiml, wheunwlersts@d that augtosietaét neet atot bk stdetpradhesdt wobitalyatr fartbér sai d
fibrous material. 10.The..conposite material of claiml. rein,said
conpost t o e nos 306 PRIERTR e sBrL hps Slocior iR SureBIERE f™' 1o
11. The conpakfalieg withiartheascope of trai invehfiombe defineddgitioe $utpenead ¢clainsai d
non- woven fibrous layers are arranged unidirectionally in each

| ayer.



12. The conposite material of claim1, wherein said copolyner is
present in 15an anmount of from7 to 20 percent by weight of the
conposite. 13. The conposite material of claim1, wherein said
copol ymer is present in an amount of from 13 to 17 percent by wei ght
of the corrp03|te 2014. The conposite material of claim1, wherein
said fibers hﬁlféhﬁ denier of from 1100 to 1600. 15.- The conposite
material of claim1, wherein said conposite has a Peel Strength of

| ess than 1.0 pounds (0.45 kg) for a two |ayer structure of said
25conposi t e, Whatiselaimedms:0. 7 pounds (0.32 kg) for a four |ayer
structure of said conmposite. 16. The conposite material of claim1,
wherein said conposite has a Peel Strength of |less than 0.9 pounds
(0.41 kg¥y for1.a tWo fleaghde Isélh‘sﬂct resistart eahplos’ﬁactnm@ﬁltaawa@drrdpeswad

than 0.6 poun for a four re .of

composi e TExEIh S Hraaite FaipalcamharIng ey Yeparoves fbipus
conposi te hasagerst sdid Wl@ﬁ:ﬁJSQEyérgso‘éniphglﬂg% RetRRrKEBhigh - t@ﬂadﬂg)pdiﬂélpﬂa-t wo
| ayer structure of said nd a stiffness of |ess

pounds (1.27 q&gf)n)ff@prSahavmaﬂﬁwtwt Ablees 2 gid 3 a t%?#'ﬁdﬁ?qléus sfzatS
least 1200 g/d, said fibers being in a matrix comprising a block copolymer of a
10 conjugated diene and a vinyl aromatic monomer deposited on said fibers as
an aqueous composition, said composite having a total areal density equal to
or less than 100 g/m? and a stiffness of less than 2.5 pounds (1.14 kg) for a
two layer structure of said composite, and a total areal density equal to or less
than 190 g/m® and a stiffness of less than 3.0 pounds (1.36 kg) for a four layer
15 structure of said composite. '

2. The composite material of claim 1, wherein adjacent fibrous layers are
cross-plied with respect to one another.

20 3. The composite material of claim 1, wherein adjacent fibrous layers are
cross-plied at about 80° with respect to one another.

4, The composite material of claim 1, wherein said fibers in at least one of
said fibrous layers comprise extended chain polyethylene fibers.

25
5 The composite material of claim 1, wherein said block copolymer
comprises a styrene-isoprene-styrene block copolymer.
6. The composite material of claim 1, further comprising at least one
30 plastic film in contact with at least one of said fibrous layers.
7. The composite material of claim 6, wherein said plastic film comprises

a linear low density polyethylene film.

24



18. The conposite material of claim1l, wherein the total areal
density is from75 to 100 g/n2 for a two |ayer structure of said
conposite, and from 140 to 190 g/nR2 for a four |ayer structure of
sai d conposite. 1019. The conposite material of claim 18 wherein said
total areal denS|t+/ I s about 97 g/er for a two |ayer structure of

sai d conposit® henePreRARIB Snateriahl cfairg 1. derthar 40 P1iSing \hBIR&hiEKIng

bl ock copol ynggnt4@ 'WitH £8&h @f %Taléf ﬁBI%USQQW@né\]c‘ﬁt Hz8MRe BloRsils RyoRl yreer .
15 21. The conposite material of claim20, wherein said fibers in

sai d fibrous Pegjtiongd bgtweendwo plastigtlBy. chai n pol yet hyl ene fibers. 22.
An article formed fromthe conposite material of claiml1. 20 23. The
flexible conposite of claim1, whereby when assenbl ed together a
plurality of %aid denpuspesis melsriel of Clrigndt whetein Baidheornprsitevinatgrial

ballistic Cr'%%‘ﬁs}wn% aye&ao}séﬂrﬁb?c} 59 %Jertléﬁel ght of 0.75 pounds per

square foot ( when i a 9 mmfull netal jacket
bullet: 25(i) for a pl urallty of sai d corrposites conprising two |ayer

oLyt e 019 EOMREIAE ReCoeheg | BRI RN P

four |ayer stcrdnqirlseeﬁawﬂay&mafsemlrftb@@.lstraate&a[VSO of at | east about 1700
fps (513 nps) ; (b) for a total weight of 0.75 pounds
per squ Pe foot (3.68 kg/ n2) when 30i npacted with a 44 magnum bul | et

11.  The composite material of claim 1, wherein said fibers in said non-
woven fibrous layers are arranged unidirectionally in each layer.

12. The composite material of claim 1, wherein said copolymer is present in
15 an amount of from 7 to 20 percent by weight of the composite.

13.  The composite material of claim 1, wherein said copolymer is present in
an amount of from 13 to 17 percent by weight of the composite.

20 14,  The composite material of claim 1, wherein said fibers have a denier of
from 1100 to 1600.

15.  The composite material of claim 1, wherein said composite has a Peel
Strength of less than 1.0 pounds (0.45 kg) for a two layer structure of said
25 composite, and less than 0.7 pounds (0.32 kg) for a four layer structure of said

composite.

16.  The composite material of claim 1, wherein said composite has a Peel
Strength of less than 0.9 pounds (0.41 kg) for a two layer structure of said

30 composite, and less than 0.6 pounds (0.27 kg) for a four layer structure of said
composite.

25



(H) for a plurality of said conposites conprising two | ayer
structures of said conposite, a V50 of at |east about 1500 fps (458
nps), and (iv) for a plurality of said conposites conprising
four layer structures of said conposite, a V50 of at |east about 1550

fps (473 nps); . (c) . fo ot al t 1 . 00 .pounds
per square fobf (%%CR@PW‘F ﬂf‘i’@{ r?g "@d"w\a%ﬁ%é{’ ?'ng%§?18° agfe it
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(556 nps), angrcture of sdi¥ comp&ited Pl urality of said conposites
conprising four layer structures of said conposite, .a V50 of at | east

about 1875 f ps (572 nps). 10 24. The conposite material of claim23,

wh d pd

Al | st crifori ane Syboe HaeRaRARe 1 RRGRIPine Pl AVl |
sai d bl ock coipohyide 199<gﬂmpfqr§dwodamrystrgctgna @‘cﬁauieomnms,ﬂraea@d i cid0
copol yer, and %ot (oD altSure? Bl otllefir 8 ok coPI se ext ended

chai n pol yet hyl en ers artic froma plurality of
| ayers of the conposite material of claim?25. 20 27. Aflexible

Pﬁlel LiH}@Sr es %s‘rat ert]eati[,onr@:;o Br Od Cﬁa[%?nl%lm sI'Ean\ghereﬁ%lsal {otai areal cJen¥ yrlsé of
about 97 g/im?for a two Iayer structure of said composite.

. 20. The composite material of claim 15, wherein said block copolymelf
comprises a styrene-isoprene-styrene block copolymer.
15
21.  The composite material of claim 20, wherein said fibers in said fibrous
layers comprise extended chain polyethylene fibers. '

22.  An article formed from the composite material of claim 1.
20
23.  The flexible composite of claim 1, whereby when assembled together a
plurality of said composites meets at least one of the following ballistic criteria:
(a) for a total weight of 0.75 pounds per square foot (3.68 kg/mz) when
impacted with a 9 mm full metal jacket bullet:
25 (i) for a plurality of said composites comprising two layer structures of
said composite, a V50 of at least about 1600 fps (488 mps), and
(ii) for a plurality of said composites comprising four layer structures of
said composite, a V50 of at least about 1700 fps (512 mps);
(b) for a total weight of 0.75 pounds per square foot (3.68 kg/m?) when
30 impacted with a 44 magnum bullet;
(iii} for a plurality of said composites comprising two layer structures of
said composite, a V50 of at least about 1500 fps (458 mps), and

26



28. The arnor product of claim27, wherein said bl ock copol yner
25conprises a styrene-isoprene-styrene bl ock copol yner, and said
fibers in said fibrous |ayers conpri se extended chain pol yet hyl ene
fibers. 29. A nethod for the manufacture of a flexible ballistic
resi st ant conp03|t terlah H? has_ i roved flex bilit

met hod conpri si ng P |acf?|Hr§’ S@gtco%)o RO %Wﬁ"\@. BT lagerys&ygﬁlres of
CO{mri Si Pg afmc% wﬁbosatfe aivgb of@ﬂééatfa}éotﬂloﬁ%%ib@gﬂl@nﬂfs)][énd{l Iberst hi\znogg
a tenacity of at |ea ensi nodul us, o

0/ : eont i ng sai d (1pka eebuelall s 4y ob Bavds el SaipEdec! @A Nor
a bl ock CODOHWE:te@f wﬂhcannwggfa@d KtagAentaSimalaihd YProjedtiRMatdeting the
nonomer; _ prov non-woven fibrous |ayer conprising a

net wor k &f saﬁmcﬁpéwnﬁ&ﬁwkfy“%@%(@R%a olefin) fibers; coating said
second fibrous | aXWfo%tﬁu@ﬂy%qggﬁ%w&%g%séém&l%n@ft% IW&%UGM% offrer

of a conjugated di'ene and a Vvinyl arormatic nononer; evaporating water
from sai d fi rsaid egnapesiteondSP obatdeast abputyiSR8 =586 epss ANddat | ng said

first and second f r Q@é@
total areal denS|tglpf&%sqlh't%ﬁﬁocﬁs%gs%mtp%@e 8@' /ﬁsi@ H@%géﬂs%uf ess of
| ess t han 2. Ssgirbeoroigos(te, a VAO kit Ieaﬁtahomtv&k&'fﬁégea(ﬁ@mpsd.ture of said
conposi t and total areal density equal to or less than 190 g/ nR2 and

a stiffréss of |ess than 3.0 pounds (1 .36 kg) for a four |ayer
structure of Zaid Theccompssiteematedi@l off kelaime23)oetherkinc kaidnpla&litywbe saidn

said conposite has. a Pee tr | ayer structure of |ess
than 1.0 pourﬁ?@p(o@'t‘?fsmﬁag)s aﬁcﬂfﬁ?g%t%\}ﬁdgﬁvgf’cc\@%r@cture of said
conposite, and |ess than 0.7 pounds (0.32 kg) for a four |ayer
15structure of_ sai os i.te. of, claim 2 reln -
52 d aqueous Kompdde: FORPRUS: MRl ExPUCRIT o, afFreBce Bod: BN e s
conprises a CHorfiRices B HRENAISBIEHERETEROPIBENEopolinydreard ai@tikers in said
copol ynmer, and said fibers in said first and second 20fi brous | ayers

conpri se ext JWB‘@& 'éYﬁiﬁ romprisaexgrdedchpingayethylens fibpfe net hod of claim
31, wherein said first and second fibrous |ayers have said fibers
arranged unidirectionally in each fibrous |ayer, and including the

step of cross2Bpl yigardeledomesk for al piyrality of layRrs ofthe crmpasitecnaiesal o
fibers in 25agacant |ayers is at angles with respect to each other.

20
27. A flexible ballistic resistant armor product comprising a plurality of
layers of the composite material of claim 1.

28. The armor product of claim 27, wherein said block copolymer
25 comprises a styrene-isoprene-styrene block copolymer, and said fibers in said
fibrous layers comprise extended chain polyethylene fibers.

29. A method for the manufacture of a flexible ballistic resistant composite
material that has improved flexibility, said method comprising providing a first
30 non-woven fibrous layer comprising a network of high tenacity poly(alpha-
olefin) fibers having a tenacity of at least 35 g/d and a tensile modulus of at
least 1200 g/d; coating said first fibrous layer with an aqueous composition of
a block copolymer of a conjugated diene and a vinyl. aromatic monomer;
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providing a second non-woven fibrous layer comprising a network of said high
tenacity poly(alpha-olefin) fibers; coating said second fibrous layer with an
aqueous composition of a block copolymer of a conjugated diene and a vinyl
aromatic monomer; evaporating water from said first and second fibrous
layers, and consolidating said first and second fibrous layers to form a
composite material having a total areal density equal to or less than 100 g/m?
and a stiffness of less than 2.5 pounds (1 .14 kg) for a two layer structure of
said composite, and total areal density equal to or less than 190 g/m® and a
stiffness of less than 3.0 pounds (1 .36 kg) for a four layer structure of said

composite.

30. The method of claim 29, wherein said composite has a Peel Strength
for a two layer structure of less than 1.0 pounds (0.45 kg) for a two layer
structure of said composite, and less than 0.7 pounds (0.32 kg) for a four layer

structure of said composite.

31.  The method of claim 29, wherein said aqueous composition coating
said first and second fibrous layers comprises a dispersion of a styrene-
isoprene- styrene block copolymer, and said fibers in said first and second
fibrous layers comprise extended chain polyethylene fibers.

32. The method of claim 31, wherein said first and second fibrous layers
have said fibers arranged unidirectionally in each fibrous layer, and including
the step of cross-plying said fibrous layers such that the direction of fibers in
adjacent layers is at angles with respect to each other.
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