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MULTI LAYERED MATERI AL SHEET AND PROCESS FOR I TS
PREPARATI ON The invention relates to a nultil ayered

wordoegnemiio sheet conpri sing a consol i dated st acRCDEP2007/003685

uni di rectional nonol ayers of drawn polyner, and to a
process for its preparation. The invention also
relates to a ballistic resistant article conprising
the nultilayered naterial sheet. A nultilayered

Uﬁfﬁbﬁ@%@e&éﬂ@@&&%ﬁﬂﬂ@m Fﬁ@ﬂ‘s BREPARATION

mol ecul ar wei ght pol yet hyl ene is known from EP 1627719

A 1. This puhlication discl ses nul ti

mat e.ri al sheS{ edBYfﬁ?PQi”’H@teé %Pm@t‘llﬂe&;e%fna\{ena?sheet comprising a
%P?%IHE@HL&M of IR Bl TaS MoABIRY SIS ion gravvssolyrmed, ayd ¢d a process for
ultra hig

dls upRaralfary TheTbraten & B%ﬂ%]?tﬁg ?ﬁgﬁpgﬁfgg\ﬁ%@?aw% Gpgnprising the

HhdYaghred pidtérbl @hedtwo subsequent nonol ayers |n t he
stack differs. The di scl osed thi ckness . f

monol ayers of” Mwkilaygred rI“ﬁVé’?'e?f‘eﬁh?%’P‘?rﬁmgs?l gg@sqhgated stack of
%ﬁdﬂ%@fbr%@mbnél%?eﬂ%mf dvdvirulera g rableedar Reight Mlyéﬂylene is known

| ayer ed mat I h
Em D #9287 18 A1 (5 PUPIERHO1SHOR SEU S GRIoTE sheet
RMHAEIRY |59 Eralig o @ATdirattionaf®ypbldysrs cb@giﬁlrﬁgeseahﬁauqesultra high
This feature i S necessary in order tgwggtaln

declesudar wgightpalystifene eptially dexpi pding, @a?rlces whereby the

rmé\h dirastrinest (0B kebdeduestBhol @it nths @tdck’ dEf%ré- 6!21'é7d1&:ld%ed
shows a satisfactory ballistic

SEPRSeR d9TdES EnamoIRy e AR BRI 2torAEeTos] idtenssen AR

ProBS AR twithy BriférisY fahgé of B0 aviodeina nul ti |l ayer ed
mat eri'al sheet having i roved ntlbal

St
properties whd$ rBB'H‘&&?@E' pRfergls R?ltcﬁﬁﬁor I CEAT 162719 A1 uses

QMaeﬁlghln%lé&MrGN@?ht%%ﬂmgm é@sefnhﬁllyl dé\(/@fditdf(tfcanMg matrices. This
rovi a mul ti

ayered nmaterj al
RV 5 AAFeRP a6t BRI RIA V@eﬂlﬁgm AGREHISNS, @P?”@g Rithough the

h@wBydel YimRErial Whestefrorlditey tErvi 627789t 10hodls 4 ¥dlisfactory ballistic
subsequent nonol ayers in the stack differs, and

VIREPETRINGEN thiss PeEQIBRACE 627 RE #RPIO¥ed fURhPh of at | east

one nonol ayertreSotjétt @thetdragert inventich |5Vt¢'l'§rov|de d@siltilayered
surprisingly been found that this particu

JoaBIiAshEehaying imprenessanjipalishe pipP rH?ﬁWO%’H Compared to the known
ahiteRal | i stic performance over the knovvn nul tilayered
material sheet. More in particular,

anti bal | i sti ¢l hephigstinAcied 3q5arding 1o th%\iﬂé’?%ow proviging a

Sh@giay&ea h ikl sh@et%%n%%ﬂ@@co‘hs%lld&eﬁﬁébledf @ididdfonal

ant i baI l'istic performance of nore than. 130% has, been
Jpenalauess Qi Qrﬁwlqupglymer whereby the draw direction of two subsequent

monolayers in the stack differs, and whereby the strength to thickness ratio of at least
one monolayer is larger than 4.10" N/m®. It has surprisingly been found that this
particular combination of features yields an improved antiballistic performance over the
known multilayered material sheet. More in particular, when the antiballistic
performance of the multilayered material sheet according to EP 1627719 A1 is scaled
at 100 %, antiballistic performance of more than 130% has been obtained with the
multitayered material sheet according to the invention. An additional advantage of the

material sheet according to the invention is that it is no longer required to use ultra high
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mul til ayered material sheet according to the
i nvention. An additional advantage of the materi al

W@ b@atizaeccording to the invention is that it iBCTBP2007/003685

| onger required to use ultra 4 ghnol ecul ar wei ght

pol yet hyl ene essentially devoid of bonding matrices in

order to obtain the desired |evel of antiballistic
properties. A preferred multilayered material sheet

accordin ventlo i,S chara .zed n t hat

t"ﬁ@e%? éf%‘gﬁ‘ﬂ F’PEY“-’FP( e Resnyaly dgvge © gf”“ i3 fnalyjtgs I order to obtain
e oesiedeves of atpalistidpopertiz®13 N nB, an even nore

preferred rrulUIE%ered

teri,al ,sheet i,n that th . L

Dt rengt h to frPErEse By gegmatEng ahest a5ha dnshgiing ivention i
icﬁlada@f@ieéd triélaﬁt th@bﬂfehbtﬁﬁo tHckhess ratistof ﬁt ehst dnbdnonolayer is larger
mul t ed material she |ntatte n
Dt AR SR e dereiigterreg ﬁ%E?gé&at the
tshaﬁgtg téthlcknéds Pdtitdf aNebbmr@l;rnbﬁoI'a)férrwlhrg{ee&msﬂﬁﬁ/ N/m?® and a
accordain nventi.on t nonNo rs. nave .

Y Bt MR e o iR 04t ibE S ety o hickness rato of a
nadst bh@irheRysmdt &irged thaheet 10thRrmei.n al | nonol ayers
have the cl al msd ran

for thickness a stren

particul arl y ASPeye i %dwt pﬁcgq.?@ryc%ﬁz;pgﬁ@g F?fd( I‘Ré’eﬁg Eﬁfa”
intbHRHyeA haveltBe ERIMRA tahiges Fahitioal aRBREEMAYAS A nmﬂ@;e%ed
to a layer of a flbrou? net wor k of unﬁglrectlo 'é’%/
SRl eBestTerelP &l P olyErShaHTdN B FEMBrAIANg e it higigtess and
tshéﬁgth&’éb@rﬂédlé(rm@*efb&retdhe reinforcing fibers toget her .
The term "uni dlrectlonaély orlented reur%& %H
fibers" refelStheFontxhPheiReent pRligny, thederm  udiregtigpal
?ﬁ%o@éﬂ%ﬁe@d foya @Vér%ﬂaﬁﬁbrblﬁls Reétivahd (ﬁmldlﬁeﬁld’ﬁaﬂy ofiégted reinforcing

i ber”™ here nmeans an el on os
@Pﬁ@r?éﬁdcﬂPt'P%a'@{rale‘%@r”Pﬁtatf? ﬁv F?@% °raﬁnﬁ3ﬁ§fsotﬁgetsﬁr The

et ‘fﬂjnﬁli‘r@cﬁcfﬂiaﬂykﬁﬁé?rﬁed H'diﬁoidﬂ{gﬁberrgl rBifeﬁér 1% r’éﬁhfcfrblhg lfl'bers in one plane
i ncl udes a npnofi | anent t yarn,

halerg ﬁsseﬁt'?'m%@&tedd”%%’Fb%?'ﬂ@’c'%g@aﬁ edPﬁ%?S an v Elohgate

o8y ahbse @hgﬁhcdlﬁmehﬁbfrh ROgraatef tHdndhe Bandver&gdim@hsions of width and
cross-section. H¥ natural or synthetic¢c fiber

Breesp| hederm sedarsngdibar' dpdudrs 3 meapfilament. nqﬁféame"t yam, a

RERSEE a@trid, %rthﬂeaatﬁgt%glerfﬂfeabarfnl AN SthersdAgHes abjeétbb\%w\? a regular or
|norgagn|c fibers, organic fibers ﬁr m xt ur es t’]ereo

IEERIUIR STISSRECHIN- AnYiadiral %eﬁygtheﬁc bgrImay NEringipleske Hed as

REIHfofSh fMbdri OSEmaly el hadS 6B indlantd Aetd| IfiBenfsl b@rhﬁné!@l fibers,
ballistically effective, which, nore sgem | cal

ingANeibarsAraanie fioers s mixthiegrherent FrearRlication ¢ txa fibers in

Biabibtid @-fEtdre Nt aedit & ed3eBilibl W'trﬂ%/fltfé% pé Ibblll@trbally effective,
Such fibers are in the context of this applic

Ahich, F‘é’f%??%ﬂf"’?lﬁy A8aulresithaidhey B3veca pighdgrisile ISHe%gth "a high tensile

P RfuRSs! /R R TEREY abddnstidre BUE}QFlﬁérQ ard inRBE cbtert dfANE-
The wi dth of the tapes preferably is nore than 2 mm

RBPicaiprplsp spfeyedin és pRtR2ESYEHPSRY nost preferably

In a preferred embodiment, the reinforcing fiber is a tape. The width of the tapes
preferably is more than 2 mm, more preferably more than 5 mm and most preferably
more than 30, 50, 75 or 100 mm. The areal density of the tapes or monolayers can be
varied over a large range, for instance between 3 and 200 g/m?. Preferred areal density
is between 5 and 120 g/m?, more preferred between 10 and 80 g/m?and most
preferred between 15 and 60 g/m?. For UHMWPE, the areal density is preferably less
than 50 g/m? and more preferably less than 29 g/m? or 25 g/m?.
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nore than 30, 50, 75 or 100 mnm The areal density of
the tapes or nonol ayers can be varied over a | arge

w0 anga20fior i nstance between 3 and 200 g/ n2. Ppef/#P208d003685

areal density is between 5 anrdt 120 g/ n2, nore
preferred between 10 and 80 g/ nRand nost preferred
between 15 and 60 g/ n2. For UHMAPE, the areal density

is preferably |l ess than 50 g/nQ and nore preferably
ess than 29 g/ n?, or. i S ref rre

B mrelsan g tne patording theds FEmpimgidist of bl Tveple fofeve 2

teBsileastengtt Mt idaet shauengl GPaf mate bre&mtedadm (asst Abcut AHMGPa, even

BPs ePleg ot Hastero A BP3, kst HRBROST prLT L 4P i

é\%fén%@&'br tab@eihfo«ﬂcu@ﬁberhﬁn ihe rﬁ@rftfl@,retr eﬂtfh%onp]vddnen to have a tensile
rel nror e no er o the I nventi on
P0HLS B & 108t 4D 4] A I BIprto Thess ey (PoparabmA ot rbanic
feRifeYcPETibBes. Bulksss |r'l6?g’arb@rduﬂ@|fcﬂ'@rflb©r53ére0fog @;aample glass fibers,
relnfgrcm fibers, ablelnorganlfc rei rCIB%u
¢3rperp tibers @ F%@”&%B%F SuitableQropnip eigfor s mithSugh a high
t@ﬁ@hecweag}rparfsl ﬂ@eéﬁamﬁw érahia«ﬂc gbgamc"e frb%wf(@cs-ealreﬂ aramid fibers),
ber s Wlt such a hlga t ensi

I e
%%P&ﬁ‘ﬁl'!épo $Pcrhayien &t Wa'@nwese'f%“ SHsGunF Bhtes and ladderike
5dmﬁérsf)ber£%n@r¢ babbwbw.mmzaeeavb@mdzekm&ah@rﬁdw A-

stalline polymer and | adder-1i ke

PIeege 2 BRI OR AR EQ) 0 A2 SO B S LB e

b
ﬁﬁﬁidlrﬁﬂ%dé(-iu ?Is rﬁl@@;g*yzﬂg{n%l_ege s} Z{l:@ﬁfgﬁﬁelioeﬁsza? and fibers

otatef zanalﬁhwy%%fwspﬂ%wnﬂﬁ&ohebﬁp@po péolonsnig which 37 highly

sentddl) sadlad birgined obor ei&ﬁpl@WP@l,sdﬂﬂm@ﬂ)lﬁﬁéﬁs The relnforcmg
ol yvi nyl al cohol , %acr% onitrile which are

ewsef%?blén?wat%&ﬁ SHENGH ok PIlERSt 3 GPAJRAIRAEIETAYY 4t least 2.5

orh oS ﬁio@ﬂb@ﬂarﬂ'ﬁl?@?l&ﬁst 3T@Parﬂhé1§@‘féhlté® cffltllik-%'eﬁ‘lbers is that they have
preferably have a tensile streng of at | east

‘fﬁSY B'gbrt%‘fsé? gBEYothe sq Batihey age @%?”éﬁ“'%ﬁy W@P'@rfﬁ'b"r'iﬁ 0
llgﬁ{wet.%ﬁ Halfiatic- F&g%tém\éamége of these fibers is that

they have very high tensile strength, so that they are
in particul avultableypalyplefias|ase oparliciar hemMQRHMRTS @ﬁfi copolymers
Haklyisre ﬁd&éb)ﬁé:@é‘twrﬁd &Y 8Bo caHiairPShEI §ANIRLE S fife & rRore

in particular mers and copol ymers of ethyl ene
iher %’We’ﬁ@aﬂmﬁﬁ“}%?'k&f‘%ﬂ RUHPSN smal | quantities

of one or ”mé?tléﬂlw% | ¢ BBtsSare Bt d if fridaRrpoREth9lene (PE) is
al kene-1 - pol articularly %ood results are

SRR EPOOIRDa LipsRRRAYRIMAFNS i Peein indelFiopg demean

gdirtiRgenealied less tHdnrneaae EﬁéM %hYb@Ceatbr%s h&idBprBferably with less than
underst ood to nean ene with less than 1 side

EHidP haiBPe1 800 € AeBRE S'Qﬂé‘xﬁ'f‘é’r DFash genpiey Fatainingat laast 10 C

atbilg, ﬂ*@lid@a%ély@tﬂ%ﬁé ﬁ{a@rfﬁrthé} cohthh G@ﬁi @nﬂi%@'f@ﬂé Br more other
Egenera cont ai ni ng | east 10 C a The |i near

npatingtiase eowﬁéxmmapwethewwawhﬁ Rr ep@wp%néf P@Hene, 4-
REthIBEReAE N&iene. Preferably, the linear polyethylene is of high molar mass with
an intrinsic viscosity (IV, as determined on solutions in decalin at 135°C) of at least 4
dl/g; more preferably of at least 8 dl/g. Such polyethylene is also referred to as uitra-
high molar mass polyethylene. Intrinsic viscosity is a measure for molecular weight that
can more easily be determined than actual molar mass parameters like Mn and Mw.
There are several empirical relations between |V and Mw, but such relation is highly

dependent on molecular weight distribution. Based on the equation Mw = 5.37 x 10*
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al kenes that are copol yneri sable therewith, such as
propene, butene, pentene, 4- nethyl pentene, octene.

wor@7aemid y, the |inear polyethylene is of hi ghCVBPZNN7/003685

mass with an intrinsic viscos4ty (lIV, as determ ned on
solutions in decalin at 135C) of at |least 4 dl/g; nore
preferably of at least 8 dl/g. Such polyethylene is
also referred to as ultra high nolar nass

(0 Rt ERSraguBb AT RS oREBES bl By BB GRNaTertfe w of about
Bmar%ﬂkgi:honﬁé@mrm,s paraneters |ike M and Mw

M but suont idbitsroRer<e RS SRR o ConsteuBa ot
M%Z?h?lel[iklz ﬁlhflnelgt?st t?gfhavB&&gd wéé%drb@ be guml é;gi/ﬁrgfh@lpmdés&kuxh as
FR R UPE B IF G SH2s A P SBE 3586 miEregary used as (ant

O] sm@) reiffeeirefibey.efhis réslhwlnwér@gﬁwaﬁtl-baﬂhst&i ;harfoemEnce per unit
é fibers c.onsistin g c}/ ¥ e filanent fali
IO 2095 SR R9 Bseess Ser B Boneib i e G e tion of a linear
%%)}%tsglggéi%ﬁ &l I‘b@ﬂl%ntrfr@gzl \E3CREMWY, %plnlnrmg@lt@e Bgléﬁddétﬁllém‘éﬁs ata
are era used apti ba C
BRI 2t vE R FIsSonG YorBReTES, crdlia g s iridnts to below the
§élfing feaderflieC sp@v thar galﬂfgeodtafs WAd ktrefching itigdfilamdn@cdefore,

Sp| nni n F Ocess es ent| ConS|StS Of preparl ng a
dB i aeb i SN ATy | one. i th s b oh

intrinsic Visk®Erinybindapiréfaisg d matesial thbf mndé ot iolds the reinforcing
filanments at ac?%’?? erature above the d|

{is EORINEr &) e SHEFLRTRRS AN GL TN Py Sk B AT e B By riented

ifbicihg floe PSR4 Binger, $h@bm&é"raha)@éhélbé&th@@émfcﬁcln@ﬂders in their
stretchi n[gathe filaments bef Otﬁ‘lﬁ] or afte

SRR & Inypart, RUck ioh s SruphiEe 6 - Rselaiaed s handing
At @ahafactufing obpreesimed sh@ét@smélsma@ﬂ rnéya bé lapgnefd in&&fous forms

ether in the sheet risin
ST RV ARG S T (e i DD e st perialy qaveging the anti
Déll"s(iﬂlﬁ Fibetsh) &atstu ﬁ?ﬁvef@%cﬁﬂﬁig@ﬁ) bhas traisveedibets (ftﬂahgsfé?se with
I N elr entire

such that th ru
PPESH 40 HBBPPER! TE8TS)cPa oA Ay 2RUREPTIRGAGIAG e fioers with a
Mﬂufrﬁﬁbﬂéll 89. with Brppfyerereekels Aeiusion bha dwp@d@én B pSigmeric
lied in varjous fornms _ and ways; for exa

o afialBy? iuid Prgferblve g1attt metesiat is hamoosne r%o&%ﬁ’gw&d over the

ém@e a0fracedsilthd Floh6laléh @heleasaSbahding?d1ay 6F BEndmyfibere may be
trip or as transverse fibers (transverse wth r%/PDfﬁtogzsm

EP"GH lefate UitaRg Pindepe A deSGF'b?ﬂ/'”l S@ridfgRaP 1385 Bh

ertsddsnosd Bﬁdtlpbemmou\h a matrix material, e.g. wth
a polymer nelt, a solution or a di SFGI‘SI on of a

pol yneri ¢ melet praferied embadimpst. therkipdar i, polymeriimatrix material,

aed .%y Bk d tﬁeﬂl%ﬂéﬂﬁﬁ@@ﬁétéhdl d?la&héﬂnmﬂlé%@ic AV:REridI N rﬁn&tulrésﬁof the
surface of the nonol ayer, whereas bondi n strl

Mond pﬁglqnggtéqrsat,ﬁ;?alb the matrix materlal is preferab greater than the

elongation of the fibers. The binder preferably has an elongation of 2 to 600%, more
preferably an elongation of 4 to 500%. Suitable thermosetting and thermoplastic matrix
materials are enumerated in, for example, WO 91/12136 A1 (pages 15-21). In the case
the matrix material is a thermosetting polymer vinyl esters, unsaturated polyesters,
epoxies or phenol resins are preferably selected as matrix material. In the case the
matrix material is a thermoplastic polymer polyurethanes, polyvinyls, polyacrylics,
polyolefins or thermoplastic elastomeric block copolymers such as polyisopropene-
polyethylene-butylene-polystyrene or polystyrene-polyisoprene-polystyrene block
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applied locally. Suitable binders are described in
e.g. EP 0191306 B1, EP 1170925 A 1, EP 0683374 B 1 and

WERIAHTHN0 A 1. In a preferred enbodi nent, theCOERPET/003685

is a polyneric matrix materi ab; and may be a
thernosetting material or a thernoplastic material, or
m xtures of the two. The el ongation at break of the
matrix material is preferably greater than the

el ongati on of the fibers, The bin ef er

GO aE e BreSrapl SSIROVEY ety ER EralEr baI b GAgPErprsists of
@ft?él'nio@Ia%?@%lyTﬂér tvﬁmrﬁblhb@fﬂft@fé&éﬁly a@?p\latém &Uﬁtm :aamuoal
npatri X nateri als ar enunerat e or e
arepiest SACelgg TRERI P MpTPIeYes. AsCRNEh BIg has tensile
FRYdeus ddetefnifed HE4dBBERINEE mmm@wmssl atydse €3 lof bsleast 250 MPa,
unsat ur at ed po{sl)éesters epaxi es  or P hengl . res

1068 BrelPyly S PLERBAOOMRAL SHSh ATl Esult n Mg NpgBlty of a sheet

E&BpABLd bnddlayel @lndic a&néH"@rﬁdU@lﬁ'sﬁﬁﬁééé iR @l aofBblidated stack.
polyurethanes pol yvi ny acr l'ics, polyolef
or ther nopl aBfef %raQK’agieoq{ﬁ?H"E °B¥'6€ﬁ Eé%mﬁﬁ?}éers'ﬁéﬁ@%t 30

malsy%s mwp@ma@wemx{ g0, et W SMReRQt Widsy b @is9. This results
yst yrene- pol yi sopr ene-pol ystyrene bl ockcopol yners

ol
H‘r@eﬁﬁétft@ﬂlﬁﬂF?e%ﬂ"@ﬂC@d as matrix material. Preferably

t he bi nder Cﬂ\Bédrﬁiné t@iheanbémroﬁombaﬁﬁ.u@edm@hwménowwrghalso refer
bi nder preferably conpletely coats the individual

#q ori apgs °§fzﬂm§ WW'@F ¥ tapep @nf MADAAYSE 'ay@ﬁant in the
vttty s Qbﬂﬂ:ﬁﬁom@f&eﬁ ah@ﬂﬁin'o% BRAM S slﬁ(ﬂﬁb?ﬁé?eﬂé@ 8h8ntat|on of

accordance wth 8, 5 C) of at |east
Wpd)ohﬁ’ﬁ?ré?l')aﬂ’@ﬁ@ PE® pyeq;{onate ||%g@td|@g@owadra\gur@h Sgch tapes and

moﬂgﬁyerrs%‘r:w b ptddiubédby B}a@)frhd) 1ﬂréftfebébﬁlfbyaurﬁé'b@éitdrawm? and will
onpri sing a nonol ayer, hi gh "'enough stiffness

PH"%F é@ﬁ@&ﬂ'?ﬂ@?é@?%‘f%é’kopeﬁﬁéf erably, the anount of

bi nder in t h?hérﬁﬂﬂ’th%)é?éd i’n%téﬂal SRt oBfhemahiion magf@rauy comprises
preferably at nost 10 or even at noDsS

D Gem, Mg fneiac e Peishy Roly BB ANt pRItGYIRE s ElPggR: Molscular
ﬁ@@;ﬂf Sély‘&hylené highel L“N§ Hfgh‘?ﬂ@le&lh@r wél@htcﬂdi)%@ﬁylémﬁ'nay be linear or

nonol %xers also refer to oriented t apes or

branehedhiatiheaht prefesably pras PalygthrisnsIiayesds L;r@aﬁgglmgthyyqne is herein

LRGerSeBY & iedh pb bfhyRRERIihAEsOihah ARGde émﬁh B@rnfdoaé’é%@n atoms,
whi ch show a preferfed orientation of the

apcpiederphly yrils less toan il side ¢hain per3QOgarkpn %t@msoﬁ st51|e chain or

gfa‘?\\% @9ner§W€bﬁt§ﬁﬁ§ a@%sm’@@ér@}éﬁ ra?onﬁ@)Sﬂ@cWHu@M‘é duibly be
raw n preeferably ~uni axi al draw ng W |

Wﬁﬁlﬂﬂeg by i TdR onFot m r@qps%cprbﬁ@p[dieggllm ﬁ§ement|oned in e.g.

EP'dz'esb@E(ﬁ i nﬂa&,e;scsl@éthﬁ&eeeﬁqawfurmée cbﬁ‘t‘éﬂ\!d "5 mol% of one or more
pre erab y conpri ses an ultra ﬂ1§n0 ecul ar wei

pey akengstaat %rﬁchPﬁlvmgflﬁa%twew Heh as ﬁr@ﬁnﬁdwgeraﬁ fentene,
W&H}% ﬁ&ﬂéﬁﬁ@%@n%gPrefglﬁggwhtg:lrﬂegﬂ Bl TRV 185 s 3F iRl BBiar mass with
an |ntr|nS|c viscosity (IV, as determined on solutions in decalin at 135°C) of at least 4
dl/g; more preferably of at least 8 di/g, most preferably of at least 10 dl/g. Such
polyethylene is also referred to as ultra high molecular weight polyethylene. Intrinsic
viscosity is a measure for molecular weight that can more easily be determined than
actual molar mass parameters like Mn and Mw. A polyethylene film of this type yields
particularly good antiballistic properties.

The tapes according to the invention may be prepared in the form of
films. A preferred process for the formation of such films or tapes comprises feeding a

polymeric powder between a combination of endless belts, compression-moulding the
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branched, although preferably |inear polyethylene is
used. Linear polyethylene is herein understood to nean

w@odogaeloyd ene with | ess than 1 side chain per RODEP2007/003685

carbon atons, and preferably \th less than 1 side
chain per 300 carbon atons; a side chain or branch
generally containing at |east 10 carbon atons. Side
chains may suitably be nmeasured by FTIR on a 2 nm
thick conpression noulded film as nentioned in

meRg ROWder §h3 tampgrgiur epB?'%t“PS/ n@n@gwtmﬁr@mﬂd rg"'”g the
Cr@ml@hﬂcdmprtegsl5nmu%e@fpcﬂwﬁer%udwaaomrawrngabls@m 8prédess is for

are copol ynerisabl e_therew th, such propene

iRtRAE dastribastB EF10 75 D heniwhieb s BeomeeatePherein hyreference. If

tdegiréd, peieF toFebyiRg BKé @Bﬁ\pre%s@h Mb@&ingBheédpolFRESpdWddt, B polymer
|ntr|nS|c VISCOSItg as etern1ned on solutlons in

ROWSIET Pay e Mmisey Wi aaS[UItplélgélgwg QRYINIC CoBPRUNGhavingzAPpeiling point
Cﬁq%h%tr tHePRARE nfeltiy (Sbint'BP ShidoRinferabbypRissdh rﬁ&ﬁéﬂhg %Qay also be

Such polyethylene is also referred to as ultra
rﬁatj{h?drﬁ}lt b¥ LﬁraPora&lwgﬁ@'W thetrelymes @owpark betyser the endiess belts

\wme%hwmgsmemﬁ@uﬁ@y fop Tns{ENcg%Hlo%heW'pQWIdlh& el'res%fﬁ@ platens
nore easi’l be determ™ned t han act ual

@@ﬂ&&é@'@r%mmoneemndm thaendleps Pt waew@lw WMVWEﬂW@d in this
YRR s¥ i Flisl O HRAWPEGIEL8S kb8 epﬂva@r@ .Inttﬁé GbIRE dthte.

properties. The tapes according to the invention may
be prepared ARothes Pfoi”r’i?Q)PFOPP‘F%*@”hQ ferreationrof diimy eereBtses

ffé’édlﬁ@& pBF?HEENd é’rﬁ‘eﬂfuo@ﬁ" Cé?(tr’hljﬂnp"% i dt %R@l% 6%'&3% the melting

f eed I Ng §yﬁETIC ween a co |nat|on

eRint Q?éeckfé“fi raipgheediused melymsr fign thégsiegniiiqrdo feedmg the
RO t@fheaeﬁr%HPreﬂ%t pHiFmaEhaWo L RexdEhith QQuf’P&BIé‘L% ?g gcfnlc

t her eof and rolling the resultant conpression
igempaend. ey 'P%iﬁlé‘éﬁ syfodn avdeh gucksas it rieferade the gasepwdien using ultra

IhfH ABRBuISPREIGhDSSydthyi&fe O 733 460 A2, which is
|@orpor%te IEereln reeference If desired, prior to

f eedi ng and @6ﬁfﬁf®é¥sﬁhémﬂﬁt§tﬂy&ﬁﬂ¢g‘”mﬁér§)@ﬂe§?ﬂ@d hysmgBm gel process.
W@Jltﬁ@ﬂew&puﬁﬁn %rfodé@y.sbc?esm.z@dim%rt&aﬂqp?ﬁctaaﬁzlzm'}z]hweﬂb-/«-

ani c co aV|n& ol nt her t

2RB16RY, EFrRP05850A 25T \WA) /53] KA. anamidiesbeshFiber Spinning
F\‘%HMBI&@/ r@d’ Ta'r\%QaJhﬁa %66ar%édqiﬂbl thdE@}m?flé‘B %55%3 1827.In

retai ning t pol ynmer’ powder between the ess
whett.dhe @ﬁkmnmrg; PRERES CUMRIiISER Preraring ﬁﬁoé}ﬁ'@e 05@ p@bncvteflb;pf high

RN B sRY. eé&r‘uagn h@gﬁﬂﬁor@’ﬂfﬂ LFiinf 2 4 &noer ;'/"e ab'\%/\s |_:the

connection W th end ess ts. Preferab
dissplyiag tempen@itgem@b@s dowmthesfilpHpalpEthecgaliing temperature, thereby at

q’éa%\/\?%l? ]gblﬂné b rel ?ﬂ? Slaiky the IB@for? rﬁfnﬁ% lRd/dP 'é\fi@tﬁit?east

ormation o I'ms conprises feed hg a po
Partighresmavalefdhe selxemtudi ng a filmat a tenperature

above the ”ehhbé\&?ﬁfdﬁy hfmg&%@én gmd%ﬁ%@g e%ptaﬁaélon of

extruded pol esire rior t
Pﬁweﬁb\aleyﬁéapet @ filrne by atgel geacess m@rq)cﬂaﬂmeprodayeso@pmox &l that has

WhlBvéd sht-bakdtR progiHick. AhHRBIdmbodiment of the present invention, there is

provided a method of preparing a polyethylene tape with a high strength to thickness
ratio comprising: extruding solution of polyethylene having an intrinsic viscosity
(measured in decalin at 135°C) between about 4 dl/g and 40 dl/g through an opening;
stretching the fluid product above the temperature at which a gel will form; quenching
the fluid product in a quench bath consisting of an immiscible liquid to form a gel
product; stretching the gel product; removing the solvent from the gel product and,
stretching the gel product, the total stretch ratio being sufficient to produce a



10

15

20

25

30

conmpound, for instance to forma gel, such as is
preferably the case when using ultra high nol ecul ar

waowedoghe2opol yet hyl ene. Preferably the pol yet hyl PEIFEP200TI803685

are prepared by such a gel pr@cess. A suitable ge
spi nning process is described in for exanple
GB- A- 2042414, GB-A- 2051667, EP 0205960 A and WD
01/ 73173 Al and in "Advanced Fi ber Spinning

o AL T

I&ﬂ o’é NFMH° C PraTEiabHStheItemsiei sirengtho thitkress adtiods pbleyst Bf10H N/m?,

h intrinsi it sol u |on
o 08 8008 e 2 NEBo beNeldine Sast v g win a
BABRTaBbN bEhigh @@émggs afl@Vsw thivknbsd rIiek wftatpbaargmh ldbﬁtglbed in the
t enperature, ther

at | east }f ellin
Qﬁgr%ﬁtaWe}%age@gslylr@wltséq mpgov §ntfl?@| peyfor gg frgrp multllayered
In@Ashial RRESts ProdiRE®WRIeffSmt he sol vent. Advant ageously,
it has been found that the preparation of polyethyl ene
tape or filns by a gel process nore readily produces

tape or fil mdrmhgh@%férmy QM@QlaﬁtﬂﬁaMﬂr’flﬁbf th‘étpr6duced films may be
properties. In one embodi ment of gre sent

ICAVIEALaUb RY MeRes &npwn By G idfegueh Fﬂ@?ﬂ%a HPriSs @pLisigngStigtching and

REHsYIE LH¥cRING dnaRRamik Whaving LBIs. Tor 2R iRcle@séd mekR@%igal strength
rati o conprising: extruding solution of polyethyl ene

[Radistiness. drawindeRY be P%@é.%m(rn’é'ae'srswsr I ‘E?é@aﬂf the greferred
L3R lbﬁ‘fo‘f&%l‘érmﬂ pélﬁgﬂi‘ryﬂanélﬁﬂnéf@r&bhg id t'?bi@éﬂ%ca?ﬂed out uniaxially

openln stretching | uid product above t
AP maféiraw'rmtezm ahe st quwms Sﬁﬁlm%eh@ﬁm@epﬁ@pﬂse

fokallidg BS 2 dtsten kattér o @emhlp@&rﬁwﬁ@ﬂﬁhﬂylpmﬁllﬁes@ﬂ in a stretch factor
imm scible liquid to forma E §(§Ff§ duct; stretchin

pﬁaffgeqra\ﬁmed%mperat%%w 134 hiagtbroeh 3ofer drawing
@érﬁﬁél"éiur@sﬂ@b toSM(ﬁCCth‘Q sir@t%h gﬁto#&f@@%ﬂ dra(rvh@ teRipatatures up to

stretch rati o _bein ficient to prod

aﬁmayev%yﬁ%ﬁ?e waég e Qfaémrﬁ%?t 'E@r&aspg aem@&?fgw%s StreteRgetiors of
taBo&trBCPéﬂber%&er rﬂb¥ Be ‘Péac?nbd' 'ﬂﬂ§ffe541|t§ inHi§A 3tr&WdtR tapes, whereby for

Preferably ensile strength to thickness ratio is
é@pqsaigttralmgh olecNyaneioht aglyethylensy the C?'raeq st{ength range of 1.2
PR3 8rh a%%&lémyé%@nys&wm tape or filmwth a

conbi nation of high’'strength and | ow thi ckness
rel ative to tI4pEeBHting JraVELaRasi MRYPS HShBS ByGhp Ripduce a

mmyag%wféynaﬁ@ blitSto ittieil dEXiraY QAdtANH Spal AbAg te direction of
performance frommultila rgupmaterlal sheet s produ
‘zblcﬁ I

ed
drRwviag r e wigihaeithgy thus pee idirgeticnablapgs Mmygllmggd by the width
bh&eﬁﬂrﬁ‘#b?r?ﬂ:hfch'tﬁ@ aFRYor&ucear TREWidRS! thY téB%%rb?eféFEBIWs more

I n he art Such neans conpri se extrusi on stretch I Ng
éﬂm 2 Bvisimeresyeiarabhi eredhar Ginpraang raestwrefgrabhi mere ﬂr'an 30 mm.

%E‘%'ré‘al 'd@ﬁ&@ao?@?% »es émn%ﬁbla%ﬁs%gtbg Vahed sbéf 4 RRgSrange, for
draw ng may carried out in mul pesteP I n case
drstange vgqaqﬂ:,’, apd 200 g/m?. Preferred areal density of the tapes or monolayers
ranges between 5 and 120 g/m?, more preferred between 5 and 50 g/m?and most
preferred between 3 and 25 g/m?. The thickness of the tapes or monolayers can also
be varied over a large range, for instance between 3 and 200 pm. Preferred
thicknesses of the tapes or monolayers range between 5 and 120 um, more preferred
between 5 and 50 um, more preferred between 5 and 29 um and most preferred
between 5 and 25 um. In another embodiment of the present invention, the preferred

thickness of the tapes or monolayers are at least 10 ym, but less than 50, 29 or 25 pm.
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ul tra high nol ecul ar wei ght pol yet hyl ene fil ns,
drawing is typically carried out uniaxially in a

woewosae200d drawi ng steps. The first draw ng stPEI/EBR3007/003685

for instance conprise drawi ng8to a stretch factor of
3. Multiple drawing may typically result in a stretch
factor of 9 for drawi ng tenperatures up to 1200C, a
stretch factor of 25 for draw ng terrperatures up to

140C, and a stretch, factor. ,of. 50 for 'n .

Lamer ator os” un e saieR6t s o 2 B alo R Bihnay.atso be varied over

@n@dé rahgal piovidlegalse a@nbreamr @ftsttreegth Sidrtrickhedsaztisfies thé claimed
and. nore ult.s

g@g@btﬁ?weg\rb&e tw%'ﬁe,tefso?\ Qrg%érgd (Watarrerlreegeﬁ ra ﬁharamegiged in that
e SteaHglt ofvarilgHst ope moablayéris eargéttban h & GPd, etenangretpreferred

oo g 1 B GRS Sl TP e A S dai . Goh, AndRagt preferred

smgé‘rth@n prerhice a nonol ayer, or they may be cut to

their desire ectron of

dr awi ng. - The ABBIEHEBImUHIE RS A SRR AGrP KB are Rigeen!

lirveAcor §orﬁrﬁﬂrs\és|a| éﬁnb@liﬂaltéd $thek oM Ldﬁdire@fror’(drhmc‘riolavefsr &frdrawn
of t et

whi ch t he T

PPYMEF. a”bh%e'?% %Wtdrrsﬁ'% qlm’ ﬁ‘é*?%?qﬂ?'é 'E?%%?Xﬁf?rﬂrt@e stack differs,
wWhareby dﬂl@a%ﬂdn@ﬁfbholﬁ?@rfdﬂnﬁdﬂskés BDle@stt dhrunidirettional igpe of the drawn
areal density of the 5)9 es ornqr}%nolal&@éé| an be vari etd
Golmes At e SRep ST AP R Do Ey BBt i free of an
areof dvate thRn@dseitljaddpn® dnd £1bnd the sudpstisiength of the

monol ayers ranges between 5 and 120 g/ n2, nore

Rneftedipd#dg&t ween 5 and 50 g/ n2 and nost preferred

bet ween 3 anﬂngﬁ’regbfﬁerrémﬂu&rmyéréﬂﬁrﬁ&eﬂél shieet ééd@ﬁtﬁn@fo the
nonol ayers can al éo be varied over %y e ran%e@ @g
inyeptinitia chatarksEReS InRat Fderstene prase PisaSmuilyralty of
Qhidiré&ticnaPpe©bf tﬁ@@@évﬂyﬁélﬁoléﬁ{ég aligidR e Sara@dird@nNWhereby
nor e referred bet ween and 50 mm nore preferred

BeipGRd faresRinet Q’Vﬁﬂ?%\nd most preferred between 5 and
25 nm | n anghR&roRdds nkidyepdd hbﬁari@fﬁ'&‘éelﬂt/vrthrﬁfv/lﬁjhtsmbler

the preferred thickness of the t nono er,s

sen3tiistien hon g cotRrisRdipsiarpcp B o) 188 itrRE The mitiayer
sidt@rpbRcREed MeER QBEW1@fAme&)t@6%yl’®¥rtréhﬁg ab;ﬁumrylcwapes of
over a w de range, provided the conb

gttraers@trﬂolsﬂdart\rrr'erztnwset@é%nesrqregent rree%qhaqth%rdNWeéP%r thertapes

Be&rREsVel BEME\WaniRe! ﬁ@ﬁto?fh‘érr egBs. qireferrﬁsi¥ tFd Brdadt agHigeially
is characterized in that the strength of at Ieas%ﬁone

cevRsedyER Polymesic dikp. thesmuliilayegpgterial ofitherpresept e

keﬁrbgermérh abed nét refdire ILAIaBBRAR dOhSH&dtibA dor goodeintibAiastic
GPa, and nost preferred larger than 4 GPa. A

BF'@?’@H"@G mul tilayered material sheet according to the
present i nvephb®Rr fAMBIIESE Breferfvhatiiafat etesiaPstee®hecording to

ltjhneI rgr\llen%%tnlc(omm%lnsgso Qtolegsyr%rng n?cﬁno(ljary%\rmpreferably all monolayers, built up of a
plurality of unidirectional tapes of the drawn polymer, aligned such that they form a
woven structure. Such tapes may be manufactured by applying textile techniques, such
as weaving, braiding, etc. of small strips of drawn ultra high molecular weight
polyolefine and ultra high molecular weight polyethylene in particular. The strips have
the same thickness and strength values as required by the invention. They may be
fixated by stitching with thin yarns and/or other light weight means.

The multilayer material sheet according to the invention preferably

comprises at least 2 unidirectional monolayers, preferably at least 4 unidirectional



10

15

20

25

30

35

pol ynmer, whereby the draw direction of two subsequent
nmonol ayers in the stack differs, whereby at |east one

worenwoi12eper conpri ses at | east one unidirecti onBCT/ERIE7/003685

of the drawn polynmer, each tape conprises |ongitudinal
edges, whereby the nonol ayer is free of an area of

el evated thi ckness adjacent to and al ong the
substantial |ength of the |ongitudinal edges. Another

preferred nultilayere r ording to the
ARy P Mot breic3a & 1hatS PR diongl mPaGieTy eheh mdrd
PRISlaBl et [SHRIB ruhﬁﬁéct&brﬂl woablayers ahd tmmsﬂ pl‘eﬁeﬁabtyrmlleast 10
tapes of the drawn yol efi ne, ali

evmdge&:tloaﬁ' MAAYPYESS- 'gefea%,'eﬂﬁh% ayrker @ereswf%ngﬁx?ré in the
B{Lﬂ’(ﬂélay@%aierrﬂtl |shé4t:taif ﬂfetelﬁvém{oﬁ rsiraplifiel el m\alhtlfégmc@bf articles form
er construction than constru SC
T'P?SEP"itGQai'?fgetﬁ fpr 'st?d‘é@d’”f' listg| qt?sa%iqx%ggpk?agls% garments
%a@“é&éﬁt@gé&s@:’béﬁ%ﬁaﬂ& By statindb&rdidesd dnd P@Shbdlagersz@cording

{) urality of tapes of ultrahigh nolecul ar wei ght
toIhedeyatiehe adj acent to each ot her whereby the tapes

overl ap over Therimenfity aeb rabrs toh pfr&%sﬁ fcﬂdﬂ@fareparatlon of a
Preferably this area i s additional covere

FIAtEre Matarial Shaek Of ther I aTRgE YRfal b pices? aP‘FP\éV'd'ﬁB &Q iy invention

RbRbRESOH RNERGMENt does not require this eI aborate
construction for&?ood antibal listic I]oerfor

Ancrravding grlqrality & Fravesy wira higdamalaeylan weight palvetfyigpe tapes

$b&5HIng S Hebhhtion, Ak el @M@rﬂiHaP@a&ﬂ%’Bé isS@fertdd InGBallel to
one nonol ayer, preferably nonol ay ers built up of

ad@mmt&ﬁmy apg wuhﬁfrqhyraé’&qeahtape% a]@é@aatfa ¥ R¥eARwn
o) ﬁﬂgﬁlbnln@'s'awgraﬁty(‘d? drdva ultrB @gH bt @aR¥ight polyethylene tapes

structure. Such tapes may be manufactured by applyl ng

rate 3 P@bsﬁf@%ﬁhﬁfﬁ%éo”@ﬂﬁﬁ f'é‘é Wﬁyﬁﬁ brai di ng, etc. of
?&%Jsm%ﬁl'hb I%Spl&’rfahl‘i“o@‘ﬁﬂavm Ellfré h'qugholgﬁulﬁﬁw&lght p&yhflene tapes

yol efine and Ultra ecul ar wej
||rst

@GF‘V ét”ﬁw &?emthﬁarqnit%wp mefIayer.itpes i?gfv@gt%%e@awonolayer

IWHeFdO)RRS dﬁl@&lo‘ﬁtdf AEdtonamipdiaer mared AR End¥ o With respect to the
i nvention. They may be fixated by stitching with thi

JiEstrAndand/ or ot her |ight weight neans. The nultil ayer

%tc%rrﬁpﬁ‘ésé&fﬂe tﬁ&‘&féhﬁé@ StakR at &?el’evé(téﬂttérﬁPerBfLﬁ?é €8 edtsplidate the
conpri ses 'east 2 unidirectional nonol ayers,

presotayars theeof.| east 4 uni di recti onal nonol ayers, nore

preferably agy@afrefingthdiunRirebtihal moRbRlesansy avgifficiently
nor e preferabl y at |east 8 unidirectional nonolayers

AnercRpRectest toreachintieramepaing that thaywidirgctienal gpgprolayers do not

RRARNE LRder r'iH%Fr%ﬁ?téé‘QorH‘l%nQ%U@r?és efg. Hﬂﬂo@hft% fﬁe@é’ca}e With the
nonol ayers in the nultilayer material sheet o

iclaineed Pesess. Nk itilayaredraatagalshaet havindgnonglayers ek thegeqyired

thickness and strength may readily be produced. A particularly preferred method
comprises aligning the plurality of drawn ultra high molecular weight polyethylene tapes
such that each tape is oriented in parallel to adjacent tapes, and whereby adjacent
tapes do not overlap. Overlaps create regions of higher thickness in the stack, which
leads to areas of high pressure when consolidating the stack in step d). This is
prevented in the preferred embodiment of the method, which leads to a better
antiballistic performance.

The multilayer material sheet according to the invention is particularly
useful in manufacturing ballistic resistant articles, such as vests or armoured plates.

Ballistic applications comprise applications with ballistic threat against projectiles of
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these material sheets, for instance antiballistic
plates. Flexible antiballistic garnents may

wa@odowantAageousl y be prepared by stacki ng bet weePCHER2UA7/@)3685

nonol ayers according to the ttdventi on. The invention
also relates to a process for the preparation of a

mul tilayered material sheet of the clained type. The
process according to the invention conprises the steps

it
2hiestibing? Reiing SadnStatiidr biekeidd, serc3Ba Bl Bibrpysed
bm&lﬂfe laé\?c@ argnend ;p'afthlefsfwt:h esely. lfr@.gxen&; and s&m?m?al in
e (0] a er acen a
Pt a1 SRk DEfe E8REM AR AR oA TR el fftises at
Rfastl? awelltrektttohal lhblgdﬂay'éht E;ﬁéﬂeadblyl\@u lghdt 1p0.|n}c&rtebyd>rwh enonolayers,
pes onto a

t her eb rmn

HBROP RO G F3308] CTIGHTTIGNS TP LTSI TP YBR "B RFe ereplycatleast 40
hgllfﬂemhélfrhbﬁdlaws gh% nﬂ?t pefdisblg Iaelebemurﬂdmétjtldhﬁlgmbrﬁolayers

e invention onto the first t hu
SEE A HGRRIPAPEINC SHSFRY FRRICREE B sBF Bifer% Bk g anale ofa.
TRe ahgwr is PEdfEabRbeANGre4 3 aidl 1 B5T, efpe pieférablyRtleédrsés and 115°
and dL e? iw@%the r{fﬂf%ooforned stack at an
and uesker eg%ﬂ)é gtsEe 80 {idate the nonol ayers
thereof. By pritea@§h@@alliste reBistint Qﬂtiembrd"ﬁyn@tﬁy&fvéntlon
they are fIs;ﬂuffici enté\a/ mterconnectEGFto each oth

RYARTSRS & Wenek sheel At BProaBiciBRiaal aiIfGted/En 'E?DQFHUP chnsisting of

daaaiic, ets), pﬂé@@abmre@nlamm.mmgneem&u fuadmaickel chi@dinium and
roomterrperature Wth the clai % pro es

ke of thals @flexs. glass and oraphide: on iRB% i, Bargpulpyigpreferred is
FrREE] Ihedch Gé§é<t'h@5ﬁetalﬂﬁ th?é m@fwtﬁeé@)’efé@@qﬁ Has dmelting point of at

roduced. A particul ar referred net ri s
R GHatG: rheB prepabiy st BBt TSRS ARt o00,C. Suitable
W%taﬂ@?c%@b)éﬁlﬂﬂhh??ﬁ]abﬁ@ﬁ@msﬂtﬁhlufrht@bp&ﬁCﬂﬂcRe’smﬂlrd)rﬁlum beryllium,
oriented in a acent ta
Ren 368 AePRel ELditg Ret clu AS . Lot ahastaiares Pac] et aiys of

ng.ln{]htgﬁW’thtrﬁﬁgHéBi%ﬁS(sbfbaﬂéWa@hﬁﬁ}fn 5000 §éhés$3éiﬁi éll@y@bﬁﬁﬁmmum
(0] |

ressure when consol i datj the sta
i maRe B rEaqs e ieu ine TBSGEIestigT ARRICoRRs) RareAled gtuminum
7060 saRPdn s%'a‘ﬂbysl tﬁé@i’nd@lt af &gt él@rﬁ'\lrﬁym infeRy lels i, Gitanium and iron
performance. The nultil ayer materi al sheet. accordi ng

P@fﬁfﬁ%'yﬁw%‘éﬁﬁtéﬁ wize. Eé‘?f?freﬁ mgtalphgeiscempAriging aluminum,
FRGHEAGH Uita AR Alckels Ehreri@h] IS8rjiiim SiFdr iBtiB8ingIhsihalfdys. More

\r;r%?etrgblsrthearrng?allﬂsﬁgetﬁ)s ggs%d on aluminum, magnesium, titanium, nickel,
chromium, iron and their alloys. This results in a light antiballistic article with a good
durability. Even more preferably the iron and its alloys in the metal sheet have a Brinell
hardness of at least 500. Most preferably the metal sheet is based on aluminum,
magnesium, titanium, and their alloys. This results in the lightest antiballistic article with
the highest durability. Durability in this application means the lifetime of a composite
under conditions of exposure to heat, moisture, light and UV radiation. Although the
further sheet of material may be positioned anywhere in the stack of monolayers, the
preferred ballistic resistant article is characterized in that the further sheet of material is
positioned at the outside of the stack of monolayers, most preferably at least at the
strike face thereof.

The ballistic resistant article according to the invention preferably

comprises a further sheet of the above described inorganic material having a thickness
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Bal listic applications conprise applications with
bal listic threat against projectiles ofseveral kinds

WO p@bagbdong agai nst arnor pi ercing, so-called ARCT/EP2007/003685

bul l ets, inprovised expl osive1dgevi ces and hard
particles such as e.g. fragnents and shrapnel. The
ballistic resistant article according to the invention
conpri ses at I east 2 unidirectional nonol ayers,
referabl 0. uni di.rectjopal noI ers,
F3r ek B1oRb190 S IFEas(ebh0E TN Get GRS RO ytBPcsnesy gtinorganic
rmateridnie 78 mah| Mort prefastly 40 mm) sHd' rﬂﬁétlﬂﬁé\‘éramw s results in
and nost referabl at | east 80 unidirectiaonal

tBA8PEhRA e hebigRrPiaPt A anshalsc RiBPEI8S dgfgtergbly in the event

NRAQhaY et er bﬂeét@nr@?g”éﬂk iaferiaris abﬁet@nsrﬂs'é@l'tﬁe ﬂTcI@aesJ Bfthe further
angle a is Bre erably between 45

p%héebpaeé?r;?b e Wé@ﬁs%%etdﬁ@t ieast Giéq ”HBs‘f‘OfﬁrR{P@f%RBY gt least 0.5 mm,
Reldwhest phéte 08ast BI78f Bralhi réQifishabldbbétter aAfbAlistiot

article according to the invention conprises a further
QtMAICS norgani ¢ material selected fromthe group

consi sting ofnfeeuaﬁéresheare&ﬂhorgaﬁ.efnea"téwmynasytcﬁﬁbnauy be pre-treated
al um nium magnesiumtitaniu &ham ckel chrom um and

iin grfes to MpEPYeE aqihqﬂ@ Wit thedn y@r@gﬁrlql@hegtr Suitable pre-treatment
el ﬂ&ﬁhé%e& lﬁ%fu@eé mepﬁéﬁubél lﬂr‘e%%&nt@gﬁﬁ@udk%%d r'E?éafi\hng the
In such case the netal he et al eet

IpaiEfage Hereqf by ssarirng Obarr%ﬁmg easmicabetching vmlsrreeg nitric acrd and

ﬂérﬁfnﬁhﬁ’@bv)fh?Blyle%%he@QQ 0C, nost preferabl y at |east
C le"metals i nclude al um num nmagnesi um

titanium coppépothar embpdiment ofthe Rplliptic repistanfarticleghbonding

ah\br COGPEH adH’é&‘v@dHag b%'“é‘iipﬁecﬁbét@léén #% fertler sHeREhn@HE multilayer
stal nl ess steel and | oys of _al um num w th nmagnesi um

(razfecialisheet. §ua*areﬂraﬁﬁr\@oney SRPPESH an BPRXYAPS$iBy@ Pelyester resin, a

YoM HAR s @r'a{‘\ﬁn)ﬂé’éiemégmeﬁi éHBtH’ér pherthed ERfbodiment, the bonding
magnesi um and copper (so-called al um num 7000 series).

lI3ves may TuIthes,commiise ariwayen QsMOB Woven Jayer AliRProsaigtber. deq instance

glés%rﬁb@ﬂbraéﬁbéﬁ fber Pk %fﬁé@%ééldlét@éttécﬁ‘?ﬁé fuPhePbR8et to the multilayer
referred netal sheets conprising al um num nagnesi um

thatgral sheethyoreshaniqqt BYRNM SUBR A |elg SAfEWSy Belts and snaprigs. The
tb‘éﬁbl'hg P YrefeMBlyhaR LRI Yo W@lgﬁ?t&éfe%ﬁﬁét rh&st 3858 thore

onaumnu magnesi um titanli um ni ck romu
inrefarrad at rmﬁéti 30%, gvep4noretireferred gt mesy H)"/a andgﬂpst preferred at most

&9 bblﬂle'tbtétw&?ﬁtf dritcd Srtidlet h Re 2006 tH'é’tftﬁ@ bél'lu&t)é: regi\éfd?lt t article

nore preferably the iron and its alloys in th
aserdingdq éhaninpention)is used @r@ﬁ@tl@ﬁpﬁpat'whﬁﬁe@ thméegarnst AP

LAt hadY Be &t unrted th%b@r@rﬁer'sﬁe@ﬂ?@%ré}ﬁy @(%1 Bidudg metal sheet

magnesi um tltanlum and their I's results In
cREered grithesgeramic IByar indhisevayran antivalipticartivle inplaimed with a

‘F'é{fe?&'l étmd’ure 4raRvst Eéfrahﬂ: fa?ér?m@t%%l‘néé@%’c @Q?ﬂ%%l&lﬁﬁtlonal

fetine a COITpOSI undér conditions o exposure
tsbeeté A¥ith th% pisegtion, of !hegfrher%wdhwnudaaetmnebeheexxet ma@me a to the

tdectionr Sred filsdr6 & arPhij QPérﬁru'n@'lre%ﬁap&e‘é?SSJn‘ané%ramlc materials

anywhere in the stack of monol ayers,
include e.g. alumina oxide, titanium oxide, silicium OXIde 3|I|C|um carbide and boron

carbide. The thickness of the ceramic layer depends on the level of ballistic threat but
generally varies between 2 mm and 30 mm. This ballistic resistant article is preferably
positioned such that the ceramic layer faces the ballistic threat. This gives the best
protection against AP bullets and hard fragments.

The invention also relates to a process for the manufacture of a
ballistic resistant article comprising the steps of:
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preferred ballistic resistant article is characterized
in that the further sheet of material is positioned at

w0 b@7o20086 de of the stack of nonol ayers, nost PCT/EP2007/003685

preferably at |east at the sttd-ke face thereof. The
ballistic resistant article according to the invention
preferably conprises a further sheet of the above
descri bed inorganic material having a thicknessof at

00 Preferably the maxj t hi ck f th
Falardinaglieastoim RV g e SbPah b e fyputh and a
mrﬂfee Saéﬁt)Of bidrganic materigbsdlegieefromahbe grotp dmmstTrhg sf ceramic, steel,

en wej

tn t he I%as gal an e bet gt a*
é 'B?ﬂ‘i fitapium. giaspaprt 9 %r‘é(f‘:é’ afiofs Mepeotedht ¢ hat
t(lﬂ&:oﬁtsldsltdﬁﬁﬁg fHeest kﬁck@ﬁ §hf@6t%%ﬁ:ﬂbﬁtef’fﬁieﬁtu@ andSprassn:?é al
sheet, the tnic ess 0 t rther, sheet era
Sl reoth PR A acest Toy S MARLERIT 6 of BRBH G ESistant artcle
lcemptisds the Btapsatd nost pref er abl y at least 0.75 nm

[ esu n even better ant istic perfo nce.
SRR 1oash AR IRy SRS kAL Shert P S P PR spack of
bﬁidnéardnémbﬁaayérs QF d¥wnt mtras ﬁ@h@fgcfeaﬂéraﬁe@m pUl)idﬂefInbewhereby

sSheet ulta e ment

ltila mat eri al tre
T dran TR e SHRET T BEL mRBERETE o her stk SRS, e eby the
EReIEHIe fd mm:kaés§&aﬁar¢lf EGIeéétQm%Uﬁélﬂﬂ@/et’ Reagel than 481 di3mym and a
r|nd|n chem cal chln ric acid
RIS ShStal MataTial Brletiat Fame araun sarisibing o Sasamay Sieel,
em‘ﬁﬂmrﬁetnémefn yhaes bad braq:hits dredhibirrifibnaher&df Car’d
bondlqﬁ esive, may be ap l'i ed

Rtarassiida %9 *"I?rstt?fg‘ted§ﬁ€%t§ URREF ERWEFAIYEId PSHéf-eri al

sheet. Such @éh@&ld\éﬁorﬂﬁ))‘ aft PravekSés mcﬁwabd\/%&hay s@tably be
urethane resin or a vin

pol yester resin,

Baad 2 frasicness. SeapRIAEn BrSsaR IR Meghihas girimRgo avers are

Irae(t%lyﬂ&w; ét[dch@& t<§3 @rﬁ@ém@tﬁer&owan@unm TheWevipsratdy @imng
nic fib i nsta fi bef or car

|
F?’E?é’i“gatﬁ\g 9%‘3&’!”%5 E)?fg@i”%‘l’ g"?‘dg £ %np%rﬁté"?e threresh ginimum

té?néé?ﬁtu?@lbéﬁdralweié chgdear duzh tﬁ!l%&%a@dhdﬁ%céﬁﬂébt‘oﬂlbomaétaon is
suc bolts. and snap fits. The

B GiraShert RASCAE 7 SHIAHS by Fesppsiaiogm bt proterably this

Rk 8ald Ht 1@hstrmBt-C3Rsre B@f&a@lﬁ/%ﬁ %rarsecbca‘tc RSt p2é¥%ably at least
even nore preferred at nost nmost preferre

B3 £ C 5B4MAxInpya terpperptufe Fsg‘?W)S%'F b?'ﬁé’ tﬁ? fereperature at ‘H%'Ch the arawn

9M|9ﬂ1ter hidablal/&e 165 thes high rf16§1a$ﬂo%ﬂbro§ér&nb§ ldaeQ&bI@f EHelItﬁhg
to the invention is used in Eallls i;ﬁﬁtgpllcatl

RFRIP@DPY the fermperalyss is<tt leqst Butbt Beee prelerakly ghieashit eand even
hidfee prefdraply a8 et 1Prebeoathy nﬁél’tﬂ‘@ﬁéﬁ@éra@ur@&if@he &had@tpolymer

covered with a ceramic layer. In th

AR0PIBNET ns¢ase the p[nglrbpqlgmgbmgpﬂgber\/qoleﬁ ”QY?HV@F aglear melting
sdripeFAtuFe tiRsStehflerflie atGficHhe draWi® poliReRrmohBROEY &hirts to lose its

| east two unidirectional

mechanical properties should be read instead of melting temperature. In the case of
the preferred ultra high molecular weight polyethylene, a temperature below 149 °C,
preferably below 147 °C generally will be chosen. The pressure during consolidating
preferably is at least 7 MPa, more preferably at least 15 MPa, even more preferably at
least 20 MPa and most preferably at least 35 MPa. In this way a stiff antiballistic article
is obtained. The optimum time for consolidation generally ranges from 5 to 120
minutes, depending on conditions such as temperature, pressure and part thickness
and can be verified through routine experimentation. In the event that curved

antiballistic articles are to be produced it may be advantageous to first pre-shape the
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sheets with the direction of the fibers in the
uni directional sheet at an angle a to the direction of

wo b@7fizdeer s i n an adj acent uni directional sheePCT/EP2007/003685

Suitable ceramic materials in@d-ude e.g. alum na oxide,
titani um oxide, siliciumoxide, siliciumcarbide and
boron carbide. The thickness of the ceramc | ayer
depends on the level of ballistic threat but generally

H o€ Bk b PefecoL M AisPie SBhap=, o PG R Gobiipatgypin the

omolgemnane!/drayeti Iaflémﬁ@tetldﬂeshbai listic thr eat Thi s

gi ves the best ecti | nst A
Pt agment s. ThEPiRBA SRE-RHRlac hboatstSiebistite Sdipo afer
cbpraasioh atduldieg af high béthd)&rstulrslsrmlai cam‘undert prebwre as well.

ROrRhIs dieteranlian hiainedi iaresd Ll o ook sifeisntyfpw o

@ﬂﬂeﬂt rfetarthf mtyetempefatmreczragaw gstatiibiesd oy osebiasdsid the art. When

th t
et el St cpreprisyh Peniarat oA iruneleiar Wesh
podetbbens W@hufdathreﬁg t)lphﬁl sérapleesion feeperatunsterange from 90 to

t erat.ur referred proce for
15 bRtreraByrom Th TS TAde, Ty s o essin Ripes e rob dgtween
Hpe t@@(ﬁpﬁarobreférably 3keek il 6Q bat, whearsis carmpidsidratieéssre typically

ter| al Hﬁg r| sing a consolidated stack of
wgep 40t JRAIMiny Iayers of drawn ultra high

rml ecul ar WeTgémunapepeEmateial gwwtaha ahfitsaliiétiaarticle of the present
direction of two subsequent nonol ae{?ers in the

k .
(VPTG pEiculagy BHE TSR e B EER Hagun ARSI ragterials as

r%?qiro@d@amﬁ&b%fﬁreve&f Ippgte&lontdsane Andwr afitRsMt aﬁowambht
urther sheet of materijal, select ed fromthe

Beridrs balijcaesiaenserintopaieincluds fRHieRCe 158 AeB Y- Shelf-ife,

BbFRatthttedisRABE ttdndPig capEbity B0t I dtoed] 8Akets Afoemébility, and so
consol idating the stacked sheets under tenperature and

Bfessure. Consolidation for all processes described

TBSRetABYs SdiiciarRdd/tolie tHEoresént applatibn dre GuilégSetherwise indicated)
olidation is intended to nean that the nonol ayers

ﬁ?g’?P\é{Fatlvely firmy attached to one another to form

0Nese UNjririnsidist &M NG idd ke Rt N HcéRBiRG td AatHJIPTC- 179 (Hercules
generally is controlled through the tenperature of

pr ess. IN& BeniARINZQ. 1988} %Ft1§5ecg‘éaﬁ%¢9éiﬂl tye|d§sehla§@ﬁr@mg 16
t hat ah&ﬁesw.naéla@osae&ﬁ.-&&dmrm Fﬁ*\%hhtod? 7, %9/1 St B -

In this respect OCis a suitab [ ower en‘perafure
limt, eﬁraﬂb Iagltk;e Yipgasity gaaneasurgd: atjdifesenticonegntrationotg zero
nor e p[i F\@Qﬂléﬁ at | east 120 OC, nost preferably at

| east 140 0C. A’ naxi num t enper at ur e i s chosen bel ow

t hee t empasilatrnerertigs (Waashradmd 23r°@hrtepsileystrengtindeostagrati), tensile

lrrglst6i ;@ghﬂlugi(%g&ﬁ@@nﬁ%orﬂaﬂgﬁ G lgrgﬁk @H%ab?ar%‘ &fined and
determined on multifilament yarns as specified in ASTM D885M, using a
nominal gauge length of the fiber of 500 mm, a crosshead speed of 50%/min.
On the basis of the measured stress-strain curve the modulus is determined
as the gradient between 0.3 and 1% strain. For calculation of the modulus and
strength, the tensile forces measured are divided by the titre, as determined
by weighing 10 metres of fiber; values in GPa are calculated assuming a
density of 0.97 g/cm®. Tensile properties of thin films were measured in
accordance with ISO 1184(H).
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Preferably the tenperature is at |least 5 0C, nore
preferably at |least 18 OC and even nore preferably at

wo e@sti22b% OC bel ow the nelting tenperature of POEEP20aWN3685

pol ynmer nonol ayer. In case th&-drawn pol ynmer nonol ayer
does not exhibit a clear nelting tenperature, the
tenperature at which the drawn pol yner nonol ayer
starts to lose its nechanical properties should be
read instead of nelting tenperature. In the case of
the preferred ultra high nol ecul ar wei ght
Eraimpldsy| ene, a tenperature bel ow 149 0C, preferably
bel ow 147 C generally will be chosen. The pressure
during consolidating preferably is at |east 7 MPa,
mrﬁp@g qf&é%aﬁléyd@tigﬁ ef@be 15 ;\/Pa, bIeven nore pr ege{\/gbl y
at | east _MPa and nost prefe t . o
I'n t h°\8 WEgpiah @PﬁeFT"a%lW?'igBEP?'Y%tF‘}ﬂE“%@Tt"@l’@?és"‘"gb?’h\”ﬁéﬁp
gb@ogagb'r PO Wak infiRed @' bezoned {70@{%)uuspenssraitly decaligeThe
romb5

to 120 m nutes, dependi ng on conditions ch as
FUSPEER A0 28 1o b AT g A e A AR TBE ! AT o Sroduce a
rﬁh?éérfé@ub gépn‘gb gePWhd heng&d erbugHd bt @8 withia idith 6ME0T mm and
at curve

antiballistic articles are be, produced
A thigkpssef %%Q%t%?éssgﬁgteétrflﬁ?%ﬁvwg@-tﬁﬁ afs’gdiehg@m? W&s quenched
FeRbtep bathBtnes ichdating taQydl-fped F6E gertapd aae streehb@ by @ fdtor of 3.85
consaolidating with the nonol ayers ,and{ or nultil

. LT yer o .
ABArerNiel theriaier WapHEeR N gven Gongistieg ot oI % 59 thirgh 80°C until
Rl drhSuinit 6f AIS WaB TRIovE PR! THE R h&lltaSOWRE RBEHA 0N a coil for later
moul di ng at high tenperature is carried out under
ped8¢ete as well. Pressure is preferably maintained at

reamterirtlatrheritt@nsiSIERARIT B! ERetching didps TR HilsY sthewhih@ step was
prevent relaxation. This tenperature can

oRe . . .
BYTUMEAINEPR 5PIEiRE 20umetrel@pein aRave: ¢t 1%§nvv%h a stretching ratio of

bal rhétdpe waSiesleanip aHdifb8 kifoGEHTRA beeNagdI® MHe8ERbAd 8fretching
ultra high nolecular weight polyethylene is

h h | "
HER WesReffPERed ala) evan tem%faé@@iqﬁﬂw Eni9cachiayr&e gddiipeal
§r1BriRY rdte of B3 Fhe RERItRH A Y hAd 8 Widkd of DOMAEHYGa thlokPeSabf 12

conpressi on pressures range between 100 to 300 bar,
PHEPer ably 120 to 160 bar, whereas conpression tines
are typically between 40 to 180 m nutes. The
multilayered material sheet and antiballistic article
Berfermange LastiRg of h@daRe on are particul arly advant ageous
over previous|ly known antiballistic materials as

h
Frotarals Bi9PPRBE 61U IPesoVeisT eBEg b AEHIE fe PR% Sk BRRTeNCY of 38

RWidts Al eRSr t8tforth & A¥rRIseIEturddMat Besstbd s Fditd ®ormal yarn. Further
resi stance, properties include for instance heat

d
{S6lng 1At {1 ceREENCE With ASTAM GIBRAM: BRING Bd1081H7| 9aU0s lsngi-of the

iR 5OV min®, PErBESheBBIspEEA LT SHRAAIR ant Mt 2714 )elandp] of pe Fiber
Test nethods as referred to in the present

%’BBIQQ@&?@on, are (unless otherw se indicated)

Examples 1 & 2 - Production of armor panels from the tape

A first layer of tapes was placed, with parallel tapes adjacent to each other. A second
layer of adjacent parallel tapes was placed on top of the first layer, whereas the tapes
of the second layer were perpendicular to the tapes of the first layer. Subsequently, a
third layer was placed on top of the second layer, again perpendicular to that second
layer. The third layer was placed with a small shift (about 5mm) as compared to the
first layer. The shift was a half tape width. This shift was applied to minimize a possible
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as follows Intrinsic Viscosity (1V) is determ ned
according to nethod PTC- 179 (Hercules Inc. Rev. Apr.

wQ@%074282) at 135C in decalin, the dissol uti onPCT/ER2007/003685

bei ng 16 hours, with DBPC as-t8iti-oxi dant in an anount
of 2 g/l solution, by extrapolating the viscosity as
measured at different concentrations to zero
concentration; Tensile properties (neasured at 25

0C): tensil t t t t h)., i | |

aghimisglien eftedt, ROER Al A gl EAR ALoRE gL fs B

@efﬂquelfiu?ﬂﬁb ﬂhzté?iﬁriavgg with amﬂwéli $hift aﬁpmhrmums tmlsseco?cri] layer.
ecitTl e I N usl n a No e, 1,en

e i pat rrsgot 2 arealadhlti 0B P8t NGt reached

Onetsherkd @Siage@ﬁ tafes wereshoed iﬁﬁoraémsfhg@?feseeld ‘SE% tdm%erature of

us IS eter a t r | ent,. pet ween . an

TH5L H50 f Pressira. ol 0B Tort oMl RoRiROWAS Fformea tnder

pes30a htil b empeatiré of $OTTwas rErRbEd Ao BoEdinG dgettdvasyapplied to

the titr deter mi ned by, wei

, a [ 10 net f
ifaiapes NaveRlerss. S oares B B ileaf s i rgriooBnars
8bouDmrapritd. Tensile properties of thin film were
nmeasured in accordance with I SO 1184(H). Exanpl es

Exanples 1 & 2 - Production of tape An ultrahigh

PRirfoehllafte &SI ofithk eimbyir@n pagelsMAPE) wi th an
intrinsic viscosity of 20 was m xed to beconme a (7

W& arﬁwﬁﬁ@ﬂ%ﬂa’@a@ vwgé bgbiegtalj itd1 shddtieig seas)pérsérﬁ}w/\gm dramh

R PSS e ERaa ) i IR Rt GG Proreces

I(iﬂsﬂkl&fbnwlél?mgoﬂh sty \?éreébe‘ﬂb_dﬁéhl aith G@aim’@fﬁfecbrmri]nin% a V50 and/or

I ckness, o I pein xtruge rou { .

U A S0RHRE bl S b SBCeEaLil Bp et S ot wil
éﬁf&été ﬂ}s’ia?’rgggrécfgete. The t%@ihg fpﬂ?ﬁdu&?wﬁ gmg@.d e fiast projectile
actor o . .a |1 C e WwWas re I N n

HoR e AnS anir e S Vel Sperd. e AR tesy SoneanteR Shay before

&ﬁpadg.tlf Pl pigjeatié ?/a%@fodpéﬂpdvné%prajbétﬂe _drzﬁy filgéﬂ atta{igtendsd speed of

un acoll fo ater treatnent. . ter .

EPalCoh niabgn L el asEt e MeR TR PERIA eSS o A terdpg speed of

&b?lﬁt’ﬁdt% el Rie adhsal Bﬁéf@gﬁﬁfg)ébﬂ W#st ﬁlw‘a?@ tﬁiebs@%dZ@his procedure

neter a I N oven a y . W] a stretcni

Vet repe e ul o Rt £ ePeagd A Gaiatrans WRte PEANE LaRHas the

aleraye bf B@ab highest S6FHARM HeltRbGoWE peifEtivas The performance of
erformed at an oven tenperature ﬁf 15Q0C to achi eve, .

AMAYF W3R gfso determined Wcalculatlng the kinetic energy of the projectile at

V50 and dividing this by the AD of the plate (E-abs).



10

15

stretching ratio of 6. The resulting tape had a w dth
of 20nmm and a thickness of 12 m cron. Performance
wo earileny1®f the tape The tensile properties of PCHEP2007/003685
tapes were tested by tw stingig-he tape at a frequency
of 38 twsts/neter to forma narrow structure that is
tested as for a normal yarn. Further testing was in
accordance with ASTM D885M using a noni nal gauge
Ienﬁ h of the fiber of 500 mm a crosshead speed of
n and I nstron 2714 clanps, of type Fiber Gip
D5618C. Exanples 1 & 2 - Production of arnor panels

fromthe tahoAfl st | es-was placed—wth

deamnies| | + RpIectiRl] /@Rt | t E@REh DRk | Ateaging Sigagth/
ofomghacent paral | elmkapeswyas?)p| asd dn &PA Of Tiiekness
first layer, wherepas the tapes of the second | ayer 13

weE&Pper pendi cul ar|to the tapes of Mhe|first | ayeF 107)

ayer was pl aced
bendiculalr to t

has 49Bacef Wit h
to the f{rst |
This shift{ was
mul a4 on pf ape
h | ayer was pl

Subseque rd |
second |
layér. T
(about 5
was a hal
m nidm ze
certain

ntly, ath

:]\IPF FI(IFII per

he thMrd | pyB88
rgbelGRTpar ed

th
a Pogreinol paccu
ocat4®n.

on top of tpwend
nat  secohd

a gmal | | shi 4]
ayer. The shift

annllpd Q

> eddes at a 21
aced

A for

per pendi

cular to t

e th

rd | ayer

wi th

a small

shift

r epeat ed
r eached.

as donpar

ed Gont he

EpﬁPéﬂeu%

e stack

Seco
ar eal
s of

]

nd 12®per .
density
ayered t

TES pr
AD) of

pes

oc@dure
2.57 k
re nove

was 4.3

y/ M2 was

into a

preds an

1 ptiegraed

at -a

enp8dt at ur

e 65f

45@@ an

ja4.3

pressure| of Baf for|65 mnutes. Copling was
perforned under pressure until altenpetature of
was reached. No bondi ng agent was applied to the

t apes. Never

51 d homogeSaBle e ATEIRER A B e FERokHESth adts formed
Gont denmaeroally adaifsbteeliafigh mmretblwt@pasthm (UHMWPE)
sub ect ed

BT o BB bR w8 [ fSha TR bkl fidftner yith 20wt% of a

ManjoplélsacgpmpmeSTmelsa'engl@n dPithog monollaws@F@ﬂnp@aﬁvqaemeriments A,
best s :

Fhvar e phg Wighs s 3ot REMe kbl frids Blebd! cauteptin the

Wadholayet. ernespmnjams ofthe lmostb%amrﬁ/e ekperima)jte perd esmpriessed at

I
RBSL 4 R PO b o IR £ B 8R4 e
agduired paéa delsify. Tpe Gﬂckn‘éhe ofitheuadnalpeeslafiersconmpasssirgpiwas 65
shlorrt |y before inpact. If the projectile was stopped,

Rt projectile was fired at an intended speed of
The results confirm that a multilayered material sheet with a strength

a)

-

8Q0C

to monolayer thickness ratio of greater than 4.5x10" N/m? exhibits improved
antiballistic performance compared to multilayered material sheets of the prior art. In
particular, the multilayered material sheet of the present invention produces an E-abs

values of about twice as much as comparative samples from the prior art.
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about 10% higher. If it perforated, the next
projectile was fired at an intended speed of about 10%

wo owen220The actual speed of inpact was al ways PEHEPR206T003685

This procedure was repeated wmil at |east 2 stops and
2 perforations were obtained. V50 was the average of
the two hi ghest stops and the two | owest perforations.
The perfornmance of the arnour was al so determ ned by
cal cul ating the kinetic energy the projectile at
V50 and dividing this by th f the plate

(E-abs). Results: Conparative experinments A B were

perforrred on sheets forped from comerci al | vaj | abl.e
ditr ahf@ﬂ“'ﬂ@b’%@gl"%ﬁtev@ ge?t GEIRIEING\A %oﬁr{}%ﬂ,\%@:k of tinidirectional
uni di r afgnbRigats dfidesin aﬂ'thEaIfé,tQQTofﬁyn\i@r ﬁhér@by ﬂwaﬂa&ddlw&don of two
bonded together with 20wt % of qlfp %{st ? gﬁ‘? thick
The st PEPRRIHCBMPRRIAYEHT B tG Stas % ¥ thg strength to thickness
exper i PRt afVeabt mman&a@as lafderahan 4 5t110¢° 9Ami’engt h of

the fibers tines the er content mthermolahv_l{(

?he ot %[?é?%eedfact:‘?{g'”%ﬂﬁﬁ’n”‘atrWBe@?%é*P‘?ﬁ‘é‘?ﬂgg“(He gkness ratio of
conpr easREstAnedNONIayed Xiarden din 7’L6613m3 pr essur e f or

65 m nutes to produce a sheet wit rNghe requir

al
densi twateﬂ?ésfe?ﬁt@ﬁﬁgg@gd@ clafe 1150 Whe DY Tog L

conpr egfnRem¥RScoRiprides b®hdefhe results confi rm that a
mul til %c‘ered mat erial sheet with a stren

th
flonol ajatertahslagat @ssorpingite apy oge eh¢laims i whes@hy thpdhickness of

N 8 expleBitichel MBHANRS iPsdibdiad betilekd 30f1df 28 nce
corrpared to nultilayered material sheets of the

art. | Malg(al sheat épcortdwe taglam raybeiely thi strength %gé?a%me

the praspBlaybn¥@dthbORapuasipiges an E-abs val ues of
about tw ce as nuch as conparative sanples fromth

Brior Neteral ahas agcordinghip @ny a)e PEfeRiedng Claifisehereby the
Cormr I §b|9&eac@rﬁaﬁ§ésl hpd ﬁ@hsﬁaé&lmwéi@hwdm;mréal

nonol a drawn anti-ballistic po

ol
fhe drgf(ﬁtﬂla\' ghest grcringtp 2By BRR QLBRLPT sJ@FLs wﬁgﬁw the

stack didw @ife%tlo%?fw&b%tfseeué{t hﬂﬂ@td?eFSQnttﬂiB §t|éBl€§ﬁ’ferat§y &h angle a
of at |east one_nonolayer is | ar%er t ha

N n8. 9f betywgerp and J3ae@nd Fese drefgrably Qf|b§mep 8%@9 &8y

ghe st w%wtalnsﬁéettabe&hmg% ah@bh@opifh n%fteé cléft®, whereby at least
nonol ayer is |arger than terial

sheet 8pesrPlRyet ‘EP"%H’rEﬁeﬁ\alF“Wla“tZ of Hﬂ'&F%‘EigP"?H@Pﬁ%P%tPPzS‘FaW”

sheet LyiHRETFBREd HARPEAHEiBcIN) olmreretﬁ adgﬁtsﬁfﬂaaés do not
sheet according to any one of clains , Wher eby

the t hP¥¥l#®ss of at |east one monol ayer is selected
bet weeWaferfiNhel aBBrding to any one of the preceding claims, whereby at least

one monolayer comprises a plurality of unidirectional tapes of the drawn

polymer, aligned such that they form a woven fabric.

10. A ballistic resistant article comprising a material sheet according to any one of
claims 1to 9.
11. Ballistic resistant article according to claim 10, comprising at least 4

unidirectional monolayers.

12. Ballistic resistant article according to claim 10 or 11, comprising a further
sheet of material selected from the group consisting of ceramic, steel,
aluminum, magnesium titanium, nickel, chromium and iron or their alloys,

glass and graphite, or combinations thereof.
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5. Material sheet according to claim4, whereby the
strength of at |east one nonol ayer is |larger than 4

w@Rw7/122010 Mat eri al sheet according to any one PET/ERE07/003685

precedi ng cl ai ns, whereby the1gol ynmer conprises ultra
hi gh nol ecul ar wei ght pol yethyl ene. 7. Material sheet
according to any one of the precedi ng clains, whereby
the draw direction of tmo subsequent nonol ayers in the

SR AL TR A SRS b et

sheet anatendli lmgoémbn@a)et crreeom§|dé bethierstaukdif mprvljensat least at the
whereby at |east one nonol ayer conprises a plurality
of uni ditEpsOMEred apes of the drawn pol yner, aligned

i12. t he BxAFEC ebsre&@mla@ﬁcle u&tﬁ:rr@hgtcadamembr uamrdw thetthickness of

overl ap. g‘l l\/ggerl sheet cordlg to one of

t he pré'&% rthg" inofgagicapytedsl s a m nol ayer

g@npr I SB%iﬂlsﬂc ﬁ&eum?htlatrm:é@écwﬁmd keaihy Ereadf daimesi 20f 14 hehereby a
rawn pol yner, aligne uch t t orm.a woy

fabr c PODHING Jéyshfs REsent Faﬁ%tgﬁ{u{ﬁ P@?eé Oém%?frai ARg the material

mat er i ahestRRbraMi R AHyiietd? cRiMis @16 90the WoAUig Idyer @ofprising a

11. Ballistic resistant article a%cordl ng to claim10

, conprMYPRGT apn Me¥sh layey,of iBPTO8RIEITBRGAI  nonol ayers. 12.

Bal | i StF’chés%%ﬁthé'ﬂﬁar@fddtlﬁé%f aGRMELE REistant @hmereemprwng
11, corrpr|3| ng a further sheet of nmaterial selecte

from t K8) YReHS 2 sndliateregmateriabshast @ccudipg to agy ane ﬂhﬂ?'ms 1-

nmagnesigad eﬁe@nbmteﬂepée%ete@mrﬁrthelgao@attohslgmgoef defdrhic, steel,
al l oys, glass and graphite, or conbl nati

t her eofaluminumgfitapiyf, Qquéﬁngtgé?ﬂh'tﬁr e ‘Eﬂ"éb '&%E’GF ﬁ"?f@o‘ct gnd
cl ai m ¥@) coMashidiing titesthekddeefshaRler &impEratard ahd pr%ssure

p03|t| oned at the outside of the stack of nonol

B~ | ead: mginogial PERATIRG 2Palyethulesedape Wi a high fenste sirength to

resi st yrekrist ir&tlEcosiRIng Barddhdg b 8bititid céthprsing BEeeh s and
the thickness of the further sheet. of inor

mat er i OM% o&po%@ylegg hawing pg intensie i\/@prp%tyr(g'ga%rgﬁtm decalin at

arti cl g3gas)etiveéh ol BYIQHAIAD gt FehPeratidré, between 160 °C
wher eby a bondi ng | ayer i s present between the furt

sheet oNdRperitAOUS AN ORENARM 2 idk gt least dPRM aﬂg a height of
any oneyt Ras2@TBtrdichifg the ﬂlh@ pRJUEH AbveaNE fenssatures At\ghich a gel

2 WoVer\]/wI?frorrrr]logo \c/;\g)l?{a%ndrgv%%g\r/vn betlwggrrl qa1nér(\:d g quijenchmg the fluid product
in a quench bath consisting of an immiscible liquid to form a gel product;
stretching the gel product by at least 1.1, followed by removing the solvent
from the gel product

18 The method of claim 17, further comprising at least one step of stretching the
gel product before or after removing of the solvent from the gel product, the
total stretch ratio in the method of preparing a polyethylene tape being at least
20, preferably at least 40.

19 The method of claim 17 or 18, further comprising at least one step of
stretching the gel product before or after removing of the solvent from the gel
product, the total stretch ratio in the method of preparing a polyethylene tape
being sufficient to produce a polyethylene tape characterized by a tensile
strength to thickness ratio of at least 4.5 x10'* N/m?®.

20. The method according any one of claims 17-19, wherein the tensile strength to

thickness ratio is at least 1 x10" N/m>.



16. Process for the manufacture of a ballistic

resistant article conprising: (a) stacking a
woozitbmyer ed materi al sheet according to any BOEEPR{007/003685

claime 1 - 9 and a sheet of m#3-erial selected fromthe

group consisting of ceramc, steel, alum num

titanium glass and graphite, or conbinations thereof;

and (b) consolidating the stacked sheets under
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thi cknggs rati o conprising: extruding a solution

cQnpri sjn et wee and 30wt .% of  pol yet hyl ene havi .

ot Herd e paieredF rattina  nh mArCiadtorSa pRosel Subiectt
bet weelmpaR dlitdblélbé aneballidit ptodgctatin ehe raEMEFaSLLY 6f ropes or in the
between 160 O0C and 225 OC t hrough an opening with a

wi dt h Sranyfaqies of SRS GAHRIAMa hei ght of at | east
200m stretching the fluid product above the
tenperature at which a gel wll form so-called draw
down, between 1. 1 and 5; quenching the fluid product
in a quench bath consisting of an inmscible liquid to
forma gel product; stretching the gel product by at

| east 1.1, followed by renoving the solvent fromthe
gel product 18 The nethod of claim 17, further
conprising at | east one step of stretching the ge
product before or after renoving of the solvent from
the gel product, the total stretch ratio in the nethod
of preparing a polyethylene tape being at |east 20,
preferably at |east 40. 19 The nethod of claim17 or
18, further conprising at |east one step of stretching
the gel product before or after renoving of the
solvent fromthe gel product, the total stretch ratio
in the nethod of preparing a pol yethyl ene tape being
sufficient to produce a pol yethyl ene tape
characterized by a tensile strength to thickness ratio
of at least 4.5 x1013 N nB8. 20. The nethod accordi ng
any one of clainms 17-19, wherein the tensile strength
to thickness ratio is at least 1 x1014 NnB8.2 1. A

pol yet hyl ene tape or film obtainable by the nethod of
any one of clains 17- 20. 22 Use of the polyethyl ene
tape or filmin the manufacture of products subject to
i mpact suitable as anti-ballistic products, in the
manuf acture of ropes or in the manufacture of sports
equi pnent .



