MULTI LAYERED MATERI AL SHEET AND PROCESS FOR | TS PREPARATI ON

The invention relates to a nmultilayered material sheet conprising a
consol i dated stack of unidirectional nonolayers of drawn ultra high

nol ecul ar wei ght 5pol yol efine, and to a process for its preparation. The
invention also relates to a ballistic résistant article conprising the

mul til ayered material sheet. A nmultilayered material sheet
conprising a consolidated stack of unidirectional nonolayers of drawn ultra
hi gh nol ecul ar wei ght pol yet hyl ene is known fromEP 1627719 Al. This
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strengt h ofimawith egpseferad rangeodfHPer 18@ H@onpri sed between 1.2 GPa and 3 GPa,
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combi nat i ouitrahighemolecaiar weightipolyethylepe.cassgntiallyidexpid; of thoadingrmatids ddi%ov er

‘he k : . ' Ry . )
ant i bal |1 SRS HeRgar T GideP o SlE| e Wokifed ABBIISHE prapiotich Aot the
EP 1627719méltilayeresraatedabshesboconrding te BRI 1623718 Adeshowsrsrtisfagtonyhallisican
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the inventP age of the material sheet
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preferred matdrial.ayered material sheet according to the invention is
This object is achieved according to the invention by providing a
muitilayered material sheet comprising a consolidated stack of unidirectional
25  monolayers of drawn ulira high molecular weight polyolefine, whereby the draw
direction of two subsequent monolayers in the stack differs, whereby the thickness 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
30 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
antibaliistic 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
35 obtained with the multilayered material sheet according to the invention. An additional




5 characterized in that the thickness of at |east one nonol ayer does not
exceed 25 pmor 29 pmfor nonol ayer strengths of at least 1.2 GPa, 2.5 GPa
or 3.0 GPa and preferably for nonol ayer strengths conprised between 1.2 GPa
and 3 GPa, nore preferably between 1.5 g$d 2.6 GPa, and nost preferably
between 1.8 and 2.4 GPa. A further preféred material sheet according to
the invention is characterized in that the 10 thickness of at |east one
nonol ayer is conprised between 3 and 29 pm nore preferably between 3 and
25 pm for nonol ayer strengths of at least 1.2 GPa, 2.5 GPa or 3.0 GPa and

preferably af:i%ntﬁ%@@f R Pateidl SReehscconding tohe imRintiee i thatit St aged CGPa,
e

nd 214" CPASaUgh 4P plirhish Bpiesalat Mg SBEIVIERS SRaPHAID HaVRE o1 FPBRon | <

tcﬂar agt eri Zﬁim?é's ih Elrddigé obfafh ﬂ‘lb'délﬂi@? fe\@{)tl)f@ntlgﬁlﬂﬁtc ﬂgﬁeﬂﬁtég()' aye:j i's g{)eat er
an 5 pm preferably nore prefe m and not ,exceedi pm
for nmonol ayer strengt h@% g@{aygrega rial sheetaccosding tet 'ﬂr@ﬂ

pref er adl y chlRcfEpbad myhat thbrtﬁaaiés% di@méhbﬁ@ﬁb MehsIBRsT doed :GPaxeéw 25 (@hior

nore preferred between 1.5 and GPa, ang Er-:' efe ﬁ)eg bet and
2.4 GPa. 289Mm fRSL’PQ?WHYeT §t'?ﬂﬂth§19fc%t§§%ﬁ*9 % E’GriL r’Fg’B‘t‘ 8’{’ Paag, H’%ﬁ
al | monol ay@rfofti@r Eﬁ@nglhgbmanéewmeéﬁrs . G%@es&eaadmw pfwér’ébl a
mul tilayered naterial sheet wherein all nonol ayers gave th &P Hrﬁd ranges
for thi cknBeWeend SRS Ak RPREAFLMOSLBEIATAQY BRetasn L andha HiSFa A fUREer

monol ayer s prayrréemaliral Snsbt E\E:élm:l%'te MhERvERIISs @hardeterizbdTn thél tHe
uni di rectional tapes and nonol aéers Is neant, in the_context of this

appl i cHl i ofhiekngas obatdesst oo YR FPraprisRdebvesn? ABd 29 HBMat8 on of the

pol ymer chgidiérably HeffedH 3 aﬁa 28 m, Ifoemohaiayéestt@ngﬁfstdf@m@fst qlrzaepagz 58
tapes and nonol a¥ers may produced by draw ng, pref era%%_| é uni aX|aI

drawi ng, aRu3RiGia ang, PEﬁf?raQMbeWPBﬁﬁa&ern’i!@ﬁ‘Smsc%mWS detw
mul tilayer gpbaRioeé | @fer&hﬁqiewéeﬁ 18 éma@@ ah %&& ak&farawmém&eﬁ 1tﬂ éﬁdi

hi gh nol ecul ar_wei g et hyl ene, hi gh | ecul’ar wei g
oD ot byt o G, Baothen Bralertad mataish Shset S0caraiRgHo SroPuemtian s chaggerized
pol yet{y| epanhfih %ﬁ&néss %?aneealaf-fétmhaaf‘eﬂ .§g¥a%ialtna~aw Sﬁr&fé’i’aﬁl@? RRN

pol yet hyl ene wth | ess side chain car bon at ons,
pr ef er abl ymare nrqf%'gaiyﬁﬁam fn@l iNgbexgRedin n'sm "MTOEFWF sirengths of stjee#tdeZ

chain or bgpgc SWBﬁbloyGPQgﬁgﬂe%r@%réEI#t%bn&QY t@?@tlﬁié&ﬁpns%ude chai ns

may -3- suitably be measure ressi on noul ded
film as nbetwesnded Gﬁa@@Sﬁﬁama@feMbWﬁ%H ﬁmq/a@:gl"@n@msif urt her
contain upp,re rﬁed‘ﬂé cﬁé ot her al kenes that are copol yneri sabl e
therewi th, suc ropene utene pentene, 4-nethyl pentene, octene.
Pr ef er2b| yAlthaughi il in @at necessaryaacegdingto the itventigmthab sl manelayers havethe

intrinsic O of

at | east ﬁéﬁé&sﬂah%eﬁo}/thl g%ﬁa%ﬂéﬁgthf east dé?éd'%iﬁmdt%noég% i:‘glra{e eraﬁﬁof at

| east 10 ohmpgolaareﬂnapem@clarynmngss énrgmcknﬁseiandcstneogﬁes particylastygh

nol ecul ar é& pol yet hyl ene, UHMAPE. Intrinsic viscosity is a neasure for
g

nol ecul ar "that can nore easily be determ ned than actual nolar mass
paraneters |ike M 10akvidimctionaboionetaygtsanay be lobtained fnom arigpted tapesior

par {1 S8 2 e AR AFHleR A RareS, SHOREROILGETs fe meant in the context ! 2Pes

pref err ed application tapes ahd nfonolweramhlch showla prefemdmnemqim of dheppoiymer

conpr easi SAEALT A HEAISH, 485 HFP SrBafaL iflind s ien BRek BBS Bd Aers may
mel ting pobenprodioeedby deawing, qréferaply by uﬂnﬁxnédmhmmtandawﬁbembltamsntruplded
pol yrmer f ng. Such a process is for instance described in EP

0
0 733 460 'h?gh%?a?#qp? V%’?cor porated herein by reference. |If desired, prior
to fee®h ng and corrpresth@munﬂayededlmatéﬁalpbégtrnﬂh@mvdamn pﬂeﬁerpbly;cﬂmpnpenr\der

b i Lt h i bl d
T o Thafifte HighafieBilat fgiht baetoiiene e fis HEiofcll Wit cielryihed ' ™
Theemd i?’?ﬁbe?'gdamﬁ'fb??o"ﬁmmhfé?nwr“? inezg p"?ﬁ""’“*’:#?”“””“‘amet poc”
t he en
e T ne PpRISs 8 neeif Mgt b fohen 2ok tTte it 160 AT oiAE chRfbet
bel ts. Prefed edrbyn Wsnd sprefeamty with kss thdiro ¢ eiie. chain pemammetd:ms; @ be

dr avvatélse 'srfdé Qﬁalrsr %lr l:ranc}'l generally containing at least 10 carbon atoms. Side chains may




Anot her preferred process for the formation of filns conprises 25 feeding a
polymer to an extruder, extruding a filmat a tenperature above the nelting.
poi nt thereof and drawi ng the extruded polynmer film If desired, prior to
feeding the polynmer to the extruder, the polyner may be mixed with a
suitable Iiquid organi c conpound, for i Mt ance to forma gel, such as is
preferably the case when using ultra high nol ecul ar wei ght pol yet hyl ene.
30Preferably the polyethylene filnms are prepared by such a gel process. A
suitabl e gel spinning process is described in for exanple GB-A-2042414,
GB- A295166§u1§|§d? Be Anfalired l?{]dTlﬁQrpébm%ﬁicﬁbomB@%sioﬂ rSUIdEd filth, fisbr €
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compound, for instance to form a gel, such as is preferably the case when using uitra

high moiecular weight polyethyiene.

30 Preferably the polyethyiene 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

35 intrinsic viscosity, extruding the solution into a film at a temperature above the




ul trahi gh nol ecul ar wei ght pol yet hyl ene adj acent to each ot her whereby the
tapes overlap over sonme contact area of their |ongitudinal edges.
Preferably this area is 35 additionally covered with polyneric film The
mul tilayer material of the present -5- preferred enbodi nent does not
require this el aborate construction for4bood antiballistic performance.

In sone enbodi nents the nonol ayer may include a binder which is locally
applied to bond and stabilise the plurality of unidirectional tapes such
that the 5structure of the nono-layer is retained during handling and

maki ng of Hi%dblh?‘iémgéﬁuréh&ﬂ: dowhitRdfiltn béladem@gamg thmpecraiwl thereby gt EP
0191306 B1, EP 11709 EP 0683374 Bl and_EP 1144740 Al apPLeFagtlon of

the bi nder legstpartly geling thefilm; ad drawing thedilm) E: ‘AWM%%" ilises

t he tapes, phisdFrefitvbl fitHe EaEM pProduction cycles to be achi eved. 10Anot her
particul arPy preferred nmultilayer materi al sheet accordi ng%‘ho t he invention
conprises at |east oneQE@M'BQaVSFeraWVé'P@x@bFSF“ﬂW’ Q%HPF'OP'??B Igsimay B® of a

pluraligy edrig@iott s,emfehﬁaahommﬁe% Beh FHcans cempﬁaeex:r@é.wmcmu langthat
they forma woven structure. Such tapes may be panufactur %HF‘%@H ng
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strength vki'Fraé'tlth@Of%Hl?F M@&%?OWﬂ@ﬂW@mﬁ awipgds W@anf Y sptied Ayt HRigdallg o ot
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| east 8 unidy fo?ﬁFévﬂHg;'terﬁHélﬁhﬁdseﬁﬁt@‘i‘ib"@%tstrl%[&ffﬁﬁépbﬂz@ior|d?éiﬁhg 10

uni di rectional nonolayers. Increasing the nunber of unidirectional

nonol ayer stemper atureﬁmn to| 14P2C, and a straichdadar of O fopdrawing: iamRaTalIesHR 10 es t he
manuf act ur End);bf\fet 1 56‘@5 I{ Huigid alsa%wﬁﬁ‘hﬁihb@asﬁlp erafttﬁ'és | difehcH faltors of

antiballistic e I nvention also rela Rrocess for the

pr epar at i oabaytt 53 3219 rmnetmasaly% reachee: Bhis ﬁsﬁﬁé’éh@hfs@ depgsrunerghydor The
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plurality o drawn ecul ar wei ght pol yet hyl ene tapes accordi ng
to the |nv@ﬁaut@aGﬁaag@mrgmqmbe@btalm eis oriented in parallel to

adj acent tapes, and whehg by ik diaih thAURShATBY LBaY bb bl toMREGPa 30(D)

positioning said plurality ecul ar wei ght
pol yet hy| emenelayessoothey mayshseutita theit desiredwidthr o spiit along the diiksliongfer ;

drawing. The width of the thus produced unidirectional tapes is only limited by the width
20 of the film from which they are produced. 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
25 60 g/m® For UHMWPE, the areal density is preferably less than 50 g/m? and more
preferably less than 29 g/im? or 25 g/m>
A preferred multilayered material sheet according to the invention is
characterized in that at least one monoiayer comprises a piurality of unidirectional
tapes of the drawn polyolefine, aligned in the same direction, whereby adjacent tapes
30 donotoverlap. 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
35 additionally covered with polymeric film. The multilayer material of the present




(c) positioning a plurality of drawn ultra high nol ecul ar wei ght

pol yet hyl ene tapes according to the invention onto the first nonol ayer,
thus form ng a second nonol ayer, whereby the direction of the second
nonol ayer makes an angle a with respect to the 35first; and -6- (d)
conpressing, under el evated tenperature;”the thus formed stack to
consol i date the nonol ayers thereof. By conpressing the unidirectional

nonol ayers they are sufficiently interconnected to each other, mneaning that
t he unidirectional nonolayers do not 5 del am nate under nornmal use
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uni di rectignal nonol ayers, 15 nore preferably at | east uni di rectional
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nonol ayer s cadék 3058 adhidifedr abl y at | east 80 unidirectional nonol ayers. The
draw di rection of two subsequent nonol ayers in the stack differs by an
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ballistic resistant article accord g to the invention conprises a further
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The muitilayer material sheet according to the invention preferably
comprises at least 2 unidirectional monolayers, preferably at least 4 unidirectional
monolayers, more preferably at least 6 unidirectional monolayers, even more

20 preferably at least 8 unidirectional monolayers and most preferably at least 10
unidirectional moholayers. Increasing the number of unidirectional monolayers in the
multilayer material sheet of the invention simplifies the manufacture of articles form
these material sheets, for instance antiballistic piates. |

The invention also relates to a process for the preparation of a

25 multilayered material sheet of the claimed type. The process according to the invention
comprises the steps of:

(a) providing a plurality of drawn ultra high molecular weight polyethylene tapes
according to the invention, aligned such that each tape is oriented in parallel to
adjacent tapes, and whereby adjacent tapes may partially overlap;

30 (b) positioning said piurality 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

35 first; and




i ron and copper including their alloys as e.g. steel and stainless steel
and all oys of alum numw th magnesi um (so-cal |l ed al um num 5000 series), and
all oys of alum numw th zinc and magnesiumor with zinc, magnesi um and
copper (so-called alum num 30 7000 series). In said alloys the amount of
e.g. alum num nmagnesium titani um and 1 on preferably is at |east 50 wt %
Preferred netal sheets conprising alum num magnesium titanium nickel,
chromium beryllium iron including their alloys. Mre preferably the netal
sheet is based on al um num magnesium titanium nickel, chromum iron and
their all oy$.cofftrésdi ' ' b A tHugtibEned éthek & surisblidatgdiesl 35
durabi || tyxalf\?gwrﬁ%sﬁ@lgbg?e?g%ﬁ& ﬁﬁﬁﬁrragﬁé'gnd its alloys in the netal sheet
have a Bri nmsinolayersthaeofiness of at | east 500. Mbst preferably the netal

sheet is based on al UmB}%&nd?@ﬁﬂ@iHémnidi?écﬁ?tﬁé!%orﬁl@eH‘mb? afé saMisienthi S

results in the lightest "antiballistic article with the highest durability.
Dur abi | i t yinterconnesteshiol eashothar, meaniogthat the paidiregtiopsl mopel 40Nt nder

condi t 1 9nS Gl HHEEr ddtmaPade cdRliknd'cth kb @ ot Fsbrivkoretbere With A houg

the 5 further sheet of nmateria y be positioned anywhere in the stack of
nonol ayer s claimed prosees, equuitigyeredimaterialsheeh having mopplayers ofthe rrauieflzed i n

that the fus b Ay, 4 Lid Oned at the outside of the
st ack of ng{x%l{?l%s §H§§fres th W&h&b’l beSproRatdd.

nol ayers, no cferably at |east at the strike face t_hereiof.
The bal listic resi st aniThamulifayersaatsrial sheet acqording tr/ hednyantionds eadisylary o

conpri ses ﬁséfplriﬁ 1Y) nq%fshg rrg%iﬁégtbﬁél?ﬁ] dRH 2sVREBHdrmdRFe&RY plateshavi ng

a thickness of at nost 1 er _the maxi mum t hi ckness of the
f ur t het0 shBaliistis applicatipnsicompsise apalicationy withhallistis treatagaingb byllete ofsevessly

most pref e[@ﬁé Yofudii I%a:sl_r.mt %F@?‘Z?‘gtﬁﬁ;# Qo&!&ﬂe&’ﬂ?’? bR SintoRséy BRMoYPE 9Nt and

antibal listic prope _ In the event that the further sheet of
i'nor gani c deviess and hardpartisies suchaste.g1fragmente RRé sbrapnek he further 15 sheet,

preferably a netal shegj,e b%Fis@é rés%‘?aﬁ'z a%%&é%ﬁaardiﬁgg@fhgiﬁ@ﬁtﬁhldbrﬁ:trisb@@?t 0.5

mm and nost preferably at [east I'S ults In even better

ant i bal | i steiast enidirectiongbmonolayers, preferably at ipget 1Q,unigisectionabmonelayersr gani c
mat er i ' I = ' j ' B h
the il | Donf Broletabl el €381 29 BrigrBRIGIE ondiepls, bibrl MBABIRER ot Rask 00
sheet i ncl ot unigirectinnabmonolayersnand reosy prefetablycatileast 8P upidicgstionalt he surface
t her eof by ' afek ] ' ] bt e and
| am nat i ng"BRYES: The B dithon oF &S Gibseuen Mendtbjels T the stack oy "0
t he bal | i sahanglesifst Zhe angleiocis prefetabhdbetywebnbranddl3§”, merepmetesably, nay be
appl i ed be n e f ' rtndd material sheet.
Such adhesb\?ﬁg’%ﬁﬂﬁcﬂ%ﬁgghgﬁgéﬁggg‘i n,twgé'?)g*)%gggra Tesin, a

pol yur® hane resin or Rreferaplyctbedallistic rasist@nicirticlabtgordingdo thepvertidray er

o e er by BBEA DY e o ol iaf s €5bd At nigho P GoneiihGor |,
pref er abl ycéramic, nhetal, brefertblyfstedicalbminiurs; inagnesiurs titariurey vicke!echremium andt her
e | socFRS A Alark sk 308 ot B o ikt b By SRR "
I't is al sometasini¥uehicasathieanétal indhé metalsshestpreferably hae améling pyia_t ofdt eri al
Shert B TRARESUER, R BBt affed o RSP oot A Mbp1 898 €] a1 "
used in bahietsls incluierlimiaumo riaghBsivire titandurh hcopper, aipkieh chrokfium, besdisimay be
encount er elgri'ort: gr?d Lgépt:er}%clﬁ?ﬁge{he%rsalIggrfse f'.:lse {a?gl.) ls}éel 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
30 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

35 durability. Even more preferably the iron and its alloys in the metal sheet have a Brinell




-8- conprises a netal sheet covered with a ceramc layer. In this way an
antiballistic article is obtained with a | ayered structure as foll ows:
ceram c |layer/netal sheet/at |east two unidirectional sheets with the
direction of the fibers in the unidirectional sheet at an angle a to the
direction of the fibers in an adjacent tnidirectional sheet. Suitable
5ceramc materials include e.g. alum na oxide, titanium oxide, silicium

oxi de, siliciumcarbide and boron carbide. The thickness of the ceramc

| ayer depends on the level of ballistic threat but generally varies between
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sheet of M teﬂés%%l]%ﬁczfBétﬁfé%ﬁﬁvég#tﬁ%ﬁ%tﬂ%@é{% frapeTisd el i aﬁtee'

alum num tirtani u ass an I ons
consol i dat thaythetfartberasticetiobinerganicimaterialds avaetatishestiibe &lmsa@ﬂtnﬂfygb@rr e.

Co I t
o auld o Bkt Seraly BrAGEraRR JEaERRATAS RN InBRprBtrdilp ot 38 A81Himi " 2
30 rel ati vehg' nidist pieferably at heast 0.35 anre. This resuitsimever betterantiballisticThe

t enper at urg %&Haﬁgeconsol I dating generally is controlled through the
t enper at ur press. A mnimmtenperature generally is chosen such

that a reasonabl e speeThefurthensbeétdftinarganic nateridl meay. optienally be pesstfeatedso C
is a suitable at

| east 100 & orﬂsr tmﬁlﬁ'P'teqq’gp agg‘?%lﬂét #‘easﬁn%@éﬁ%%angé%ﬁ st;g'rggf'er a‘éﬁl@ dr% 'irr‘etatrhfht -9-
140 C.20A neithevurthies sheetdhcludes meclhammi treatroenttehe roughsning w@emmg\ﬁhech t he
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15 C and elgpinatingawithi pdlysthyledd filh.bel ow the nelting t errper at ur e of the drawn
polymer monol ayer. In fnagr?otﬁgng embodiment of the ballistic resistant article a bondiﬁg
layer, e.g. an adhesive, may be applied between the further sheet and the multilayer
25 material sheet. Such adhesive may comprise an epoxy resin, a polyester resin, a
polyurethane resin or a vinyiester resin. Preferably, the bonding layer comprises less
than 30 wi% of the ballistic resistant article, more preferably less than 20 wt%, even
more preferably less than 10wt% and most preferably less than 5 wt% of the ballistic
resistant article.
30 in another preferred 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
35 where a threat against AP bullets may be encountered the further sheet is preferably



5 drawn pol yner nonol ayer does not exhibit a clear nelting tenperature, the
tenperature at which the drawn pol yner nonol ayer starts to lose its
mechani cal properties should be read instead of nelting tenperature. In the
case of the preferred ultra high nol ecul ar wei ght pol yethylene, a
tenperature bel ow 149 C preferably beldw 145 C generally will be chosen
The pressure during consolidating preferably is 10 at |least 7 MPa, nore
preferably at |east 15 MPa, even nore preferably at |east 20 MPa and nost
preferably at least 35 MPa. In this way a stiff antiballistic article is

obt ai ned. I&ﬁg@ﬁsi AW sABet RUereanvat 4 Baiahficiagen et Bid way an entibdllistio Htidle 120
In

m nutes, depehd on conditions such as tenperature ressur.e anc{t art
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that cur Veﬂnia{?éé@ﬁhﬂ drlelCwith {Hediftetian 6f he fiberslR t esitiédionkl skt bean

advant ageous to first pre-shape the further sheet of r’r}aterl aé J nﬁo t he

desi red shange oftoithedisertion of thedbersiin smadiasem upidirecinnal shratSuitab

mul ti | ayer oSS {n%ger%pﬁﬁaua@@?gt iRRh¥ oxidB, MEREM &Ade lsiiRiuin 8xiBk Kilidkah| i sti c

resi stance, Co0O er corqf_r ession nmoul ding af hig erature is

h
carri ed oucarbitésandhaser gambides The thicknespof the getamic ’Wﬂg}’g yontheleyelfly at
east unti by hiaBlidHiefatly Yafied bbhicRftd il 8Yd S@rith CHfbalistiresistamn. Thi s

tenperaturé can be es y one skilled in the art. Wien a ballistic
resi stant aricleds preferaplyi pasitignad susctathat theoreramiclayarifaseshe balistc t'\ﬁ%ﬁtgjﬁ'?'s
50 1o 150cHies e T pRRACR opkntPAP T IER BN R NBRS 2 onprcasures
range 1kt ween 25 100 t hedwebtion alsprelaiasde armresaps farthe mamagiie iy even
o oes) chilh tRac et Sfmpiheliahgiey ), 120,10 160, Dot et
mnutes. (a)stacking atleast a'mujtilmred |r@gterﬂai@hqgtta;qcp@ingmag inveptigmand al | i stic
ot evi ous! y T AN BF ot i inaRaPeledpl iofHg orbuf CHAIIAG 8P Uoratic ateel
| evel of palominum ditanism: plask aodgraghite corepmhinations hereel Bpd Besi des
chel 18 { o{PT FotdiReiha fleMaken Sheb Tk etcbitol IahBRaRB AR pleatBls. T
sheets, formability, aAdrefered process-forttbemarsfactirs oig haliistic resistapt articlene
U scosi ty Earofes e bBeRle o "accor ding to mt hod PTC. 170 (Feroutes Inc
Rev. Apr. @ stackB@)atieasiahililayaied ahaterialisheetdiomnsising aeonsofidated stagk of
unidirectional monolayers of drawn ultra high molecular weight polyolefine, whereby
20 the draw direction of two subsequent monolayers in the stack differs, whereby the
thickness of at least one monolayer does not exceed 50 um, more preferably does not
exceed 29 pym or even more preferably does not exceed 25 ym, and whereby the
strength of at least one monolayer is at least 1.2 GPa, 2.0, 2.5 or 3.0 GPa (or more
prefererably comprised between 1.2 GPa and 3 GPa), and a further sheet of material
25  selected from the group consisting of ceramic, steel, aluminum, titanium, glass and
graphite, or combinations thereof; and
(b) consolidating the stacked sheets under elevated temperature and pressure.
Consolidation for all processes described above may suitably be
done in a hydraulic press. Consolidation is intended to mean that the monolayers are
30 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




5hours, with DBPC as anti-oxidant in an anount of 2 g/l solution, by
extrapol ating the viscosity as neasured at different concentrations to zero :
concentration; Tensile properties (neasured at 25 C): tensile strength (or
strength), tensile nodulus (or nodul us) .and el ongation at break (or eab)
are defined and 10determ ned on mul tifif%nment yans as specified in ASTM
D885M wusing a nom nal gauge length of the fiber of 500 mm a crosshead
speed of 50% mn. On the basis of the neasured stress-strain curve the
nodul us is determ ned as the gradient between 0.3 and 1% strain. For
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20 Pressure is preferably maintained at least until the temperature is sufficiently low to
prevent relaxation. This temperature can be established by one skilled in the art. When
a ballistic resistant article comprising monolayers of ultra high molecular weight
polyethylene is manufactured, typical compression temperatures range from 90 to
150°C, preferably from 115 to 130°C. Typical compression pressures range between

25 100 to 400 bar, more preferably 110 to 350 bar and even more preferably 110 to 250
bar, most preferably 120 to 160 bar, whereas compression times are typically between
20, preferably 40 minutes to 180 minutes.

The multilayered material sheet and antiballistic article of the present

invention are particularly advantageous over previously known antiballistic materials as

30 they provide an improved 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.



tapes of the first |ayer. Subsequently, a third | ayer was placed on top of
the second 15 | ayer, again perpendicular to that second |ayer. The third

| ayer was placed with a small shift (about 5nm) as conpared to the first

| ayer. This shift was applied to mnim a possi bl e accunul ati on of tape
edges at a certain location. A forth Ié@@? was pl aced perpendicular to the
third layer, with a small shift as conpared to the second | ayer. The
procedure was repeated until an areal density (AD) of 2.57 kg/n2 was
reached. 20 The stacks of |ayered tapes were noved into a press and pressed

at a tenpengiihethels &¢ Péferad tinlthé prasent applidafiorBainidssrotiienwiserindieatedCaoe i ng
was perfornmed under pressure until a tenperature of 80C was reached. No

bondi ng agéﬁ_th'\_ﬂ&@ applied to the tapes. Nevertheless, the stacks had been
fused to a rigidARGEORREsE @9§ﬁ@%mﬁﬁ&oﬁ®%é%m179memleef
pl a

arnored panel s The arnoured es were subjected to shooting tests
performed with 9inn. Revadpr. 28n1982) b 35°Crindecalin.dhedisgolption tmpdeing 16 t he
ai m of determni [fﬁ?iq’f ; 1 - ) 0 is the
speed at which 58%%1‘ wﬁﬁe pr o?égbﬁ%éfgg@m{'P?éng%ﬁ%_gﬁ??rz(agtﬁes%?ﬁog%%@mur ed plate.
The testing procesinapolating the visobsityas measured et difigrast sencentratipns f0ize8Q at t he
antici pated V50 %83%&9# actual speed was neasured shortly before inpact.
If the projectil e was stopped, a next projectile was fired at an intended
speed of aboue 10ensilegrepertieé (measiured at 25 &Q): tensde strengthr(of steanoth), 1easilg i r es

has al vays measaERUIGesr TRGURRESH gy Riored (or 8ab) e utREd sha | PR
two | oy@est per f odetenmined dhivaultifiafneniparos asfspetifedinmASTMARBBEM.J5INGA er i ned
b by 78 Pl i B S obIrBEPIER! bEosthedBoglrbrbosing
Thi ckness St r engOm 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
15 by weighing 10 metres of fiber; values in GPa are calculated assuming a
density of 0.97 gfcm®. Tensile properties of thin films were measured in
accordance with ISQ 1184(H).

The invention is now further explained by means of the following example and
20 comparative experiment, without being limited hereto.

Example and comparative experiment

Example - Production of tape

25  An ultrahigh molecular weight polyethylene with an intrinsic viscosity of 20 was mixed
to become a 7 wi% 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

30 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.




ggrrga;tive ms J/ (kg/ nm2) gm GPa Experi nent 1 526 388 18 2.2 A 423 250

-11-

Performance testing of the tape

The tensile properties of the tape was tested by twisting the tape at a frequency of 38

5 twists/meter to form a narrow structure that is tested as for a normal yam. Further
testing was in accordance with ASTM D885M, using a nominal gauge length of the
fibre of 500 mm, a crosshead speed of 50%/min and Instron 2714 clamps, of type Fibre

Grip D5618C.

10 Example: 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
directions of the tapes in the second layer were perpendicutar to the direction of the
tapes of the first layer. Subsequently, a third layer was placed on top of the second

15  layer, again perpendicular to that second layer. The third layer was placed with a small
shift (about 5mm) as compared to the first layer. This shift was applied to minimize a
possible accumulation of tape edges at a certain location. A forth layer was placed
perpendicular to the third layer, with a small shift as compared to the second layer.
The procedure was repeated until an areal density (AD) of 2.57 kg/m? was reached.

20 The stacks of layered tapes were moved into a press and pressed at a temperature of
145°C and a pressure of 300 Bar for 65 minutes. Cooling was performed under
pressure until a temperature of 80 °C was reached. No bonding agent was applied to
the tapes. Nevertheless, the stacks had been fused to a rigid homogeneous
800x400mm plate.

25

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
30 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




10Conpar ati ve experinent A was perfornmed on sheets formed fromcomercially
avai |l abl e ul trahi gh nol ecul ar wei ght pol yet hyl ene (UHMAPE) uni directi onal
fiber. The fibers were inpregnated and bonded together with 20wm % of a

t hernopl astic polymer. The strength of &?e nonol ayers in conparative
experinment A was 2.8 GPa, which is the sfrength of the fibers tinmes the
fiber content in the 15 nonol ayer. The nonol ayers of the conparative
experiment were conpressed at about 125C under 165 bar pressure for 65

m nutes to produce a sheet with the required areal density. The thickness

of the nonabayero River! The BRtusESpead ofispdih wais @iways reaheed 2450 was thenf i rm
that a nultilayered nmaterial sheet w.th nonol ayers not e ' and
havi ng 5 OHBEHS o the orTighPes SRS AN £s b BweBtpTasatinss Tk BByl

L nproved agid arhf&ldr h&hica;sbdo@étéﬂﬁimw lcamlmaan@m;tm?]armergyiosuhemreieqliﬂ@dmﬁd
rom conventional UD fibr as ti sheets. In particular, the
mul til ayeré’éoﬁﬂpé“f'@l"gém%gy%b‘?E&%@?@;&r‘&?ﬁ)ent i on produced a significant
hi gher E-abs 25 value than a conparative sanple fromthe prior art. -13-
CLAIMS 1. A nuftilayered material sheet conprising a consolidated stack of
uni di rect i GRegmMitdonol ayers of drawn ultra high nol ecul ar wei ght pol yol efi ne,
wher eby the draw direction of two subsequent nonol ayers in the stack
differs, whereby the thickness of at |east one monglayer does not exceed 50

pm and w%er Examples st|r eM§Oh ¢f Btabseadt OHiGkRESSol dyer Eength| east 1.2 Gpa.
2. Materi al .accgrdi t i1l whergby theg streggigh of @t | east
R S| oo

one nonol ayer I sed bet GPa and 3 GHa. 3. Material sheet
accordi ng|t &Expedment., jwhereby [the streggth of at |dast one nonol ayer is at
|l east 3 GPa—A4—MatertatgsReet acgggdrg o ggar m 3, wWierEgy tne|t hi ckness
of the at|least one_ngnolaver ]Jis greateér than 10 pm 5. Miteriallsheet
according[to clAim 1 dr 223whér eb35Q he [t hi ckéfess of| at | éaét one|nonol ayer
does not exeeed29—pm—6—Materteatl—sheet—accordimg—to—crarmmr3—wher eby t he
t hi ckness of at | east one nonol ayer is conprised between 3 and 29 pm 7.
Mat eri al sheet according to clains 1 or 2, whereby the strength of at | east

CecoraiBols ol 5 " g RelyBnG i e eg B HaLE oAhed R
commercially available ultrahigh molecular weight polyethylene (UHMWPE)
unidirectional fiber. The fibers were impregnated and bonded together with 20wt% of a
thermoplastic polymer. The strength of the monolayers in comparative experiment A
was 2.8 GPa, which is the strength of the fibers times the fiber content in the

15 monolayer. The monolayers of the comparative experiment were compressed at about

125°C under 165 bar pressure for 65 minutes to produce a sheet with the required
areal density. The thickness of the monolayers after compressing was 65 micron.

20 The results confirm that a multilayered material sheet with monolayers not
exceeding 50 ym and having a monolayer strength of at least 1.2 GPa 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

25 value than a comparative sample from the prior art.




nonol ayer is conprised between 1.8 and 2.4 GPa. 9. Material sheet according
to any one of the preceding clains, whereby the polyolefin conprises ultra
hi gh ol ecul ar wei ght pol yethyl ene. 10. Material sheet according to any one
of the preceding clainms, whereby the strength to thickness ratio is at

| east 4x1 013191n8. 11. Material sheet ﬂgtording to any one of the
precedi ng clainms, whereby the draw direction of two subsequent nonol ayers
in the stack differs by an angle a of between 45 and 135, and npre
preferably of between 80 and 1000 . 12. Material sheet according to any one
of the preceding clains, whereby at | egpAlM®e nonol ayer conprises a
plurality of unidirectional tapes of the drawn pol yolefine, aligned in the
sanme direction, whereby adjacent tapes do not overlap. 13. Mterial sheet

accolr ding t10 any Aomunﬁyletwrln_afee@ﬁfﬁw _cgi_r@'ﬁﬁﬁg avdmleasatuatai stfhdaét uridifectional
nonol ayer conprises a pluralit uni di rect1 onal . t ape t he drawn
pol yol efi ne, al i GPRIP! o Wav%ﬁ?!@hlsamfac‘ﬂfmﬂg'ﬁ%ﬂﬁwiﬁ%% Yrg_ere%‘ﬁl)&e
bal l'i stic resi st ¥fdw dirbétiinof NI BUbSSdI@nEmBRbRYErlin Hecgthclodiffersdwhareby they
one of clainms 1 to 10. 10? Ballistic resistant articl e%?ordlcrg tobclﬁl m
11, conprising athickness of gt lgastAnesmenclavsr doss Mok gxseed Stymeang Whereby the
resistant articl giraf§ifidliaf@abford MbAblaerds al RascPRBpai Ng a further sheet
of material selected fromthe gr_oughéio_nsi st ng oI ﬁifra ], C eel , al um num
magnesi um i t ani (fAteTA SReet aceprding ta'aiRy . wiareby therrtreng ‘I"fcﬁ? ashPi’s and
graphite, or compidhtidyerfs ddniriell belwed?nl RiGI4 Bnd 8BR4A.ant articl e according
to claim 13, whereby the further sheet of material is sitioned at the
strenpibeotial

out si de of 3t he sMateralshaghancapingtoglaimpl,whergby st AR% eof .

18. Bal l'i stic resifdntdyepistdttdst 8aseading to claim 13 or 14, whereby the

t hi ckness of . . . .
4. Material sheet according to claim 1, whereby the thickness of the at least one

monolayer is greater than 10 pm.

5. Material sheet according to claim 1 or 2, whereby the thickness of at least one
monolayer does not exceed 29 pym.

6. Material sheet according to claim 3, whereby the thickness of at least one
monolayer is comprised between 3 and 29 pm.

7. Material sheet according to claims 1 or 2, whereby the strength of at least one
monolayer is comprised between 1.5 and 2.6 GPa.

8. Material sheet according to ¢laim 5, whereby the strength of at least one
monolayer is comprised between 1.8 and 2.4 GPa.

9. Material sheet according to any one of the preceding claims, 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 4x1 0™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.




the further sheet of inorganic material is at most 50 nm 19.Ballistic
resistant article according to any one of clains 13 - 15, whereby a bonding
| ayer is present between the further sheet of naterial and the material
sheet according to any one of clains 1.44 10, the bonding | ayer conprising
a woven or non woven | ayer of inorganic fiber. 20.Process for the

manuf acture of a ballistic resistant article conprising: (a) stacking a
mul tilayered material sheet according to any one of clains 1 - 10 and a

sheet of material selected fromthe group consjstj f ' t eel
al umi num 14t ani Arhalligtiecasistapt AHEE ,"sﬁ'ﬂ %ﬁ#ﬂﬁg%lﬁ?:ﬁ?c%ﬁrgwo@;a@r@g )
g(r)gcszglslsd?glr ngrtegglraiﬁ,?]%¢a@30_lshe?hsl unde[ terr]]c:)erat ure andhpressure. 21. A
_ ) ol yet hyl ene ta or e in the ' heet of

ﬁny_ one of 1%/ ai nﬁﬁmﬁﬂesﬁﬁféﬁﬁﬁ%ﬁwma&‘i?'ﬁﬁ" ﬁ'_sﬁ?rﬂ?ﬁ'%'?‘tg g?‘t‘%éﬁ gdet ﬁylegneo
d?yéngngnélbné” Sﬁ?iﬁﬁﬁﬁﬁggﬂbmé@%w[fd- in derc]a! | E at f 135C) between about 4
. e . openi n vin . hei o ).
m cronet er 1&nd hEalisls rgsigfant s & grtg'tﬂ%g" (jfl %ﬁml a@%ﬂ%ﬁ@%ﬁgﬁﬂ%{ chi ng
the fluid produckhs@ymatdifal seRBRIGAIGH thegroupiconsistingedf cerinid, stesl, quenchi ng
the fluid product in a quench bath QOI‘]SI%I’] of .an i nm Sci bauid to
forma gel produ@ﬂﬁ'@iméﬁéﬁﬂ?ﬁumﬁﬁaw'ﬁ u@lf?mf%ﬁvp?'a’“ﬁ{g@alr’('?g’#t from
Strefeh ratio bepaes S Bt e ot £l ot 21 whcrein

( : [ 0. . The processg,.of. claim?2 ' h
sol ution cbhpri sﬁﬁﬁsw&antsﬂmamwg? claim 3&‘”9?'?%!%?\#%?56%%&# ©
stretch rati o bepjagerfl is goditiondd at e dutsiak)t tHeysiacicot mmprolayerkidt leasbattheabl e
by the nethod according to any one of clains 20-22, for use in the material

sheet of any onestoke facgitherepf.13.
18. Ballistic resistant article according to claim 13 or 14, whereby the thickness of

the further sheet of inorganic material is at most 50 mm.

18. Baltistic resistant article according to any one of claims 13 — 15, whereby a
bonding layer is present between the further sheet of material and the material
sheet according to any one of claims 1 to 10, the bonding layer comprising a
woven or non woven layer of inorganic fiber.

20. Process for the manufacture of a ballistic resistant article comprising:
(a) stacking a multilayered material sheet according to any one of claims
1 — 10 and a sheet of material selected from the group consisting of ceramic,
steel, aluminum, titanium, glass and graphite, or combinations thereof; and

(b) consolidating the stacked sheets under temperature and pressure.
21. A process for preparing a polyethylene tape for use in the material sheet

of any one of claims 1-13, comprising: extruding a solution of
polyethylene having an intrinsic viscosity (measured in decalin at 135°C)
between about 4 di/g and 40 dlfg 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, optionaily 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 cbtainable by the method according to

any one of claims 20-22, for use in the material sheet of any one

of claims 1-13.




