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 norolayers of drawn polyner, and to a
process for 5its preparation. The invention also relates to a ballistic
resistant article conprising the nultilayered material sheet.
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25 monolayers of drawn polymer, 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

30 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 advantage of the
material sheet according to the invention is that it is no longer re?;uired to use ultra high
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Particularly good results are obtained if |inear polyethylene (PE) is

sel ected as the polyolefin. Linear polyethylene is herein understood to
mean pol yethylene with Iess than 1 sidegchain per 100 C atons, and
preferably with | ess than 251 side chain per 300 C atons; a side chain or
branch generally containing at |east 10 C atons. The |inear polyethyl ene
may further contain up to 5 nol % of one or nore other alkenes that are
copol yneri sabl e therewith, such as propene, butene, pentene, 4-

met hyl pe ntlterse:;refen’tedrfm thereififercamg iybers frethiei mareniayes lof hiehipventienits hate Ai gh nol ar

1080 dPnsiE iendl & AP g 44 SprEaf LR S Sk 3Bp e STPA ByE ™ "
pol yet hyl enerel preferred at bfast almirttzcﬁ G@auémd mosfprgferredlarleam.abomd GPahlyisene.
Intrinsic Vi

t f I i.ght t hat i
be. ek or BB r e R RO Rl o U T e %5
sever ab ermodumsabf atedadt 4OIGP D Theee reihfdramgfibdns rrlaytbesmorgaml axlorgahi¢ S hi ghl y

dependent Qn nol e ht distri b tion.. Based 5. 37
R on . roprapng Hbe s sifatte bnstagucdrentorciy o e, R exaafes ks BPershe
equi val entcai'&bd\ﬁﬁebé and oerani6ibers. Satablepdrgahic reinfopeing fiiers with such a high

H gh perfaqr C yet Iene HPPE | bers I sti,n Iene

1 Panent s TPTRIP SEDaAE b PPt BabaTe e, (ioalackralii flerd)

descri bed,esb@crarquvrbq:henweﬁte’t@ﬂﬁtﬂérémtda;rndma &izf:t&ﬂiﬂ:é’%olyaree apdeédtreahtka’ used
esults in a ve

bal | i st f Th
oo B0 | el st S e hakPehamASEdies Bt BelSehzokzo ek, Bat Aty S ces s
eSE ent1 i al ![p%eﬁﬂ@ﬁé—-itasb@'fzobrsemdlé)QPBCB Qdrigoiyap, G:ﬁurrﬁddzot[wa-][b-f@-yet hyl ene with
a | intrinsjic. visc lon 1Nnto Ila
oo at LB InerBe ap EieT T rlena) GTe! 888 reea o s UBYane fhersnt s <o
bel ow t he ot Ggedidniisle,t fmtaumyvusyretcohbrahn@rpbtya@groﬁma rvﬁucraéré rﬁéﬁlﬁ‘t chi ng

the filaments before, durjn t he renmpval of Bo ve

;
The t e m EPRBER. FuArEs SRIgINGS fah SamAe. A OB SIS FREFSE TOREIRBIANG ! ci ng
fibergst ogiaéh.qrrerer’aarmaﬁdweeénsn@mng&h agatnem Izafsreé Sméfe pféfe@bl:ﬂ?ﬁi iteﬁgm by
oriented reinforcin tf Eﬂ’i‘f P nﬂ}? é}rt]d’]e E@R encl gse t he

rei nf orci rﬂ:ﬂb‘??rti@?%t F?q'ﬁef ?“ g’r@ i ?ﬁ"af’ﬁ“gﬁ thesg [ogrs in dhatithey Raveuct ure
of the nDReyEPigH tdrSilé errmgmd;oduétltney bed [paitizulin deryasiithBle tfer igaginof  pr ef or ned
sheets. The bi ndﬁéa I|e In various fornms and ways; for exanple as

a film (bydhielg (?F's F@'& “partially covering the anti ballistic

fibers), as a transversigtablenpdiyo@fint eré)mqramrérmﬁﬁjperyﬁferé bR@EEpdlymanrsver se
with respe(f:tm to unidirectional fibers) gnating and/ or enbeddi ng

re
the f#Ber &f gihyieng 208 RERRYISOSWNIGH BRY al§o QOWW%{“ nP PEAYities ofRnS or mergo| ut i on

or a di spetidrpolyfierd :@th@f&lht6th€ﬁbiﬁéﬂ:@-|1-dolyn%r‘sl quid. Preferably, matrix
material is hom)geneo |str| uted over, the e tire surface of the
Sopfge ts

nonol ayer, whereas a 6 apREed; HE’P@’ pelyethens (kg

| ocal |'y. %h&@alaetherpdzberﬁr@némmfb nefls Refdin GRYPS848@Pm@an EP 1170925
Al, EP 0683374 Bl and 1144740 A 5In a referred enbodi nent, the

bi nder i s PaYBtWYiEREMID IRs] 1R Traigechaln pertiy ?nﬁo% apdiprgferahbewith !?@3 fRareri al

or a pger Pr%eaértawpgmwcetom@ra i ERETICBr Brianth §eheiBily ddiRaifing 28 RldsPiy @
break of the matrix material is preferably greater than t he el ongati on of

the fi ber dtomhdhsilingarPlyetidengmay furthes rortpbiipoioi Mol oborsormen, other e
PLEI fnr) SFL?E‘?Q‘E%@ Iaaat cdpdlyleridable tREEKith Jiich aBIpRodeR! BReRS ddrtriNd-
methylpentene, octene. 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
30 dl/g; more preferably of at least 8 difg. Such polyethylene is also referred to as ultra-
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 1V and Mw, but such relation is highly

dependent on molecular weight distribution. Based on the equation Mw = 5.37 x 10¢




‘30 materials are enunerated in, for exanple, WO 91/12136 Al (pages 15-21).
In the case the matrix material is a thernosetting polynmer vinyl esters,
unsaturated pol yesters, epoxies or phenl resins are preferably selected as
matrix material. In the case the matrix material is a thernoplastic polyner
pol yur et hanes, polyvinyls, polyacrylics, polyolefins or thernoplastic
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25 In a preferred embodiment, the binder is a polymeric matrix material,

and may be a thermosetting material or a thermoplastic material, or mixtures of the
two. The elongation at break of the matrix material is preferably 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

30 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-

35 polyethylene-butylene-polystyrene or polystyrene-polyisoprene-polystyrene block




The tapes according to the invention nmay be prepared in the formof fil ns.
A preferred process for the formation of such filns or tapes conprises
feeding a 35 polyneric powder between a_onbination of endless belts,
conpression-noul ding the -6- polyneric powder at a tenperature bel ow the
melting point thereof and rolling the resultant conpression-noul ded pol yner
foll owed by drawi ng. Such a process is for instance described in EP 0 733
460 A2, which is incorporated herein by reference. If desired, prior to
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25 other alkenes that are copolymerisable therewith, such as propene, butene, pentene,
4-methylpentene, octene. Preferably, the linear polyethyjene is of high molar mass with
an intrinsic viscosity (IV, as determined on solutions in decalin at 135°C) of at least 4
di/g; more preferably of at least 8 di/g, most preferably of at least 10 dl/g. Such
polyethyiene is also referred to as ultra high mofecular weight potyethylene. Intrinsic
30 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
35  polymeric powder between a combination of endless belts, compression-moulding the




-7- 'pol yethyl ene tape characterized by a tensile strength to thickness
ratio of at least 4.5 x1013 N nB. Preferably, the tensile strength to

thi ckness ratio is at |east 1x1014 N/rn’:?B 1.4x1014 Nre 1.6 xi 0"4 N nBor
2x1014 N/ nB. Pol yethylene tape or filmwth a conbination of high strength
and |l ow thickness relative to tape or filmdescribed in the 5prior art
advant ageously results in inproved antiballistic performance from
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| ai med strength range of GPa to 3
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tapes or nonol ayers CaPre?ér%Blygtﬂe PSIyéﬁWeﬁg fﬁH@éref’bréﬁérga bg%ﬂgﬁ Pro'c@.’éé ance

between 3 and 200 pm Preferfed thickhesses of th
range bet wb&Hitaple gal spinning progessis sleserihedda f%’(ﬁxﬁﬁ'@l\? @Bmoww%f e
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anot her enbodi ment of the pr esent i nventi on, re erre ckn ss of t he
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The stren
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clained rdniinpisyissesitie extrydieg thﬁ(ﬁoﬁdmﬂﬂp@r@m 3 agemperature abavetheal sheet i s
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25  partial removal of the solvent.

Advantageously, it has been found that the preparation of
polyethylene tape or films by a gel process more readily produces tape or film that has
improved anti-ballistic properties. In one embodiment of the present invention, there is
provided a method of preparing a polyethylene tape with a high strength to thickness

30 ratio comprising: extruding solution of polyethylene having an intrinsic viscosity
(measured in decalin at 135°C) between about 4 di/g and 40 di/g through an opening;
stretching the fluid product above the temperature at which a gel wilt form; quenching
the fluid product in a quench bath consisting of an immiscible liquid to form a ge!
product; stretching the gel product; removing the solvent from the gel product and,

35  stretching the gel product, the total stretch ratio being sufficient to produce a




A preferred nultilayered material sheet according to the present invention
conpri ses a consolidated stack of unidirectional nonol ayers of drawn

pol ymer, whereby the draw direction of t subsequent nonol ayers in the
stack differs, 10 whereby at |east one nbnol ayer conprises at |east one
unidirectional tape of the drawn polynmer, each tape conprises |ongitudinal
edges, whereby the nonolayer is free of an area of el evated thickness

adj acent to and along the substantial |ength of the |ongitudinal edges.
Anot Eer pr qj&yﬂl&gﬂe@iaﬁbloﬂ;m@izeﬁbglaitehsilshalﬁehgmctoohldkni@stratid bfﬁatﬂé?gi%@t :c on
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uni di rect i gHA ﬁlg rS%r"i’lﬂ% t%‘? %ﬁﬁ”%#‘?’i&é% ﬁﬁ‘"ﬁ?ﬁ %863 ?He?ﬂé'xgéﬁ@h“%ét
direction, V\lﬁﬁ‘roébb{lrﬁ’dhéﬁlﬂﬂu NApRS ziaoﬁmlrrﬁvl@us!yanylene tape or film witha Thi s
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20mat er gal gtios @H@ﬂedntage&%wl@%m@a wﬁbrdv&d RIhBWIRAR peYfoRABMdd fdth Muiflayered

plurality of tape trahi ecul ar wei ght pol yet hyl ene adj acent to
each ot her %t@pglb%\epﬁeprp t&@/gﬁp over some contact area of their edges.

Preferably this area is addltlonally covered with polyneric film The
muftilayer material of res referred enbodi nent does not reqwre

this el aborate constru 9‘*8Fe B wyidxial drawing, of the pradueed finicmay be

Anot her pardakad éitlby r@ééﬁsﬂ(ﬂbﬁﬁ umﬁetad BRA nﬁ@ér@rdoﬁ{prﬁa%%ruﬁﬁﬁ efrétcﬁ&gtéhdt he
I nvention conprises at |east one nonol ayer, preferably all nonol ayers,
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etc. of sndlitra glshlﬂtﬁefaﬂafdmam Peivetylened ﬁtdrewmgas typisali casisryaut eniaxialiand

ultra hi gh.ﬁalr@mﬂeabfm stepé TRk Hrdtiawihg sBY thif WravstarddiSootiprises have the
sane thi ckness, and stre?‘&ﬂ val ues as required by the invention. The y

be fi xat ed 93wisgite astretrhipetar ¢fd- Muftiple,draying mav&m@"wre%mmtmh f

The nuhgi %ygrfomhﬁmgatbw@awreags% 420, tacstrfel&sh fabiop b 29fbrﬂ?£&.ﬁ§ abl 'y
35corrpr| ses at least 2 unidirectional nonol ayers, preferab | east 4

uni di rect | $erAPeraiHEa® MR R 140 CraRe astretchifagipy of-R0 fos deawing Iﬂ'i"'ﬁﬂ"?fé'fﬁﬁ Whig)
nmonol ayers ,anﬁ‘é%ﬂvér%@"@ By rﬁﬁlﬁﬁ]b)ﬂrﬂln% %ﬁﬁzbre%slﬁ@'térhb@ﬁ&ur@g %tre@%l:ﬁ%eﬂs and

nost preferabmy | east 10 uni direckional nonolayers. |ncreasin
number of 50219 BRI My heIredRkes. s fesuitein hioh sirengthderss, whe éor of the

i nvention gifga ffuuﬁash.ghﬂqdr@dwrwgm909tetrarernt90!h%$;|£.%msﬁbg§aﬁ¢ .gq*él : gar et

sheets, for instance antiballistic lexible anti

may ad9@nt &fies? QPB@"Gr@%TQﬂWW"SBE&PFW%et ween 4 and 8 nonol ayers

according to the inventfmhtesulting drawntapes may be ul_&?aé @M&Pfd&ﬁdﬁéesé’ relates
to a process for the preparation of a nulti éere mat er 1 al t of the

cl ai med typenciayer. o dheysuan be shide deit desined widiheor sriihaleng Siepdirestien phie st eps
of : drawing. The width of the thus produced unidirectional tapes is only limited by the width

of the film from which they are produced. The width of the tapes preferably is more
25  than 2 mm, more preferably more than 5 mm and most preferably more than 30 mm.
The areal density of the tapes or monolayers can be varied over a large range, for
instance between 3 and 200 gimz. 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
30 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 pm, more preferred
between 5 and 50 pum, more preferred between 5 and 29 ym and most preferred
between 3 and 25 ym. in another embodiment of the present invention, the preferred
thickness of the tapes or monolayers are at least 10 pm, but less than 50, 28 or 25 pm.




‘(a) 'providing a plurality of drawn ultra high nol ecul ar wei ght pol yet hyl ene
tapes according to the invention, aligned such that each tape is oriented
in parallel to adjacent tapes, and mhergpy adj acent tapes may partially
over | ap; (b) positioning said plurality of drawn ultra high

nol ecul ar wei ght pol yet hyl ene tapes 15onto a substrate thereby formng a
first nonolayer; (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

monol ayer, thus form ng a Becstremgtioofdhe fapes onineonelayersimagialsaciie warieaf oviene
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strength n&zg produced. A particularly preferred method conpri ses
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I nvention conprises at |least 2 unidirectiopal nonolayers, preferably at
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uni di r ect i gdjadentRipels oot oveYa) nore preferably at |east 40 unidirectional

nonol ayers and nost preferabl at |l east 80 unidirectional nonol ayers. The
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25 performance.
Another particularly preferred multilayer material sheet according to
the invention comprises at least one monolayer, preferably 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
30  as weaving, braiding, etc. of small strips of drawn ultra high molecular weight
polyolefine and ultra high molecuiar 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
35 comprises at least 2 unidirectional monolayers, preferably at least 4 unidirectional




metal s include al um num nmagnesium titanium copper, nickel, chrom um
beryllium iron and copper including their alloys as e.g. steel and

stainl ess steel and alloys of alum num w th magnesi um (so-called al um num
5000 series), and alloys of alumi numw th zinc and magnesi um or with zinc,
magnesi um and copper (so-called alum num 207000 series). In said alloys t he
anmount of e.g. alum num nagnesium titaniumand iron preferably is at

| east 50 wt% Preferred netal sheets conprising alum num magnesi um

ti t?ni Ug} ﬁ'idhb@yersc hfdbgbtﬂierablyrat Iéagu&mnidireu:dﬂathmdblagettsbeiren mot®ys. Mre
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The 11 et mBycRvaniaBRm bepERAd sanTG ReWEn A assLE MO BYREACCORAG: v e,
| i ght and wh@a,wea,rﬂb@n Al t hough the 30 further sheet of material may be
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| east at the strike face thereof. The ballistic resistant article according

to thelQ nvé@mpwsﬂhéﬁ%&fy 35 conprises a further sheet of the above
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is 75 nm Besasdipe & tedpysntion. shgned suchihat eiﬁ"b‘ﬁ@?é?o‘l"’iﬁw iRargigl 0 resul ts in
the best bgﬁa&&ﬁ t?p?éswﬁﬁ&‘%r&?tad?d%@nﬁ@bé:bﬁliab'pihla‘l}y Bvamgy;ties. Preferably in

t he event at the further sheet of inorganic material is a metal sheet,
t he t hi cknéa)$osiioping Sﬁ@rﬂlleé‘PtYSPng?éf@‘t U“fﬁPW‘&'BF‘}‘%W%FBPOM‘PF@E'?"G tapest | east

0.25 my nBﬁt%aows%?etrh&re%mmﬁaﬁrémmra@eﬂ most preferably at |east 0.75

mm This results 1 n even better antiballisfic performnce,
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pre-treat nent the further sheet includes mechani Cal treatnent

r ougheni ngwbereby dhadirertion of therseseed mepplayer makesaangle Wil resaestdo thfhem cal
etching w kfa g nitric acid and laminating with polyethylene film

I n anot her errbo iment of the ballistic resistant article a bonding | ayer,

e.g. aP adfidsomeressing the thusdpiresd sackatan elpwated farmrgratine tq cansalidate the

mul tilayer monolayers thereof.

By compressing the unidirectional monolayers they are sufficiently
interconnected to each other, meaning that the unidirectional monolayers do not
delaminate under normal use conditions such as e.g. at room temperature. With the

25 claimed process, a multilayered material sheet having monolayers of the required
thickness and strength may readily be produced. A particularly preferred method
comprises aligning the plurality of drawn uitra high molecular weight polyethyiene 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

30 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 {o 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.

35 Ballistic applications comprise applications with ballistic threat against projectiles of




15 material sheet. Such adhesive may conprise an epoxy resin, a polyester
resin, a polyurethane resin or a vinylester resin. In another preferred
enbodi ment, the bonding |layer may furtheg. conprise a woven or non woven

| ayer of inorganic fiber, for instance glass fiber or carbon fiber. It is
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i on of two

ultra high,mol ecul ar wei ght pol yolefine, whereby the draw directi(
subs equental%WHF’aﬁyﬁ? E‘aﬁﬂg?’w@%?"ée‘{@%?'k'mw 3@992%’9@@;), @Re 2lleyxs plalyninupy
t hi ckness witt Zinc afd aiaghesisin opmathrEmy Infagesium Ay @pbet [Ralcafle® altdisudy M8, and
a fur tZBer Jﬂaﬁet .Of F;ﬁtﬁer i al iel ected from t] he, 8r oup consi sting of ceramc,
st eel #Val Niuka ‘%ﬂ{?"yal Bg aMoHAt ofiep ANty MAgRBsiHm: litgAlum ard Ben ;. and
(b) consolgrefetdbngistd teast 50 Wed. BRgatsd MBEEEhdREBEMBASIFG aRfinhessur e.
Consol i dation for ?.I | .proces e% descri bed above nay suitably be
magnesium, titanium, nickel, chromium, beryllium, iron including their alfoys. 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
25  durability. Even more preferably the iron and its alloys in the metal sheet have a Brinelt
hardness of at least 500. Most preferably the metal sheet is based on aluminum,
magnesium, titanium, and their alloys. This resuits 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
30  further sheet of material may be positioned anywhere in the stack of monoiayers, the
preferred ballistic resistant article is characterized in that the furiher sheet of materia! 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
35  comprises a further sheet of the above described inorganic material having a thickness




15done in a hydraulic press. Consolidation is intended to nean that the -
nonol ayers are relatively firmy attached to one another to formone unit.
The tenperature during consolidating gen@rally is controlled through the
tenperature of the press. Amninumte rature generally is chosen such
that a reasonabl e speed of consolldatlon I's obtained. In this respect 80 C
Is a suitable lower tenperature limt, preferably this 20lower |imt is at
| east 100 C, nore preferably at |east 120 C, nost preferably at |east 140

C. A maxi mughdt eHgRen a0 wing. Prefepblslp tie makimun tm:kheémerrtaémrmeitshééﬂ ahndrbgmer awn
pol ymer nonol a bs | ose their gﬁgg %cham C %pgtles due to e.
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r wn p
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which tige dyren dperk amatmlsawr isSdt dds$ 0128 rhlﬂsﬁ:oi'é Ere'?@'ﬁﬁ@@t‘l‘@éstﬁrﬂﬁﬁft I es
shoul d be read |nste mel ti n&tenperature e casé of the preferred

ul'tra high 3RSl BestPe emhgﬁtt'efﬁsl% my- diis reau*t%ﬁﬁ@eabaﬂ@r antibgliisticy C

preferably Qajopwadde! C generally will be chosen. The pressure during
consol i dating 30 preferabI%/ is at least 7 MPa, nore preferably at |east 15
MPa, even nore pref er abl he fiftheresheet stinpraanisraatadalimay eptionally 9e@re-treat9d 35

VPa. In thii§ ok @ikl aaﬁag.&ﬁhﬁh el fuBlaYbhtehisl actigirdbie e (5.%-%

time for consolidation genera ranges from5 to 120 m nutes, depending on
condi t i18ns Cémfuébet%‘?ﬁﬁgmqﬁ'ﬁé mq&hé%alrtéeaémmtpﬁastrovgh@kmmgeclamingme be

verified tfyu?eae@tﬂe%ksfwesaﬁaﬂsrdrgﬁm. '&ﬁm.‘?vefdﬁﬁg%gg b.gt Ritéic S84 4R

35antiballistic articlés are to be pfoduce dvant ageous to first
pre- shape tlaminatingwith potygtwlesgdém. of material into the desired shape,

fol | oved by consol i dat {iAgrigiehel B bARBILABRCIRIsid st Bondb S | o

sheet. Preferably, in order to attain a I stic resistance, “cooling

after conpr@gsi®a. abadhasivg atayme@ppﬂletﬂrb@wm@ fustheashees and dire tultitayer
pressung asnyelihl- shés’{ %%éh'%ﬁhéﬁveoﬁngff%ﬁl%é’e g@bp&g@% Qtp?lﬁ@t%} rédfild the

tenperature is sufficiently ['ow to prevent IS enperature can
be establi mwrﬁbalaﬁméesykwa‘éwieﬁe'f Wémam anafperprefeged iemnodimentsthettmnding

article congydy unﬁaoéoayp%é aQfoventdrmolivilveA ™ FB# Abn gd% cgﬁﬁerp@ ?‘\E{a?ééene

i s nufactureﬁ' typi cal npressi on tenp eratu €s ran rom9
pr ef er abl y dlassibenar @beql?s@@f fi‘jﬁpﬁﬂé%lpo%ﬁb‘ﬂ@t%%tiﬂcbﬁh@ﬂéﬁmBb%etﬂaﬂyiembﬁdaueen

10100 to 3%@@&1%8&9&%@9‘5%[&#&%95 18R g. ‘Q’eﬁeﬁn%aﬁo%m &7sH Y. Fidres are

typical |y between 40 t'o 180 m nut mul t'1 I'ayered
materi 8P s Hv@eﬁmarlaveamefer@bm f@@ua:reéatwelw llew weighh erefeeabbnat mosta3d, anorer e

parti cul ar L yerafugdat A% % 4Rh nqc;r%;araﬂéﬁleafamemoﬂﬁtér@arhbééarbfeﬁgptawogiS as

they provide an I nprove l'eve otection as es at a | ow
wei ght . 1588 pHas tetal weight of theaitislealicte eyenisbatithe ballistid nedistdrd artictest ance
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other materi a eets, formab
bullets may be encountered the further sheet preferably comprises a metal sheet

25 covered with a ceramic layer. In this way an antiballistic article is obtained with a
layered structure as follows: ceramic layer/metal sheet/at least 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 unidirectional sheet. Suitable ceramic materials
include e.g. alumina oxide, titanium oxide, silicium oxide, silicium carbide and boron

30 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 alsc relates to a process for the manufacture of a

35 ballistic resistant article comprising the steps of:




Test” methods as referred to in the present application, are (unless
otherwi se indicated) as follows 20 Intrinsic Viscosity (IV) is determ ned
according to nmethod PTC- 179 (Hercules .kpc. Rev. Apr. 29, 1982) at 135C in
decalin, the dissolution tinme being 16 hours, with DBPC as anti-oxidant in
an amount of 2 g/l solution, by extrapolating the viscosity as neasured at
different concentrations to zero concentration; 25 Tensile properties
(measured at 25 C): tensile strength (or strength), tensile nodulus (or
nmodul us) arkd) Spekitnat leastamyfilayerreddnatera)shaplacgerding:to thadnvestien ahdad on

multifila 2 e ' j
Tongt h of  {iiineY 8p8t i nckge afriel Sel@AElRiRYlordia) SghsThiMO b BlanfiB ieel,
of the neasglundoumst iteaisins glass and @rarhiteher ¢amhinations shereekantined 30as t he

gr adi ent b Ao fiafing b 4 Hebts Filer RSeitfd 8 Blestlie, moCUl Us and

strength, e tensi rces neasure ed by etitre, as
determified by wei ghi ng Alrefastadguocsssifoibe marafactyreiofl adrdlistic eesistantdrttled

assum ng a | f . g/cnB. Tensile properties of thin filnms were
measur ed |ﬁg@§§%‘%§d‘2§gte V\Il%t%h | SO 1184(H). Exanples Exanples 1 & 2 -

Product i on(ajfstacking HAeast btmuitiayeredwhatendl sheetaiogiprisingl a/earsplidated StadkoPE)
W ool PPl R5R%e1 Y B he ok RLARANE At gl o
t enper at ur theodraw tir€ctian pfrted stibsenuentrogeniagers iy die statiedifers, waereblydhe f ed
Loy ool Sl it B Bhe R RN ML R o SN, o™
bat h, t husfurtheasheey chmatdriel sglected frengitle grayrecomsisting oetermerc, Isyeed, f act or of
2o o el R AE ke Sl o R B R AR O LY P L 2L
wound on a(kj@ohsdlidatingtherstacked isheets undaetehgpieeatureraat presgureonsi st ed of two
SLroLohng Stebe . T LhahiahockE Mhahes ARPuRER R BBy slibie. ool
tape v rdeiecid aydradicipress Moosgfidation dvistendgdhitomedi that teomdnslayersene ng
oD o Do ot SRS T8 5o R |
t hi ckness cdnsbidatingrgenerally isReorftrolied threughethie itergparbturé of thepredA minaime
grsopert ! este(lgﬁp&t Sretgé)n%%ﬁﬁsr ghés%%ts%%h WattaWegéén%gletshp%e%ad?%o%olfaattlgneiguency of
obtained. In this respect 80 °C is a suitable lower temperature limit, preferably this
20  lower limit is at least 100 °C, more preferably at least 120 °C, most preferably at least
140 °C. A maximum temperature is chosen below the temperature at which the drawn
polymer monolayers lose their high mechanical properties due to e.g. melting.
Preferably the temperature is at least 5 °C, more preferably at least 18 °C and even
more preferably at least 15 °C below the melting temperature of the drawn polymer
25  monolayer. In case the drawn polymer monolayer does not exhibit a clear melting
temperature, the temperature at which the drawn polymer monolayer starts to lose its
mechanical properties should be read instead of melting temperature. In the case of
the preferred ultra high molecular weight polyethylene, a temperature befow 149 °C,
preferably below 147 °C generally will be chosen. The pressure during consolidating
30 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
35 antiballistic articles are to be produced it may be advantageous to first pre-shape the




twists/nmeter to forma narrow structure that is tested as for a nornal

yarn. Further testing was in accordance wth ASTM D885M wusing a nom nal
gauge length of the 25 fiber of 500 nn1_1%50rosshead speed of 50% m n and

| nstron 2714 cl anps, of type Fiber Gip 618C. Exanples 1 & 2 - Production
of arnor panels fromthe tape A first layer of tapes was placed, with

paral l el tapes adjacent to each other. A second 30 |ayer of adjacent

paral l el tapes was placed on top of the first |ayer, whereas the tapes of

t he secondfurtgesheat b materiaéintt thel desired shape, fellpwed by donsolidating witinthe .

Subsequent dnofagg{yhgaq%lgrq‘m{" Qﬂeﬁgﬁ%egfht op of the second layer, again

per pendi cul ar $eeong ird layer was placed with a small
shift (about 5mm as céEmfarabty, imordbetofattamah@dmjlisﬁ'dneesiéthmcte,waehrm &fedrf t ape

wi dth. Thi hift. i L0 n ossi.bl -15- accu ation of
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procedure was _repeat t|| real ens
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was perforned nlder- ure u b{ erat re of 80C was .reaghed. No
bondt ng. agBTiveiEns snaaaarradhlyplof cumPREVED Hrirdatuies TR MR E0RAY been
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Fr agnment sbweamogo%@mte¢es (FSP: Exanple 2). Both tests were perforned
with the aimof deterninin V50, and/ or th ener )sor.b abs V50
is the speed at whi chnlg’b%ﬁ'g’ft?ﬁ"i‘?éedp'inﬁ eé'@[‘f"'feﬁgaw Ap sg 9?%1?&%? ur ed
pl at e. Theint@stionrge paticaldty edvaaﬁaga@ufscdvépmwomsz khowa ranﬁlbammtmé@nm%sf i red
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pact . 1ty Brtyids At e Bvegtlevel o pilecten it Knve] adbiR et adav A at - an

i nt end1€5d SB@abslﬁail&lﬂawés@tﬁ%dﬂpgfwruesl ifcludie ﬂﬁrrfs@dr%b&léat &ﬁﬁsllﬂﬁéhelﬂrﬁl eCtl l e
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i mpact wasJSlPURAIONfesisianey g cﬁP%%dﬁP eﬁ@‘ﬁ’\%{?! P’@"p"é@t@ﬂ“ﬁ?ﬂ'% ang sq east 2
stops and gh.perforati ons were obtained. V50 was the average of the two

hi ghest st he t | Qques erforation The rforpance of the
o wnst St et Hieds i elbdrecy T e Agp R Eon Ao (s thgies npigetec)

pr oj ectllegsabué@ﬂ and dividing this by the AD of the plate (E—abs). -16-

Results: Exa Projectile
20 rrp lntrmsm{?scosw PIV) Is determmed according to method PTC-179 (Hercules

Inc. Rev. Apr. 29, 1982) at 135°C in decalin, the dissolution time being 16
hours, with DBPC as anti-oxidant in an amount of 2 g/l solution, by
extrapolating the viscosity as measured at different concentrations to zero
concentration,;

25 » Tensile properties (measured at 25 °C): tensile strength (or strength), tensile
modulus (or modulus) and elongation at break (or eab) are defined 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

30 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 glem®. Tensite properties of thin films were measured in
accordance with ISC 1184(H).




V50'm's E-abs J/ (kg/ nR) Thick- ness gm Strength GPa Strength/ Thickness
(x1013) NYnB 1 9 mm parabel l um 563 498 12 2.5 21

-14-

Examples

Examples 1 & 2 - Production of tape
5 An ultrahigh molecular weight polyethylene (UHMWPE) with an intrinsic

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

10  in a water bath, thus creating a gel-tape. The gel tape was stretched by a factor of 3.85
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 ge! tape was wound on a coil for later
treatment.
The later treatment consisted of two stretching steps. The first stretching step was

15  performed with a length of 20 meter tape in an oven at 140°C, with a stretching ratio of
5.8. The tape was reeled up and fed through an oven again. The second stretching
step was performed at an oven temperature of 150°C to achieve an additional
stretching ratio of 6. The resulting tape had a width of 20mm and a thickness of 12
micron.

20
Performance testing of the tape

The tensile properties of the tapes were tested by twisting the tape at a frequency of 38
twists/meter to form a narrow structure that is tested as for a normal yarn. Further
testing was in accordance with ASTM D885M, using a nominal gauge length of the

25 fiber of 500 mm, a crosshead speed of 50%/min and instron 2714 clamps, of type Fiber
Grip D5618C.

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
30 layer of adjacent parallel tapes was placed on top of the first layer, whereas the tapes
of the second layer were perpendicular {o 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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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 fayer.
The procedure was repeated until an areal density (AD) of 2.57 kg/m? was reached.
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.

Performance testing of the armoured panels

The armoured plates were subjected to shooting tests performed with 9mm
parabellum bullets (Example 1) or 17 grain (1.1 gram) Fragment Simulating Projectiles
(FSP: Example 2). Both 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 fired at an intended speed of
about 10% lower. The actual speed of impact was always measured. This procedure
was repeated until at least 2 stops and 2 perforations were obtained. V50 was the
average of the two highest stops and the two lowest perforations. The performance of
the armour was also determined by calculating the kinetic energy of the projectile at
V50 and dividing this by the AD of the plate (E-abs).
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density. The thickness of the nonol ayers after conpressing was 65
results confirmthat a multilayered materi al
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Comparative experiments A, B were performed on sheets formed

from 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 experiments A,

B was 2.8 GPa, which is the strength of the fibers times the fiber content in the

monolayer. The monolayers of the comparative experiments 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.

The results confirm that a multilayered material sheet with a strength

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.




5. Material sheet according to claim4, whereby the strength of at | east
one nonol ayer is larger than 4 GPa. 15 6. Material sheet according to any
one of the preceding clains, whereby th@T_poI ynmer conprises ultra high

nol ecul ar wei ght pol yethylene. 7.Material sheet according to any one of the
precedi ng cl ai ns, whereby the draw direction of two subsequent nonol ayers
in the stack differs by an angle a of between 45 and 135, and nore
preferably of between 80 and 100. 20 8. Material sheet according to any one
of the preceding clains, whereby at | dasAlM$he nonol ayer conprises a
plurality of unidirectional tapes of the drawn polyner, aligned in the sane
direction, whereby adjacent tapes do not overlap. 9. Mterial sheet

accordi ng tlo any Aomeltitsyetedanpledalestierticarhprising a vhresaliiztedtstaddeoftunkiireotional

nonol ayer conpri ses | ural ity _of. Ldi rectional tapes of the dra

pol yner, aligned @W@ﬁayg?a?%fﬂ‘@ aF@'Pﬁf“a*?%@Q'H% &%’Precquﬁﬁ.d?w Bﬁ?ﬁloﬁq% o

r;as! st a?t t ar g i Cll?umB I Fhs?pgolaymﬁreme?tamt ! rs,amziu:enetij;j the st?@ﬂfltqlmfgéss

cl ai ns o 9. . stjc resistant. article o claim 10,
conprising at |e&de aﬂﬁﬂ# e @SFP%H%W 'S%ﬂ%rﬁh%ggquW’ggl listic resistant
articl e acgor di nMdteriat EheéenatBomingltd claianp whetehy the Eirendtato tHickpesofativasrer i al
selected fromthe consi stin tgel, alum num magnesi um

f . 3
titanium nickel & %%gtg‘fﬂelm?%‘?{ﬂqu%ﬁ?%ﬁﬁfgﬂﬁ apﬁf s, glass and graphite, or

conbi nat i o@s t heneadérial shd@-accorlithg to claim 1 or 2, whereby the material sheet

10 furthermore comprises a binder.

4. Material sheet according to any one of claims 1 - 3, whereby the thickness of
at least one monolayer is selected between 3 and 25 ym.

5. Material sheet according to claim 4, whereby the strength of at least one
monolayer is larger than 4 GPa.

15 6. Material sheet according to any one of the preceding ¢laims, whereby the
polymer comprises ultra high molecuiar weight polyethylene.

7. 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°.

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

9. Material sheet according to any one of the preceding claims, whereby at least

25 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
30 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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Ballistic resistant article according to claim 12, whereby the further sheet of
material is positioned at the outside of the stack of monolayers at ieast at the
strike face thereof.

Ballistic resistant article according to claim 12 or 13, whereby the thickness of
the further sheet of inorganic material is at most 50 mm. '
Ballistic resistant article according to any one of claims 12 — 14, whereby a
bonding layer is present between the further sheet of material and the material
sheet according to any one of claims 1 to 9, the bonding layer comprising a
woven or non woven [ayer of inorganic fiber.

Process for the manufacture of a ballistic resistant article comprising:

(a) stacking a multilayered material sheet according to any one of claims 1 -9
and a sheet of material selected from the group consisting of ceramic, steel,
aluminum, titanium, glass and graphite, or combinations theteof; and

(b) consolidating the stacked sheets under temperature and pressure.

A method of preparing a polyethylene tape with a high tensile strength to
thickness ratio comprising: extruding a soluticn comprising between 5 and
30wt% of polyethylene having an intrinsic viscosity (measured in decalin at
135°C) between about 4 di/g and 40 dl/g at a temperature between 160 °C
and 225 °C through an opening with a width of at least 100 mm and a height of
at least 200y; stretching the fluid product above the temperature at which a gel
will form, so-called draw down, between 1.1 and 5; quenching the fluid product
in a quench bath consisting of an immiscible {iquid to form a gel product;
stretching the gel product by at least 1.1, followed by removing the solvent
from the gel product

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.

The method of claim 17 or 18, further comprising at least one step of
strefching 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®.

The method according any one of claims 17-19, wherein the tensile strength to
thickness ratio is at least 1 x10™ N/m®.




Ballistic resistant article according to claim 12, whereby the further
sheet of material is positioned at the outside of the stack of nonol ayers
at least at the strike face thereof. Bahgistic resistant article according
to claim12 or 13, whereby the thickness of the further sheet of inorganic
material is at nmost 50 mm Ballistic resistant article according to any one
of clainms 12- 14, whereby a bonding |layer is present between the further
sheet of material and the material sheet according to any one of clains 1
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tenperafure and prassfasture oﬁspm‘tslmmlmﬁernr eparing a polyethyl ene tape with a
high tensile strength to thickness ratio conprising: extruding a solution
conprising between 5 and 30wt % of pol yet hyl ene having an intrinsic
viscosity (nmeasured in decalin at 135C) between about 4 dl/g and 40 dl/g at
a tenperature between 160 C and 225 C through an opening wwth a width of at
| east 100 mm and a hei ght of at |east 200p; stretching the fluid product
above the tenperature at which a gel will form so-called draw down,
between 1.1 and 5; quenching the fluid product in a quench bath consisting
of an imm scible liquid to forma gel product; stretching the gel product
by at least 1.1, followed by renoving the solvent fromthe gel product The
met hod of claim 17, 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 nmethod of preparing a pol yethyl ene tape
being at | east 20, preferably at |east 40. The nethod of claim 17 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

t hi ckness ratio of at l|east 4.5 x1013 N nB. The net hod accordi ng any one of
clainms 17-19, wherein the tensile strength to thickness ratio is at least 1
x1014 N n8. -19- 21. A polyethylene tape or filmobtainable by the nethod
of any one of clains 17- 20. 22. Use of the polyethylene tape or filmin

t he manufacture of products subject to inpact suitable as anti-ballistic
products, in the manufacture of ropes or in the 5manufacture of sports

equi pnent .




