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

worioenemiil sheet conprising a consolidated stacRCDEP2007/003690

uni di recti onal nonol ayers of -grawn ul tra high

nol ecul ar wei ght polyolefine, and to a process for its
preparation. The invention also relates to a ballistic
resistant article conprising the nultilayered nateri al

sheet A mJItl I a ered
/Tl REQ{MP ‘ "'{ PARATION

dr awn uItrahl gh rml ecul ar wei ght poI yet hyI ene is

known from EP 1627719 A 1. This publication disc
a mul til ayer Eoe ineRiiongelaigrde @Hﬁﬁ&?%ﬁdr{@ats”ﬁh %Jhﬁg* ?Qf’gpflsmg a

éns‘df‘déié(ﬂ Stk Gﬂé\ﬁldlmehé’rmrﬁﬂé}@@bﬁdrb\)@ﬁ uRESIEigh ndidaularfweight
ul t nmol ecul ar wei ght pol yet hyl ene

I gh
@@Ig@gﬁn%png tqg@fgc‘@sgfor%m%atm e gyenmggg\peletﬁg to a ballistic
K a‘éﬁfﬁ RS Eforing e nfUHRSRALE RiatéTRNShaster s | n t he

Iffers. The disclosed thickness for th
nonol ayers of mydaygipd maigrial sbesherrPriaing molilcgated stack of

g@g?ﬁ&%@néﬁnonaﬁferm drédivh Rt Mbﬁhﬁlé&l%rrv@'@ﬂ p@yeﬁﬂllene is known

e nultilayered materi al sheet accor

from B 1929 18 Al JbissPublieationidisgipsas Rapiltilayergeingaierial sheet
?,ﬁjnéﬁ% h@’g SRfFalitF SAGHiteRtibYal ‘Flr?dh%lagepsf cd?@l%ﬂh@ gsdBntibinE6fultra high

eature I's necessary in order to obtain the
ohetscutad weight palyethylene apqﬂ ggﬁrﬁlp@gdevglq W&@leatnces whereby the

M&g AYIEh SIS L Qher® h%%%la?@r%% menﬁaél@dlﬁgrslﬁﬂgaﬂsgloéed

Ws a sati sfactor I Stic performance,
thigkhession de wancipyers ﬁﬁm@\fe@;lt"ﬁmreﬁ Srateria| sheg), '%E?t\'\t?ﬁnﬁ? 120

E@emﬂta drBiRBh I ﬂﬂgelgfgoo_ piPNihde a mul til ayer ed

terial” sheet having inproved antiballis

properties whes m&n@@redjm@tereh@qeﬁawpr%t}é? E§I152ﬁ1%m uses
Bﬁlrja %ﬂ ﬂn%le@ﬁlm F/}éfgﬂt BECARAERS és@erﬁtréﬂ% HBYSa bf Bé‘n&?ryg matnces This

provi a ered nateri al eet conpri si
sl neaesaay ineidehto th?'d|tfr‘%é@%l@ﬁ*&ﬁ”t'ﬁé'%lca%f@?%"“% Although the

ﬁ{]ﬁ“\%/e%& FndteiaPdheZP Ef&‘r‘c‘i iAd tdﬂEPQ'@Q?’P@ D(‘P'sﬁédv@@ saﬂﬁ@&t@ﬁb’balllstlc
raw direction of two subsequent nonolayers in th
sedornatice fthisperigrpadgycanthe Immr@mé%h%f at | east one

monol ayer dogge BBfecfa&(fQﬁ@Breégnt‘merﬁ‘iBH |é’%e§r8\mie bhﬁultzllayered

strength of at |east one nobnolayer Is at |east
Grégriad siieataviog iBpovePantitallistie pedpeitiesénes Gagirared Ky thggnown
@@é‘alone nonol ayer is conprised between 1.2 GPa and 3

a, nore preferably between 1.5 and 2.6 GPa, and nost
preferably b@hisebieclissachived agcardiag to theguensioa by providing a

ItFéL}’e%cpmay r%PéH'e(et E&A rlélhk'; a cBAS lﬂﬁﬁh@ia&mhﬂﬁbbﬁﬁhapf

S an 1 nm oved ant | [istic per ornance
mnerplab'hle dfhloarwn rﬂtrathrgrameieewlaweeht m'wﬁﬁfé@ whgtsby the draw

Bﬁ%c%tioﬁ?f g{loe awégtag%r:ﬂz?@rﬂ{l%}%?é ig'ct@% rb c?@fffe% m@@oﬂhe&m&(ness of at
least one monolayer does not exceed 50 um, and whereby the strength of at least one
monolayer is at least 1.2 GPa, 2.5 GPa or 3.0 GPa. Preferably the strength of at least
one monolayer is comprised between 1.2 GPa and 3 GPa, more preferably between
1.5 and 2.6 GPa, and most preferably between 1.8 and 2.4 GPa. It has been

surprisingly 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 multilayered material sheet according to the invention. An additional
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1627719 A 1 is scaled at 100 % antiballistic
performance of nore than 130% has been obtained with

wao b@7medoti | ayered material sheet accordi ng t o PEEEP2007/003690

i nvention. An additional advankage of the materi al

sheet according to the invention is that it is no

| onger required to use ultra high nol ecul ar wei ght

pol yet hyl ene essentially devoid of bondlng natrlces in

der t t ai d d. |
BhRes abtRe Raleal Snee g tyas Bueibrds Mgt 134, aEfonger
a6qLeditdOsé oltrbhﬁgh mweeunaewag&t phigstagere ezwhuany déwaid of bonding

the t hi.cknes east on nol ayer. does not

SRRtiAes 3G 1o hib e eere Bre bR Elie APRE RS  at
l east 1.2 GPa, prafeﬁe@E’mlméy@re@nia?@naaeﬁeétra%f:@rda@mtﬁ@rnventuon is
npnol ayer strengt S cog?rlsed bet ween

ehaaciRieed prbraia digmsss abahicastons mpnsiyecacs Solraged 25 Hm or

RO ginefor M ohokEEnsteshglhsBofait tbadt 4.2@Pa, 26 Bl 0 GPa and preferably
preferred material sheet accordi ng%fgo t he |nvent| on is

EHAPenRAEr sEengths eompriseddatweRik hédaPapndp GRem sporg peeferably

BBRRleAYES ahd 2G0BPA) &Qﬁmbﬁ de@I@th'ﬁy Bétded? 1 YBTénd”'@ﬁQSPa A further
pr ef er abl bet ween 3 and for nonol ayer

Qf‘%‘%rﬁ%q W@Y%'Ia' geet ggearding o @d”"eﬂt'@” G:‘%{‘aé?‘:t%”@d@’éhaéﬁ'be

B’ﬂ@ﬁn@%@@f at Iéél:rt oﬁ@ min%}é%/ér BldofeikEs bé@ﬁéhlm il@pr\ﬁeﬁﬁre
GPa and nore preferably between

. . 6
g:e(;eraggyd)e%gqn %P@?‘ ér A1 PH@?%@W@"B”@HE o@atAquié 2 GPa 2.5GPa

Aﬂgbr@ﬁa Bﬁ@bﬁ!fér@glyﬂ@#t rﬂbh&bye?%ﬁ@hgt% ‘é@r"ngh&g:l bawkEs 1. 2 GPa and 3
i nvention i s characterized in that the thi ckness of

GRas Mosm BreieABI Dpsreanst-§ead 2 GPRarndMeR} Prfesally aew:ev 1.8 and

B0 GPRI AnBihef Brefditad rhSteREl sHadt Q@Eor&ﬁ%gﬁt‘% ”rﬂle'ﬁﬂamsf é?faracterized
nmonol ayer str en?t hs of at least 1.2

GPa
i thaidpg thiggiess oF aklerglioing reenelamsh i Hpealer ﬁtaneﬁwlgvhereferab'y 7 um,
mbre‘i&dblgeﬁovwﬁ Bnd ndt éi%@eamg 588r MERbIBYEY HRBIHRDS at least 1.2

bet ween GPa, and npst preferred between

&P, 2005 ar BRLPA g gpierably B penaiayes skengihs comprised

B@%@ﬂH@GP@ drldes GPY er'ﬁblréJ;B}efe'?:%H tehled P 8lzAMEY & GFRY 8nd most
the clai ned ranges for_ thickness and strength, a

RigferredaRRiveen Ad &g af Gﬁ?eet wherein all nonol ayers
Rﬁ‘NcﬁJgthhf-‘ls Wo@hé@%sé@%@&d‘r@rtoqm FgBRoH tRACAISHhEESIS)dls have the

particul arl }/ preferred idirectional nonol ayers nay
Blainst ringesifor thigkness éﬂ?‘ éHe@Qibe%”W}t”iner%maW'ﬁ heet wherein all

Hdhdial&&tHa0B8 #he Li3RRY @A s!%?%cﬁ%‘éé§ah§sl‘i‘@@|’t‘ﬁ isl rﬁélﬁ’arly
context of this application tapes and nonol ayers whi ch

BYéRUed preferred orientation of the polyner chains in

one directi OUlnldlre@hon'antHSIaQéré%y Eg‘oﬁglngﬂw&ier%’d:{épes or
t apes and nonol ayers may be” produced by draw n

fimss ¥ithonjdisgtional aresiandmagnairyersisneant in @)@rﬁoﬂ?ﬁﬂ of this
apbiraiéPiRbEs BRE RRALEALISRIMBIPLAIPS prekBReBlEALAPERe polymer

mat eri al sheet of i nvention pre erab y onpri ses
ghainsinngtrinestien | ulea'ﬂ t%ﬁgmtlowfyww Svehapes and manolayers may

Bé BRodBE S BY WA wiNG | BbYer bR MElMMkig8NFawing, and will exhibit anisotropic
mechanical properties.

The multilayered material sheet of the invention preferably comprises
ultra high molecular weight polyethylene. The ultra high molecular weight polyethylene
may be linear or branched, although preferably linear polyethylene is used. Linear
polyethylene is herein understood to mean polyethylene with less than 1 side chain per
100 carbon atoms, and preferably with less than 1 side chain per 300 carbon atoms; a

side chain or branch generally containing at least 10 carbon atoms. Side chains may
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may be |inear or branched, although preferably Iinear
pol yet hyl ene is used. Linear polyethylene is herein

wap@ensioond to nmean pol yet hyl ene with | ess thaPCIWEB10dE003690

chain per 100 carbon atons, agd preferably with | ess
than 1 side chain per 300 carbon atons; a side chain
or branch generally containing at | east 10 carbon

atons. Side chains maysuitably be nmeasured by FTIR on

a 2 mmthick conpr i on film asman din
SuGaBTEk® 1565455 By FIG of e i Hir Am Pesian My degicss
GRIHBhEd . § CER 008 T410The Nfe A polREHyIcdiehasy ﬂirﬂh@ﬂ&ﬁ'\télh@fp to 5
are copol yneri sable therewith, such as

SRRl OB O Maie OtheT AKERSY Ihahals FOPOYEISEREDIS Fress Wity sugh as

toRgheneNBRENS PerRindy 4 enghyiserténd)idgteneDb e By Sthél lihBa@n
intrinsic viscosity (1V, as determ ned on solutions in

datysifiviengis eRngly mofar fpagseytty aminginsig Visaesky (Y e#%defpinyined on
QbluBbnd iﬁ%@cal@’n éi' 1'%’ CIT@det |dHseh I/ghyreqireiabiEasat 144kt 8 di/g, most

dl /g. Such lene is also referred to as ultra

56 2 e gt T S e PO eIy eaRes Sepatered fs g hih

YhS&eQartweidit p@ly@ﬁ@ﬁéﬁ%eufﬂ@/{wm' REHHsR visws B is llihébs&ré'ﬂor molecular
nore easily determ ned than actual nolar nas

pepighihat egn m% epsily hecratermine by actig @ﬁ@rma%@famﬁtﬁss like Mn

LRagW. '/@bg@etﬂz{@hé Gih Bf this tgﬁ@Qle@BtdaFt%'uHr@tg'o@d antiballistic properties.
properties tapes according to the invention may

be prepared iThetReSIaCAIANTY ﬁolthwveml%}@%b?@aeqﬁr%&tge form of

fifhs. tﬁh&efé?lréa%rbé%s%r tRE diriatibA®f QichtiAR8 o fPEBcbfPfises feeding a
f eedi ng meri ¢ powder between a conbi nation of

@ﬁbm@g@ F’Qé’ldﬁé twsﬁffblaé?é)ﬁ]bdﬂﬁ“ﬁﬂ@lf andigss pritspeprpRressign-moulding the
RBNHRic Fowdet WWtSr&&llWﬁé"ﬁeﬁﬁb tpbi’r‘19tl’\‘(lz‘l?’ézd?tand rolling the

thereof and rolli1ng the resultant conpression-noul de
petutapt conprpesiRtMoyidgd Relvimer fdlawedbysirawiegsSyah a grocess is for

iR R s8asAS ih 8o i783 BB A27RRich 8linb8rpotdiéd Rerein by reference. If

i ncor porated herein by reference. If desired, prior to
fdesisrch @riani@ feedipg asd p@ﬁpmalpmm@ﬂ@ln@twcgmw RRYVRGE the olymer
thﬁ/dQPrlnlW%E nﬂ?é‘ﬁj\ﬁ/rth Mlt?&e %%Sgrdﬁnﬁé‘c@n&ﬂn‘dq@v%g'd l%lllrib point

ani ¢ conmpound havi ng 8 poi nt_ hi gher than

th efrth1an;thg Mmedingtroit %aald pﬁbmwe ommlpew%ng may also be
Bkl 18 b{l"?éfm?dr&‘?ly P&aﬁﬂg&tﬁ@%o@%r BYwhERANEES the endlelss belts

retaining t bet ween the endless b

wthile éoﬁ\tﬁW@ythﬂf@ Fﬁl@ mavrfﬁr instarge g done by KFRECIRE PERSABIRAtens
Rhak Aiiges |Hrc%ﬁﬁéd't‘i9n RlifAtRe %né‘l@gg Qe'iltsr P"éf@fra%ly' lﬁ‘l—IMWFI’E\MEEused in this

connection Wt he endl ess . Preferably UH

|pSOQ§5§§dThl$1UHMV§PErf\§§é§§0 berﬁliayvatglqvmﬂﬁe pRlislsdateo be
drawabl e in tAh\%tt%?'pPéﬂeﬁécﬁbr%ceén@F n@rfonﬁaqfoﬁrdfﬁﬁnpe&ﬁ&%%s

for the formati on of [ ms conpri ses eelg?
fepdintg @ ROl UEEHo are%trqs#@r r@tradmglarﬂlratata teERpk %[ﬁuﬁbéve the melting

BW (j:ﬁ'&ﬁ ﬂ@'o‘ré\ﬂg %éﬁtrdd@@rp%ﬂltne?ﬁﬁn df gudirag, H‘Eﬁto feeding the
tru esuedmsfrlor to feeding

mnkyrmltq/t’f@rextr@dem @eesqlwu@remay baaixpsl Withed skiggble Bayid ?&?n'c
twginpoan& Woii ﬁ%hﬁ‘cé {o0Hirdl aYed %nuce a§ @mefé%uy tr@cdse%mqs%mg ultra

0 forma such as i's preferably the case
@ighfgolgpwlaawwggtpmt@d@m%r wei ght pol yet hyl ene.

Preferably the polyethylene films are prepared by such a gel process.
A suitable gel spinning process is described in for example GB-A-2042414, GB-A-
2051667, EP 0205960 A and WO 01/73173 A1, and in “Advanced Fibre Spinning
Technology”, Ed. T. Nakajima, Woodhead Publ. Ltd (1994), ISBN 185573 182 7. In
short, the gel spinning process comprises preparing a solution of a polyolefin of high

intrinsic viscosity, extruding the solution into a film at a temperature above the
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Preferably the polyethylene filns are prepared by such
a gel process. A suitable gel spinning process is

walewentdoed i n for exanpl e GB-A-2042414, GB- A- POBLBRY7/003690

EP 0205960 A and WO 01/ 73173 -4 1, and in "Advanced
Fi bre Spi nning Technol ogy", Ed. T. Nakajinma, Wodhead
Publ . Ltd (1994), |SBN 185573 182 7. In short, the gel
splnnlng process conprises preparlng a solution of a

olefin of high intrinsic VI xtrudi ng, the
Braiving teTneiatule ool gout ina B e gsiig et tnereby at

least ﬁé}tliééﬂn"@? fhe iR drlaWiry the cﬁmh berel during BAadfor bfter at least
bel ow t elling temperature, thereby at [east partly

gattipf ieg VARt BOIVeIMd drawing the fil m before, during

and/or after D?émh?%ﬁ fepadly Lifibxibedrawmg, efthbfﬁﬁombuﬁnﬁs may be
Drawi ng, preferab uni axi al drawi ng, of the rgxmd

FRITIAG OHhGY BEaEH KPOINhE aByShﬁh%a'R%%mp“ﬁ% PRBSBRGetching and

fiche SRABSING BARUItHTe BrXdWing LSits. %Taﬁbﬁlhhé}ﬁaé?é’lﬂmb@ﬁ@‘hd:ﬂ strength
stretching on suitable drawi ng units.

RRe piEness, dravingrmanbe sarvier Qt‘h'”am‘élt'@? .S?qpﬁe@scasa Pémerﬂefe"ed

OR% Hh %Téch%?'v@iﬂht h&y&Hbl@h@hFﬁwsﬁUmﬁng st § aéus; (errléch&Jt uniaxially
preferred ultra h | ecul ar wei ene

1 3 ReMber efvdrayng §tq&$pﬂa%lf"|s§/d'@mri9 @ap gy fa%mas@ §¢ Pymptise

Ard NP RS a Sfetelh AMdIDf St ﬁlQﬁlpIeTJiﬁwfnbrrﬁéy SpRYIEsEk 8Pa B¥dtch factor
for instance conprise draw ng to a stretch factor of
a

of 9 faildrawing twm@h@emtq 149°€ap sieteB &agter qf Rofosdramingn

{iRatuds & foora08e aéMd"Q sttr@(e'ﬁ’ ?Jc%rltff %@ foidrbRing2Efperatures up to
stretch factor of for draw ng eratures up to

andabover P G- BY p@{lttql\e deging atdpcrgesmg) SERSARUFRP: S retch factors of
LRSS0 RSreURay Be AdHEnBROMAs A20RCN tﬁt}th 8 rgtptapes, whereby for

drawi ng at increasing tenperatures, etch factors of

tapestof Stradvgh melesulanyeigbt pelyethWane. the slafraed, ptrangt ranggef 1.2

@P’aece@t@Pééﬁg%orWﬂ?d'yeéb\élli B& obify. of ultra high
nol ecul ar wei ght pol'yet hyl ene, the claimed strength

range of 1.2 T@PsIUWing C@’dnmsrf@?kb%%de%%ﬂw tggroduce a

aRh8id ?@ld or Eﬂ%? rﬁ@ysb’é EutriS tl'ﬁylrad’é%lréémh r@}épmealbﬁg?%ea:ﬁrectlon of
such roduce ‘a nonol %ﬁ?ﬁjt‘or they may be cut

drawing. d'é@. widih qﬁ,,tlaﬁ thus gro n@rgﬁ&n@ht@p@ sty Ignl?qg by the width
df @Wisid fromhl\ﬁh @Hehy é?é theucEH‘ Uﬁ\&kl@%@ﬁe Eﬂiieg'prr&@deMQmore

tapes 1s only Iimted by the width of filmfr
{franchme eyora Peefprably e eig. thamé nim @ mﬁstprﬁée&aab(éﬁore than 30, 50, 75

L%@Fnﬂplﬂhe' a?eémfeﬁsw"@\’rih@tdﬁ& o?ﬂfo%o%k@fs%aﬁhﬁe\’vdﬂéﬂ%ver alarge
mm and nost pr ef er abl ynﬂzggret an 30 7

Elmenfﬁr mss@carb@m«eqmemm ¥068 referpedaisal denfly i eeteeen 5 and

QQ@RW Wk ﬁﬂafé’r\‘ bé’tw‘eéﬁ 9@ a"n@%@@g/m12 Shd hdst &@Fé@rela%ét‘@é’éh 15 and
Preferred area ensi t et vveerb

88 a/m?zocwtﬁww&ﬁ dheprepbdensity aﬁewrw@éam}ésaﬁf@arsw g/mypand more

t b 215 and 60 g/ n2. For UHMWMAPE,
?ng arIZIT‘%c@%E?té%ﬂn &t%?erabl y less than 50 g/ n2 and

nmore pref er abiprelesed n‘ﬂtﬂfdﬁngd grategriab phees ageerding to the invention is
characterized in that at least one monolayer comprises a plurality of unidirectional

tapes of the drawn polyolefine, aligned in the same direction, whereby adjacent tapes
do not overlap. This provides a multilayered material sheet with much simpler
construction than the construction disclosed in EP 1627719 A1. Indeed the multilayer
material disclosed in EP 1627719 A1 is produced by positioning a plurality of tapes of
ultrahigh molecular weight polyethylene adjacent to each other whereby the tapes
overlap over some contact area of their longitudinal edges. Preferably this area is

additionally covered with polymeric film. The multilayer material of the present
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A preferred multilayered material sheet according to
the invention is characterized in that at | east one

worenwehizper conprises a plurality of unidirectiPCHEP2007/003690

tapes of the drawn polyol efi R® aligned in the sane

di rection, whereby adjacent tapes do not overlap. This
provides a nultilayered material sheet with nuch
sinpl er construction than the construction discl osed

in EP 1627719 . eed.t he [tilayer .material o

e eskaabodimen dissHt Geauire s Slabbtae S ssehLicf oor agtibatisti

per{pérmaﬂb?ty of OIt apes of ultrabhi gR rm{,\ﬁcul gr wei ght

poyetyenea acen 0 each ot he ere the tapes ... .

overlap over!™s hf’éfﬂe"gsr & ANoEEl V‘%’ﬁ@‘l"?%h’?ﬁ?rwmm IS

%@Ql@%ppﬁé@f@b@m and iuasm@r #@ pleraydf tlrhldlf‘@itleaMQNéEf €uth that the
merl c film The rrudualagglaer nat er i

ﬁtnﬂé%@ﬁtoff) '@PP%&W@F@J@ Hgltngraéﬁidpglgng af gnlglrectlonal

eﬂxaﬂa@rs&@w@ﬁﬁam@m Gésdribédﬁ}ﬁ@@ aptmba:s(be BulE:P 1170925 A1, EP
Berformance In sone enb

SR 5] BRGAHAEA1 SNt SBBIP Yo aNE el ctyareithg fermation of

fHeaRbhdIsRr bBfarhgE s TytsYakSiIfseldPﬂlhéitarp%tth@@éhaﬁhﬂg%témbductlon
that the structure of the nono-layer is retailned

BXesg beAMISVRY and naki ng of unidirectional sheets.

Sui t abl e bi nﬂﬁétﬁeﬁbﬁt@tﬂﬁ_y br@féﬁrddﬂn@hl@yerﬁf?at@ﬂa@ﬂs"v@@t Bccbrdlng to
EP 1170925 A 1, EP 0683374 B 1 and EP 1144740 A 1

tisdnyention spmprises leash 9B MARCIaE" PrRIcrREIAlMeRCIaYeTs. H%J"t up of a

PRFRh AN REHaR BpRY BF YheSdrakh |pbl§fﬁfertél© né@ﬁ@@h thTahth‘éy form a
enabling faster production cycles to be ach

WAYREFIGHP PR téP?%/"EV@PéP?’éHa%reFHya%PQPV"}Qa‘teéi"Fé‘FCh”'queS such

abeehviAg, O&éﬂln@g efcOof difall IMENGA RBWE gmrn@emoaéculaewgm
one npnol % preferably all nonol ayers, built

Rolpolgfing andulise high TplEEder wRiat Rlyriayiene WP@”&%*’EG strips have

el QLAY thicRhe Sl StheptH mﬁest Mqﬁi@éd’fb)ﬂth‘éﬁfv{\%htlon
structure. Such tapes may be manuf act ured

textile techﬁh%ﬂ%"ay@um@?' feegtiangerdinede H?%'Qeg’gt"@ prgflerab'y

§6¥ﬁbﬂlse§te{t heRst 2Unfira¥dndl r‘hbﬁoIEYé}B Brefefsul af Ieﬁﬁllgthﬂildlrectlonal
| yol efine and ultra ecul ar. wei

po
pengiayers| Baee prgfesakly ?tc'@?afrb‘ urifiEeippal RO @r§ [fyeR gpee

bt'é‘fé‘rléﬂ?%?le%@fjs aﬁ.a@ékgrohawrﬂbmgya§ ah@ fHéist ﬁvéfémbw lgleast 10
Invention. The nultilayer material sheet accordin

t“l*\‘é'r@‘?ﬁ*@@ﬁ'tm@ﬁ"?)\feé% émaswng; Hiegrynakes ohpnidisgadional mono Slayes in the

Kty Aot AR heBR RO BVehtioR %%pﬂlfl@@{h\é Aindf8@fe & articles form
uni di'rectional nonol ayers, nore preferably at |east 6

thesainaterial shegts. rfﬁh'@ﬁté‘j?é? antiballistic pigies- preferabl y at

| east 8 uni dirp&fiveRtH al8® Fh%tam 8 pmsm&h@b@bambh bf a
at | east 10 unidirectional nonol ayers. |ncreasing

Ruiierest matsrial sheet PURRICIABRY RFel RS PioCEFRATRINGING !@@P invention

H&hﬁﬁée@'th§§@9§ off the invention sinplifies the
manuf acture of articles formthese materi al sheets,

fa) ProvidingaA PIrality PhaaWn&itr3 high arclecularireight\nolyethylens tapes
EEdAAIRS td PednRInB68 SHigh&d slidithBf &RAabd RBMbrichted in parallel to

adjacent tapes, and whereby adjacent tapes may partially overlap;

(b) positioning said plurality of drawn ultra high molecular weight polyethylene tapes
onto a substrate thereby forming a first monolayer;

(c) positioning a plurality of drawn ultra high molecular weight polyethylene tapes
according to the invention onto the first monolayer, thus forming a second monolayer,
whereby the direction of the second monolayer makes an angle a with respect to the

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

w@beo7fiz01provi ding a plurality of drawn ultra PCTRP2007/003690

nol ecul ar wei ght pol yet hyl ene6t apes according to the

i nvention, aligned such that each tape is oriented in
parallel to adjacent tapes, and whereby adjacent tapes
may partially overlap; (b) positioning said pI urality

fgaﬁgé%%sﬁlggﬂ aC{ﬁ???erVgnegl tgﬁ}lélegagv\éfkg%%g%ﬁﬁ Pécﬁ to consolidate the

mﬁgﬂa@y,grther@gﬁ posi tioning a pI urality of drawn ultra
hi gh nol ecul ar W€I

t di
the inventi oRY &AM etsﬁ@gftl‘ Ef” egsavgg %gﬂ{edraﬁ‘?ﬁ@%&'enﬂy

FRGOEhSARIAAb R¥EK othaREHEANING that ther Bidite@tiort n{dhela?eﬁsanﬂnot
nmonol ayer makes an angle a with resBect to.the fir

delapinate Bﬂ?ﬁfé@émﬂ'g”elﬁ%g&“o%? SHCht e B RS ePAt %meefaftﬁs With the

thsed &68@&; §t|ﬁ9tlﬂa§'é?e§ Arerdl dRéa Habimg MeHYIRLe &f the required
t her eof . npr essi quMt he uni di rectional nonol ayers

th‘ﬁi‘?e%‘l‘rén%ﬁf?ﬂg@ By IreaqilyberieiHisdt ed to each ot her,

neani ng t hat Tha funidydr h%iéﬁlél’@ﬂéet@éﬁ@ﬁﬁl\gfmfﬁhéjmv@rﬁﬂon is partlcularly
del anmi nat e under normal use conditions such

HeRfHh i0 Btsefastyiing baliptie, reskdant | agiclgsy smrb%%g%sts qr armo%recijl plates.
g'z”ll&tid Qﬁbﬁ&&%n%bﬂph?é aﬁﬂﬁ:@ﬁorﬁbﬂﬁn‘tmgalFH?lBQhr%ﬁﬁé%au@it buliéts of several

gw red thickness and strength nmay readil
glinckingragaing PENOrRRICINgne e:Falled é’é‘i'etéé@e'i"dlsﬁa exglosive

Bg\ﬁcésr‘é/rﬁf“érerbahﬁlééasruﬁh %H'eag" Ipagheaistdnd shragauf act uri ng

[Tstic resistant artjcles, such as vests. or
ar m)ur ed pl af B baligtiq resistant agsisle; acspidingsto tbprsweation comprises at

el Gﬁiﬁlré’(ﬁ%nw rh@nch%lelré Yréferdoly SAbastq8iunkdirebtidrat hfonefayers,

several kinds inclu gal nst arnor pierc
gore awerf@abwat legg ¥%P@d5r‘?ﬁﬁ'|°6%'| rgenplRyes: SHPY EVIE i ferebly Al least 30

Bﬁﬁ@‘ uﬁ’i@frééti%hglsm%’c%‘ye@ afd thost F@%FEEW at RAsk &hurﬂﬂlf’&itlonal
lTstic resistant _article according

t he
oneiRei5r Tt R SESSHAR Of BN SUP3CRHAT FIQREIABFA e stack difers by
gﬁ%ﬁ{;@{ﬁ LSThOLREGIE hﬂ?#ayef@ftady%%heérpﬂlﬁhdj h 852C brioP& Bleferably

nonof ayers, nore er ab [ east_ 20 unidirectional
h@%lea)ﬁér%‘d @@eﬁnﬁmq@t Bfeé‘?fép’wﬂei)”%ﬁ“ §Qand 1Y or 40

uni di recti onpleraRRR! tAY BhfisR YdsRRMt alicRi Ricakling Bithe ﬁ‘ﬁ/&htlon
80 unidirectional nonolayers. The draw direction of

eomPHsAsTelydbat sheshel ingwabicimateral selestad feanp the groyp cgpsisting of

@@r%lnﬁc Rhetdh ng‘F@raﬁngke‘él aalurﬁlnmn‘?frﬁég?}*é'swnbﬁ’tbmﬁﬂ n‘f’o'ﬁeﬁﬁﬁromlum and
, nore prefera bet ween 65 and 115 and

go@pét*@wlayomgiﬁaééﬁne@r%nme1%‘-°nm"@t@ﬂaH?%Veqfhaamcular'y preferred is
h@tél' Pidueh "CS?Qéuﬁl(e@'ﬁ‘étaﬁﬁtthé hfetASRO&tPr&8radofy hd¥ea hfé%ﬁh@tddim of at

npri ses a rther sheet of I.norgani c nmat eri al

@@rsb%ﬁcéd? fermpreferaphyoripeass 880 SEi mgstoretesbinatlieastf0g) °C. Suitable
m'eg%ﬁ r\?:mg)éra?nrﬁlﬁlrjnm mgﬁﬁbé]bhﬁmltaﬁﬁﬁf‘%%m hitkéNéH#tBmium, beryllium,
iron and copper including their alloys as e.g. steel and stainless steel and alloys of
aluminum with magnesium (so-called aluminum 5000 series), and alloys of aluminum
with zinc and magnesium or with zinc, magnesium and copper (so-called aluminum
7000 series). In said alloys the amount of e.g. aluminum, magnesium, titanium and iron
preferably is at least 50 wt%. Preferred metal sheets comprising aluminum,
magnesium, titanium, nickel, chromium, beryllium, iron including their alloys. More
preferably the metal sheet is based 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
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iron or their alloys, glass and graphite, or
conbi nations thereof. Particularly preferred is netal.

wo poogazdoicase the netal in the nmetal sheet preP@r/EP1097/003690

has a nelting point of at |east 350 0C, nore

preferably at |east 500 OC, nost preferably at | east
600 OC. Suitable metals include alum num magnesium
titanium copper, nickel, chromum beryllium iron

and copper i ncl [
Benas e At ast pOG NSk prais ebithe Trdtanme s pRSAEem Al
ﬁﬂlﬁs@néﬁhﬂnema?lhwlaﬁu lfﬁéiroé]@y§ eTHiesultaindhaligrigst aptiballistic article with
al um num wi zinc ne t
hegnasss Ruianilte BUERITY SR RPN Grdns D e o asomposite
Pﬂ?&@oﬂdmbhs&aﬁe@b@@n‘? Héétblﬁfomur@, Itlgilrilt anil DVMmadiatignesithoogh the
itanium and iron prefera s at, le
BB RG] OhRIATIAL AL DE AOBHBNSS ARGVETE i thﬁﬁ? Cﬁffé mese(ayprs the
E}Lééé}%&t?ﬁlllléﬁb%ﬁétantcdﬁ &?ﬁéﬁﬁ&r&ﬂf%ﬂddl uhltthalt theofarthercd Heat Ognaterlal is
ir alloys refera e ne
BhSIEnS 4 0 OWBIER SN Atads A AN LARYETA. ChRst PratelBly g JRBST & the
g{rmggﬁéc{hé,ggfr alloys. This results in a light

ant i istic article with a good durabi ven
nor e pref er abhg bakjgtiq rﬁéﬁt%ﬁami%\esac&ﬂd&gsm the il’WSEﬁ‘FEl peferably
%&% Flsel%aé/ﬁmﬁe&Héé?b# tRaraBBes eddribad ioegeiic AdtsriaMaading a thickness

era the netal sheet js based on h
ﬁﬁ@tﬁa@staﬁﬁ o BARRTARY SFRIMEKETAT 199 OFHP SrTREC sheet f rorganic
Hferldl Eshﬁﬂeﬁﬁn AfYre Brdfbiablyi 30 rﬂﬁ'I lafAdl tnost plefdrhsly IZISQHmSTFhls results in
dur abi | Durability int sappl cati on
ther kast heladee aetwsﬁwseﬂqhé auﬂaavbaé'&qaupfqp@mfsoP% E%P fhe event
it BRArthERdhebHEfBnorgbSiB tm A8kl id/a hfé%l%he@tntheﬂshtch@é@l‘of the further
the further sheet of materi al g osition

sheathereterably arestak AeRrt. &F atigass 0 %e Ppiee tyraééeast”mm
Qﬁb Hoﬁ Fr“efé’r§§lk%§ %Btst @5 hith ETHiS rééhﬂ% ihCév%hle:-&dr artibahistic

her sheet of material is positioned at the
@Qtf%ﬁ"ﬁ?é‘céf t he stack of nonol ayers, nost preferably at

| east at theThtfirdtRr5RER Jf RIF§sHic mikgiab@bl optidrtally be pre-treated
resistant article according to the inventiaon

pﬂ erer @Umrwglﬁghpglgg withithe mw;pay@ﬁ gaterial shegt. %wapée pre-treatment
@‘F‘ﬁ'n%rfbm s'h@é’tr |Bé]!]di§s ME&P@JHK?HI trB@iehg e . Fdlighkhiag %r @feaﬁhg the

mm Preferably the maxi num thi ckness of

ﬁumcreethe@l@ée! syIding o YHING. FAerBIcALAICHIRg wiIh @rg. NiEE éc'd and

H’Jrﬁ%ﬁ?ﬁ ith pElydtRYyleAdfinTOst preferably 25 nm This
results in the best bal ance bet ween

antibal listid Em%b%rrqm*é%d'mPP(s‘ffé*P%B?'kat'iclﬁe?'ﬁté”te%’@ﬁ'? 3 hpqing

H}/@ rfdy. %%h%@ﬁ@tmat bé %B{)I‘Q@Néiwéaﬁ el f@hhérsshéef@icﬁﬂhe multllayer
t he thi ckness of the further sheet, gre erab glp a
’fbr

awam%rshgeﬁe%wch adnegive naKEONORIES RSP FRSI EPyeiense
?gﬁﬁFetl%n% B5h A3 rm@stter%éﬁﬁ ePn%lﬂ%rﬁbl?tthé ®BAding IJy@r BBMprises less

h's rTesults in even better antiballistic perfornance,
Thean 3Qwtthef therhadistioresisiait gatifle mﬁ?mfs'labwy%man @Rk, even
ki’f?tir@r f‘eférraﬁﬁltlé‘& thin %\9@@/0 ah@ rﬁd’@!:?éf&a@l?h&%‘ tA8N Biviths éfhﬁe ballistic

ayer ‘'material sheet. Suitable pre-treatnent of
resistenirarti@de. sheet includes mechani cal treatnent e.g.

rougheni ng of, Gh&RALY fEfefa8 embodiment, the bonding layer may further
comprise a woven or non woven layer of inorganic fiber, for instance glass fiber or
carbon fiber. It is also possible to attach the further sheet to the multilayer material
sheet by mechanical means, such as e.g. screws, bolts and snap fits. In the event that
the ballistic resistant article according to the invention is used in ballistic applications
where a threat against AP bullets may be encountered the further sheet is preferably
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surface thereof by sanding or grinding, chem cal
etching with e.g. nitric acid and lamnating with

w@odogaedoyl ene film | n anot her enbodi nent of tPEI/EP2007/003690

ballistic resistant article a8bonding | ayer, e.g. an
adhesi ve, may be applied between the further sheet and
the nultilayer nmaterial sheet. Such adhesive nay
conprlse an epoxy resin, a polyester resin,

O ur et hane reS| n or ester, res Pr ef er
RBHRsech RES S Sevrey b SeEE Aa a0 4 st artice
I@,aidtauﬁéd With Q%)&?@étrtﬁmﬁrb@s&olldmf eerantd anyerbrhytdl siseetahast two

o Py B S B e 0 Bkt

ahdlb &lt6 the dirsthon Bf—‘t‘heﬁlb@fseihraﬂcbdﬁ&ﬁﬂuﬁmréctlohél%hb@m Suitgble
| ayer rraéﬁfurther conpri se a Ven.or non woven

B AMVROMaIEAPE PGS S.6f BHMITR XSt R1A8 SXP pfcigp o gicum

EdrBRie-anktborén @drblle PSS iNdkRetDofathé astaniib Riybdédepids dnaré level of
to the nultilayer materi al shet by hani

|
Galistcdtre! Bt GSBPIHE Vol RRIWASHY 2R AR 00 AsRSTIE fRsistant

bhigle i$ Bﬁéfé}ﬁblvp%%itl6né&§uc$1ttﬂ§ﬁthércbi#&|@Ia@@ﬁﬁk& tHe ballistib&hreat. This
invention is used in listic ggﬁl cati ons where a

giveee @@apwﬁctwasamﬁte%" bi¥sss Bad BATIRARGEY t he

further sheefhé fvBRRIEIISOIIREERS & PRICeSs fBR R maheRtture of a
covered with a ceramic layer. In this way an

Baltistisdesistant artiglecoapasing t%ftﬁpﬁ% with a |ayered

) steking @t Rast 2 huRijeréE rferial et EERERY t& hﬁeih‘ééﬁtlon and a
east two unidirectional sheets with the directiagn

fustaet shaat 8f iNArgaRic maeHs! rS@&qqt%fa?méfrfe%rpuatcoaﬂstmggfrf&eaamlc steel,

bRndifen ditsRGhi §8s9hnd HrRphitd & SomBintior@rihaftand
uni di rectional “sheet. Suitable ceramic materials

() epneriidating th stasknd Sbsetaenden elavatehiegipcaRIUresaNd RpgsHre:

oxi de, sili CA%@&E@bﬂﬁe@@fbrw RAnGRERIEISE a BAIBstic resistant article
thickness of the ceramc |ayer depends on the |evel of

pinprisgsitee stepe &l but general 'y varies between 2 nm and

80 sP¥ing it ﬁaalgﬁb Hﬁtléféré@ﬁiaﬁr?&%hé& tb@bBsihg a%ﬁ&ﬂfdawdystack of
posi ti oned such the ceram c | ayer faces t

gaigirgctiopal rf\qa,rpcg@fers qrhqirgwg,W&hlgh@%%@armqgfg@pfya}gfme whereby
%%rﬁ\ﬁtdlréﬁlé?lt’éflt\% SUBSKYUBAL rﬂoﬁél %rrsm fhe stdtR differe \ihetBby the

also relates to a process for t manuf acture of a
Hugkness picatdeast eha AtonglayeieeshEXFasdmy KReMeteprsfespbly does not

ERdecd Gt BPedn MBASHreforably Hbé@ﬁ@tf&@eéﬂi2§ Li2lang b\ﬁh%?eby the
according to the invention and further sheet of

ptienaianf @ leaat epe Monslayecisey 'qasbﬂw@tCPPea & RO bR GR# (R more

Bfeféi'@Fa%W Comtise8lbetvitldi™ D @Pa didd @GP‘&'}“ aﬂdi a$Srtt8heet of material
aphite, or conbinations thereof;

b)
é@ﬂ@teﬂ fraB tha greyrcansisting af eawics sm%l @iun@n\émai'téa'um glass and

b%ﬁé%%gﬁ,bﬁﬁqo,@ﬁ%w%n& preferred process for the
manuf acture of a listic resistant article conprises

{eonsligating the(sg;ckgﬂ sbeetaynder ¢levaied temAeratpregng gssure.
material shegbnsslidBiidrPfonall Brocebsd! dedafissh sbcvekma suitably be
done in a hydraulic press. Consolidation is intended to mean that the monolayers are
relatively firmly attached to one another to form one unit. The temperature during
consolidating generally is controlled through the temperature of the press. A minimum
temperature generally is chosen such that a reasonable speed of consolidation is
obtained. In this respect 80 °C is a suitable lower temperature limit, preferably this

lower limit is at least 100 °C, more preferably at least 120 °C, most preferably at least
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uni di recti onal nonol ayers of drawn ultra high
nol ecul ar wei ght pol yol efi ne, whereby the draw

waleooeaeioon of two subsequent nonol ayers in thePGI/ER1007/003690

differs, whereby the thickness-of at |east one

nonol ayer does not exceed 50 mm nore preferably does
not exceed 29 mm or even nore preferably does not
exceed 25 mm and whereby the strength of at |east one
nonol %er Is at |east

100 &0 RS Bl ISoBabagng teimeesatliaf which e arawn
Iner AidRoRyérdNbdtethed hfgﬁhtm@éhalﬁi&iaeﬁnoﬂém&e daeted.gf reiting.

group consisting of cer
PTQfﬁ'ﬁbUﬁF © AR atyRy! ﬁ#ﬁﬁfﬂ@nbo?re%é%@/ ﬁ%‘??'%%’?de%‘fen more at
adt 20)C seRMaht drditinydteperfilirac ek srafatpdlyuitenonolayer. In case the
el evated tenperature and ressure Consolidation f

AW A TEe QKR OB BT eGP R B GTBR BB ANT n

ferhyeta@d AOWRER e drSRApelyhitaimdialdysr stake islede ito ni‘ébﬂﬁnlcal
that the nonol ayers are relatively firm ttache

GrapesissRBRIOLRS 6 TR 4 M noTREPeitEy L OF CagR Bl g Preferred

Gﬁrrés'r%ﬂ %‘e‘cﬂ&r %@ﬂf %Ibé’thyléné erier&tdret t1GM a9 Pbepreferably
enper ature of press. m ni metenE‘era ur

@elﬁwrm K2 Q%P"-‘ﬁﬂbfé’ép\ §&Bﬂsqrhahear€f8éageoﬁ*+5 9&%3@@&“69 preferably is

%PB%Q(' 7 ﬁlﬁ’ta' RBrd Srefhhigl %?Féast' 15 MPhSevedsheet prgfer&ﬂ?y bSleast 20 MPa
suitab | ower tenperature limt, preferably t

IaﬁdvéTOSF prgfarably ahleapaMPeo( this WayA etifpantibatistis ?"“a'? is obtained.
heashtirhad e fﬂ%ﬁsdﬂﬁ&ﬁ&f GdHeYalRtrahgastokd 8 162126 niTRute§LIBpending

temperature i s chosen below thée tenperature at which
Ph&oaditions W)ﬁ@éﬁmﬁﬁﬁ%{rﬁy@%sqrﬁ@@d PAAthickegh and can be verified

'ffﬁ&ﬁ?rﬂro%ﬁr\e Bk Rt fndahk %v@ntghat%wéd%tlbahﬁfceérﬁaey are to be
erature is at least 10 OC, pref erablesy

| ea
DEPdUCEa fnankmadkaREadReUS UEt - shars KIEdtbarehee! ¢f fﬁ@te"a' into
ﬁr?é%réh ‘éhSp@ffoltoQ%d@'y%s@lﬂaY A& Wit ROmaMElbyerk AnBAS enultilayer
drawn polymer nonol ayer does not exhi b|t a clear
mﬁt@ﬂ%gh@@n'perature the tenperature at which the

drawn pol y”ebréTEFHBﬁya)f%rdéF t%rétélri é’higﬂ&ﬁlh‘sﬁ@rémmﬁl 6@dling after
properties should be read instead of melting

lC@'WBEQSélOO meoulqing ehkigh tereperpture is C@"@fdewté'@de'l Rressye gs well

g%es% n? é)ré‘?@ra%w mBRtaE 1888 unfh tﬁ@l’&h@d@ét‘%@lst&%ﬁm’énﬂﬁ%w to
pre bel ow 145 0C general |

Prevept relaatien. thvs tePeEHYS! Gae %ﬁéatﬁlﬁ%%%ewsr'&edaw the art. When
L aaistid reng"t‘ant%Ptfc‘Fe %ﬁﬁr%ﬁr?ggh%n@byérg%hltr&%lwﬁole%\d%ﬂ weight

nore preterab | east MPa" and nost preferably at
|p@b(sthy@9emanvfﬁcm¢ds typigal sompiession iempelriures raé‘gef om 90 to

ng¢(§lpee BabRPHéth 89 to 186 CORYpiRHIBdn grBsdieH pressures range between

consol'i dation generally ranges from5 to 120
depsndPh garo mose ResferaBiNS! 19 K5a Hat angheven Mewe Prﬁfeé%%ﬂ 40 to 250

23 okt m&gréf@ﬂaﬁ W%sto apg b%ﬁﬁvrr%?eééeédrﬁbrgélémﬁrﬁégaré 9HichMEpetween

exper | nt at | I'n the event that curved
éﬁt pr@ﬁrablwpmautsmé%om@t% be produced it may be

advant ageous g rﬁulflﬁ{rergﬁ ‘ﬁwa’i&@a@@hé&%nﬁ@nﬁb&fst@%le 8f the present

material into the desired shape,
domestion ar@tnar@cu&artyraob/n@taa@w @@épsevmrydrnom qrrtlba'yiirc materials as

%yeﬂrbﬁhe %h?fﬁbroved level of protection as the known articles at a low weight.
Besides ballistic resistance, properties include for instance heat stability, shelf-life,
deformation resistance, bonding capacity to other material sheets, formability, and so

on.
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Preferably, in order to attain a high ballistic
resi stance, cooling after conpression noul ding at high

W@ eovpaeA@ture i s carried out under pressure as RE€I/EP2007/003690

Pressure is preferably maintaioned at |east until the

tenperature is sufficiently lowto prevent rel axation.
This tenperature can be established by one skilled in
the art. Wien a ballistic resistant article conprising

nonol ayers of ultra high nol ecul r wei, ght

T malpdnes raired Gun bk pessi ebobiagih (it dosiise indieStea), are
haraewErom 90 to 1500C, prefer abI y from 115 to 1300C

Typi cal conpression pressures range between 100 éq73%9|ercules

bar® nistEnsis Wiseesity (V) isidetepnined agcording ép BeHied ol
pr ef em@ Kev- Wbrt 99, 2498204 13578 H d@éaﬁif'\eth@bjllééomgn titieldthg 16

bar, ereas conpression tines are typical bet ween
20, pr bowsawitty DBECrasnantieexidant irgan ﬁmﬁumecs‘Zgr lution, by
mul til i .

T BB eSS A L o
over prewestislion.known antibal listic materials as they
provid [ ro@d .
o 04 5l BB ALl R B Er BFOHER) tense
resi st amdeLusmorupedwluse)sandmnMom et bneals(qarma@) hegdefined and

stabi | ét%{m‘?@? oh rJ1uI{| almgr?tf H@éét gﬁbc f%ﬁlll'?%g W@Sﬁg\ﬂgﬁs@ a

capa0|9 her erral _
on. Teshonmmhgmugadengtbfoéthed(ber of $¢0 mire amressbead speed of 50%/min.

appl i C%ﬁq’tﬁ%{)g&@o?ﬁﬁ% é&%&% Sc‘t??SIS%Qr'aﬁ%dg\g‘% the%gdtgés is determined

foll ows Finsic sco ermn
accor dasthet gradiethioetwBGC0 Brahd( 1% straine o ¢atculation. of A modulus and

29, 19 ' ' di.
oo ng. Seondh Bl bk B ARa B W B8 copermines
of 2 gby weghirtg thnetrys eifireapallutsi ingaﬁa”we\palwmct gsswmmg a

rreasur??%{\t glofgfﬁiglgi T%ﬂg?ee F)?]It EQ% th ofllrzngrvgere mefgured in

concen nsi'l'e’ prope neasur

00 : t aeocsirdancetwithn$Ch1 184(HBt r engt h), tensil e nodul us
(or nodulus) and el ongation at break (or eab) are
defined and determined on rmultifilament yarns as
Fpediventich is moASTNh&ESGMinadshngeansefithe &llloginggexampigaind

gmm%%%t%e gfperﬁ{en§%thm b&nédﬁﬁégﬁ&%té peed of 50% m n.

TGP RE  readur ress-strain curve the
nodul us is determ ned as the gradi ent between 0.3 and

% | f "the modul d
RGN oS acured are divi ded by

the tltre as determ ned by wei ghing 10 netres of

i ber: v a are cal cul ated assum ng a density
a'@"@? %Pgﬂé'on éﬁp Fle properties of thin films were

meadtiahigh moleaclaowdightpolyethyleh&S®@ith 28 4rtkf)sic viscosity of 20 was mixed
to become a 7 wt% suspension with decalin. The suspension was fed to an extruder
and mixed at a temperature of 170°C to produce a homogeneous gel. The gel was then
fed through a slot die with a width of 600 mm and a thickness of 800um. After being
extruded through the slot die, the gel was quenched in a water bath, thus creating a
gel-tape. The gel tape was stretched by a factor of 3.8 after which the tape was dried in
an oven consisting of two parts at 50°C and 80°C until the amount of decalin was
below 1%. This dry gel tape was subsequently stretched in an oven at 140°C, with a
stretching ratio of 5.8, followed by a second stretching step at an oven temperature of

150°C to achieve an final thickness of 18 micrometer.
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The invention is now further explained by neans of the
foll ow ng exanpl e and conparative experinment, wthout

whedong2doim t ed hereto. Exanpl e and conpar ati vePCT/EP2007/003690

experi ment Exanple - Productiqgn of tape An ultrahigh
nol ecul ar wei ght pol yethylene with an intrinsic
viscosity of 20 was m xed to becone a 7 wm % suspensi on
wi th decalin. The suspension was fed to an extruder
and m xed at a tenperature of 1700C to produce a
honbgeneous gel. The gel was then fed through a sl ot
die wth a wwdth of 600 mm and a thickness of 800nm
After being extruded through the slot die, the gel was
Radacrangeitestingwhthertapat h, thus creating a gel -tape
The gel tape was stretched by a factor ﬁ

The tensile erapgpies\eh thetape wastested By stk @Fé%ﬁ"’n@‘ irequggey of 38

E@%ﬂsﬁn@t&r l%qgr(;n @W\%rr@@%@u@ﬁh"é that ReeaeBYBforef nétamRlam. Wasther
ow 1% This dry gel tape was subse uently Strier@r“eofthe

mtla@w@@@ha@ﬁorqam@@'thvﬁ?tw&@ﬁ%ﬁéﬁg qrpploayge

flerl | P06 n, & |%§§IQJ§€|1 sHek8lof BORIMHLR IAstrai2OMaflamps, of type Fibre
tenperature’ o? 0C to achieve an final thickness of

iR 18kt er . Perfor mance testing of the tape The

tensile properties of the tape was tested by tw sting

the tape at a frequency of 38 twists/neter to forma
Fxamele: Brodustion ef armer parels &edhe 4P or a normal yarn.

Further testing was in accordance with ASTM

Adirstdayerebtaneaiwasnlrped) witlyParade! taprs adigrent i e%%bONh?ﬁ Agsecond
f 0

H Fﬁf;&g?cee%c\f&%”& t%;g&'@/é'g Eé(lgé&ﬂor'm R)gdf@lﬁb ﬂrgflléyéﬂ WMBFeasthe

oduction o

pug@nogsqu mtpn@s méb%sgpmidrlyeqm@y%pe@pn |55Ié5 q,@gg%lrectlon of the
éﬁ é"ﬁr&ha?&r thbs%quéﬁmﬁ‘% tﬁ@d @i émlasl PlaB&s bn Qiﬁ’tﬁfthe Second

a er of Jacent para

es was pla
{aygr. cﬁgatrmerperpcgqulardw?at SabaaLsTt FeS Mot o RACeHath a small
%ﬁﬂ?ﬁbbtﬂ 5nitR) a°'se§c91‘i‘;5’arlsé‘i/c?trhe‘4‘f?§t¢aﬁ$ IR shig Wa%radpﬁed fteminimize a

Irection of the tapes of the first |aye

Sgb%b'q@@ﬁwmylat@ pHepel efgsreat aRarial REREPToA fogR layer yag placed
%Sﬁférﬁ&clrlﬁ)é%weQQi?d By&e LR Re éH’ fit b@cérﬁéére&% Qfédsecond layer.

| ayer was placed wit smal |

hi f
(ThB PueCEsitrg Was repsaisaru! am atgabdensity KAowe% 57 'ﬂm W3S ﬁe?ched
X ape%)ogg lPAyERdThEVER rRoRRS Al ﬁre§§ ‘éHdtifEfe%Eé@Et &temperature of

i a certain |ocation. | ayer
ﬂHé@antﬂ)emr%QﬂW Bas fonfed mijuies. Pa%rg wa pert %r"gﬁdmdef
\*}géézshreaéntﬁggaﬁﬁgrgtdr@ of 5‘@°§%9 Achdndd o bdRding é@@rﬂd&ds&apphed to

S repeate an areal density (AD) of 57 k /mZ

\mmpeaowmnhwés dheslaskphad hgen félae@ %gg\ﬁé}()@"%&v@

[ and pressed at a tenperature of 1450C and
@B&@Sﬁ@ﬁ? 300 Bar for 65 nminutes. Cooling was

performed under pressure until a tenperature of 8C0C

was reached. No bondi ng agent was applied to
Performance testing of armored panels

The armoured plates were subjected to shooting tests performed with 9mm
parabellum bullets. The tests were performed with the aim of determining a V50 and/or
the energy absorbed (E-abs). V50 is the speed at which 50% of the projectiles will
penetrate the armoured plate. The testing procedure was as follows. The first projectile
was fired at the anticipated V50 speed. The actual speed was measured shortly before
impact. If the projectile was stopped, a next projectile was fired at an intended speed of
about 10% higher. If it perforated, the next projectile was fires at an intended speed of
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the tapes. Neverthel ess, the stacks had been fused to
a rigid honbgeneous 800x400mm pl ate. Perfornmance

wao e@viizay1of arnored panel s The arnoured pl at eSPEEER2007/003690

subj ected to shooting tests p@cforned with 9mm
parabel | um bul | ets. The tests were perfornmed with the
aimof determning a V50 and/or the energy absorbed
(E-abs). V50 is the speed at which 50% of the

proj ecti enet t he .ar noyr ed | at e,

BRsl iRl lohse ddastimpesl Fampararaertieys PeBbiieg; Uy vpgthe
Westadé bEHedhvo hithedtdtosd At t‘hd tWEﬁbvﬁd%eﬁdrforﬁhmsfm‘ha performance of
speed was neasured shortl

e mobt s aise celapiEd b ngrng BBEN engiay of P gppigptle o

980 laRb AVsLRSY ﬁﬁbel%ﬂth@fA@bﬂhb plddqihiapler . 1f it

perforated, the next projectile was fires at an

|ntended speed of about 10% | ower. The actual speed of
ﬁ was al ways neasured. V50 was the average of the

tvvo I'ghest stops and the two | owest perforations. The

performance of the ar mour was al so determ ned by

cakcutatangTth N TETOY roj ec T
ng&g gr.edl Vi dlgaéth S §E he Al%q{?khgﬁse pl at eSﬂrJBEr?gaEﬁbls)
RéklnvhmartlveCoﬁrpaM| ve Jékger) nent Aumas perf or Pn
Z}Eﬁmeﬂf med fromgcomercial ly avail abl e ul trahi gh
m) cul ar wei ght pol yet hyl enle (UHWAPE) uni directional

fiber1 The fi b628 wereBB&pr elgnat ed8and bonded 4.8get he

W—l—h%—@ﬂ%r}ux herrmopigstiicpot r—The strgagtih of
t he nol ayer 3?% orrpg:‘sgt i vie exp§?| nent| A vvaséig 8

GPa, which is the strength of the fibers tinmes the

fi ber content in the nonol ayer. The nonol ayers of the
conparative experinent were conpressed at about 1250C
under 165 baCompassive ex;banné‘rﬁ Anvasiperfortnedmnosheets farmed from

Bomiesly bl SEhloB mBERTr uLERH Sefier g A

uAiditedtdnanfiderr Mhe fibérs avemelimpr‘egmﬁeédndhbededalogeih\eewlth 20wt% ofa
th t

Ve AL 7 18 SPERRR L B, LI, AR orormert

waexEGPadiiich r‘mime\sedngthtdf tHesfibers titnes ther fiber cantest in the

d t
SRR TR TR e B S ) B0 s
mesI0 uhmeenes bﬁabmsswle fs:’rﬁfemmmledtb@rqm‘ueeenstheehwehme)nequwed

pr ced n|f|ca i ghe va

i Aty e iR eSS PYghe rhas oy sy OB s Bhdt o5 micron.
nult|layered mat eri al sheet conprising a consolidated
stack of unidirectional nonolayers of drawn ultra high
nol ecul ar wei ght pol yol efi ne, whereby the draw
di r ectrhenrefitstconfirutpas u&mﬁlayabemhm}ellaSsﬁneetWitb rsdracddyers not
differs, er t he thi c ness,Q
sorrtinsd HE e g, Bero Bt aenafe’ ok BRbt,§ 2 Tike produces

unexpectedly improved anti-ballistic performance compared to armoured sheets
produced from conventional UD fibre based muitilayered sheets. In particular, the
multilayered material sheet of the present invention produced a significant higher E-abs

value than a comparative sample from the prior art.
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strength of at |east one nonolayer is at |east 1.2
Gpa. 2 . Material sheet according to claim1l, whereby

wao b@78220engt h of at | east one nonol ayer i s conpCT/BR07/003690

between 1.2 GPa and 3 GPa. 3-13-Material sheet
according to claim1, whereby the strength of at | east
one nonol ayer is at least 3 GPa. 4 . Material sheet
according to claim1, V\,hereby the t hi ckness of the at
| east one nonol ayer is great an 10 mrm 5. Materi al
sheet according to claiml wher eby t he thickness
of at | east one nonol ayer does not exceed 29 nm 6.

I\/Iaterlal sheet accordin to clajm3, whe t he e
fihi cknésBuigiaygied raategal r&gﬂ@ra ?@88[5%3{!? §§8k of unidirectional
bet \/veenwo’ﬁowérs?& diadn ditra m@« Ribiealilab Werht aaszaéﬁhen gvHeeeby the
clains 1 or 2 , ereby the strength of

monol afEw ?%ecé'eﬂﬁf P’%‘éﬂ‘%@ﬂ%‘é’gﬁ"‘i’ y&%‘"ﬁh%s@ﬁg Iﬁgrs whereby the
Mat er i glicikrieesbf Aaeast @h@%dr@lé&bﬁd@éénotweéabﬂo time and whereby the
strength of at | east one mi)nol ay ? (S‘Erl sed _

bet weedtrangih ghat I9ast oppanonp ayeﬂ/ﬁt%r“?% - according

bo any I\/%@r@%hééi%c@ér@ﬁ@db %GalrﬁHaWHEEeb\Mﬂlﬁ?é steohdiimef at least one

pol yol efin conprises ultra ul ar _wei ght
pol yet RANSlayer 'f(S’O”TVéEF%‘? P%tlwe%géf E%@ éﬁ At o any one

af the\pr&rdhed sebadi to\WhmhabwhbRy e StRgHdh bPat least one
thickness ratio is at |east 4x1 013NAn3 11. Materi al

sheet HFOIAYPH§ A aghy @i%e of the preceding cl ai ns,

wher ebydidyen dhay LsafgiteRIaih 1t Whefth 3IRsIthedkhess of the at least one
nmonol ayers in the stack differs by an angle a of

bet weeMAslayggis greatethan A8 pr ef erabl y of bet ween 80

and 10@atdral sﬁ@ét%rcbéﬂdm‘gf‘@%talrﬁelc&rzj Whardoy tR&YhiekMesObf at least one
the preceding clainms, whereby at |east one nonol ayer

conpr i SEHOLRYET dees natexered 29 BMr ect i onal tapes of the

@r awn el shédiccadingtB @idim 3 WBefcbyRhdlinickebEDHE at least one
wher eby adiadcent tapes do not overlap. 13. Materi al

sheet Phi§ qompglﬁg}d Balvesn 3 and %ﬁlé’@edl ng cl ai ns,

wher ebyAkrid 8RSt RBEdHINBIRIRAE 1R PDWhERDY Indbtrdfth bi/at least one
of unidirectional tapes of the drawn polyol efine,

al i gnedREAYeE haomaregd peiach %9%2%&% 14. A

Ral li SMa‘t‘er\’a@%héét%Eor@Hg't6|c%lrﬁ@thFéb|9§ih@s Og@lﬁ bfét least one
sheet according to any one of clains

Bal | i sfanojaysy §t°é?ﬁ"tp“§?@ petweerndcdand Ad (t;%acl ai m 11
QONPr i §AdMériashé&akorlhgubiaAl IoRE lof HeddreFEUNY @MIPHSS whereby the

polyolefin comprises ultra high molecular weight polyethylene.

10. Material sheet according to any one of the preceding claims, whereby the
strength to thickness ratio is at least 4x10"°N/m®.

11. Material sheet according to any one of the preceding claims, whereby the
draw direction of two subsequent monolayers in the stack differs by an angle a
of between 45 and 135°, and more preferably of between 80 and 100°.

12. Material sheet according to any one of the preceding claims, whereby at least
one monolayer comprises a plurality of unidirectional tapes of the drawn
polyolefine, aligned in the same direction, whereby adjacent tapes do not
overlap.

13. Material sheet according to any one of the preceding claims, whereby at least
one monolayer comprises a plurality of unidirectional tapes of the drawn

polyolefine, aligned such that they form a woven fabric.
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16. Ballistic resistant article according to claim11
or 12, conprising a further sheet of material selected

woO e@miiedeel gr oup consi sting of ceramc, steel, BCT/EPIOTM)03690

magnesi um titanium nickel, efom umand iron or their
al l oys, glass and graphite, or conbi nations thereof.
17. Ballistic resistant article according to claim 13,
whereby the further sheet of naterial i s positioned at
t he outside of the east a

st ack
dfr i keAradistic Frsistant. arti%e ccggpnﬁlgq ?g}/aﬁ%réql @%ﬂtacg?rldfncgl tg any one of
accordiagnd otehai m 13 or 14, vvhereby t he thickness of

the furth heet of 5
i 10Balialq 30t PECIECTSHIANg ( A1E Lo aaTae Abeany 10

one of ygdRédRNABMondigyeryher eby a bondi ng Iayer 'S
present between the further sh

¢
A8t er i Sellighreesistant sril er@”?@'%{;’e‘%ﬂ& b#ngt 1|eélcﬂ'§‘pfls'f‘% ar}Brther

t he boggédidf hdy&Tal sawéu $roROthad g\mxﬁébr@rsnﬁ@af wumn: steel,
| ayer of inorganic fibe 20. Process for th

manuf adluTyRUBf Magpesiym g{aintyn? dckel, chromjum, acndéron or their alloys,

conpr i §|a@9 and @}ap‘mté%ldé&mb%dwhé tHe@éfcﬂ’r ed material sheet
accord %§t0 any one of | ai. nB

At or | BAllsEq weskant ARk aqeerdg?qaw'%@n%% &ﬂ“PFﬁd’YdP §Fltnr sheet of

ceram Fnaté*a@%' posfioHBd BtiRe dutdidbftAe sticRe$ mdAblayers at least at the
graphite conbi nati ons thereof; and (b)

consol §H'5?F?F§tf‘ﬁr@°§t acked sheets under tenperature and

RBESSUBSRIlistic resistar® bRERRSFccbRYingPloedda THorat 4 Yherdbyithe fickness of
tape conprisin extruding a sol uti on of polyethylene

havi ngthefurthershest ef 'W@é%@l”ﬁ}%%@W%ﬂ OMFecal i n at
1350) bahivkersRRM bttt dcBrdimitotthydnebfichHimsiab —a15, whereby a

openi n% havi ng a hei ght of at |east 200 m?rorrete
a

havi ng “Q’M‘@Hﬁ{ef'é Hﬁ%"?e@hpett"‘@?ﬂéh%f“”ﬁﬁr shegd of pgteprial indthe materia

stret CQhéEQ afce&dfrlgblb @npPloREBELIaRROY & 1d1€hd BOMBR@IayELcarhprising a
which a gel will forni quenching the fluid product in

a quenWV%Ph”%WQY% lRwRf fo‘”%ﬂa”'?rﬂ'?%'m ble liquid to

bar m apgslesp ?&Qh@hanﬁﬁaﬁﬁﬁé Bf anﬂnﬁﬁ: rﬁ@ﬁstalﬁf Qﬁldﬁtoompnsmg
renovi ng the solvent fromthe %"@&Ero uct and

opt i onéd |S§,acg<tqgeq @H|t|,|ﬁyefq§jem@t@rla agcordingtq ?ﬁyacpne of claims

stretch I a 5y B8hE&t Andt&@Rd keldBed 4dm thRQyréliP 66 ststiAf of ceramic,
claim2 1 wherein the solution conprising between

and 30wtesd @upiBrRetitayiLEY, 8lagh @nd igEaRNEE 0" @m%@%wnmqr%of and

bei ng af) doﬁ@@lhaﬂ@g thestadkeB @h¥ek hinbeN@ npRRfuR' ard prEssure.

obt ai nabl e by the method accordi n? to any one of
el ai ns Agwogess for preparing a polyethylene tape comprlsmg extruding a 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 having a height of at
least 200 micrometer and having a width to height ratio of at least 200;
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, optionally stretching the gel product, the total stretch ratio
being at least 20.

22. The process of claim 21 wherein the solution comprising between 5 and
30wt% of polyethylene and the total stretch ratio being at least 40.

23. A polyethylene tape or film obtainable by the method according to any one of
claims 20-22.



