FRAG SHI ELD BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s
invention relates to fabric | am nates having excellent ballistic
resi stant Spympwedses as wel |l as superior resistance toppengbdoabls®i
of fragments, such as shrapnel. Mre particularly, the invention
pertains to a |light-weight, flexible, non-woven, fragnent and
ballistic resistant material fornmed from hi gh-strength pol yneric
fibers in an elastoneric matrix. 10 DESCRI PTI ON OF THE RELATED ART

Bal listic resistant articles contain b strength fibers that
have excell ent properties agai nst def or ma ojectiles are known.
Articles such as bullet proof%&ﬁ&—gﬁl@b{—éia&& ural nmenbers of

mlitary equi pnment, are typically made from fabrics conprising such

hi gh strength fEﬁﬁgﬁlggiggg&gégﬁiaﬁentionalIy used i ncl ude

pol yet hyl ene fi i bers such as

pol y( phenyl enediTais ineetrien epitsal faicdeninatgy ephigteacdl lebeyadjstiaydsrant
fibers, gl as% fi b&jrtslne%qg weﬂ%s %upgreél tE?JLanrr%n)ypcnplpufo%%F lra"m{,nts i‘.juc.n ags

vests or parfs Ot “Vest's, wove Khitted
fabric. For nan)ﬁh'@f?mﬂhéf‘%‘c‘ haticdppl il@afweafrr@ periphpe tf 4 bzétfsvcam ﬂwbk

encapsul ated or n%ﬁbﬁﬂz@ﬁdlduﬂwﬁn&Q%B@s%mcires:ﬂﬁﬁt%ﬁdtélal i 0d froh gl t her
rigid or flexible faprics. V?,Ll ous bal listic resistant constructions

are known that aF&NgiREeHMCHEFICERE P SATREEHR "B Sar ti cl es such as
hel mets, panels and vests. For exanple, U S. patents 4, 403.012,

4,457, 985 61%% Eé:éﬁ % ﬁi %7% 4,737,402. 254,748, 064,
5, 552, 208, g]058 D fHe ot QTG 846, 758, all of which
are incor porat e&%‘é“éﬂ?ﬁ'%@ﬂt RSP BeneEn inglbigh sirdnehiabers ey heve spianant

conposi tes whic 1é{ﬁ@t‘i&Qlea:hétgihfoﬁﬁétﬂ@ﬂhhctﬁlbbﬂl‘: ﬁnmdemftmmmtaerl al s
such as extende | ene.

hai n et
Thece: conoal s e iPBIToLye oS SadgrEse Sten Bl o b ieat i on
by hi gh speed imsa;a(;etlivfmmf&&pff@}lmonipesmsatc:hhagh doghdtefisers shidkilss,

shrapnel and?t g é\l}béﬁ%onai%@% élcgggl%]fizose I“%‘}ﬁglqoj? laQéAliﬁ\‘?’dlhge ysms.h as

patents 4,40 and 4 i SC I c-resi stant
conposite arti clk@b%féﬂmf“i‘%ﬁ“tﬁﬁ teert i ferddep ferthégh fiker.eviidiberes gt
pol yet hyl ene or ﬁlﬁlSYMQW’IJ&:J"'€orf1h:b@1ra§phcaﬂ§hsn§fcﬁ b@@e‘%ts@ﬁﬂ%&ﬂﬁ:e@g vl efin

Bg: zg:: : ?rg?dgglpqxﬂyn;%g}?be L[SCg %'}: Ellj\r,‘vg‘g'ﬁgl Ol' mtt&??ﬂ%nc %OE 174 19)2(!71'6‘:?& Ot?nd ot her

applications, the fibers are encapsulated or embedded in a composite marerial

20 to form either rigid or flexibie fabrics.

Vartous ballistic resistant constructions are known that are useful for the
formation of articles such as helimets, panels and vests. For example, U.S.
patents 4.403.012, 4,457,985, 4,613,335, 4,623,574, 4,650,710, 4,737,402,
4,748,064, 5,552,208, 5,587,230, 6.642.159, 6,841,492, 6,846,758, all of

which are incorporated herein by reference, describe ballistic resistant

[
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composites which include high strength fibers made from materials such as
extended chain ultra-high molecular weight polyethylene. These composites
display varying degrees of resistance to penetration by high speed impact from

30 projectiles such as bullets, shells, shrapnel and the like.



5bel ow the nelting point of the fiber. U S. patents 4,623,574 and
4,748,064 disclose sinple conposite structures conprising hi gh
strength fuhehsmphedded in an el astonmeric matri x. ?ﬂﬁﬁ&uwi
4.737,402 and 4,613,535 disclose conpjex rigid conp05|te ar

haV|ng good i npact resistance which conprise a network of high
strength fibers such as the ultra-high 10nol ecul ar wei ght

pol yet hyl ene and pol ypropyl ene disclosed in U S. patent 4,413,110,

al so incorporated herein by reference, enbedded in an el astoneric
matrix material and at | east one additional rigid |ayer on a major
surface of the Frb&HE"F AR #aRd1%7:95 discloss Eistiar &Ity o Ritsie] oses
ia flexible arti Slhle;eﬁ)ﬁonﬁﬁﬂsuﬁ af:.ﬁwven\@emngi ﬁlblggﬂa' \rr:éiyf:®bi>w}ew>f?f1? & e?i bl ;a
ayers conprised o exten .chai n pol yo in (ECP

ibers. CThe t1 oarergpy Pk AT Phdhe EbEPEE ooFERh B PSS Astul us

el astoneric in WYBlynpas, ensaurdied 5Rly08s. apekids, HR HHRBOoldins &l nog daldn
article and get Bodwhar IRl Dolnflk @ bl @.<CORIL 8205 Alasheank one

network of high strengt ers and a rix CO”POS'

i ncl udes a vi nyF’*Sélg%ee%““&' GoPeRite pirugse ey ising bk sirgratie fibers | 642 159
di scl oses an i npaGtdde® i —Sattﬁz&tonﬁdz@haﬁht@ﬂmﬁhfuﬁtshmvEIQZ &ncd, 5lr3a§3bty of
fibrous |ayers ich co mpri S dlsgosed in a

matrix, wth el A5F8HePIWT 'y‘%‘} %0‘?%08F%a‘8%‘F§AEéH“‘ "?ﬂ@‘”&:‘&%‘& P s
bonded to a har dbphateptie 4 mtvedst high otreath firragah msthe atumpiighpi er ci ng

projectiles. U ﬁmteZ?lvaﬁ%t &lﬁ%ﬂxﬂlé@%mﬁjbcﬁgﬂ &e%ﬁscﬁ%&eﬁtd §”S]:at Ley@nd

mul ti-axial fabrics, fabric conmposit stica res
assenbl i es t her &4f3-AHY afsﬂé“cﬁﬁ%ﬁé“%fy“{Nhfe(“:"de'tcﬁéy‘b&ﬂ@dﬁﬁaée'ﬂ%tﬁ’éc"C
fabrics are corrpﬁns\edqt@xﬁal&ﬁa st 104st Silel@ABPonS WiRRT IR bﬁh'n}éyd}%ﬁﬂicle%k‘ the

uni di recti onal rns in ar ve e .ot her.
U.S. patent 6,8“3“?g§héfgg oseg t@%gsfggBﬂFmﬁﬁﬁi g?‘@ Wrﬁﬁ
superi or 30resiQYHWE@“@GOWQHQUQaphmﬂﬂbyfbaﬁﬁq@rm30$mmﬁetpﬂh§$

Lani nates ofyst h@r:éxﬂMﬁMtblw‘d%ﬁﬁz1 wmremﬁimfrbasf &hE F'Buy\Qf‘ltﬁgnér(vgm a
hi gh strength, high nodul us yarn, 3 surface coating of a |ow

modul us eIastonéF”ﬁﬁﬁdé“BPé%%PE”PWFﬁ?ﬁ@ﬁﬁéﬁ“ﬁ@“ﬂts el ast orer - coat ed
surface. One problen1aSSOC|ated with the current ballistic resistant

f abr I CS and art ILF%]?}%IEH{% 5.5 glzb? 1\1%% edsSC OEQa’I{]}'Fcleltl QEI\'I(PH’!E:Rign?t ration
of fragnments, such®as Shr resen i NVERtT on provi dés a

solution to thi gmbmgbhemciq qon‘rpalsmbee!nasuwmopem:bdtiyl h@t!mdl?ﬂﬁa'ts agd a

non-woven fabri ¢,bardpgholitiomia: Hengala \ﬁl@}] @Qe[nﬁ& BRIk BndkidNo &t rengt h

fibers consolidated with _from about 7% to about
patent 6,642,159 discloses an impact resistant rigid composite having a

pluratity of fibrous layers which comprise a network of filaments disposed in a
matrix, with elastomeric layers there between. The composite is bonded o a
hard plate to increase protection against arimor piercing projectiles. U.S.

23 patent 6,841,492 discloses bi-directional and multi-axial fabrics, fabric
composites, ballistically resistant assemblies therenf and the methods by
which they are made. The fabrics are comprised ot sets of strong, substantiaily
pavallel, unidirectional yarns lying in parallel plancs, one above the other.

U.S. patent 6,846,738 discloses woven fabric laminates having superior
30 resistance to penetration by ballistic projectiies. Laminates of the invention are

comprised of a fabric woven from a high strength, high modulus yarn, a



| 5 Vo by weight of an el astoneric matrix conposition, and in

conmbi nation wth 10protective layers of a polyner filmon each
surface of achi eves a significant inprovene [ nt
reS|stance“%%§ﬁ%§§%Hto fabrics of the;prior art, while gﬁgBQM&&ﬂ%g?
mai nt ai ni ng excel |l ent properties agai nst defornable projectiles. 15
SUWARY COF THE | NVENTI ON The invention provides a fragnment resistant
material conprising: a) at |east one consolidated network of fibers,
sai d consol i dated network of 70fibers conprising a plurality of
cross-plied, non-woven fiber |ayers, each fiber |aver conprising a
plurality of fibefsearatiapgedicivmedudusiestsmnier aldaplgsde v ébndedt@is sai d
fibers having a,tg ﬂ&h&%m@@w@@@“t 7 aldenier or nore and a tensile
nodul us of about 150 g/denier or nore; said fibers having an

el astonmeric matrix conposition thereon, said elastonmeric matrix
conposi tion conphé §idﬂ@nf d’sﬁﬁﬂa?@iaﬁﬂuﬂiw é3adnobabdteslsei Q]éu&ﬁzﬂmuc.@s sai d
consol i dat ed_ net

: Cros
o voven 11 ber SIS R s I OF PR R g R Safh S s Rehel
conposi tion to T pressat tvooies ptavdit edoingdvorlks pbbitnbériss bsai d
consol i dat ed ne&NREag:thfl Y fo'upcﬂ!]%t ﬂ%h\(’(gvuﬁri}zrtb?irc Ea{ue@@lqlnpzp&tn%ﬂcﬂ{ed

surfaces: wherein If sd

pol y( p- phenyl enéﬂbéﬁ%ﬁﬂ%&b&fw%)“'baefv'tfekdgtfeds\ar*ut%ﬂ?quk?"édﬁﬁb%itti on
conpri ses at | eash vahaidht 3450 dmstaveiiig tanef c&@joﬁti@@ﬁﬁ@hﬂ dﬂ)ﬁﬂﬁdm&ﬂv%r k
of fibers; a W00 7 Q89317P /1%§2006/q44%31 ﬁlﬁh q ast one
layer of a pol yREFEHTS B4t P atied "t o "aC oo HEaT P & 8?| of “Rhg® ®
post eri or surf agesifigint gaprdvanoms vl fidateedesigtwe chnpfred folfgne:s oTthe

invention al so provi-desidatd ﬁglmmmrr@\%lﬂ%?‘ﬂgpé{lés 1%!1 BstidafphRQEating a
5fragnment resis ant mat eri al , whi fragnment resiStant materi al

conprises: a) At4cEkst one consolldated network of fibers, said
consol i dated network of fibers conprising a plurality of cross-plied,
non-woven flber | ayers, each fiber layer conprising a plurality of
fibers arranged in a substantially parallel array; said fibers having
a tenacity of about 7 g/deni &UMMARY &FaE ANYEHEION: nodul us 100f
about 1SO g/denier or nore; said fibers having an elastoneric nmatrix

The mvention provides a fragment resistant material comprising:

a) at least one consolidated netwark of fibers, said consolidated nevwark of
20 fibers comprising a plurality of cross-plicd, non-woven fiber layers, cach fiber

layer comprising a plurality of fibers arranged in a substantially parallel array;

said fibers having a tenacity of about 7 g/denier or more and a tensile modulus

of about 150 g/denier or more; said fibers having an elastomeric matrix

composition thereon, said elastomeric matrix composition comprising from

)
L

about 7% to about 13% by weight of said consolidated network of fibers; the
plurality of cross-plied, non-woven fiber layers being consolidated with said
matrix composition to form said consolidated network of fibers; said
consolidated network of fibers having anterior and posterior surfaces; wherein
if saic fibers comprise aramid fibers or poly(p-phenylenebenzobisoxazole)

30 fibers, said matrix compasition comprises at least ibout 1 1% by weight of said

consolidated network of fibers; and



conposition thereon; said elastoneric matrix conposition conprising
from about 7% to about 15% by wei ght ofsaid consolidated network of

fibers; th l,i,ty of cross-plied, non-woven fiber | in
consolldatgf &F%ﬁlggld matri x conposifion to formsaid E%ﬁ@%@ﬁgg%%ﬁ
network of fibers; said |ISconsolidated network of fibers having
anterior and posterior surfaces; wherein if said fibers conprise
aram d fibers or poly(p-phenyl enebenzobi soxazole) fibers, said matrix
conposition conprises at |east about | 1% by wei ght of said

consol i dated network of fibers; and b) at |east one | ayer of a
pol ymer fil.m at basheudt ¢ leec hf Dpolgadrdilmntterhed o @nld o 2OpOSLRIOE DT

surfaces of sai doganaqlirdal BaNELUBNl0f nddGR 1P rpdbe T nvention

further provides a nethod of pro ucing a fragnment resistant nateri al
conpri si ng: ntg formn ?ast two fiber |ayers, each fiber
| ayer being for fB& gy ?’1’9‘1‘?1‘@‘"’235"‘%‘1“&1‘“&??%‘%’“ BFickiiprereatiE s a

substanti a:c | ;3’bp&i’a@hb:&hesxﬁﬂﬁmdiafeﬁﬁlt lvﬁiﬁ&”ta@héaﬂ)‘es@aﬁar Ghafel Ig%&ph&‘é! ng a

tenacity of about 7 eni er e uj us of about

| SO g/ deni er or atrl%%( LEg B? s“%a\:'/‘?r?ghgﬁs éi“%f"&?ﬁ?ﬁ%ﬂl ‘?’?Qf?‘[‘)‘?g

conposi ti on appliibed comprigang pluralingdf cm%—aimgit ng-waval fiticblyerk.aydr Sber

wherein the uni m\ée&;ﬂw@mn aqmgmygff.ﬂ‘,elbﬂra%a&fm%agﬁﬁktﬁ%@,v[%a'%iﬁ. y:
1"origh t

cross-plied at a ngn-parall ngle relative I na
fiber directionSyf "BHEHIYDH & LEHIY CRHRAUE 7 SEPNBOH AT 22k ‘el”%'f*dj‘%‘“blﬁl ed
| ayer s undernocondibduon® suéfidroi @bie; tad ﬁmm@:@m&@istdﬁl&hedmﬂat wor k of
fi bers, the consol |% gdne WO,

2007/ 08931 7PCT/ T1BGOKFGAAEL h 8y ‘%’r‘?‘b"r‘“‘}e{H‘dC%B'é‘gé'r"i%?”‘%br”f i
wher ei n sai d naekduk 7%rﬁﬁbgwttlpwyommwt pEwl fanentidalod betwEle afdibalbolit 15%

by wei ght of Sa|13duﬂﬁﬁ§pélb§§aﬁl%@| lﬂﬁl\\\’wérkh&fi idye R e BRGHWIET §hiNsdid Sai d
fibers conprise aram bers ene%enzo bi soxazol e)

fibers, said maf'F'¢ %O(S‘Hiﬁ'é‘é'im[‘ i Tﬁ“’éé‘%F‘?‘@E’é‘“éﬁ’f] FRREE OBEISEYF29 196 by
wei ght of sdifd consblddaisedoRer Wﬁ)fﬁkhﬂﬁxwfdn&&bﬁandﬁd’dﬁledbn BfhARE; htrlrtg:,.at

| east one |ayer lf%fﬂicﬁf‘}%@% JIiSJ M{ﬂd&at e I?/V&)ﬁlg:n%f:nef%e ‘:nso\a:f,crqle)

posterior surfaces of said conso
i nvention still fiptistIaErMPrisepHesitan cpypienat lpasitonaht? mteighadf said

conpri sing: l0aks@ablilfast-tQne O@Qge'splah‘giat ed network or fibers, said
consol i dated network of fibers co r| 5| plurality of cross-pl i ed

fiber layers, eAdtH 'Fishel P4y ata pYy gi“n'gf %l“*ﬁ)I“h‘r"ét'l1 Pt V"b?'“ﬁﬁif’b@r‘b
arranged inzan apstayar seididads fhbeeirCSJHMHatEtgmﬁ\\biel’dﬁﬁfbily of about 7
g/ denier or nore and a tensile nodul us of about 150 u/denier or nore;

said fibers haViTﬂQinad@nt%naﬁ&@é?%mvﬁicgﬁwc-h%d %PHBQ{%JIM rpﬁlagment resistant
material comprising:
a) fbrm'ing at feast bwo fiber layers, each fiber fayer being formed by arranging
25 aplurafity of fibers into a substantially parallel, unidirectional array; said
fibers having a tenacity of about 7 g/denier or more and a tensile modulus of
about {30 g/denier or more; said fibers having an elastomeric matrix
composition applied thereon;
b) arranging said fiber layers wherein the unidirectional array of fibers of each
30 layer are cross-plied at a non-paratiel angle reiative to the longiwudinal fiber
direction of each adjacent layer:;
¢) bonding said cross-plied layers under conditions sufficient to form a

consolidated network of fibers, the consolidated network of fibers having



15 thereon, said elastoneric matrix conposition conprising from about
7% to about 15% by wei ght of said consolidated network of fibers; the
plurality lied fiber |ayers being consolidate 1 id
mat ri x con@os@??@% '?o form said consolidated network of gﬁybéﬂgﬁ?&ég?d
consol i dated network of fibers having anterior and posterior
surfaces: and b) at |east one |l ayer of a polyner filmattached to
each of said anterior and posterior surfaces of said consolidated
network of fibers. DETAILED DESCRI PTI ON OF THE | NVENTI ON 75 The

i nvention presents non-woven fabric conposites having superior

f ragment penet I abti= 06 ahd Shetdurgertades;addicid @Rl haris U@Glﬁd:sﬁtl’on comprises

bal l'i stic' penet i 0 , [ f f ntion,

f ragrrent fesi st gﬁb 'r%% :{Jfa")s tcﬁb%ﬂ?%/ﬁﬁo(\er Pt c{f@ildgﬁis%fdﬁtd etxécl)jLeY?bus

bal l'i stic penet ped r\'brrerﬂeérasct Gpreecaionice r'belct%efemwhivém exhi b| t

30excel | ent pr opgsfddsy e‘?\g@ilﬁﬁzdﬂ@ﬁﬁémmﬁ‘mﬁﬁ@bcﬁﬁﬁdslt%ﬁ comPffes at least
2007/ 089317PCT/ US2006/ 044831 6 The fihers of the invention are
preferably cdat 8P4t ¥ bé"r%wlﬁﬁtﬂﬁ h%‘b‘él"éi?f‘ BRI ffibeEs: #il where t he
natrix conpri ses) frehingAolst dnd lRyalOu bollBefilbytowedgittsaidfantehier drabri c.
The fabric furt ] l.ymer |ayer
attached each ogget?l?ogglr?l J?f%ggj ﬁ%l%ﬁgbgﬁ%[o{g%gg%%ﬁig Work. As 5used
herein throughout, the termtensile nmodulus neans the nodul us of
elasticity as e Ae ireatigystASTI prgidees fruee npreocBHUN a8 g spmariFiger
and by ASTM]@638) hg&dst 1@ dah@me@tudr fswbi@rof tibés, eha&bmam@a rmrvsrro@t
material . For g rlgoses of Itqrire resent. % i_oné a Li is an

el ongat e body tﬁ’e'i(‘jf’ IRGTHE HPHEN'S orf'%? P [RIEA" §P "Pér t han

t he transverse dbmrerisn@meluuﬂltwfditimsamrdngehrnCMneeee'. salh8bas besrrsect i ons
of Tibers for useabil dftbSul MYaRkd 8RnBRYnY ishs ¥ HEddlus JIEY,TBY De
circular, flat or oblong in cross-section. Accord S] term
fiber includes f—f{ﬁeaﬁ’eﬂ‘t"éo'er?"‘ﬁb‘éﬁ’%q h‘“é’t“#r“b@"‘&ﬁ‘d'e‘t‘%lé’ﬁli\I@@"“Iﬁaﬁi}‘i'%g regul ar
or irregul arnscr osseseatd easroﬂh&wmy c@h.&embe c&funrer.rcegwnaraor@rr%lx5
regular multi-lopal ,crqss: secti.on (

irregul ar | obes ‘IE L'(ﬁjié{’:f"tr n‘?f‘1 "r‘o‘-‘ﬁﬂ’% 0'15? he g”%t“ofl‘ ?rfg‘rtfelfd %zflh”%& 8 of
the fibers. It |CBJS§}De¢cefrlree¢hyt=¢$épbtl\t,hens’plrdmeerdsvlarﬁrctsuwrgheo'hrpdwdmamd have

a substantially t&‘n{ &Mj &hsQldARs :15@\%‘;!\ (.an'ber-';h@ncf L RATRA n@ls\lo%\t &MYbe,
materials of the invention conprise at |east one 70 consol 1 dat eoT

network of hi ghl8YIPAYETCT HF GRS Fases: A%Yul us fibers that have an
el ast oneri ¢ 2at ) x {tdseveonyerwhepelymeohie: aatteols cdatedsaetmalids ahd a
"single layer"” fabri { 0 han one fiber |ayer.
As used herein, Pgsqi:'i S fgclég%ym?cl( Onga a%!”g“o Oﬁrﬁgfr ty of arranged or
i nterconnected fi ber or yarn | ayers. A "consol i dat ed net wor k"

descri bes a consolidated conbi nati on of 25fiber layers with a matrix

conposition. As used hergj a. "single | ayer” structure refers to
structure conposed of on@L’—&}ﬁr" I% A £ VENT, t hat have
been consol ixdated into a single unitary structure. In general, a

"fabric" may re'mm&.cﬁrgbs%rﬂs%w,%er.{;&n};ra@v&wm@@ r,«rrmﬁewe

preferred enbodi nents the 1 nventio
fabrics are nonRBREHOBESERE?T igladditippto saarerlayb'ﬂhr%e@ﬁmseemai%rsmcﬁr y

paral | el arrangegeme RfpobdsREki%e ifVention, fragment resistant materials of the invention

that have superior ballistic penetration resistance describe those which exhibit

30 excellent properties against deformable projectiles.



yarns. A fiber "layer" describes a planar arrangenent of woven or
non-woven fibers or yarns. A fiber network can have various
confi gur at {gng 7 exanple, the fibers nay be forne or
anot her woven, 0‘7Fr1d(;§1)3r1\3\/t)ven or knitted, pr forned into a np?ﬁ@§%‘%§“%ﬁ
ot her conventlonal t echni que. Accordlng to a particularly preferred
consol i dated network configuration, a plurality of fiber layers are
conbi ned whereby each fiber |ayer conprises 5Fibers unidirectionally
aligned in an array so that they are substantially parallel to each
other along a conmmon |ongitudinal fiber direction. As used herein, a
"hi gh- strengt h, Tht §hkers é’hgﬁ Peerriu U eferalycoated wiihe Ioimedulvas a
preferred t enacetayzoﬁafu |é3-ﬁ1at|eﬂ§IS\t/he$tbmbltna?lngodm%ﬂise@rﬂ ofH abdR! Bio @oﬂ(rj feer r ed
or. nore, and a

tensil e 10nodul us of L a a? /denler

preferred energ ifdmhbwg V& gFC h?@@§im5 YEOMBER & 167! AR ¥ each as
nmeasured by ASTbbEﬁﬁBﬁymewﬁdmgepﬂnmeﬂumégeoﬂmeumaamheﬁemnwmkheeterm
“denier” ref gr S UEL;a 1&11%1 #ﬁﬂ#ua QL tJhE RGER% Lng?n:%!)&}(us& %Hsa!he%%dﬁlﬂlg FBSS In

grams per meters o arn used her el
"tenacity" r ef eﬁ@s'ﬂ%lb't&ﬁ@e@%'n%‘fl tl)’eA% ¥ @336 e peessedrestor ofiber angbyr ams)

per unit |inear sdamsbiys (&N Bhded@es BN HéRKsfoReNEhaEREFAERN. The
"initial nodulus" of a fiber is the property of a materi al

representative of its resistance to deformation. The term"tensile
nmodul us” ref er s Fbotht herppas oo thefprdshe inkemgea fibertiematotoye tedpressed in

grams-force ger léi’FvFH cﬁlrnu](;ﬂ%n f'\\t'l9<ih Qﬁmﬁ]h?@g tjh 1 t%t E)Qligouseeélg{eﬁﬁﬁz%qﬁas a

fraction of the orlglna ticu
sui t abl e hi gh- stY&Agrhthighpes. ?*@r@?%eqﬁ!ﬁmfd?e'ﬁf%ewe ﬁ”a‘thé‘r‘i“@l'@mi wey ude

extended chain p@.lvmh@flnu; ink§1:2 cirsleD @ Bbighd y ciskgatkied, high
nol ecul ar wei gh ene

»
nol ecul ar WE|ghpr%Fx"b'MFte“1?$%é?ﬁme£ﬁ mafffgﬁﬂygﬁ”ﬁﬁVﬁéhﬁgF wei ght
pol ypr opyl ene fmbengw"VSAmgoe§UNUabbemapa Extyemdedsodisail irrqzolay vi ny|

al cohol fibegs, IQ?&H?HQ o%t?lar! &s%@ﬁ%ﬁ%%la Bl el o?ese'nquF?’uzggm% @Ie?m d

fibers, polybenzazole ers suc y Jenzoxazo
polybenzoth|azoWé“FPBQPOPﬂB%'§maﬁUmP¥ﬁﬁFﬂ sy thel fikegp dt i @stwredfthder s.
30l n the case ofthd@leyelbyhgaesbephef eive adudstess @eaaexbandeadnchai n
pol yet hyl enes havi ng nol ecul ar wei ghts of at |east 500, 000,

preferably at |least one mllion and nore preferably between two
mllion and fi véhmtialinen resBuoih nescriels déde ilA®rtion comprise at least one

2007/ 089317BgT/ Q%Q@Jt%ﬁﬁg\s&k%f high-strength, high tensile modulus fibers that have
an elastameric matrix thereon, wherein one consolidated network is a “single
layer’” fabric structure comprising more than one fiber layer. As used herein, a
fiber "network” denotes a plurality of arranged or interconnected fiber or varn
lavers, A 'consolidated network” describes a consolidated combination of

253 fiber layers with a matrix composition. As used harein, a “single layer™
structure refers to siructure composed of one or more individual fiber layers .
that have been consolidated into a single unitary structure. In general, a
fabric™ may relate to either a woven or non-woven material. It the prefered
embodiments of the invention, the fragment resistant tabrics are non-woven

30 materials. An Farray” describes a orderly parallel arrangement of fibers or
varns. A fiber “layer” describes a planar arrangement of woven or non-woven

fibers or yarns. A fiber netwaork can have various configurations. For



chai n pol yethyl ene (ECPE) fibers nmay be grown in solution spinning
processes such as described in U S. patent 4,137,394 or 4, 356, 138,
which are {RER bated herein by reference, or may be s ,
solution to foéﬁ@%ﬁgel structure, suc? as described in %H%Ug%g?%@ﬁﬂ
4,551, 296 and 5, 006, 390, which are 5al so incorporated herein by
reference. The nost preferred polyethylene fibers for use in the

i nvention are pol yethylene fibers sold under the trademark Spectra(r)
from Honeywel | International Inc. Spectra(r) fibers are well known in
the art. Qunce for ounce, 10 Spectra(r) high performance fiber is ten
times stronger ekamwlsteefitersihiy s Qe dsipdht oranobighvesnitayatoven onat er .
The fibers al soxRRASS LS ForQkMGlio KRN WBAORAHY b@Sy conDGlidlINGHR RS St ance to
i npact, noisture, abrasion chemcals and puncture. These fibers are

preferably pr odd\‘fé?jduel“h@P%{"Wiﬁ@égS*‘?Rﬁb%/&‘i“‘%{?m@%r‘e%}’ﬁl KROHEUAY R £ hi s
process, extendednﬂhﬁbﬂhmmhwakhwkenﬁnmwheembﬁemaﬁmeﬂnﬁﬁohmedmsn a
gg?ﬁ:}g?g% SV\:h ch f‘llblzs.l‘i ul111?111ec9i0nar11| Y aiQPLcﬁg Ellt'l ?Lrli(lép%qhﬁtﬁ' llg})é' ad: %l%étglslt’lﬁr R%'a ¢l

pol ymeric fiberen%hh@ﬁma?@nimendeBMMuﬂdmﬁeﬁwaﬁMNWQUnd onto spool s
for further manufacturing. Such techniques are well known in the art.
This process aligns the extended-chain polyethyl ene npl ecul es so that
t he hydrogen. at SYe'SHt e ﬁﬁWé@ﬁP%hBwﬁﬂmﬁﬁﬁFPHmPﬁBQ% Bfonf prdich has

nei ghbors. Thi s ahprghrdiagieiy of attakoosCaydar: tbheeUd akfd@adingig: W t hi n
the fiber giyes t el I )
Spectra(r) f¥bep(gﬁw§§ﬁ§]&$4ﬁ%5£gg“6eg L@?&m eaqﬁdIgﬁ'féwﬁﬂg!gmte sone
tinme and are dedeakbéd lefsbrboak@ifppPemoicncagbpfrdtrsyrednéd T B223at ent s

4,623,547 and 4,te756& 9:@@13&1%5"@;@@:% hefdin. ale m%‘i dshue; a@fk:e taa leYRrQRY | ene
f|bers i ncl ude %H oriente ended chain & %p g ene %ECPP

fibers as descri'8 dF?F”Q’) @L'a'ﬁgfigd’fasﬁ”‘ﬁ"i? R FOYGRFER o S0F e8P Bor st ed
her ei n by referanﬂewnSMHMamhe @mkyyfmyismkmnhmmeéﬁ&keﬁu&}uhubams are

descri bed, ?éﬁ@eﬁéuh@b%aﬁd wgﬁ’)t Bl%l)éﬁgh 9 sr:l'l;]ie 90141’3?9]%?62%‘”(!%4\/“' ch

are 30|ncorporat acrylonitri
(PAN) fibers aré"qfivlier efsfetzlbethdhe é')?a‘?ff:wéa"“ﬁe’t]‘ Prseettféweo II5BESIYICE,

which is incorpaes aéred\ﬁaeﬁewne tefin bﬁénd‘l@fnﬂ{dﬁmgerdéfﬁ@hh&fano bh@eehea‘mlbelr) |
types are conventiona wn and.are w d avai | abl e.
SP i e ar am d s BraeT e RO e et SR Srasar el M
avai | abl e and 5axpreshes ey a tiadion odihe exigingl fiber kengtlJ(iFin)pat ent 3, 671, 542.
For exanpl e,,zusef ul pon(p phenyl ene terephyhal am de) filanents are
pr oduced connerC|aII¥ Pont corporation under the trade name of
KEVLARO. Al so udéftishlaly syipéledrgritiegathofich wspdleinpshsifiber ypterials

pol y(m phenyl enend1&emteha4dacrﬁhnhq;)ai)foldﬁerf'ﬁ;u@mdiueednmpmmft&l ainhy by
Dupont under the t

/| 11 -'p {7 o
For “the pract | ca 8GRt O e P BV Y0 ARFSUFE HAE o e
di scl osed for exahgthelennfibkrS ant plldnglemsl=A86 833t P&y 2By IHBS]) bers.

3, 356, 584, 5?’\534Algt9:§latar5‘!g 1@: &?e%&ﬁ%m%ﬁhu@f almo?hbé‘g %\a'eﬁl&%fg%ﬁat ed
herein by reference. Preferred polybenzazole beers are ON(r)

brand fibers fr d’r?l‘-"‘f‘ﬁ'ﬂf’b"&"@d’begupatr%ﬁqa@“qJi Vi Jepzle ‘”é‘i?p%lsvés“ﬁer
fibers for the poactheaie PBICS and polybenzothiazole (PBT) fibers and liquid crystal

copolyester fibers.

30 Inthe case of polyethylene, preferred fibers are extended chain polyethylenes
having molecular weights of at least 300,000, prefierably at least one million

and more preferably between two million and five million. Such extended



5 invention are commercially avail able and are discl osed, for
exanple. in U S patents 3,975,487; 4,118,372 and 4, 161, 470, each of
which are {/c8 ed herein by reference The ot her syj i her
types for use ?Hﬁfﬂ% present inventiop include glass 70##%@&@&mPﬁ§grs
formed fromcarbon, fibers forned frombasalt or other mnerals, MO
fibers and conbinations of all the above materials, all of which are
comercially avail able. M(r) fibers are manufactured by Mgell an
Systens International of Ri chnond. Virginia and are described, for
exanple. in U S. patents 5,674,969, 5.939,553, 5,945. 537, and

6, 040, 478, eachclgfin phiivehylane(EZBE} fivws poy bt gdwhar silviiobypineiher ence.

Speci fical ly prefgedsedibh BedeScivaghids. MR 4fi5084.S0r Lpﬁsyl% hyliang.
Spectra(r) fibers, poly(p-phenylene tereph ht hal | am de)

pol y( p- phenyl enéw?'!)@l%@d%%v EbBFéf’iHF&)O'f‘i"'éa’é?Fép'-'”I\Mﬁ‘E a b?'é‘i“é’r‘%‘l"y‘ a gehe

fibers conpri sestigiestelengieisribbi ghu SDsHsnu s, spRbYELAV @0eoSpaciy A )
fibers. 30The nm referr d.ﬁigerghfor t he purposes of the invention
are high-str%ng?%o"ﬁ ﬁﬁ”?%ﬁgT?% NSHUTUE ext ended chai n pol yet hyl ene
fibers. As stated above, a high-strength, high tensile nodulus fiber

i s one which hasl"h@-n%ﬁ'](l@ffcﬁ@tﬁp&]ﬁﬂ@%ntdf'bm%q}oﬂis; ﬁaQQ&JLwZnQ/nQI%”' er or

nore, a preferred tensil e nmodu about g denier or nobre as
measured by ASTRPEPBEGHBEBsY e“fdé‘rTthééla‘é‘*‘r‘fé"l’"g§lﬁetcbﬂ%r'”é’akH@iTe"a%ut 8
.1/g or nore. |%t&h@ttcj}i‘qunEJ’Slﬂdua@TQEHﬂédﬂ'emeliﬁfm\tuhﬁ thOMENOH:RB forldlBee,

tp?gfag:, ;%I ;)f a 25{5’"% @51}1" 1ne1 ormance ?’%en 15 ten%m%s 6?021%;§|rt5§{ ve,neg \Shlte abﬂg
g/ deni er or nor é'Llatri-’(ﬂ'O'r*thP fbﬂ@ffera'bl >T h'abbm aISfE)chﬁtdenllheirkwmlcrmniGb The

fibers of the i nwankiORsidh& t@ﬁquﬁaan@rseﬁ@%seg#oﬁ anslitgs MPuhdSe Of
about 300 g/denler or nore preferably about 400 a/denier or

nore, nore pref &b ngeeb“é%Pfetﬁ-‘CﬂS’hg}?fa%ﬁFféPS"&a PBTSES KFOYERS S bTPEEISE v
about 12000 g/ demihés processTerendadethain pblypiheker ablkyulasboatisshj O a

10a/ dent or g5 Mg G TGl B8RS 38 b0 L RVGNLAR AL 2. DN S ALY ofi gl o

energy-to- bre nor e, - nor'e
Jig or nore, nnreMBweﬂe$@bwymabemﬂ180“ﬂd¢@ﬂ@thﬁwecahﬁﬂwbgbMLﬂwn

preferably have s@ape aﬁécg%dt\%ulﬁﬂ BAK s AR by A IT1Jt{ng'lCQﬁ mrmgﬁ‘ch These
conbi ned hi gh str rtles are o

sol uti on grown (5‘?“%%?“*%‘ b‘?‘B‘d‘e‘ﬁé?s“” %II@ P‘b‘éfse‘ﬂ‘rg ':[‘S&“ﬁ‘?dfﬁﬁ"
4,440, 714, 535, 033)mmy%ﬁguﬁﬂﬁumﬂ$ﬁ%3U&ﬂ%dﬁﬁ&ﬁﬂpﬁi@famdn@kzmsb&ﬁﬂ

general |y dl')%cu%\ﬁth thgse%rf ﬁg ﬁdnlﬁjg J'"lﬂﬂ l{%;hrc?engglai ca?nc% &g[?oq 11?(%]9(@&& ar

pol yet hyl ene fi bers preserit i nvention,
di scl osures of ﬁﬁ@@éab&?@ﬁb%“%*é“ﬁ%ﬁééym$@@dﬁﬁﬁ&aﬁe&“ﬁv ﬂ@h@rence
20A preferred teekmrmebemimfm Hfﬂﬂ%ﬁélk%sfa@\k&rlje@l&u%f\\nthEQLht@\é&HE G isto

1 (O 1
o ool 1 on oo PS5 e i 5 “8‘83‘?1“&6’“’ S LS B 4203 e ach

of the |nd|V|duahdﬂﬂbéﬂSQH#Mmb®MeUﬂby pressi ng together and fusing a
plurality of;ssuch coated fibers. This el astoner conposition i s hereby

referred to hereln as a matrix conposition. 75The term"matrix" as
used herein is \ké'ftf‘biﬁﬁ%l\xﬂ opﬂeqqfébegrltwiu%u l]i)ému@éedl grgpnded chain

polvpropylene (ECPP) fibers as deseribed in U.S. patent 4.4 13,110, which is

incorporated herein by reference. Suitable polyvinyl alcohol (PV-OH) fibers

are described, for example, in U.S. patents 4.440.711 and 4,599.267 which are
30 incorporated herein by reference. Suitable palyacrylonitrile (PAN} fibers are

disclosed, for example, in U.S. patent 4,535,027, which is incorporated herein



represent a polyneric material that binds the fibers together after
consolidation. The term"conposite" refers to consoli dated

conbi nati o rs with the matrix material. In the_prefer

enbodi mentm}ﬂs{J es'ggﬁventl on, the fibers of the inventi oﬁgypéz /4&31
coated with the elastonmeric matrix 30conposition followed by
arranging a plurality of fibers into a non-wven fiber |ayer.
Alternately; the fibers may be arranged toget her and subsequently
coated with the elastonmeric matrix conposition. 11 The el astoneric
matri x conposition may conprise a variety of polyneric and

non-pol ymeri c mayeéke@hse. BB ophedeaibeedp@laasdodi@itioal Fenbivy afDaPOSI ti on
conprises a Iomﬂgqg cmnmc::?lwvmkbﬁ material. For the purposes of
this 5invention, Fi o 81" 3St oneric material has a tensile
nodul us, neasured at about 6,000 psi (41.4 MPa) or less according to

ASTM D638 test i @Q:r%l@gﬁ%ﬁ é@omﬁfc%ﬁﬁﬁﬂc)’fbeﬁ@@eEﬁﬂﬁ'ellc?ﬂl?qamqb'l% apd the
el astoner is about 4,0 a) ess, nore preferably

about 2400 psi Ci%f'escwa)mb?\ﬂ”@%ts'"Pﬁu%ﬁ*“ﬁﬁéf’éﬁ%ﬁp' 0 h4Fefplg. 23
MPa) or | ess, arpﬁlxi(l‘ﬁlﬁhet@feﬁfewQihbyalazﬁldébhn&lﬁelﬁﬁﬁgﬁtoﬂSded(cBmAﬁacMﬂ@)byOf
| ess. The glass ran5|t|o erat ure ekt sto

preferably |ess tHaN BHS q"ﬁéggﬂﬁﬁgmwe“%B?agﬁévtﬁﬁgié@g’Fﬁ ”1%%ut
-40C, and nost pm:eq‘herraﬁhyfrh*etssmtehanola@w}nuna’@@@sc@h@l:&hrasvtrd}mr al so
has an preferred,& L.eswam.ﬁacmv By Q%JQEnd@Fth%%@@énﬁwbwﬁg&@ R le

preferably at |east about 100% and preferably has an el ongation
to break of ' I‘E&é’?”ﬁ?ﬂl%‘ﬁ?“@ﬂ@b}% P‘%—t%f’fdé‘s\)‘a"ﬂ“é‘%‘ymbF°“é‘F‘%!§F‘B)‘mr| c
gat erials and farirbaddrdnse dﬂwosb@rduuduh@em U.B. faltings 3, mrf@:nt*l 0TV6.185,
epresentative S, i st r ave their ructures,
prgperties, fornuiat§§n§ ‘Bﬁ§t1g?(ﬁ?§ é?%ggP mEa“bmcm mqﬁéhmem
20sunmmari zed in l‘?ﬁ@ﬂ@aM@@p@&b@%@Z%FWﬂMg@m brayd|fibere fiSmM n t he
section El ast omefsaRyab. h§ttula%le(hJcﬁm'Er}\QHI @ypo‘gyes?t@pﬁbelx Dor zhelp%% of t€

essential requirenent is that e matrix materials of this invention
have appr opr{’at drYFPHowAsaue ey f‘é(?'lé‘b}‘rﬁf’ﬁlé‘BI"éSLl?é‘F‘b\R?'tLh%“W‘él t ny

poi nt of the fi bh@rensSAMSABT 4.l BB MDA HUST.€10884c0 RE MWhEhned i@ cdrpdrsted

i ncl ude pol ybut » ePQL Y. soprene, 251natural rubber, polyethylene,
cross-|inked poﬁghﬁﬁf1m % chl or osul f onat ed polyethylene

pol ypropyl ene, ethyl ene copol yners, propyl ene copol yners,

etry|eP$ gropy:eﬂﬁcﬁQP%h%ﬁﬁﬂﬂmhﬁbbmbfﬂﬁhpﬁeBM%&ﬂ%th&ﬁﬂn&@ﬁﬂ&hy”ErS
ol ysul fide po ane e

Bolgchloroprp Wﬂ% §P$ Fﬁgﬂ BN | '”Hgf"§b§38V8H%h“'“mmq“
acrylonitrile e|MS@GWE%&pdpmhy@msmbufyl$ﬂ@xﬁ®nﬂﬁ@@ﬁ&ﬂ8ﬁuhwhaw

pol yacryl ates, %ﬁﬂ?\{ wiGiFy aﬂﬂht}f?“&%&oa&b%rsqﬁ X%%zfc%?d b;p&hr%c%h m[:‘ ems

quoroeIastoners ne el ast omers rs and
styrenic bl ock c'@bm'*yﬁ@w’ ef Riglipang sy iggny3 @Wew %b”r'lé‘ﬁe'-oét-y"ﬂé’hé oS- 12
patents 3,674,969, 5,939,533, 53,945.337, and 6,041,478, each of which are

[~
L

incorporated herein by reference. Specifically preferred fibers include M5®
fibers, polyethylene Spectra® fibers, poly{p-phenylene terephthalamide) and
poly(p-phenylene-2.6-benzobisoxazole) tibers. Most preferably, the fibers

comprise high strength, high modulus polyethylene Spectya® fibers.

30 The most preferred fibers for the purposes of the invention are high-strength,
high tensile modulus extended chain polyethylene fibers. As stated above, a

high-strength, high tensile modulus fiber is one which has a preferred tenacity



styrene-but adi ene-styrene types, and the |like. Particularly useful
are bl ock copol yrrers of conjugated dienes and vinyl aromatic
nonomners. S{% and i soprene are preferred conjugated die

el ast oners. yrene vi nyl tol uene anlq t-butyl styrene E?E{UB%{’Q(P’@ﬁ%d
conj ugated aromati c nononers. Bl ock copol ymers incorporating

pol yi soprene may be hydrogenated to produce thernoplastic el astoners
havi ng saturated hydrocarbon el astoner segnents. The polyners may be
sinple ti-block copolynmers of the type A-B-A, multi-block copolyners
of the type (AB),, (n= 10 2-10) or radial configuration copolyners of
t he type R-(BA) s {xs3? 4/Bicr ovherr€iapreferte iensid nodulfiy @mbautdsh yadimyd
aromati ¢ nonone I t omrer .
Many of these E’\ fod q@;ﬂe?su‘?edmgdﬁc @%&fﬁﬂé Ecﬁgn Mt{agoﬁ&ﬁ%l?yners
of Houston. TX amlt&é@@? meld lprhe mefetsed ¢ﬂeltqdnnewt ojrth@ gyygitjon, the

Ther mopl astic RubB&f o RGRR Rduid THLAPSS o/BERERF hRk, LRIBREIL ¥bdeby Mer
conpri ses st¥ren| c bl ock copol yners sold under .the tradenark Kratone

commer ci al | y> pr SEGHE B &3S R BEPRINELL ZVEEN Iy P M@FSBIN 5t he | ow
nodul us el ast onerdfigalitpblent ab g/dorsi shoresHerftbealol theoiveatiod gasiiavone of
t he above-nenti £l [
70materials rray%%%s?ioe%lt%%ﬁe 'glgglﬁuﬁ h]%m“suclg?agllé1L (Lgllamg%tciqgg'e*&amﬁ i ca,
etc. and may be abxt éPbg/denigrion meird, snashereiptibbattp S0 Isfdegigt fungre, more

peroxi de, netal ,xLA8y 2Qu; .86 JbOB: &FWfe §M%&Uﬁeﬁ:§dbﬂgﬂ%{ hegts wel |
known to rubber }echnol ogi sts. Bl ends of different elastoneric

materials ndf b&GRETtHYEL s (s ok Breway aSeras AR HE “HRE R T'al s
may be bl ended Widak ob#i®uors n@o:embzhezmm@mias*hlblgsbout-iiznghrv75511~d®ns10t£y, | ow
density, and Ii @?e@é;adtg%oqr?%h/% &%LJ&EIWJS%}&CHEM htl& &1 Qrisy tb%ﬂ%ﬁ to
obtain a coati é | ropriate erti e

al one or as bl eRéabou #0 léye'rryonbnﬁiaw?@ém t’%‘é'"ﬁbd&l”aé’ %?Peﬂ‘l‘fé agoat i ng

shoul d not exce%dzaﬁm&@@v BSbiolthl sBiulNBagrodf oNBATHESHoRYsASTN. PRSSs

testing procedu e t p i ber in a
variety of ways” @ﬂléﬁgM‘LB&?gp‘#'g%Oﬁg ‘E”e] 9351‘!’%,26&4}7&;6‘ E’e’ééf“ i on of

t he el ast oner Oﬁt@g,ﬂﬁbgwtaamﬂsffd&c&s thef ot it ovddglbytredg i dxgendE@nehaiet hpd is
Lo, anply @ neal GRakl FRLELh by bdBRLSny ity Bt BT 28Rl LA, 2
Al ternatively, tﬂlfféL Eﬂiﬂt‘iﬁghﬁﬁ?ﬁ’ lﬂéO*aﬁlﬁTeF‘édlﬁé@“&esol ution or enul sion
in a suitable solvent which does not adversely affect the propert| es
of the fiber,_at the,te ature. .of .ap at i on. Wi |l e an

Capabre of  dlesd UEgSbRo e SrHa PheS Rt prona a8 b sed
preferred groupsnofurfot viaht §b¢1m®11thde clasttieeric qramafifiom poiférsbiand

aromat | ¢ Sol ventauiihXiaRal HoRcSRLUARM Sen W hdinbhdist fiRH vosRECl T ©

solvents including paraffin oil, xylene, toluene, octane,
cycl ohexane, netbﬁy’FeSé't%SPBe‘R@’te‘é‘Hé“%'M:_‘N)“”éh%l of sep Shed HpRas-t Bhni ques

used to di ssol ve|®Rfonfdk &iﬁhﬂi’o@ﬁaoh rbaxem@ztm:fagunelhyﬁ&rqs qlirﬁht:ﬁh&)tﬁlﬁlsmeﬁlt s
wll be tho S§ 10ﬁonvent| nal

18 lerm - matrix” as)(lsed%wieuf 15 we E) {:own m t|1 %t and e usec\
el astoneric rraterl als on da variet
represent a polymeric mater ra] that bmds the hbet‘. tonether alter
consolidation. The term “composite”™ refers to consolidated combinations of
fibers with the matrix material. In the preferred embodiment of the invention,
the fibers of the invention are first coated with the elastomeric matrix
30 cemposition followed by arranging a plurality of Hhers into a non-waoven fiber
laver. Alternately, the fibers may be arranged together and subsequently

coated with the elastomeric matrix camposition.



O her techniques for applying the coating to the fibers may be used,
i ncluding coating o r the high nodulus precursor (gel fiber) before
the fibersugf £ bjected to a high tenperature stretcghi ‘
operati on, “g{t IM§%%fore or after rengval of the solvenﬁptﬁg%ﬂﬁ?ﬁ%n
fiber (if using the gel-spinning fiber formng technique). The fiber
may then be stretched at el evated tenperatures to produce the coated
fibers. The gel fiber may be passed through a solution of the
appropriate coating polynmer under conditions to attain the desired
coating. 20Crystallization of the high nolecular weight polyner in
the gel fiber may or nmay not have taken place before the fiber passes
:c Intl:)d;[ ggdsglegt 1)]%{: ﬁfa‘lstgl%gar[]caltnlat\/i Xl’angﬁr}?on n'MQ coméwd: P\?an'%_ c{fﬁgﬁﬂw‘ tQEmd
stretching oper apwnhonellevlh@rlalﬁaﬁhwmtlﬁd/@aquw@ssatnecgup@eﬂWent

exchangi ng, drylcalgpmeqtaf@vlnlo!sﬁuse[z?»sr&ﬂnguﬁ@ch ﬁﬁttm%m@&wgmgay be
applied to a_precursor ma eri final ot her

of
coating techAi quEeEOY ayBY ‘“8?"?’1"% et paosy {“Ts&r‘fﬁﬁd“ "ed Foned by
di ppi ng the | ayefeaktm&cbatab@.&tﬁtUOOfps:&MElDMPtaD mneg@&tcemng rga$ e baow
modul us el asto eter:] rial o) o)
or oduces an 3021'?%‘5%1;[1 r%cfén na?g?‘ﬁa o, the tten ggﬁ ulus QF gultdggmcsrx LXLEPHEDI n
procedure may bée.-008peidPed Mk er ks, tﬂpmt?’a@bb'@QWtrZé@D s (1§l pli&akor
desired amount ofsgh@s Q:rifz?r&'r!al? !iﬁﬁﬁTﬁde@b MBA L} NGs, (Rﬁ'd EB& pféf&%@ is ab@
2007/089317PCT/U82006/ 44831 proportion of dry matrjXx
conposi tion 'Po PtRRPHGEFAMT Y ‘é‘b‘F?scT'?esgi’T'séI“é‘ﬁsl“(fé‘l‘V“P%W“eéf%)fcérﬂé?ol y from
about 7%to aboutu&ﬁ&bbynMBh@bkmba@edenUKheumy@émbmuwﬁtghimmf t he
fabric. Mre pr o From
about 11% t o abglE?Jtl ol antdhl?osg[]n}éfcr%tl ’hg(s Fal rrERJlgl.%E k/b Iq19@p'\fséoﬁ1%ﬁ?l§
dry matrix ponp@9$WlmﬁﬁéeﬁﬁPP§@§”ﬁﬂ@ﬁ%&ﬁ@U?Tﬂ@@%@a%ﬁowmePﬂﬂ@bwyablght
of the fabric, mrequamerfo@ﬁ/mhwsfﬁqe?ea.l@gu{«.s YoibRoaBRO W brdad%6r sIRES
preferably fron1about 7% to about 12% and nore preferably From about
7%to about ' 1@§ﬁﬁjﬁgﬁght of the fabric. It has been unexpectedly
found that a reduction 10of the overall matrix content in the fabric
in combination w \;'E‘cut»hﬁmg%?@lﬂsu?ﬂé }iﬂﬁgé Gatd An'd%.'nm(%%ﬁs é%ﬁ'v Eé‘&‘m g&’fn'.c
results in a fabric havi addition
to superior bal [thigfiventuas smamrétwq er\étap@s ol eptge eleﬁw@géa\arfb?ﬁ d
fibers or p0|y(QnQH&kaﬁﬂﬁh%@ﬁgmhﬁﬁ%ﬁZ%L&hmﬁhhﬁﬁ&mhﬁm@wﬂ%@&MKs
cornp05|t|oq pr ef er abl

ast abqut % b ht. of
S 0 S atoneat LS e B A b ol BB g S e VUE B SO 0F S of
t he i nvention, tHatdidergntbduct(hebniwiNent Sors lac.el F61y. The esattatl usi ng one
of the above te i - Bl Y \ | | f el Ders
of Uhe- above ¢ eclil ey (al hOUSH, o B51209K00, A Bl L 0
20posi ti oned ne%@“wdahan ﬁeem*ﬂaa@tbew“tt e BalEne atineel tahtibeir Euititeanged

into sheet- low modulus efastomeric materials include polybutadiene, polyisoprene,

I\
L

natural rubber, polyethylene, cross-linked polyethylene, chlorosulfopated
polvethylene, polypropylene, ethylene copolymers, propylene copolymers,
ethvlene-propylene copolymers, ethylene-propylene-diene terpolymers,
polysuifide polymers, polyurcthane clastomers, epoxsies, polychloroprene,
plasticized polyvinylchloride, butadiene acrylonitrile elastomers,

30 poly(isobutylene-co-isoprene), poltvacrylates, phenolics, polybutyrals,
polvesters, polyethers, fluoroelastomers, silicone elastomers, thermoplastic

elastomers and styrenic block copolymers, such as styrene-isoprene-styrene or



| i ke arrays of fibers in which the fibers are aligned substantially
parallel to one another alona a common |ongitudinal fiber direction.
In a parti fective technique for arranging the

such a conﬁkg%pg¥ﬁ§ﬁ the fibers are Pulled t hrough a bgehegéﬁwgﬁhﬂng
a solution of the elastoneric material, and 75are then helically
wound into a single sheet-like [ayer around and along the length of a
suitable form such as a cylinder. The solvent is then evaporated

| eaving a pre-preg sheet of parallel arranged fibers that can be
removed fromthe cylindrical formand cut to a desired size.

Al ternatively, syphebaliieye-gireht beesasdhe bee.si nul t aneously pul | ed

t hrough the bath of el astoner solution and 30laid down in closely
positioned, substantially parallel relation to one another on a

sui tabl e surfacBartipyamprsefyl g Rigckoprelynets shtorfusaivddicaesd Vilbbg sheet
15 clolrrplrl seg o:‘ anloaﬁlg@%ﬁmﬁaal[@Ld'ldfitlﬁaﬁ&|smﬂ51t1€é‘buab1&1d$ﬁéb$:bﬂn&1l@!|cile}he

paral |l el and,aligned al ( r

et hods. are. br ePETGBFD: TSI OMET IR P e eSEre o el POLEr Shay
3fi ber |ayers mh@n@bynmh@nﬁmb@bd\ameWsubsmaﬂﬁnHMLWObmabednmmrhea | ow
modul us. el ast OML4, 6, dih o p EAERARIb ARORIbInelsBGh, il AGES:

Thereafter, the |'avers are preferably consolidated into a

singl e-l ayer coREBPFARR IS bRS SELREP RO IE POPRTSS WaY bHEMAEHTRREE by

st acki ng t he i ndipsighat of ihbefpelrapex, Sntﬁltﬁl(aloalﬂcdjﬁnnﬂfis annd h@é (ABRtd=owed
by bondi ng them,t et h e tting
the overall Qtpgéﬁ O”agml“ml mapﬂ1mW%f?F§(ﬁgeq ¢?§AP? om/a ’d occupy
any renaini ng vomémspawﬁsmoﬂshwsa@@hV@th@ﬁakhymeEMﬂﬂqﬂl&%@oéwt

excel l ent bal | i ${Ca éo@;%hw%&é@?e%e LRst@adH ﬁl\é%dofdmé‘s@ pbf}?ﬂc}@ Hugloabdeher
| ayer are cross such t hat nent |re tion of one

r
| ayer is |ocat edg‘a'ﬂ’e%‘fff‘"éﬂ?@'l]%aW‘tPH[}'f“é?ﬁggtD”?t@‘ Re?d d5e5105¢ ightrent

di rection of anotieit Kayef® Theoivoptduat Rubhey. I5-6848¢. Noamparpatiteld For
exanpl e, a prefe tructur , t Jdon
posi t i oned ﬁéget}w rix po% Ltyl qﬁm p lq%%axenmalcté d;%hc% @l¥l§ §]dQEdFtI;121§EtI!II’\rCE)1%EQ one
| ayer is per pen(ﬂ‘il@%@tﬁommer%lﬂm%blﬁ(um IyatonfHobesrerdi rect i on of the

ot her layer. In another exanple, a five layered structure is forned
hi which the second }hlrd fourth and fifth |ayers are rotated +4

- 450, 90 and OMGF PHTrRRyERs P g edils SlBFPETe MAGER! Coptitts Fsttally of
necessarily i n theisondefhe Harvethatipur pasteseaf Tlidlbs malventlemmeric

adj acent | aygrs | out 0O
and about Qéﬁv\n tn eaigqmﬁ Al?&%gluéﬁflwl 5119911 %a%n%iﬁﬂgé ﬁelar g%ﬁﬁg&qu

anot her | ayer, Bme“‘ieﬁ‘é"'éb@&ta“é valfepizg @Mﬁ“'@@ﬂjﬂl*?\b‘é? "6k BHER©T ons ar e

preferred. Wil ﬁ’ﬂdlﬂ%n@&&f@lﬁt@r&s abﬁvﬁiethbdsu&ﬂ!I’]@fbalnft@-hibbé‘r&ecthh&tbylst@C| ude
either two or fiyve in intended to

e 1 mi ting. 1t AR Ph e eP o P et SRy el PhE B Rte
consol i dat ed netehwswke:r oftering manbetends wigyorgenewad thyrmigptisudet athy

nunber  of Crgss dgbjg t%dlo \’ac}é Eltc‘\ a&”&ﬁmalé\\ %Ql?slﬁt\ p%Qfetthgleﬂpﬁ)HL bélg o880 1kRE €

| ayers -as may esired for various applications. 30 SUltabIe bondi ng
conditions for d@ﬁ%w.wvwﬂﬂtﬁé nfarasiak o jaRpra At A PETIER IS §opher as
pol ymer fil m | amﬂnas Im@wgaasﬁmmz@ﬁtmdan@l, bythk BeMR g st adtieQfbed 6,000

echni ques, A LYD&l 803 OILALORERR doIf 4SS, BLGERLNO the

30 The coating may be applied to the fiber in a variety of ways, such as by
spraying or roll coating a solution of the elastomer onto fiber surfaces,

foliowed by drying. One method is to apply a neat coating material to fibers



plied material at about 110C, under about 200 psi (1379 k Pa)
pressure for about 30 m nutes. The consolidation of the individual
fibers layg i invention is preferably conducted
tenperatureoszfe-lzjrst))&r}ﬂqabout 200F ( -93Q) to about 350F (- %1}/%2,00%#8@1
preferably at a tenperature of from5 about 200F to about 300F
(-149C) and nost preferably at a tenperature of from about 200F to
about 250F (-121C), and at a pressure of fromabout 25 psi (-172 kPa)
to about 500 psi (3447 kPa) or higher. The consolidation my be
conducted in an autoclave, as is conventionally known in the art.
10When heati ng, citlieriasa p@méist)sltiek)t fndit! ot heticred inisxspe@aoro® ag adiseltket bedst i ck
or f1ow wi thout Gapplichelde Jhitd Ay b{@yﬁyoetsasgﬁhsaettxms.tt e matrix
material is cause fela essure Is required to
formthe corrposNt1(‘,ﬂb‘¢\/§tﬂ‘t‘fet ‘I*’H"C't @@Sﬁa[t"tdt’%b%tféﬁ %i‘F Prapedish 9f thefbedtto a
sticki ng poi nt, tlmézﬁpé}fxtﬁ&&&fraﬁpI‘c%n@aVWlﬁ@'ahy[:d’gtﬂ&ﬂb&:ﬁ@l@ of AR Iving or

consol i dation ste t ake from aboyt 10 15seconds to

b%eneralplag%i )

about 24 hours. G\é\'}ef PR ORI P LR RF RS "é’“p?)?fesg G?8s and
ti mes are gener aldwicdepengestin oits dridewdyqie solfvunatnrh\omq@@:lbyumrtyenrmt rix
pol ymer cont ent “a 0, o] on of the
fiber |ayers, ﬁqltthIBﬁYe J[)eé!‘pQJWCHFQLéIQ{g“IEf}é%{ﬂﬁ oﬁ ﬁﬁ% t%ﬂtggch of the
anterior and poﬁ@h# 6relaiiprfizre Bgthy e*bﬂé“@f‘ B} aiferctopn NS edaita

network via con\aeattbqrtatwmtchwé&e iRlbohfHRl (R 1Rk é/.ttemessot\etuss\an de PRLYy MEr
| ayer none Iu5|velﬁ ﬂgludet errmlatlﬁandt er noset
RIS PP o

pol yners. Sui’t a§P&'s € AR EARE €AY TSRS AR Vhr?ﬁ)? be
sel ect ed from t hverigp oUipibsionss sti ng of pol yol efi ns, pol yam i des,

pol yesters, 25pol yurethanes, vinyl polyners, tluoropolyners and
co-polyners and m xtures thereof. O these, polyolefin layers are
preferred. The pHEFdFhaguEOPYHIPEffHIF gmétﬂ%tﬂtg Kwénébe NEsA- PEIHIE ng
exanpl es of pol Metrthgloene HigH B AisBort @V @B SIitey) aeni.yatehwleertee (LDPE) ,

Dol vet h'yfwevnie? s E0 o B e bR P POt R PR afeh
30(VLDPE), i neav:mwﬁt pEtht eﬁwvcdeﬁsmtrye Plodryi€ tigind @neel(leLDPE)ﬂbehfoglhmt,

density polyet hxtcﬁt@gué)HlPE’eEtbe. qaytatm%,sutttneedrtpétvaercﬁt.ﬁr,&eq.es to
pol yet hyl ene i s LLDPE. bl e t hernosetting [ pol yners

non- excl usi vel y WoitFage conet HB‘é%tT haElyibgy may %ﬂtneﬁ‘/b‘éfm‘iéyhfr?étt%@ of
epoxi es, phenol |cnéappwtﬁsate%at@cbop,aleyesdeeeetdmhinsmttenmw desed qughsﬂ
Eﬁleﬁgget ha(r;]ﬁ)%as%; hstaclpz'tgioh oyths){td,hen%ti%ru%u we%t% %GI\\ m% 1§§E %g@bm éﬁ’lé&i 492
and 6, 642, 159. Atywd*e)sbwebe@nrmetcebfrfmeahq)fdteymeqflmbnth sotltiodes pol yner

coatings. 5 The pelyelifdil ModAYENS RlGuelliRb ShakixadLd aehethhQrihe
singl e-1ayer, consolidated network using well known |am nation

techni ques. TypiPRIMEic PPYAFTMALTRGMPE: tf&ﬁeetsyn%)ea'ttfoamf AGet he

i ndi vi dual | ayersanppuioive paredsheg. sulvd@rexdanghg,idoyisg of the Uk, iicioetitctddeat
and pressure,to , n ry film
The indi vi dual ltg\_ﬁceoasln%‘lr}]lg} E%éﬁﬁl?%%oead&gm§ ﬁta EI 1£1| cﬁ%telfg)t% 'gBtg'
conbination is then typically passed through the nip of a pair of

heat ed | ani nati ng aﬁ&hé.-%mh edrRERNBI OBKRS of Fbe¥elk filst KR, zt)rb\téaa:)art
Lam nati on heati F&m&g one at t npgr atures ra about 95C
" ABIY a5

to about 175C, p 4 PR S0y HE E ANYE p“ ‘g&wdé” pressures

rangi ng from abotdstomeric LOEIUH“ material. Evaporation of the solvent produces an
30  elastomeric material coated fiber network. The dipping procedure may be
repeated several times as required to place a desired amount of elastomeric

material coating on the fibers.



155 psia (0.034 MPa) to about 100 psig (0.69 MPa), for from about 5
seconds to about 36 hours, preferably from about 30 seconds to about
24 hours. ferred enbodi nent of the invention, mer
filmlayers prE?er%gly conprise fromgbout 2% to about P %$§§&%éﬁﬁﬁt
of the overall fabric, nore preferably from about 2% to about 17%
percent by wei ght of the overall fabric 70and nost preferably from 2%
to 12% The percent by weight of the polyner filmlayers wll
generally vary dependi ng on the nunber of fabric layers form ng the
multilayered film Wile the consolidation and outer polyner |ayer

| ami nation steps are described herein as two separate steps, they may
alternately be Gqopidgiol m@y%a@nﬁ@@nﬂm‘%@@:?@thQ@Je'naQﬂ!a b 2! aatf\en step

vi a 75conventi onal tec niques I n he ‘art é ayers are
preferably very 'PhinicfRRYRYg! ﬁee&%f%@ovbgﬁeﬁsz hF'é m@w@ the O\f%bm
about 1 tiri to\\ab_cmubrt%&bﬂmtm;e,imfree:bg{ e.f:er\abium.\t@ems&mwbmﬁu;ﬂ:mtO

about 25 tun_.an bly, om abou m t a ou

30The thi okndas '8 Eiel T SR URatA Y o ey BT M BTRRhbi 1 o
the thickness ofirt hetrixdinpesttival compbigss sSiomPaboor T molbgut [Fhebeneight of
single-layer. cofsahidalfth ORIMR! i Gout b8 b IKERHR MY blerlidl§ 2

preferred thickness of from ab out 2
2007/ 089317PCT/ (1SP00wr 044 &34boyg! Qt/b'“ébamc PS@U“‘UM"’WU‘P@‘";?F/efOe‘TbSMI y from

about 75 pm to abw;y \&&'ﬂﬂlamhafﬂﬂ):il’ch$ttlﬂ§)6&anlha~bbEM‘.cflfQM@IQQMEmlia&:dﬂm to
about 255 1 ckne is to be

under st ood t FﬁovalFh??ﬁﬁbfﬂ“gig[dWﬁY"BQ“EP%HWGHH] 5%t isfy a
particul ar need pahdeyie il dykrswh tiiv fabridyesdis opefabfic kdvergpupgamntragment

invention. The ft?sbsrtdn%@nojdditnlaﬁtd ﬂ}égfgt%@ﬂisl‘% égstﬁ?&@ pr's&:d@%@ cgﬁl‘ﬁllse
strength. Peel stren is an indicator of bond stren et ween

fiber |ayers. As"”%“@%ﬁ‘@?&’f POMPé’,“e‘DH?é“’P‘d\r’r%ti”s%\ﬁ?é"%‘PF‘F%%]EJBW
content, the | O\tbempbshtﬁmhﬁﬂ'dlaﬁlt) rc@mgtifes abidist bifvas hliwhexxfetjlieofwfdr agment
resi stance. ) -fical bond strength, the ballistic
mat eri al Ioses §§%ﬁd$§#§w%ﬁ?§ﬁbg%%terua| cutting and assenbly of
articles, such as a vest, and also results in reduced |ong term
durability of t hﬁf‘quettétFéld%ﬁaboJi]ﬂ\eEmtl&r@3&515@(?11@#"@%fWﬁwaﬁ[Bﬁ’mQQﬁir
strength-for SPECT ber materials in a RA(r) Shield (0Q, 90)
configuration i $°PFe Sé‘? Byt de speredrchaiye: FOloTed PEPENEE FRVRREGE
fragnent resi st anee,intmanenploeéefiablayeatprtfeasty, ﬂbmumaﬂﬂi&ﬁuéb/fIZ and
nmore preferahly . | N hat
The bost pedl SePuibRRI M 2ol B cobiComndrenlBR fRERA AT
havi ng at | east Iéb@uwswi fibgrs 1 weluthe 1Hess peetalighedsobitavielly pariidl gudrar | y

for aram d and ngménmﬁ%enﬁmazmmmmp& gk ridd. h%%mr%mamter

formation of the fabr jn v r|ous a i cat | ons.
For Mo anml o nEyARs Gohatt AT e Dher bl Yot &t sEBn YRR o
heat and pressurae: puledpesah urbes: dootaiming idsoﬁlg;omafllhbahgen*&:f@mn@:btﬂuMﬂZOC

to about 175)9 ptree;hgl[; ﬁigac;(li) \(thd%ngt51t1419:c§\:ee.ttQk@ptg;é{ta:cgtmg%ﬂad %Efthe
preferably f

lenﬂth of a suitable form, sucih as a cylinder. The solvent is then evaporated
leaving a pre-preg sheet of parallet arranged fibers that can be removed from
the cylindvical form and cut to a desired size. Alternatively, a plurality of
fibers can be simultaneously pulled through the bath of elastomer solution and
30 laid down in closely positioned, substantially paralle! relation 1o one ancther

on a suitable surface. Evaporation of the solvent leaves a pre-preg sheet



75about 110C to about 130C. Also suitable are the techniques suitable
for formng articles described in, for exanple. U S. patents

4.623,574. 4,748, 064, 5,552,208, 5,587, 230, ,
6, 841, 492 }eﬁ)dﬁg-g%géq?% In a preferrgd enbodi nent of tﬁ‘é%"?’é@éﬁ#‘“‘

invention, a plurality of single- Iayer 30consol i dated fi ber networks
are arranged together to formflexible articles, including garnments
such as vests, pants, hats, or other articles of clothing, as is well
known in the art. The fabrics of the invention !nay al so be forned
into 19 other personal protective articles such as helnets; or may
be fornmed i nto ppapéciiolelashinel asicd 6bare Wbicomrddubnikebh By psalttesid ed. The
fiber networks TyJiftindl.didhdoh bl dtobuddie high flexibility
characteristic of"textil"e fabrics and preferably remain separate from
each others i.e. not being bonded together. 5Alternately, nultiple

| ayers of fabri @rm\aumleen&péots(ark%ﬁertr@g@tmwwearm mnd@siawg@tuh@ﬁec%w
adhesi ve materlg.ls or oher t her non-t hernopl astic fibers

or materials L8t ‘am@r‘yﬁ‘% TthF6'g0ga’&fﬁ"%’?ﬂé‘“"iILPv‘epﬁf'"F[d‘t‘\thrf‘dg"@Zﬂ%P'Fse a

plurality of norfusowenc nfat@groepbsiriesersd]bilfer fathci< SThelkalierathe fiagsenbl ed
into a bonded Orh\réﬁsn 5’8%‘?&‘%[} %Jn@éﬁd {eguﬁ%%m@%qﬁhg&l@oliﬁ g%k#’” ma‘y be

formed through conven / referably: a
gar ment nay be frePras BYis au)y 5F pthvirycd Restheagnbaindvédipsiibentayeralons e of

the invention wWhomodet,ifllove@by 6bRbAY g tdzeheCXRBPIGs ard phdsageant
resi stant vest nmma rise a,lgenerl c fabr ¢, ves t tha 1i ‘\,\ﬁicé}lg'adl oi ned

with the fra&rreﬁ‘FX‘rSéE‘u VR PRITEE BFs'i i‘ﬁ%‘d‘t‘?‘ﬁﬁ‘ BY the
i nventive fabri escaivani neefitiegvéoidtmess raatiegincattloyalpt laved ipoeket s.

hi |1 f : oS TA& are cr
-[I)-I’ IOtsegt i g\lflvs V\A(‘)lr lLt\qulemJlEEIt %%’EERQC Eaéh c@g%ﬂ&hﬁlgq cpl%l Hif;{&iplg*& are (F'OSS*

the terns "adj oHWF%@"“Chd[F“"]&di%I ﬁé-di"W%Erc@thmﬂeﬁGéﬁ'at% i$ W@It%é an angle

attachi ng, such &g RypeeitRgritRr 1]@,@%ﬁﬂd¥@c@d¥ﬂbf&uh&hén'l!@%n sdéh R N8l | as
un-attached coupl i ng FE‘“?'!?EXt ap05|t on w.th anot he such. t hat

the fragment'r e stRh r |r8‘se‘ﬂ%?§7‘ o't BHAT FyHepEe &hsél" Flb?‘éﬁ%\’r“a?ft@e
fromthe vest orinahlier paitddned egaherchdt hatge loWgsdsaarickr @tukceumnaronecl es

of clothing Conﬂﬁﬁ§%guc9§cnm‘dlntul@tt% 1E@¥1%Eﬁqﬂibc @P&#ﬁeg gQPéﬁErlH'\Ce‘i eqd,in

accordance with resent | nvention have g?
confort coupl ed aPYR eRewld afve Bageg %’t“lclé”i)‘ls gt F‘bﬁ"'ﬁ‘i‘\ﬁ“ﬁ?%@?‘féh‘!‘
resi stance. A Sr@{nlth QQi' ﬁﬁlﬁﬂye@f Qk egihikd %9%5‘9%&5@@‘9 \\fﬁtﬂ'} n%ecb)(o thc

lateral ly digplacing fibers wihapt, breaky g thom nthis o

penetration ‘reS| UTMEE S PRGN DhBW Y 851 159" oy % ??acﬂ/ Be ﬁﬂgiﬁ’é’d

asi de, and t her eflpre)t lgersthey watignee apfirtuhidy any angle between about 0° and
about 90° with respect to the longitudinal fiber direction of another layer, but
the about 0° and about 90° fiber orientations are preferred. While the
examples above illustrate fabrics that include either two or five individual

fiber [avers, such is not intended to be limiting. it should be understoad that

-~
(/]

the single-layer consolidated networks of the invention may generally inciude
any number of cross-plied layers, such as about 20 to about 40 or more lavers

as may be desired for various applications.

30 Suitable bonding conditions for consolidating the fiber layers and attaching the
polvmer film layers include conventionally known lamination techniques. A

typical lamination process includes pressing the palymer films on the cross-



30fi ber network. An inportant factor in the ballistic or fragnment
resi stance of a non-woven fabric is the periodicity of cross-overs in

cross-plie tional WD 2007/089317PCT/ US2006/ 04
conposi tesq"a&ng’{]?bf{i@ﬁ denier, fiber-togfiber friction, né??&lggo%(musn

characteristics. inter-lam nar bond strengths and ot hers. Sharp

fragnents can penetrate by shearing fibers. Projectiles may al so
break 5fibers in tension. The inpact of a projectile on a thbric
causes propagation of a strain wave through the fabric. Ballistic
resistance is greater lithe strain wave can propagate rapidly and
uni npeded t hr ougkied etefiabnt ot 0°Chviglevabogr Wdtrer (16! kitm preafurd fober .

Lover interfaci %lmn%%[p@&mg c&@x@crqao.@&ﬁrqmd@mgﬂ;rﬂ@my@é Lﬂ)% hi gher
ener gy absorption. Experinental and anal yti cal has shown t hat

in all actual ca¥&EToRsPrEiRRRY cafdusid ﬁb’br@@m’é%f'setﬂfé'ﬁa* 49ut 2Q0R% r
relative i ngrtgﬂ(j‘&:)lts a@it&‘aii(b"}’ (aff7cy, &ﬁldqyefkhef>d1e5h@ﬂae&ftLllte taetrom
corrp05|te The d a si,sta ert|es ar

det er ni ned ugi nj1 ﬁ@f“& B%‘&Pbﬁg G p cég fhiddios Wéi El[r)};{’:j))e‘"‘l\i'l m”Pﬁmtk'ﬁé’vm in
the art. For exdmpl ghousgtBEMm ﬂgmtm?%ff (dE ES)ofdbat piestuircofdompasit s

comonl y enpl oy )1‘2(%] ?@LI‘"@% aborlpfb'()q%f @H&H H‘Q) §tlﬁeiter f 5 ROLERLRfon may
specified weig dness and di nens

(M1 -Spec. M LP— 4’659‘3‘)&%@@ 1 "‘“F?Fé"“’ﬁrﬁt‘%??d“’?ﬂé’%‘ﬁ\héw“obf‘ hEREtr at i on

resistance of a structure is normally 20expressed by citi ng t he

I rrpaCt I ng Vel OCI\lg%% algeatm(! (l:t 15 bOSOa/%gﬂfth'%[h% HQ'LIQ'L j?gﬁtblﬂ Cfll.lSCQ?O S E\ ﬁQt he

conposite Wmle oare Sto kKhown “as™t he V50
val ue. As used hﬁeﬁ’@ﬂwoiﬁlm‘éﬂ*’rﬂ@#et‘br dtobvorery estrgbantie nafrix hetedlisi cle i s

the resistance tQ,REREhHERLERGVAY h@e@l!%%dugﬂ@tr&qd]r&ch{o%ﬁn tlé%ﬂp@s‘ﬁe
physi cal objects including bulle fragnments, shrapnels and the,

like, and non- phyEicchite gEfEcater '?7'5%?1%“ ?déof)ﬁ%fét""fﬂoam BB PEETEN'S For
corrp03| tes of equstatarrealiredeMse tonsolivhiiatstdpsnishenwailghike Glonmtdbeur 10

conposi te palrsel éo\{ulclg?o E)fbg%/thith%mssu rﬁa@%@eraﬂfﬁ g\h‘glgeahl% I?Cn%liec’(tul%p A1 e\s/<;5u1

better the re5|s ance o osite _ ratlon rels’[a
for designated tahdiates: ’t@mﬂw@odemeﬂféxmnéé%@dt biymathis pebal. negpeci f| c

ener gy absor pti Qiymerebiicd: RF niBerhgd | i stic resistant material. The
total SEAT is the 30kinetic energy of the threat divided by the areal

density of die conposite. The
Following the consolidation of the fiber layers. a polymer layer is preferably

20 atnached to each of the anterior and posterior surfaces of the single-laver,
consolidated network via conventional methods. Suitable polymers for said
polymer layer non-exclusively include thermoplastic and thermosetting
polymers. Suitable thermoplastic polvmers non-exclusively may be selected
firom the group consisting of polyolefins, polyamides, polyesters,

25 polyurethanes, viny! polymers, fluorapolymers and co-polymers and mixtures
thereof. OF these, polyolefin layers are preferred. The preferred polyolefin is
a polyethylene. Non-limiting examples of polyethylene films are low density
polyethylene (LDPE), linear low density polyethylene (LLDPE}, linear
medium density polyethyvlene (LMDPLE), linear very-low density pelyethylene

30 (VLDPE), linear ultra-low density polyethylene (ULDPE), high density
polyethylene (HDPE). Of these, the most preferred polyethylene is LLDPE.

Suitable thermosetting polymers non-exciusively include thermoset allyls,



hi gher the SEAT val ue, the better the resistance of the conposite to
the threat. 21 The ballistic and fragnment properties of the fabrics
of the inv vary dependi ng on many factors,

the type of %%2?%&tsed to manufacturg the fabrics. %&i[ﬁﬂmpﬁﬂé@
been unexpectedly discovered that the fabrics of the |nvent|on have
i nproved V50 val ues and i nproved specific energy absorption of the
target conpared to simlar fabrics having greater quantities of
matri x polyner, as can be seen in the exanples and data tabl e bel ow
The following non-limting exanples serve to illustrate the
invention. 10 EXAVRIsESaE@/PhdRids, {OCNRARATIIWEYd bS e dpat:|bistaladmglhgot
pack was_pr epar Gelidiol ak&kkleatitBal NR sl do@ifhss afdfindsabri ©

| ayer being conprise a consol i dated network having two sheets
(plies) of uni d.~|='<éb=“ts|%cwar'escrw%tndcbama&ﬁtsﬁa‘i%}éﬁw Y& 10d /)% i ber s
i npreanat ed W t hadgleadrad néBRL APEL@st 6 ipaldeapblyneacdhchayer bei ng
cross-plied at right angles to each other (0 degrees/90 degrees) and
| ami nat ed 70Bet ween two sheets of |inear |ow densi ty pol yet hyl ene
(LLOPE) film THeekblyRE" filnbérysrsweree BRECERANRY toltBOOngiz1H6r.deni er,

manuf act ur ed by RDANES hork Bl L MR ARRbwn lanﬁ.mn%n@ecnagu& tepagiyy of

36 g/denier and a tensil|e nodulus of deni er Kr at oné

pol ymer used wadBNpHIS/E f9tedgRosiiopise 91eé'&be‘é‘r'fé‘91@6’[5>9’§t°|“%ﬁ%ﬁﬂb1‘ yeger
copol ymer. Each dbhhonrbs d[‘@tYﬁﬁE|,u1lpfehﬂél’ndﬁ)ﬂtsith@topﬁhs)éeﬁthlﬂi €06 dolbi®k iekng
added. conprjsed 799 ber..an ht, of the
Kr at one pol yiter B4 %'\dl?%h\q?ﬁgjdﬂvdgml W\%r ‘“ﬁtpof hoe“e%l aBrOPe aMXl 1‘1EEBPE
films each had acthirekmessshafiy@cdlly rpﬂsﬁméunangéah rdenfsA w cefﬁmaacth

30LLDPE fil m was,g;gs l(ag&arg&wmq@a%hl@% fil :hé@ﬂ@{ﬁmhﬁcm Raied to
the cross-plied material at about psi Pa) pressure

for at |east 30 ’WDrR&‘t‘@éc"‘"Fh’épi'fb‘f‘&ls”&H@él“"d’e‘?@ﬁ‘t‘b’ %FO Mtf@o{%c | ayer
was | 16gsm A |£&€:&Blﬁtﬁd1uﬂ§tﬁltimm@.ﬁlﬁdt me(etacofesmetseﬁm@luwmmz rred
and wound |npo a, ol 6"

(0.1524 min).” The s 80 Ot’I\/\R/g%a)t rqéb??%cut pts'ﬁeiﬁor m féafm mm a O” éecé’?]gs 10each
havi ng a | engt h f%mmt J\ﬁiimlh. pffetadly fom gbou( a@seﬁoamﬁt«amr 24 hq’thﬁ 1HTih?e 18
layers were then,leesedoct sk edint @RRLRRI tht Golymer film layers preferably

comprise from about 2% to about 253% by weight of the overall fabrie, more

preferably from about 2% to about | 7% percent by weight of the overall fabric

20 and most preferably from 2% to 12%. The percent by weight of the polymer

film layers will generally vary depending on the number of fabric layers

forming the multilayered film. While the consolidation and outer polvimer

fayer lamination steps are described herein as hwo separate steps, they may

alternarely be combined into a single consolidation/lamination step via

I~
LA

conventional techniques in the art.

The polymer film layers are preferably very thin. having preferred layer
thicknesses of from about | wm to about 230 um, more preferably from about
5 um to about 25 um and most preferably from about 3 um to about 9 um.

30  The thickness of the individual fabric fayers will correspond to the thickness
of the individual fibers. Accordingly, preferred single-layer, consolidated

nenworks of the invention will have a preferred thickness of from about 23 pm



5form a shoot pack. The layers were not bonded to each other. The
areal density of the shoot pack was 0.43 Ib/ft2 (2.09 kg/n2). For

testing ag@d‘z@Bv}yJ&Bﬁgmm resi stance, the shoot pack msgﬁgﬂgﬂgﬁggn a
s

test fra ity clanped at the jtop of the frane.

nounted at a 1090-degree orientation to the line of fragnment tired
froma firmy nmounted universal receiver. A 17 grain Fragnent
Simulating Projectile (FSP) \'as used for testing and conforned to
t he shape, size and weight as per the M L-P46593A. V50 Ballistic
testing was conducted in accordance with the procedures of

MLL- STD- 662F. VBOabbal J00gti.andri pieterablistroingbing 73 usttabbst B8alimtaedt

| Sthat experi mepf.a rJié’ﬁ:}aQ@rﬁdnf iRt Fi}%n\(ﬁl %%luat%a%n V‘@/hﬁé‘sa@‘ QH(j:kt1@§seJ1as a

50 percent chance of penétrating t If Sever a grain
FSP Fragnents waied§Figkit '%‘ﬁ’aﬁ’ﬁgl‘%t?%@hﬁié‘l“@b ‘t“yt"dﬁ‘”%%shmﬁ‘r%grrent The

vel ocity of eacBiditi@@n®pdisWaspaived netawnd andaluRitkie pendsnRaradwhet her
t he previous, fra%ment shot was a conplete penetration or partially

penetrated a’ FeW FHYdrE" 61" t he shoot pack. An average vel ocity was
achi eved by preferably including about four partial penetrations and

about four conphgt gpf; E@&ﬂﬁ@ w&s)%eﬁm @L\smn§na/wdtpt9u@naw\4 ll'%%l'ﬁrtr)én«';tﬁﬂge of

about 125 feet per second he “average vel ocity tial
and conpl ete peﬁ%t"t“&-‘ﬂ%ﬁfsb‘?’@ 5‘7‘5&31 ‘P‘fé‘d"-'ﬁ’t“ﬁé?e\/’s&‘s'ﬂﬁé‘ éS’S‘Bﬂ‘df"et‘l*?P@“sehoot

pack was t est edummkaﬁ);l.mmsl comat &@es\uémﬁe e kG aND SRR 1 ﬂugﬂﬂa) @fe the
Tar get SEA—DS was ca cul ted

COVPARATI VE) ¥ 30 "EXBRBIE" Fance *E’“ SEHt ‘é‘g “’Bﬁt'gﬁﬁf F‘H‘dé“ ‘FF&IYPL““ RE havi ng
19 stacked fabrn@tdnayiesfg dnabilingdwing araecaialdemagamwy m&in@!\'Mattblcbtszcl(Z 15

kg/ n2) . The V50 am véstﬂ'aﬁd §|@9F§sm{%§§ l‘edué’é@I&QQZ/.@@L%%FSQT&US(?&%/ 9#&@31

23 was tested as fps Speci fic Ener &/ Absor pti1on of
Tar get ( SEAT) WQSE“Bﬁdc?mbafj'étif”'ag‘c%*?iﬁﬁul}:“h@f kg CE'%A@F’L‘E' patgrials in a
SPECTRA® Shield (0°,90°) configuration is preferably at least about 0,17

15 Ib/ft* for good fragment resistance, more preferably at least about 0.188 Ib/ft?,
and more preferably at least about 0.206 1b/ft®. It has been found that the best
peel strengths are achieved for fabrics of the invention having at least about
11% to about 15% matrix content, particularly for aramid and poly(p-

phenylenebenzobisoxazole) fibers,

Afrer formation of the fabrics. they may be used in various applications. For
example, they may be molded into articles by subjecting them to heat and
pressure, Temperatures for molding may range from about 20°C 1o about
173°C, preferably from about 100°C to about t50°C. more preferably from
25 about [10°C 1o about [30°C. Also suitable are the techniques suitable for
forming articles described in, for example. U.S. patents 4,623,574, 4,650.710.
4,748,064, 5,552,208, 5,587.230, 6,642,159, 6,841,492 and 6,846,758.

In a preferred embadiment of the present invention, a plurality of single-layer.
30 consolidated fiber networks are arranged rogether o form Mexible articles,
including garments such as vests, pants, hats, or other articles of clothing, as is

well known in the art. The fabrics of the invention may also be formed into



A ballistic shoot pack was prepared by stacking together 20 fabric

| ayers of SPECTRA(r) 1000, 1100 denier as described in Exanple I.
Each fabri ¢ ays nprised 88.7% by wei ght of fiber ba n the
wei ght thec% agafﬁi/gw?g’yer and conpriseg 11.3% by wei ght 3’?‘9“@%@@54831
pol ynmer based on the weight the fabric 10l ayer. The LLDPE film had a
t hi ckness 019 um The areal density of LLDPE filmwas 8 gsm The
total areal density of one fabric layer was 103.9 gsm The | am nated
sheets of material had a thickness of 0.1524 mm The size of the
shoot pack was 18" X 18" (45.7111111 X 45.7mm). The stacks of
15sheet s wer e nathet paneat pdiastitdrredesudt dsdelmelher anehd fodeasintoy of t he
shoot pack was 43 it k. for
fragnent resi st )Fl%em{'xg Enmﬁﬁcgvg?mk@“%as a}égccgfﬁt H?I@%%%\ggﬁkgggck
tested as 1412 fipyidogHly 'saébtiw high Badbidjyy qhb@@tﬁlp-’cficaﬁt%ﬂletfhleicvawcbet

( SEAT) was cal Clﬂlﬁﬁlﬁglya&wﬁgsgpamlc ¥&h k&bh on$eetﬁmhebbllde9%ﬂ5tﬂ&es the
superior fragnent resista pr op er? s ach Leve with 70SPECTRA(T)

1000, 1100 deni €t 457y d“‘ﬂ%\wﬁe’e‘f‘j SIEEY PXS PO FEEebordRrdd to 21%
as in Exanpl e | .todXAMRId a8hdsCOMRRAT oV Ehe ibéx @k dr IMﬁshdileQﬂﬁhed
only the shoot br. t ed agai nst
29 nmin Eull I\/Eﬁgjlgkfagw CL[!qFFIQ%%?d% v '?{lél@gvrcﬁ;ﬁe véjmo? ma & cgm t(l)SStd pack
was |1S" X 18" (4BrFihoXnas Ve ﬂagmrert BNt fa*ernmwv@fasseh@ieéwom pack
was 0.74 Ibtft2 fo3adlorhghBBdedRRhy.t €Sting against 9 intu FM 1 bull et
resi stance, the shoot pack was nounted on a test frame filled with
Fl astilina 30cl ay and strapped on the frane. The Plastilina filled
franme was nount ethratnacdie degnte 104y terfomted oinotgh héetBodsicdeveafiodfanagment
fired froma firghy,Preted plial.y al iV bul | et
used for testing con Oflﬂmaﬁ Pﬁé?l Lﬁ{s«l ainrnc&%ﬁm) BL fouq;lg'c?b) acﬂm1FM}hc

2007/ 089317PCT/ Lfl BOGOBEYRAF Iz oéﬁhz EveHienWathghta tisde efetotbing et i onal

I nstitute of Ju&{\hiﬁﬁte(a Merdant Ql@tlmMsttrﬁ%ﬁ*tcoﬁﬁaﬁﬂﬂaﬁéiﬂeuchﬁib}:é $dst Gattiest i ng
was conducted in acc roce ur. TD- 662F.

5S
Soveral 6 eV LT AP R OGP AGG R S NGV SEPEY BF oach
one. The vel oci tiyveofive@bhicshrarims®Id ibubiedsioatls ph@uﬁdmkl@mnﬂanﬂloup for
dependl ng upon VW@FI'IQ%BHE‘J&SH BF\%X&H&H?&H rbgglg@ 5101%@@(;!1 ¥\Vﬁ§ Il'ﬁlgm C’%ﬂlie
penetration or partially penetrat a few layers o e shoot pack.
An aver age vel octt§twalCaEH é?@?"ti?‘“h&%ﬂ?’ﬁg“%IB'@% PoAigyEeT pal

penetrations and11@hkwdtto i{&hfdelﬂfmﬁﬁ\ﬁpslua{ & li}Ustﬂ\t&, opem&t xhatuhcpt% hw E;hl n a
vel ocity Spr ad of V\% The avera conp

e
penetration Vel o¢i ”te}s ué‘ WL e SPRPE P 3\’1 't‘é’ I‘T ‘cfm%‘ﬁ' ml;l‘I N7 ”@f“B‘I’e
this shoot pack fwascpestigdntadabrics 3By bpsnaiThies @pigcichiogatEngpgyhe vest or
Absorption of the,JarRelofRiEN) was cal cul ated as 236.81 . 1-n2/kg.

Vests and other articles of clothing comprised aF multiple layers of fabric

o
L]

constructed in accordance with the present invention have good flexibility and
comfort coupled with excellent ballistic protection and fragment resistance. A
small pointed projectile can penetrate armor by laterally displacing fibers
without breaking them. In this case, the penetration resistance depends on
how readily fibers may be pushed aside, and therefore, on the nature of the

30 fiber network. An important factor in the ballistic or fragment resistance of a

non-woven fabric is the periodicity of cross~overs in cross-plied unidirectional



15 EXAMPLE 4 Exanple 2 was repeated, but tested against a 9 nm FM
bullet. The size of 70 the shoot pack was 18" X IS" (45.7mn X

45. 7mm) . Th&, aheidosdensity of the shoot pack was 0.43 |
kg/m. Balli stl C tgélgtl ng was conductegd as in Exanple 3. 9 rﬁéfsg?éémd?n

this shoot pack was tested as 1272 fps. The Specific Energ

Absorption of the Target (SEAT) was cal cul ated as 284. 46 1 n2/ kg.
This exanple illustrates the superior ballistic resistant properties
achi eved 75w th SPECTRA& 1000, 1100 denier fabric having 11% matri X
pol ymer conpared to 21% as in Exanple 3. EXAMPLE 5 ( COVWPARATI VE) 30 A
bal I'i stic shoot cpapsivwasicpiiiepdeact, byers¢-Hbkifrigictnogetihehadfedsaiby.i ¢

| ayers, each fabric.l %y% LR mOIRJised of a consolidated network
havi ng two sheet'sr of D aiﬁc?élltaréétctl onél HVWPE fibers inpregnated with

Kraton(r) polyner, cr oss plied at right angles and | am nated between
two sheets of LIshiE ffaghidns e pdretNPEy tlichessnwes, epr &Eﬁ@ﬁﬁ(}r AsollOR,

1300 manuf act_ur fbby Hor;eﬁw?gl S Internati. i)nal L and had a
tenacity of 36 8 GiSnf EPSighg Th PIRASE AT 8 PRRECRIISRY DA% 5e) PERERSBION ©Each
fabric |ayer corprhised:vé9otgh thetatit. Beﬂlt:ftlcb&ﬂsti}ﬁsed;tmtﬁihﬁe weiight t he

fabric, and CO[TR\’ ve dl; &%ﬁ?ﬁ{e r@&@hﬁnﬂ? :ni@c‘?ed "r%ahé’ﬁ%}(ag‘%ﬁd R%{?PQ 0”

t he vvelght thefarlc ness o
The areal densi t¥east velees DR Lpysniaisr F@‘ﬁ@ﬁﬂ’d TEsvean 'é)feeﬁaqfﬂﬁ“enm ty of

10one fabric | a)éﬁi’bo&‘ﬁ%nilzﬁ(bx@h|§§é’nen§l:kseaﬂs@«m\&at %uﬁhﬁ@i@cﬁﬁan@ﬁhﬂﬁﬁ(ﬁr' al
had a thi ckn ss of ze of,, the shoot pac 18" X

|'S" (45.7mt’ x 4@“7%% ‘°“Tﬁ‘é“é’t‘l é‘"‘ F573 Lpreatd R O\Né‘?"é"f%‘o‘t‘“é%‘iﬁli‘é“ct ed
wi th each ot her.rhéfhelaaweahpcnlenm it grearfy 4ffeeted hpOte dESpackihnasnihsBed

I b/ft2 (4.1 kg/ n2). Fragnent testing was conducted as in Exanple I.
The V50 of this shoot pack was tested as 1501 fps. The Specific
Energy Absorpt i drﬁwé?f‘”‘E‘"r‘fé"”F’aﬁ”@@te"‘(‘SEﬁal’)“We'éﬁ? ¥t st ngsusig, sergdard

. 1- n2/ kg. 70EXANEJ;.EQ ﬁroﬁecbaés’ thatanec\vahmtvnpaﬂaléavva%pa'\ap@reedu&mn@t ackl ng
toget her 29 fabr| C

a SPECTRA( r
Each fabric ayél ‘dc‘:% #ga'i %:% GIPEY5°D ‘“‘S'“ ‘r"bhf”‘Bﬁ‘J"f i aﬁ%&é‘é? 'C'Sﬁpf"r‘?
wei ght the fabrisgel aggmnent ah@cgbncpwmgh;tdhai'dijb% and dimensions (Mil-Spec.MIL-

P-46393 A(ORD)).

The protective power or penetration resistance of a structure is normally

20 expressed by citing the impacting velocity at which 30% of the projectiles
penetrate the composite while 30% are stopped by the shield, also known as
the Vs value, As used herein, the "penetration resistance” of the article is the
resistance to penetration by a designated threat, such as physical objects
including bullerts, fragments, shrapnels and the like, and non-physical objects,

25 such as a blast from explosion. For composites of equal areal density, which is
the weight of the composite panel divided by the surface area, the higher the
Vs, the better the resistance of the composite. The penetration resistance for
designated threats can also be expressed by the total specific energy
absorption (“SEAT™) of the ballistic resistant material. The total SEAT is the

30 Kinetic energy of the threat divided by the areal density of the composite. The

higher the SEAT value, the better the resistance of the composite to the threat.



25by wei ght of matrix polymer based on the weight the fabric. The
total areal density of one fabric layer was 129.0 gsm The size of
the shoot RRFKIRS3A8" X 18" (45.7nmm X 45.7mm). The sta eet s
wer e not connect edSI\J/{Ath each other. The areal density oﬁgflﬁg;(@ﬁé}g&
pack was 0.77 |Ib/ft2 (3.75 kg/n2). 30Fragnent testing was conducted
as in Exanple |I. The average of eight partial and conplete
penetration velocity was cal cul ated and called V30. The V50 of this
shoot pack was tested as 1660 fps. The Specific Energy Absorption of
the 26 Target (SEAT) was cal culated as 37.12 Ji-n2/kg. This exanple
i1l ustrates theTaepatistigrand fiagnentprapesics biaht fapriopditid iescngiohivéV ey wi t h
SPECTRA*: 1000, X , 9 21%
as in Exampl e SdQW%)%&\}%%E%ﬁ} %Ydl I%gt?.ls./ﬂcru %(L);:Spk?%‘f 08L us%g%’@ﬁﬁﬂq&m

st acki ng 28 f abfliecfabripye Hgweter. SP*IE@'PIE@X('{")E\E@@G‘Y dgorred bHarte fbrigypf
Exanpl e 5. EachyfeaRédngod ﬁ%@ﬁmﬁ:@ﬂ&l’V%,%Iu&%n%%n@%v&ﬁé;ﬁﬁincQﬁeufr)'r ber based
on the wei ght_ the -Fabri rise

| ayer
ol die matrix>pof YTt “%%g‘a fet "ﬂ‘é‘pi}\éﬁlbﬁf ‘tkﬁer“tf’ﬁb}’?"é”Q%fl‘"é%/' q“‘i‘ﬁtg'efot al
areal density obfongixfmhmiec, alsayaebe soavs inliB2e8nysmanddmea sbiedemiv.t he
shoot pack was 18" X 18" (45.7mm X 45.7nm) . The stacks of sheets were
not connected wth each other. The areal density, of the shoot pack
was 0. 77 | b/ i 2ThgFapwiggy nemlimitige Fragmphsserve &sitirsiglevibsinggi®act ed as in
Exanple |I. The V50 of this shoot pack was tested as 1616 fps. The
Specific Enqrgy Absorption of the Target (SEAT) was cal cul ated as
35.73 . 1-nR/ Qg This exanple illustrates the superior fiiaanment
resi st ant properties achieved with SEEEMRAGES 000, 1300 fabric
20having 10% matri x polymer conpared to 21% as in Exanple 5. EXAMPLE

7A 25A bal listic shoot pack was prepared by stacking 29 fabric |ayers
of SPECTRA(r) 1000, 1300 fiber%ﬁgwiﬂa@%%&iﬂﬁéch Fabric | ayer
conprised 85.0% by wei ght of fiber based an the weight the thbric

| ayer, and Qerrpmi Se&dstu]:Eh&b%akty \Wﬁi])@hiue@fby'fsﬁek[ﬁmiogétm:p@|f§ﬁfr&l‘la_\bﬁ§eﬂ:hon
})hg3wlelb?]bt 2t ?2 1%}@? YL bnnﬁrggcérg’r;ealmg%ated né/twork h'wsd % Olgeggsalcﬁ Vas
Exanpl e |. The W}GSM LtﬂFﬂHSCtstebiﬂgbalﬁéUWaQOlb’@?brl@G (a@ﬂli[:@élgmfsps The
Speci fic Energy ;Aﬁx%@ﬁ@éd O Rfard i@ thd @ @8lseid REMTEr, eafll 10BSLGR Gidsat ed as
34.03 .I-m/kg. This exanple illustrates t superior fragnment

resi stant properfiFeat 'é@h?‘@\lf?édo fict I‘?”’SP@G*FQRE?’?O ‘1%(?65) ai%éf@“*f‘%fb?l c
havi ng 15% reat r ibkiweh yesheee ophircadiotvale Rdilo @y cthy lex argad /=) Fiim.

The HMPE fibers were SPECTRA® 1000, 1100 denier, manufactured by
Haneywell International, Inc. and had a tenacity of 36 g/denier and a tensile

modulus of 1250 g/denter. The Kraton® polymer used was a polystyrene-

2
i

polyisoprene-polystrene-block copolymer. Each fabric fayer, prior to the
palyethylene films being added. camprised 79% by weight of the fiber and

21% by weight of the Kraton® polymer based on the total weight the fabric,.

The LILLDPE tilms each had a thickness of @ um. The areal density of each
30 LLDPE film was 8 gsm (gram/m?). The LLDPE films were laminated to the
cross-plied material at 110°C, about 200 psi (1379 kPa) pressure for at least 30

minutes. The total areal density of one fabric layer was 116 gsm., A



5 EXAMPLE 8 (COVWPARATI VE) Exanple 5 was repeated but tested agai nst
9 "M FM 1 bullet as in Exanple 3. The V10 of this shoot pack was
tested as sThe Specific Energy 10Absorption of Jar ge
( SEAT) fos Moy e ee. 555 o) kg, EXAVPLE 9 15Exaﬁ{3f]@szi°%é(g4§§3l
repeated but tested against 9 nmFM 1 bullet as in Exanple]. Testing
was conducted as in Exanple 3. The V50 of this shoot pack was tested
as 1519 fps. The Specific Energy Absorption or the Target (SEAT) was
cal cul ated as 226.54.1-n2/kg. This exanple illustrates the superior
ballistic resistant properties achieved with SPECTRA(r) 1000, 1300
fabric having 108ttimabusiixmipeley sigrt conpaisédat ornBddarasviund Bxanplle Be WO
2007/ 089317PCT/ l5 es 1-9
%ﬁﬁ%@?éhl%ﬁ}ﬁé%n%&n {Lemg PF (]%q F@ﬁ@%berd; 9&%’%@% B

is sunmari zed in OWIn %
matri x pol ynmer SHEP form 48 sepd:ate layers, each having a ie:wth and width of 187 X 187

(45.7 mm X 45.7 mm). The |8 layers were then lcosely stacked together to

W

form a shoot pack. The layers were not bonded to each other. The areal
density of the shoot pack was 0.43 1b/ft* (2.09 ke/m?).

For testing against fragment resistance, the shoot pack was niounted on a test
frame and firmly clamped at the top of the frame. The frame was mounted at a

10 90-degree ovientation to the line of fragment tived from a firmly mounted
universal receiver. A 17 grain Fragment Simulating Projectile (FSP) was used
for testing and conformed to the shape, size and weight as per the MIL-P-
46393A. Vs Ballistic testing was conducted in accordance with the
procedures of MIL-STD-662F. Vs ballistic Ihmit testing is a statistical test

I35 that experimentally identifies the velocity at which a bullet has a 50 percent

chance of penetrating the test object.

Several 17 grain FSP fragments were fired, changing the velocity of cach
fragment. The velocity of each fragment was moved down and up depending
20 whether the previous fragment shot was a complete penetration or partially
penetrated a few layers of the shool pack., An average velocily was achieved
by preferably including about four partial penctrations and about four
complete fragment penetrations within a velocity range of about 123 feet per

second (fps). The average velocity of the partial and complete penetrations is

25 called the Vso. The Vsy of this shoot pack was tested as 1201 fps. The Specific
Energy Absorption of the Target (SEAT) was calculated as 34.88 J-m3¥ka.
EXAMPLE |A (COMPARATIVE)
30

Example 1 is repeated, but with a shoot pack having 19 stacked fabric layers

having an areal density of 0.44 b/t {(2.15 kg/mz). The Vs, of this shoot pack



CO11StrQCet 1011 Shoot Pack Areal Density (1b/11") Shoot Pack Layers
Threat VA, (ips) 151:(A 1 3.'111tk Spec:own 1000. 1100 D 21() 79

4-ply 0. 43wiPbresent 1201 34 88 PCT/US2006/044831
23

was tested as [217 fps, The Specific Energy Absorption of the Target (SEAT)

was calculated as 35.01 J-m¥/kg.

EXAMPLE 2

h

A ballistic shoot pack was prepared by stacking rogether 20 fabric layers of
SPECTRA® 1000, 1100 denier as described in Example 1. Each fabric layer
camprised 88.7% by weight of fiber based on the weight the fabric layer, and
comprised 11.3% by weight of matrix polymer based on the weight the fabric
[0 tayer. The LLDPE film had a thickness of' 9 um. The areal density of LLDPE
film was 8 gsm. The total areal density of one fabric layer was 103.9 gsm.

The laminated sheets of material had a thickness of 0.1324 mm.

The size of the shoot pack was 187 X 187 (43 7mm X 45.7mm). The stacks of
15 sheets were not connected with each other. The areal density of the shoot pack
was 0.43 1b/ft° (2.09 kg/m®). The pack was tested for fragment resistance as in
Example 1. The V3 of this shool pack was tested as 1412 s, The Specific
Energy Absorption of the Target (SEAT) was calculated as 48.2 J-m¥kyg. This
examiple illustrates the superior fragment resistant properties achieved with
20 SPECTRA® 1000, 1100 denier fabric having 1 1% matrix polymer compared

to 21% as in Example .

EXAMPLE 3 (COMPARATIVE)

8]
L]

Example | was repeated, only the shoot pack included 32 fabric layers and
was lested against a @ mm Full Metal Jacket (FMJ) bullet. The size of the
shoot pack was 187 X 187 (43.7mm X 43.7mm). The areal density of the shoot
pack was 0.74 Ib/ft? (3.61 kg/m?®). For testing against 9 mm FMJ bullet
resistance, the shoot pack was mounted on a test frame filled with Plastilina #!
30 clay and surapped on the frame. The Plastilina filled frame was mounted at a
90-degree orientation to the line of fragment fired from a firmiy mounted

universal receiver. The 9 mm FMJ buller used for testing conformed the shape,
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size and weight as per the National [nstitute of Justice ( N1J) 0101.04 test

standard.

Ballistic testing was conducted in accardance with the procedures of M1L-
STD-662F. Several @ mm FMJ bullets were fired, changing the velocity of
each one. The velocity of each 9 mm FMJ bullet was moved down and up
depending upon whether the previous fragment shot was a complete
penetration or partially penetrated a few layers of the shoot pack. An average
velocity was achieved by including about four partial penetrations and about
four complete bullet penetrations within a velocity spread of 125 fpps. The
average of partial and complete penetration velocities was calculated and
called Vs, The Vs of this shoot pack was tested as 15235 fps. The Specific

Energy Absarption of the Target (SEAT) was caleulated as 236.81 J-mkg.

EXAMPLE 4

Exaﬁmle 2 was repeated, but tested against a 9 mm FMJ bullet, The size of
the shoot pack was 187 X 187 (45.7mm X 45.7nun). The areal density of the
shoot pack was 0.43 {b/ft* (2.09 ke/in™). Ballistic testing was conducted as in
Example 3. The Vg, of this shoot pack was tested as 1272 fps. The Specific
Energy Absorption of the Target (SEAT) was caleulated as 284.46 J-m¥kg,
This example iilustrates the superior ballistic resistant properties achieved
with SPECTRAd [000, 1100 denier fabric having 11% matrix polymer

compared 10 21% as in Example 3.

EXAMPLE 5 (COMPARATIVE)

A ballistic shoot pack was prepared by stacking together 27 fabric layers, each

fabric layer being comprised of a consolidated network having twao sheets of
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unidirectionat, HMPE fibers impregnated with Kraton® polymer, cross-plied

at right angles and [aminated between two sheets of LLDPE film.

The HMPE fibers were SPECTRAS: 1000, 1300 manufactured by Honeywell
3 International, Inc. and had a tenacity of 36 g/denier and a tensile modulus of

1150 g/denier. Each fabric layer comprised 79% by weight of fiber based on

the weight the fabric, and comprised 2 1% by weijght of the matrix polymer

based on the weight the fabric. The LLDPE films each had a thickness of 9

um. The areal density of'the LLDPE film was 8 gsm. Total areal density of
10 one fabric layer was 150.0 gsm. The laminated sheets of material had a

thickness of 0,163 1 pun.

The size of the shoot pack was 187 X 187 (45.7mm X 45.7mm). The stacks of

27 sheets were not connected with each other. The areal density of the shoot
] pack was 0.84 1b/ft (4.1 kg/m®). Fragment testing was conducted as in

Example 1. The Vs, af this shoot pack was tested as 1501 fps. The Specific

Energy Absorption of the Target (SEAT) was calculated as 27.86 J-m*/kg,
20 EXAMPLE 6
A ballistic shoot pack was prepared by stacking together 29 fabric layers of

SPECTRA® 1000, 1300 as in Example 5. Each fabric layer comprised 92.9%

by weight of fiber based on the weight the fabric luyer, and comprised 7.1%

I~
N

by weight of matrix polymer based on the weight the tabric. The Lotal areal
density of one fabric layer was 129.0 gsm. The size of the shoot pack was 187
X 187 (43.7mm X 435.7mm). The stacks of sheets were not connected with

each other. The areal density of the shoot pack was 0.77 b/ (3.75 ke/m).

30 Fragment testing was conducted as in Example 1. The average of eight partial
and complete penetration velocity was calculated and called V. The Visp of

this shoot pack was tested as 1660 tps. The Specific Energy Absorption of' the
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Target (SEAT) was calculated as 37.12 J-m*kg. This example illustrates the
superior fragment resistant properties achieved with SPECTRA® 1000, 300

fabric having 7% matrix polymer compared to 21% as in Example 5.
3 EXAMPLE Y

A ballistic shoot pack was prepared by stacking 28 fabric layers of
SPECTRA® 1000, 1300 fibers as in Example 3, EBach fabric iayer comprised
$9.9% by weight of fiber based on the weight the fabric layer, and comprised

10 10.1% by weight of the matrix polvmer based on the weight the [abric layer.
The tatal areal density of one fabric layer was 132.8 gsm, The size of the
shoot pack was 187 X 187 (45.7mm X 45.7m m). The stacks of sheets were not
connected with each other. The areal density of the shoot pack was 0.77 b/l
(3.75 kg/1112).

Fragment testing was conducted as in Example 1. The Vs, ot this shoot pack
was tested as 1616 fps. The Specific Energy Absorption of the Target (SEAT)
was calculated as 35.73 J-m¥kg. This example itlustrates the superior
fragment resistant propetrties achieved with SPECTRAu 1000, 1300 fabric

20 having 10% matrix polynier compared to 21% as in Example 3.

EXAMPLE 7A

I
L]}

A bailistic shoot pack was prepared by stacking 29 fabric layers of

SPECTRA® 1000, 1300 fibers as in Example 7, Bach fabric layer comprised
85.0% by weight of fiber based on the weight the fabric layer, and comprised
13.0% by weight of the matrix polymer based on the weight the fabric tayer .

The areal density of the shoot pack was 0.83 Ib/£t? (4.05 kg/m?).

Fragment testing was conducted as in Example 1. The Vsu of this shoot pack

was tested as 1648 fps. The Specific Energy Absorption of the Target (SEAT)
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was calculated as 34.03 .l—m’/Kg. This example illustrates the superior
fragment resistant properties achieved with SPECTRA® 1000, 1300 fabric

having [3% matrix polymer compared to 21% as in Example 5.

W

EXAMPLE 8 (COMPARATIVE)

Exampie 5 was repeated but tested against 9 mm FMJ bullet as in Example 3.
The Vs of this shoot pack was tested as 1450 fps. The Specific Energy

10 Absorption of the Target (SEAT) was calculated as 1890.22]-m*kg.

EXAMPLE 9

Example 7 was repeated but tested against 9 mm FMJ bullet as in Example 3.
Testing was conducted as in Example 3. The Vs, of this shoot pack was tested
as 1519 fps. The Specific Energy Absorption of the Target (SEAT) was
calculated as 226.543-m¥kg. This example iflustrates the superior ballistic
resistant properties achieved with SPECTR A 1000, 1300 fabric having 10%

20 matrix polymer compared to 21% as in Example 8,
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The data collected from examples [-9 is summarized in the foilowing table:

Exusmple Fiber, Y% % Constraction | Shool Pack | Shoot Threat Vian SEAT
Denicr mateis Fibwe Arend Pack {psy | dem ik
(1 polymer r Density Luyers
{bAt)
1 Spectradd 21¢%) 79 d-ply (.43 18 Fragment | 1261 4B
10040,
1100 D
bA Spectra® EATES T9 4-ply ,ebet 19 Fragment | 1217
1000,
1100 D
Spectra® | 18.3(*) | 88.7 4- ply .43 20 Fragment | {412 48,2
OO0,
1100 D
Speeirat 25" 79 d-ply (.74 32 Orom 1325 1 230,81
1000, Bullet
FIU0 D _
4 Spectrati P1.3{%) 8.7 4-phy ()43 20 Omim 1272 285406
O, Hullet
LLon _
3 Specirak 24" 79.0 doply .54 27 Fragment | 1301 27 86
HOOH,
1300 D
G Spectrade 7.14%) 92,9 4o ply 0.77 29 Frogment | 1660 3712
1000,
1300 D —_
7 Spectrok: 10.80%) 9.9 4-plv 0.77 2% Fragment 1616 35373
1000,
1300 D
TA Speutrodi 15¢%) 83.0 4 ply (L83 29 Fragment | 1448 341
1000,
300 D
& Spectrai 2™ 79.0 deply (.84 27 2 mm L4350 (R-118
1004, 3ullet
13000
L Spectrad 10.1{™} 899 4-ply (.77 28 9mm 1319
1000, Bullet
1300 D
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Y Kraton® palvmuer with evelohexane as selvent,

**) Emulsion polvmer polysiyrene-polvisoprene-potysirene-block copolsmer,

Shoot pack argen) size 18 X 18™ Arcal density is weight of ballistie shoot pack as lhs/fi?
{pst). .

SEAT is Specific Energy Absorption of Target,

EXAMPLES 10-12

Three different samples of SPECTRA® Shield LCR were tested for peel

strength properties, sach sample having a different matrix polymer content.
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as 115012 (Par). SEAT is Specific Energy Absorption offareet, 10
EXAMPLES 10-12 Three different sanples of SPEC rRA(r) Shield LCR were
tested for peel strength properties, each sanple having a different
matri x polyner content. 29 The SPECTRA(r) Shield LCR sanpl es each
conprised a Four-layer structure of the follow ng | ayering
configuration: LUBPRECTRA® ShiehidrCR sayalds @0chf doberisdceeyiond- bk @REudiidem A
standard peel  stdraabfiolgia0As, CARGHERSA LDOIERKPIRRCIIEMD- [HE
fiber layers. The results are sunmari zed | ow n

EXAMPLE Mat eri al hxsr/b.éppl [ﬁém éAf‘ standard peel sl:encrrh tesr \\"15 conducted ¥ ;Jeeimﬂ

between the tiber layers, The results are summarized in the following table:

tn

EXAMPLE Material Fiber, Denier Yo Matrix Peel

Polymer Strength
Content (Ibs./fth)
10 SPECTRA® | Spectra®1000,1300 6.04% 0.089 ibs.
Shield LCR
i SPECTRA® | Spectra®1000,1300 11.43% 0.188 1bs.
Shield LCR
|2 SPECTRA® | Spectra®1000,1300 20.0% 1.766 1bs.
Shietd LCR

Examples 10-12 illustrate that the lower the matrix polymer content, the lower
10 the bond strength. However, below a critical bond strength, the ballistic
material loses durability during material cutting and assembliy of articles, such
as a vest, and also results in reduced long term durability of the articles. The
“sample from Example 10 having 6.04% matrix polymer content showed
unacceptable peel strength at 0.089 las/ft’. The sample from example |1
15 having 11.43% matrix polymer content showed good peel strength at 0.188
Ibs/f®. This sample will also exhibit excellent fragment and ballistic
performance. The sample from example 12 having 20.0% matrix polymer
content shows strong peel strength at 1,766 1bs/ft°, but the sample will exhibit

only marginal fragment shielding performance.

20
While the present invention has been particularly shown and described with
reference ta preferred embodiments. it will be readily appreciated by those of
ordinary skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. tis intended that
23 the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.
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What is claimed is:

L. A fragment resistant material comprising:

a) at least one consolidated network of fibers, said consolidated network of fibers
comprising a plurality of cross-plied, non-woven fiber layers, each fiber layer comprising
a plurality of fibers arranged in a substantially parallel array; said fibers having a tenacity
of about 7 g/denier or more and a tensife modulus of about 150 g/denier or more; said
fibers having an elastomeric matrix composition thereon, said elastomeric matrix
composition substantially coating each of the individual fibers and comprising from
about 7% to about 15% by weight of said consolidated network of fibers; the plurality of
cross-plied, non-woven fiber layers being consolidated with said matrix composition to
form said consolidated network of fibers; said consolidated network of fibers having
anterior and posterior surfaces; wherein if said fibers comprise aramid fibers or poly (p-
phenylenebenzobisoxazole) fibers, said matrix composition comprises at least about 11%
by weight of said consolidated network of fibers; and

b) at least one layer of a polymer film attached to each of said anterior and posterior
surfaces of said consolidated network of fibers, wherein said polymer film layers

comprise from about 2% to about 25% percent by weight of the overall material.

2. The fragment resistant material of claim 1 wherein said fibers comprise a
material selected from the group consisting of extended chain polyolefin fibers, aramid
fibers, polybenzazole fibers, polyvinyl alcohol fibers, polyamide fibers, polyethylene
terephthalate fibers, polyethylene naphthalate fibers, polyacrylonitrile fibers, liquid

crystal copolyester fibers, glass fibers and carbon fibers.

3. The fragment resistant material of claim 1 wherein said fibers comprise
polyethylene fibers.
4. The fragment resistant material of claim 1 wherein the matrix composition

comprises a material selected from the group consisting of polybutadiene, polyisoprene,

natural rubber, ethylene-propylene copolymers, ethylene-propylene-diene terpolymers,
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consists essentially of from about 1 1% to about 15% by weight of the consolidated

network of fibers.

I, The fragment resistant material of claim | wherein said fibers comprise aramid
fibers or poly(p-phenylenebenzobisoxazole) fibers, and said matrix composition

comprises from about 1% to about 15% by weight of the consolidated network of fibers.

12, The fragment resistant material of claim [ wherein said polymer film layers

comprise a material selected from the group consisting of selected from the group
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by weight of said consolidated network of fibers; and
b) at least one layer of a polymer film attached to each of said anterior and posterior
surfaces of said consolidated network of fibers, wherein said polymer film layers

comprise from about 2% to about 25% percent by weight of the overall material.

16. The fragment resistant article of claim 15 which comprises a plurality of

consolidated networks of fibers assembled in a bonded array.
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whi ch conprises a plurality of consolidated networks of fibers
assenbl ed in a non-bonded array. IS.The fragment resistant article of
claim 15 whi ChTﬁ@ﬁ’@@h&ﬁ%sﬁ‘stﬂ@%m%@of@a\(mrlg veheRlib 6 bladi0fongREsRh 1 dat ed
networks of fibers adjoined thereto. The fragnent resistant
articl e ofordiss ¢psanialiker Bpm abaytd !&aﬁombnrut 16k weight of thesinshlidatedg sai d
plurality ated networks of fibers adjoined thereto. 20.
The fragnggﬁwfggf@%%ﬂt article of claim15 wherein said matrix
conposition consists essentially of fromabout 7% to about 11% by

wei ght of nsol i dated network of .fi 21. .The fragnent

s ot ant ZArti ARETEEMERAFTS i eSOV ivke? S0 BB GRTpR G amic

consi sts ginsRRk balylphyleherBnahiitkadldpriersabthidipdtiR )t oMpbatién of the
consol i dated network of fibers. 22. The fragnent resistant article

of clai m ESM{RwE&0M ot Feiepkous b by seiglt ahihg conseddatedpetwork of fibers.
pol y(p- phenyl enebenzobi soxazol e) fibers, and said matrix conposition
conprises fromabout 11%to about 15@6by wei ght of the consoli dated
net wor k 0P3f|béw&cmoQBfmA@m@M$@ﬂﬂ@ﬁmmma@umnmgwaahmagmen@ resi st ant
mat eri al c r15|n .
(rber ayar i fosst il B B PSgin 0B8 bt PEnk (o) Ge b hEaRung REGraie
subst ant i aF Fiyerpatiah ebstanuilgpareitdl) Lmrtﬂfecﬁ{ﬁﬁaayu ayg 8did fibbR@asinpavénagityof
tenacity of about 7 g/denier or nore and a tensile nodul us of about

150 g/ deniPBPUdre/¢fiics Or BIRF ¢and afsnsle marriutty AR A4t eHBRipCOrTaRtE; said fibers

CO”DOS't'QQwﬂEth@Qo%@géﬁ@ﬂmc&ﬁmﬁﬁﬁﬁgﬁﬂﬂﬁtﬁﬁaﬂ fiber layers wherein
the unidirectional array of fibers of each layer are cross-plied at a

non- par al Ibehrragi sesaicefiker |iay@18tw)hen¢1e theanmgyitegtidnadbrrdy dfdrbedi ofesethi brerafe
each ad a&g % l[ gc}/zﬁ a l‘{OHC a1e+q%p9ngaegt e?a%vg 9 Cit 9?011&&1&1?{9 fjb%yg’l eclglglbgFeach

condi tions
consolldameﬁcmehmenk of fibers haV|ng anterlor and posterior

¢} bonding said cross-plied layers under conditions sufficient to form a consolidated

network of fibers, the consolidated network of fibers having anterior and posterior



.34 surfaces; wherein said matrix conposition substantially coats
each of the individual fibers and conprises from about 7% to about
15% by wei ght of said consolidated network of fibers, and wherein if
said fibers conprise aram d fibers or poly

(pphenyl enebenzobi soxazol e) fibers, said matri x conposition conprises
at | east about 11% by wei ght of said consolidated network of fibers;
and d) attachin | east one layer. of a polynmer filmto each of said
anterior ank acﬁ&q’f@t“i”ﬂ)ﬁa‘éUPF‘&E%“W‘@HFEP%‘BH%‘ sEseeh AhadIdy idal
fibers, WimkRiads&hsriReFsrRibolil T9mth feRE $5%%We': SR of mm&}ﬁel%ate%% to
about 25% percent by wei ght of the overall materi al 24. The net hod
of cl ai m 28Wele pERibErs andi whatei i said fibes cemprseseiddibsrsespeht (pal | y of
from abou Ig I f

i ber o - BB En ol B L0030 PR L B B Bt
consi sts @ssmnghtafdsayd ghs@!ﬁctmmdatmumkbﬁ%ms; aabout 15% by wei ght of the

ggln ZOH ggfd at&a}gﬁ&gl ggﬂ. §r08ﬁb’l(¥gl::’ ?fbaego yrB?r Blltg?:%)crllnoo sglfd aﬁ%e?ilcnn’elanzci3po\glt211{)1el n
pheny| enebeiizebbsakpanba)datediRtveork dNAb&Aiveherdg Edi &?Hﬂ@pﬁhﬁ {aQ8ks
conprises from about 11%to about 15% by wei ght OF he consol i dat ed

net wor k offOPPH¥E0M abopt 2¥he apavigdo efrest by meggt Qfibe eveialbmetsriof sai d
fiber layers are cross-plied at a 90.degree. angle relative to the

| ongi tudi nal fiber direction of each adjacent fiber layer. 28. A
fragment 2ési stfanmethatief clalm g mbeiesi gt majixabmpesison onsiscessotiiltaifed

k of. f 0 d f . fi i Si
o ural i ty ! PLELa e TR FELED IR Mo R B <1 g o

plurality of fibers arranged in an array; said fibers having a

tenacity ab er nmore and a tensil e nodul us of about
150 g/ olenf3 er O&H Iah%d§ FEEW%@F@*%&%@E‘% caMRLTiBARFINS StFgssensially of

conposi ti gRnt ARKEOLNK (SRRt e&%%w@gﬂtgf b A6 1EABPRSIVHHAIT fibers.
substantially coating each of the individual fibers and conprising

fromabout 7% to about 15% by wei ght of said consolidated network of

fibers; thg pl tmﬁlﬂe{ 1)68% cfaf9e8 w%le}e%gsaid ﬁ@eﬁs{ J:oﬁ{lﬁ I8 a&%ig%beé%r oly(a- |

consolidated w't matri X conposi rmsaid conso
net wor k oﬂahényﬁmelsqnzsmcdcazma)sﬁlbmsjaheshsdleiammdm@fosﬂnbbemmpﬁmv g about

anterior ter sur,; | e st neIa er of a
pol yrrier fi I!%‘itgtaﬁ%‘gﬁlé liyovldgg@%&ilﬁe ‘?:]d?ﬁ?‘?sé‘f’* eﬁ%stgrl or surfaces

of said consolidated network of fibers, wherein sal d polynmer film
| ayers conBrl se from about 2% to about 25% percent by weight of the
overal | eri dhe methgd opglajip £7 eyhsreibgsh p&fxamgf it dayeradjareioss-pled  ant

material qf d@%l@{;.@*j%l% iela§€le to-mee!oB lﬁgiﬂﬁph 1&ile g&%’;&fegﬁ &ﬁéc@é eirﬁ“ggll' m|

whi ch has a pee rengt east a out

fragnent resistant nateri al of claim 10 which has a peel strength of

at | east a)gout 0.206 | Db/f f 2
28, Afragment resistant material comprising:
a) at least one consolidated network of fibers, said consclidated network of fibers
comprising a plurality of cross-plied fiber layers, each fiber layer comprising a plurality
of fibers arranged in an array; said fibers having a tenacity of about 7 g/denier or more
and a tensile modulus of about 15Q g/denier or more; said fibers having an elastomeric
matrix composition thereon, said elastomeric matrix composition substantially coating

each of the individual fibers and comprising from about 7% to about {5% by weight of

said consolidated network of fibers; the plurality of cross-plied fiber layers being



consolidated with said matrix composition to form said consolidated network of fibers:
said consolidated network of fibers having anterior and posterior surfaces; and

b) at least one layer of a polymer film attached to each of said anterior and posterior
surfaces of said consolidated network of fibers, wherein said polymer film layers

comprise from about 2% to about 25% percent by weight of the overall material.

29.  An article comprising the fragment resistant material of clajim 28.

30. The fragment resistant material of claim | which has a peel strength of at least
about 0.17 Ib/ft’.

31.  The fragment resistant material of claim [0 which has a peel strength of at least
about 0.206 [b/ft’.



