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The invention relates to a nultilayered material sheet conprising a
consol i dated stack of unidirectional nonol ayers of drawn polynmer, and to
its process of 5preparation. The inventjon also relates to a ballistic
resistant article conprising the nmultil'ayered material sheet. A
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The object of the present invention is to provide a multilayered
material sheet having at least similar antiballistic properties as the known material, and
which sheet ¢an be easily produced.

This object is achieved according to the invention by providing a

25 multilayered material sheet comprising a consolidated stack of unidirectional
monolayers of drawn polymer, whereby the draw direction of two subsequent
monolayers in the stack differs, whereby at least one monolayer comprises at least one
unidirectional tape of the drawn polymer, each tape comprises longitudinal edges,
whereby the monolayer is free from overiaps, or free of an area of elevated thickness

30 adjacent to and along the substantial length of the longitudinal edges. Preferably, the
monolayer is free from overlaps, or free of the area of elevated thickness adjacent to
and along at least 50%, 60%, 70%, 80%, 90% or 95% of the length of the iongitudinal
edges of the at least one unidirectional tape. Most preferably, the monolayer is free
from overlaps, or free of an area of elevated thickness along and adjacent to the entire

35 length of the longitudinal edges of the at least one unidirectional tape.




The formation of nonol ayers which are free fromoverl aps or excessive

.l evel s of binders enable the nonol ayers to be nore readily stacked and
conpressed into a nmultilayered material sheet with uniform areal density
resulting in a nore honbgeneous antibaLéistic per formance across the
multilayered material sheet. 5In one erbodi nent of the present invention,
this objective is achieved by a nultilayered material sheet and a process
to produce such multilayered material sheet, the sheet conprising a
consol i dat ed stack of unidirectional nonol ayers of drawn pol yner, whereby
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invention comprises a stack of monolayers, whereby each monolayer is built up of a
plurality of unidirectional tapes of the drawn polymer, aligned in the same direction, and
whereby in each menolayer adjacent tapes do not overlap. A material sheet according
to the invention is more homogeneous than the known material sheet. Indeed, at the
30 locations of overlap, the known material sheet will have zones of increased areal
density. These zones are absent or occur to a lesser extent in the material sheet of the
invention. This feature surprisingly improves antibaliistic properties.
A monolayer of the muitilayer material sheet of the invention is
preferably produced by positioning a plurality of tapes with their longitudinal edges as
35 close as possible to each other, and preferably in touching proximity. However, in order




adj acent unidirectional tapes, and even nore preferred smaller than 5 %
still even nore preferred 3 %of the width of the adjacent unidirectional
tapes. Most preferably the gap between adjacent tapes in a nonol ayer is
smaller than 1 % A material sheet according to this preferred enbodi nent
is readily 10 produced and yet shows antiballistic properties of sinmilar
| evel as material sheets w thout gaps. Although a nonol ayer according to
the invention is preferably produced by positioning a plurality of tapes
with their |ongitudinal edges agai nst each other, nonolayers built from
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overlapping area being of the order of 5 mm to 40 mm wide. According to an alternative
embodiment, a narrow polymeric film, about 5 to 20 mm wide, is laid over the area of
25 contact between two adjacent tapes. An additional advantage of the multilayer material
sheet of a preferred embodiment of the present invention is that there is no need for
such additional polymeric films, in order to obtain good antiballistic properties. Further,
through having tapes which are free of areas of elevated thickness, as defined in the
present invention, the subsequent stacking and consolidation of the monolayers under
30 pressure will result in 2 more homogeneous areal density or thickness in the
multilayered material sheet compared to the prior art.

A particularly preferred embodiment of the muitilayer material sheet
according to the invention is characterized in that the polymer from which it is made is
selected from the group consisting of polyolefins, polyesters, polyvinyl alcohols,

35 polyacrylonitriles, polyamides, especially poly(p-phenylene teraphthalamide), liquid




nonol ayers is nmeant in the context of this application tapes and nonol ayers
-whi'ch show a preferred orientation of the polynmer chains in one direction,
i.e. In the direction of drawing. Such tapes and nonol ayers may be produced
by draw ng, preferably by uniaxial drawng, and will exhibit anisotropic
mechani cal properties. 10The nultilayered material sheet of the invention
all ows the use of drawn polyners with relatively | ow strength, and

t heref ore does not need ultra high nol ecul ar wei ght pol yethyl ene to obtain
good antiballistic performance. However a preferred enbodi nent thereof
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The tapes according to the invention may be prepared in the form of
30 films. A preferred process for the formation of such films or tapes comprises feeding a
polymeric powder between a combination of endless belts, compression-moulding the
polymeric powder at a temperature below the melting point thereof and rolling the
resultant compression-moulded polymer followed by drawing. Such a process is for
instance described in EP 0 733 460 A2, which is incorporated herein by reference. If
35 desired, prior to feeding and compression-moulding the polymer powder, the polymer




Drawi ng, preferably uniaxial drawi ng, of the produced filnms may be carried
out by means known in the art. Such neans conprise extrusion stretching and -
15 tensile stretching on suitable drawing units. To attain increased
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steps. The first drawing step may for instance conprise drawing to a
stretch factor of 3. Multiple drawing may typically result in a stretch
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of the thus produced unidirectional tapes is only limited by the width of the film from

30 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 mm. The areal density of
the tapes or monolayers can be varied over a large range, for instance between 5 and
200 g/m?. Preferred areal density is between 10 and 120 g/m?, more preferred between
15 and 80 g/m?and most preferred between 20 and 60 g/m?.




In one enbodi nent, a binder is applied to fixingly abut adjacent
-unidirectional tapes along their |ongitudinal edges. As the role of the
binder is to 25 tenporarily retain and stabilise the plurality

uni directional tapes during handling andg maki ng of unidirectional sheets,

| ocal i sed application of the binder is™referred. Local application of the
bi nder is application that is restricted to the inmmediate vicinity of the

| ongi tudi nal edges and may include intermttent |ocalised application (spot
application along the |ongitudinal edges). 30Preferably, the application of
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20 unidirectional tapes). The application of the binder during the formation of the
monolayer advantageously stabilises the tapes, thus enabling faster production cycles
to be achieved while avoiding overlaps between adjacent tapes.

In one embodiment, a binder is applied to fixingly abut adjacent
unidirectional tapes along their longitudinal edges. As the role of the binder is to

25 temporarily retain and stabilise the plurality unidirectional tapes during handling and
making of unidirectional sheets, localised application of the binder is preferred. Local
application of the binder is application that is restricted to the immediate vicinity of the
longitudinal edges and may include intermittent localised application (spot application
along the longitudinal edges).

30 Preferably, the application of the binder results in a maximum
elevated thickness of the monolayer (raised edge) of 150% of the average thickness of
the unidirectional tapes forming the monolayer. More preferably, the application of the
binder results in a maximum elevated thickness of 120%, 110% or 105% of the
average thickness of the plurality of unidirectional tapes forming the monolayer. In

35 another embodiment, the application of the binder results in an increase in thickness of




The thickness of the nonol ayers or tapes of the nuftilayered material sheet
can in principle be selected within wi de ranges. Preferably however, the’
mul tilayer material sheet according to the invention is characterized in
that the 25 thickness of at |east one nznolayer does not exceed 120 pm
nore preferably does not exceed 50 pm ~and nost preferably is conprised
between 5 and 29 pm Particularly good antiballistic properties are
achieved if the thickness of all nonolayers of the stack does not exceed
120 pm nore preferably does not exceed 50 pm and nost preferably is
conpri sed thgnvstrayer aajdc&& t6 the IBngiudinet edgeebthe eMlidivetliorzhyaies bf evsaharm|
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The thickness of the monolayers or tapes of the multilayered material
sheet can in principle be selected within wide ranges. Preferably however, the
muitilayer material sheet according to the invention is characterized in that the

25 thickness of at least one monolayer does not exceed 120 uym, more preferably does not
exceed 50 pm, and most preferably is comprised between § and 29 ym. Particularly
good antiballistic properties are achieved if the thickness of all monolayers of the stack
does not exceed 120 ym, more preferably does not exceed 50 pm, and most preferably
is comprised between 3 and 29 um. A further preferred multilayered material sheet

30 according to the invention is characterized in that the thickness of the at least one
monolayer greater than 10 pm and not exceeding 50 um, preferably not exceeding
100 pm or more preferably not exceeding 120 ym.

By limiting the thickness of at least one of the monolayers in the stack to the claimed
thickness, sufficient antiballistic properties are surprisingly achieved even with

35 monolayers having rather limited strengths.




(b) holding the first nonol ayer onto the noving substrate; (c)

-posi tioning a second at | east one drawn pol yner unidirectional tape onto
the first nonol ayer, thus form ng a second nonol ayer, whereby the direction
of the second 25 nonol ayer nmakes an anglLe a with respect to the first; and
(d) conpressing the thus forned stack t8 consolidate the nonol ayers

t hereof. The consolidated stack of nonol ayers has nore honbgeneous

t hi ckness / areal density conpared to the prior art, due to the reduction
or absence of areas of elevated thickness along and adjacent to the
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e Seusndeliiaie 8e8SindBiBgH b PN B Aot A1R) o or i e ©f
enabl e t r amepdlayer thus foriming a second monolayer, whereby the direction of the second
25 monolayer makes an angle a with respect to the first; and
(d) compressing the thus formed stack to consolidate the monolayers thereof.
The consolidated stack of monolayers has more homogeneous thickness / areal
density compared to the prior art, ciue to the reduction or absence of areas of elevated
thickness along and adjacent to the longitudinal edges of the at least one unidirectional
30 tapes in, preferably, each of the monolayers.
in a preferred embodiment of the present invention, there is provided
a process for the preparation of a multilayered material sheet of the claimed type. The
process according to the invention comprises the steps of.
(a) providing a plurality of drawn polymer tapes, aligned such that each tape is oriented
35 in paralie! to adjacent tapes, and whereby adjacent tapes do not substantially overlap;




the assenbly of nonol ayers w thout substantial relative novenent of the
separate tapes and/or nonol ayers. According to the process of the ‘

i nvention, a nultilayered naterial 30 sheet is produced wherein the draw
direction of two subsequent nonol ayers hn the stack differs by an angl e of
a. For the preferred process in which the fold |ine extends about parall el
to the direction of novenent of the substrate, the angle a = 213. Although
the angle a may be selected within wide ranges, angle a is preferably

bet ween 45 and 135, nore preferably between 65 and 1150 and nost preferably

bet ween 8QpppskitlidHing sa:afaturblny bh@ralvalgolymer tabes 68 o Modng dubstfate Bhdraby v
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preferred GWBllarfEﬁtm?%"’ﬂ@ﬁot ed as a cross-ply in the art.

The nul ti '(eyﬁdtmﬁattmmtnﬁheaye@mem Adving subsrdtevention is particularly
useful 1 n manufaCturin | stic resistant artlclaEb such as vests or

armour ed (Ahpesitioning,a pﬁg@!t%ofa%wncpmwstaemtpy@ Mopgiaysm thys fepming

bal |'i ski ¢ o suconl n?&ﬁilé}r‘é? YWHEEBEthe difechibn SEthe'sakorid MeRolaél Mekéamangs ot
armor piercing, so-called AP bullets and hard particles such as e.g.
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Chr o whgFghd oot bRt il B BB asldiuds, 1072 preferably the metal
their alloys. This reduotheriprefarred gracessaceertingdo the inventionds wharacteriged d
in that the second monolayer is at least partly adhered to the first monolayer. This may
easily be accomplished by for instance ultrasonic welding, addition of a low melting
25 film, an adhesive, or by any other method of bonding layers together. Adherence of the
second monolayer o the first is preferably sufficiently strong to enable transportation of
the assembly of monolayers without substantial relative movement of the separate
tapes and/or monolayers.
According to the process of the invention, a multilayered material
30 sheet is produced wherein the draw direction of two subsequent monolayers in the
stack differs by an angle of a. For the preferred process in which the fold line extends
about paralle! to the direction of movement of the substrate, the angle a = 2. Although
the angle a may be selected within wide ranges, angle a is preferably between 45 and
135°, more preferably between 65 and 115° and most preferably between 80 and 100°.




30 durability. Even nore preferably the iron and its alloys in the netal
sheet have a Brinell hardness of at |east 500. Myst preferably the netal
sheet is based on al um num nmagnesium titanium and their alloys. This
results in the lightest antiballistic a{ ticle with the highest durability.
Durability in this application neans thlifetime of a conposite under
condi tions of exposure to heat, noisture, light and UV radiation. Although
the 35 further sheet of materi al may be positioned anywhere in the stack of
nonol ayers, the preferred ballistic resistant article is characterized in
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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
30 durability. Even more preferably the iron and its alloys in the metal sheet have a Brinell
hardness of at least 500. Most preferably the metal sheet is based on aluminum,
magnesium, titanium, and their alloys. This 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
35 further sheet of material may be positioned anywhere in the stack of monolayers, the




-12- I n one enbodi nent of the present invention, there is
provided a process for the manufacture of a ballistic resistant article
conprising. (a) stacking at least 2 unidirectional drawn pol ymer

nonol ayers, each nonol ayer conprising at | east one unidirectional tape,
whereby the draw direction of two 5 suﬂééquent nonol ayers in the stack
differs, whereby at | east one nonolayer is free of an area of el evated

t hi ckness adjacent to and al ong the substantial |ength of the |ongitudinal
edges of the at |east one unidirectional tape; and a sheet of materi al

sel ect ed ,m@hﬁa %aﬁté%s&im lafticle V8 cRbrdefdriBton th%l ﬂﬁ' furtRéigFieat 6 mbtehansu m
gl ass and ‘graphite, or conbi nations thereof; and eE?I%Pconsoll |ng t he

stacked sipestionesattheutsids efithe stagk d’f proselayers, "l‘ﬁt ar k3t igpstabiBai nent of

the presennideP4ediHerdbst here is provided a process for the manufacture of a
bal l'istic resistant article conprising the ste stacki ng at | east
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nonol ayer, erab nonol ayers, conprises a pluralit
uni di rect |°6ﬁbm°§b%m0'f %@f&@h‘b\ﬂﬁ mfigHE thickness-fdhe fP"{')Wé %ﬂ@fmq’%%fi'? on,
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mat eri al ected e group consi sting of ceram c, steel, alum num

titanium thg best halancgbehyeancveight and-antibalistirRropagies orreferably, infhe event
consol i daty4qnd RRtHe éﬁéﬁ@f %@%1?: Mafwa! fsemefa%h@a ednikREsEWT the At1 an

al ternative process | east uni di rect i onal drawn al yner

nmonol 40 er shaels Istﬁ!dl?ﬁ&frﬂraﬁfraﬂt moé%IPTQfeféerﬁféﬁ@[tQ Sna @gd mast prefaeblyat heen
descri bed I@é&?bgﬁf‘s i, Thid'rEsdlB i b9 H%ﬁéi' a?ﬁlﬁﬁﬁistic’spér"b?ﬁaﬁéﬁm' ned with the

further sheet mat eri al sel ected fromthe graoup con5|st|ng of ceranic,
A

steel, alunminum titar herfprt@ermataefdngrlgapmmaten@hm%bﬁmqmi*y prefeatedr . in
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may suitab e In a hydra presS. Consolidation is intended t
mean t hat on'tha fisthent sheet mcmdes mﬁcaamoehtgeatmam 69 fobghening PhoisARINg Hef her to

form gﬁe UH%ce %ﬁ*%ﬁﬁﬁ@h#%ﬁgﬁhﬂlh@%&ﬂﬁé&i'ﬁ With 8 Altde hefdlahdcont rol | ed

t hrou enperatu m ni mumtenperature generally is
chosen suddminating mthpalyeﬁnabneﬁypeed of consolidation is

In another embodiment of the ballistic resistant article a bonding
layer, e.g. an adhesive, may be applied between the further sheet and the multilayer
material sheet. Such adhesive may comprise an epoxy resin, a polyester resin, a

20 polyurethane resin or a vinylester resin. 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 possibie to attach the further sheet to the multitayer
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

25 applications where a threat against AP bullets, fragments or improvised explosive
devices may be encountered the further sheet is preferably comprises a metal sheet
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

30 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
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.




30 obtained. In this respect 80 Cis a suitable lower tenperature limt,
preferably this lower limt is at least 100 C, nore preferably at |east 120
C, nost preferably at least 140 C. A maxi numtenperature is chosen bel ow
the tenperature at which the drawn pol 342er nmonol ayers | ose their high
mechani cal properties due to e.g. nelti'fig. Preferably the tenperature is at
| east 10 C, preferably at least 15 C and even nore at 35 | east 20 C bel ow
the nelting tenperature of the drawn pol yner nonol ayer. In case the -13-
drawn pol yner nonol ayer does not exhibit a clear nelting tenperature, the
tenperature at which tiRgndléibdrAbN B! the'preekbntinvertion] theré is grovided as

mechani cal properties should be read..i nst a%aof. melting tenperature. In the
case of t [REogmssfierthe manufaciung iR t?ﬂylngfﬁﬁa il °B'5'P9§Pﬂyl ene, a

tenperat ureg, Qﬁbﬁl‘lﬁ ddiRast Den8Hettoraldraivn pRlymes hsiolayeld) @aph esanalayedur i ng
consol i dating pre eragl y 1s at least 7 MPa, e pref qregf)l | east 15
MPa, even oepIREisipodEt igagshpge &ﬂ'dFr@@Wab@pﬁpﬂhﬁ'ﬁgﬂ%‘ﬁamﬁ '%%PM | east 35
MPa. | g thips fmohblale”h ithebtat Hifers2 Whefdby at fea¥e bAe Rtuholaleeisdre afum
time for consolidation generally ranges from tou!gZO Egut Eiﬁ ﬂ%pendl ng on
condi t i on@anArea ohelevaied h'&kﬁﬁsé,ad!ﬂcéggwdaﬁ“af‘%@?ts gappAldeng o€ pe

verified idighal tids'st tHOaERAR driicieichtnal tape: BAd @ishieet biabtesial ved
antiballistic articles are to be produced it be adyantagequs to first
pr e- shape selested fram dhe grasiprcopsisting @ﬂ%ﬁml%ﬁﬁecﬁé"‘aﬁg’i"r E‘&“!"I’?gﬁga,ssfa&dl owed by

consol i daigrg%iwi bPedrinafdHY th¥Rof anad/ or multilayer material sheet.

Preferably, Tnorder to attain a high ballistic resjstance, cooling after

conpr dBsi dh) cansplidatiggdhe slagked sheats Hnderdemperatyreiand RIEISWSder pressure as

wel I, 15Pressure is prigi@RinedBnBidineAtofite pRREAt Midritionitherelispradzur e | s
elp

sufficiently low to prevent relaxation, This perature. ca establ i shed
by one skid predessfor the manufavtuesofa ballisticsesistapbartisle soamprising ing s&%ﬂtﬁ si ng

Tonol ayer Safkatiid gt Badls IRLRCHoRS! HBIVH oA MRSBIVBRE, wifbremnmeaRiw! o0

typical c ression tenperatures range om 90 to 15Q0C, pref erablg from 115

to 130 ' @ireClq eftwosuhpequant menoiayersindae staply difees. WhereatieRt 9300 bar
Db 1501 Yyl P RBTan Rl Sl B ol & ity Botmicbtonaiapes
The mul ti lofsher drawneolyrner, alignest in dhrisame idisaptions wherebyadiacenbiapes 8o fioksent
mat or' al s e il ¥ndt bF HoRGHi bl selt s %ﬁgﬁsﬁﬁ%ﬁ‘%ﬁ"*t@{?&' e
known ar t icetamicasteel, alugiinémctitanium, giassandigrarfitgher caRbiRAtiangIPeeon 394! | i sti c
ot cr al o @ EnsEBing i SieicE? PRGNS Gt Gripbfak AN BERRES. PLRTLCTY short
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opet v AU r Al e BERS e F kol oeed, Seppyiheen
r esi st anc ajesprigababoves This presdmanufactured stack is then combined with the further sheet
: of material selected from the group consisting of ceramic, steel, aluminum, titanium,
glass and graphite, or combinations thereof, in step (a) of the process.
25 Consolidation for all processes described above may 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

30 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

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 10 °C, preferably at least 15 °C and even more at

35 least 20 °C below the melting temperature of the drawn polymer monolayer. In case the




30for instance heat stability, shelf-life, deformation resistance, bonding
capacity to other material sheets, formability, and so on. '
The invention will now be further explained by the following figures 1-4,

wi t hout however being Iimted thereto. -14- Fig. 1 schematically
represents an enbodi nent of an apparatddto carry out the process according
to the invention. Fig. 2 schematically represents a nultilayer nateri al
sheet Fig. 3 schematically represents a nonol ayer of woven tapes 5 Fig. 4
schematically represents a nultilayer material sheet Referring to figure 1,
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20 100 to 300 bar, preferably 100 to 180 bar, more preferably 120 to 160 bar, whereas
compression times are typically between 40 to 180 minutes.
The multilayered material sheet and antiballistic article of the present
invention are particularly advantageous over previously known antiballistic materials as
they provide at least the same level of protection as the known articles at a significantly
25 lower weight, or an improved ballistic performance at equal weight compared with the
known article. Starting materials are inexpensive and the manufacturing process is
relatively short and thus cost effective. Since different polymers may be used to
produce the multilayered material sheet of the invention properties may be optimized
according to the particular application. Besides ballistic resistance, properties include
30 for instance heat stability, shel-life, deformation resistance, bonding capacity to other
material sheets, formability, and so on.
The invention will now be further explained by the following figures
1-4, without however being limited thereto.




When the unwi nder 2 reaches the side of the noving substrate 3, its
direction of novenent is reversed, and the unw nder 2 noves in the opposite
direction. Thereby, the plurality of drawn polyner tapes 10 is fol ded at

| east partly onto itself. Moire in 35 pﬁé}icular, the plurality of drawn

pol ynmer tapes 10 is folded such that t fold line -15- extends about
parallel to the direction of novenent of the substrate 3. Thereby a second
nonol ayer is positioned onto the first nonol ayer, whereby the direction of
t he second nonol ayer nakes an angle of about 90 degrees with respect to the

first. Inpg d%héﬁamlyrr@prbbﬁﬁtsfaheemmbmwf@h dppamtusitedcaracoutdheronol ayer
can be transported 5 vmthou_t Jatlve novenent of the separate tapes and/or

monol ayer Brocefeaceding o egMSiPNot tapes is adhered to the first nonol ayer

at | east pgy. bls\éheﬁuuéamblr@pr@saﬁta atmunitayéhmatenamw but are not linited to
ul trasoni ¢ wel di

dition of a an adhesi ve, a hot
nelt, or EKigy3 @H@Faﬂﬁ"Méﬁ’@Fe'HﬁﬁdPﬂ@o?%ﬁf&% ?%%tﬂq%r Finally, the thus
f or neds aSquﬁl's\éh@ﬁ\aﬁ&H’W'réM%éntb% rhaisyer materiabshieet Opr ess or cal ander 20 for
final consdlidation of "'the multilayered material sheet. In the belt press

or cal ander 20 the stacked plurality of tapes are bonded at a tenperature

close to the nelting peiféting iofgﬁetﬁaa%ppamsrewpmuuge ewhaltilaysreded
material is in the described e

lj ed |
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width o

plural ity of t i dth of
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belt pres f 18 orightddin el tot oédmmgmeApsamtusme
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t

t he pl ur afurther gempegRssa meving substrate:3, yhigh, iy em aftrial .

Referringyg h@e b W&cﬁnndﬁc&?&%mmwt%i%mﬁ@\fabmwspﬂddw Hyleeelﬂ'eoﬁdrerl al
sheet accordin he 1 nvention conpri sj n onsgqnﬁiét %ﬁﬁof 2

uni di r ect Showm W@%{Eh%?'uﬁﬁ"mtﬁ %/11%? REFHIODE ction of
two S'r@seﬁagé?ﬁg {Hé'lgbéé’?? %ergﬁ B%e%ﬁﬁb rélferd @anby) me mumrtgroetapeeaorare

monol ayer " conpri ses ura

unj dlrec |on @:SIPB? %rg g’{awn
pol yner ahglgrnto BUthWée §M°!ﬂ"ﬂ93€telaﬂﬁ- fowxpg;a@[a? %8 é‘bﬁ‘éb %
over| ap, afid PV Iqﬁ%gaeé 8/ whith cBA TR Pt uhb@:Va&duMIwmpapmmesmmtaas the

edges of t red material sheet.

Behind the movable substrate 3, a belt press 20 is positioned, comprising two heated
surfaces (21, 22), driven by cylindrical rolls 23.

20 The process according to the invention comprises unwinding a
plurality of uniaxially drawn polymer tapes 10 from unwinding station 2 at a speed V1.
The tapes 10 are positioned such that adjacent tapes do not substantially overlap, and
there are substantially no gaps (typically less than 2 mm) between adjacent tapes.
Tapes 10 are then fed through the set of nip rollers (5a, 5b). As shown in figure 1, the

25 assembly of unwinder 2 and set of nip rollers (5a, Sb) traverses up and down the
substrate 3 in the transverse direction at a speed V2. Vacuum beit substrate 3 moves
at a speed V3 in a direction essentially perpendicular to the transverse direction. The
ratio between V2 and V3 is chosen such that the plurality of tapes 10 is positioned onto
the moving substrate 3 at an angle of about 45 degrees with respect to the direction of

30 movement of the substrate 3, thereby forming a first monolayer. The first monolayer is
held onto the moving substrate 3 by the suction produced by the vacuum means (6, 7).
When the unwinder 2 reaches the side of the moving substrate 3, its direction of
movement is reversed, and the unwinder 2 moves in the opposite direction. Thereby,
the plurality of drawn polymer tapes 10 is folded at least partly onto itself. More in

35 particular, the plurality of drawn polymer tapes 10 is folded such that the fold line




Referring to figure 3, a graphical presentation of a nonolayer 30 according
to the invention whereby the nonolayer is built up of a plurality of

uni directional tapes of the drawn pol yner, aligned such that they forma
woven structure is shown. -16- 1 (in full lines), with belowit a second
nonol ayer of woven tapes denoted as nunter 2 (in dotted lines) is shown.
The second nonol ayer is positioned such that the seamlines of the
respective nonol ayers are aligned in a staggered fashion. 5 Test nethods as
referred to in the present application, are as follows Intrinsic Viscosity

(1V) is deiendsasdubsarand tdlmetdireﬁﬁémeﬁnW&é&%f(Hﬂtﬁd&rﬁﬁe 3. %erﬁﬁﬂa Apr . 29,
1982) at 135C in decalin, the djssol Uttrlsn tine %5%2?& E H \%DBPC as
anti - oxi d&ﬁ@ﬂ"rﬂ"&ﬂ°|§)ﬁﬂdﬁp°8¥‘°’1edg‘?r?t°§'Eﬁ Fﬁ'ﬁm'ﬁye )?‘F' |tae Hﬁctlcl’?é’f &cosity
as measur egdeahd ﬁbﬁél@p@mawmg!@bfm@o degréesmmgaétrtamwnst Ilensi | e
propertlesrérreasure *C fslleT;trenth ( strengtg ?ﬁ ile
modul us (& %aenwt%dh%aﬁémlvah irt 9 er £AR bgdrnse

det er ng negitAButveldtivé Hcﬁr@ﬁ@nt yRfie séﬁan%t@fépfeb afidioR mdnoldyBrs tHd setohdd a

nom nal gauge |ength of the fiber of qng’nqa{ea crosshe d Sﬁeed of 50% m n.

150n the moéaa'@f OE pesisadhesd ot P%i‘gsim eat '@ES&H?@‘ pble means to
det er m nedodfis intfudé aﬂla?é\homﬁmeta Uitrasonitdvelding! ddition &% ioWehErhg fiinen Of

t he nodul us and stren% " the tensile forces measured are divi ded by the

titre, asajadbesivecihelmelbioganygthen mathedef bandingjayersjegether- i n Gra are

cal cul ated assum ng a Fig4gi this thiks ﬁnﬂédﬁéﬁ}ﬁbly&ﬁﬁhb%y@fsqe%din&ﬁaﬁéltt hi n
filnms were neasured in 20accordance wth

1. A
It 1 18y ¢ PeRFS  Celender 20,08 fnakspppolsialan &f theudiiysrelmaletalsheet. In the

uni di rect bema+esw%ﬁhaéﬁzmihe@thwrxr@rof thé@ra?é’Boﬁdhii &r@wmberraaﬁé on of
two subsequent nonol ayers in the stack differs, whereb | east one

nonol ayer closae theaselting peint of @ﬁ dapas. dhe é%"t'-l"!ﬂ%?"“'ﬁ'!ﬂ@" m?ﬂ?@a'dﬁ fhepol yner,

each taped&&%f‘eu%%ddi}ﬂ%ttél&bg@bnémfﬁaymﬁaﬁhm rhide frsﬂ.qh?wwn&héree of an
area of elevated thickness adjacent to and along the substantial |ength of

t he | ongi disertionlof thryjlapes at amangle of abaut 4hdegreewiothe direstian efspevement o
a. Mul 44 | ayghReedgt eri al sheet according toclaim1, whereby the

The width of the plurality of tapes 10 on means 2 is determined by the
width of the multilayered material on substrate 3 that is to be positioned onto the belt
press or calander number 20. In the event that the angle B of the tapes with the
direction of movement of substrate 3 is 45°C, the width of the plurality of tapes 10 is V2

20  * width of the multilayered material.

Referring to figure 2, a graphical presentation of multilayered material
sheet according to the invention comprising a consolidated stack of 2 unidirectional
monolayers of drawn polymer, whereby the draw direction of two subsequent
monotayers in the stack is rotated 90 °, whereby each monolayer comprises a plurality

25 of unidirectional tapes of the drawn polymer aligned in the same direction, whereby
adjacent tapes do not overlap, is shown. For clarity reasons, the individual tapes
extend at the edges of the multilayered material sheet.

Referring to figure 3, a graphical presentation of a monolayer
30 according to the invention whereby the monolayer is built up of a plurality of
unidirectional {apes of the drawn polymer, aligned such that they form a woven
structure is shown.

Referring to figure 4, a graphical presentation of a muiltilayer material
35 sheet according to the invention comprising the monolayer of Fig. 3 denoted as number




at | east one nonol ayer is free of an area of elevated thickness al ong and
adj acent to the entire length of the |ongitudinal edges of the at |east one
unidirectional tape. Muftilayered materi al sheet accordingtoclaiml or 2.,
whereby the at |east one nonolayer is {uilt up of a plurality of
unidirectional tapes of the drawn polyner, aligned in the sane direction,
wher eby t he .adj acent tapes do not overlap. Miltilayered material sheet
according to claim3 ,whereby at |east one nonol ayer conprises a plurality
of unidirectional tapes of the drawn polynmer and wherein the gap between
adj acent 1 &ipdall lines); withl elow itanseconddnsnotayer of wevendapes denelpd @s fumber 2

uni di rect t Lol ngﬁg é}?c&&@ ' ik 4,
wherein t @Hg‘gep&%?agesﬁi a jghgﬁgéﬁp@?@égrﬁaﬁ er r![ an Oq)).'%t]gh% Egﬁtﬁgt&% of
t he adj acefithe respeciiveamonoiayers ape sligriedlin alstaagered faghioni al sheet according
claim 3, whereby the |ongitudinal edges of the adjacent tapes at |east
partially abut each other. Miltilayered material sheet according claim®,

wher ety t Testathodsas fefereed ttin thespresertrapplication; anecati fpllewsit each ot her .
ci'ai s, wher by B VIR SiteRried Heltag S8 BeBF PRCARERAEREE T,
mcrons. Ml tilmgeRred At 29, 1@82pacE35°Cdn dechlingtheadissohitiondiménbeiad 6t he
et s vt PR maSH 5 of SRt o BoheE 0 oy e
thi ckness extrapolating the viscosity as measured at different concentrations to zero
10 concentration;
» 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 muitifilament yarns as specified in ASTM D885M, using a
norninal gauge length of the fiber of 500 mm, a crosshead speed of 50%/min.
15 On the basis of the measured stress-strain curve the modulus is determined
as the gradient between 0.3 and 1% strain. For calculation of the modulus and
strength, the tensile forces measured are divided by the titre, as determined
by weighing 10 metres of fiber; values in GPa are calculated assuming a
density of 0.97 gfem®. Tensile properties of thin films were measured in
20 accordance with 1SO 1184(H).




of the at |east one nonol ayer is greater than 10 mcrons. t Miltilayered
mat eri al sheet according to any one of the preceding clains, whereby the
strength of at |east one nobnolayer is at least 0.9 GPa. 12. Miltil ayered
mat eri al sheet according to claim11l, whereby the strength of at |east one
nonol ayer is at least 1.5 GPa. 13. Multilayered material sheet according to
any one of the preceding clains, mhereb{ the polyner is selected fromthe
group consi sting of polyolefins, polyes pol yvi nyl al cohol s,

pol yacrylonitriles, polyam des, especially poly(pphenylene
teraphthalamde), liquid crystalline polyners and | adder-1i ke polyners,
such as pol ybenzi m dazol e or pol ybenzoxazol e, especially poly(1, 4-

phenyl ene- 2, 6- benzobi soxazol e), or polgsdme di i m dazo[ 4, 5-b-4",5' -

el pyri di nyl ene-1, 4- (2, 5-di hydroxy) phenyTene). 113/4-.Miltilayered nateri al
sheet according to claim 13, whereby the polyolefin conprises ultra high

mol ecul ar ght &F}ﬁg?{?a&ﬁ}’éderﬁﬁtenél%h%%%ﬁénﬁﬁ a b&@sdﬁﬂ@ﬂéﬁ@éd@cﬁf Lmidir@ctlonal

mul til ayer eet according to any one cl ai s, -
conpri si ng: ( a) murolsyeranof drawh eplimer,wsrely g Ar wﬂ}fﬁeimft afp‘@@ S“QF?W such
that each tape 'ﬁ-.o‘r)pgk Overlthgsﬂ@%agﬁeﬂ \Jﬁéré’dya’%‘féﬁ?sft ohéﬁﬁﬁml@;@ﬁc@dﬁ fisdeyat

adj acent tapes d I oni ng said plurali t% dr awn
pol ymer tapes onﬂeasaonmumdg‘eﬁlmsttﬁae@fih@féw PPUFTﬁ’r@?‘%i' tApe SPMRHSRA ayer;
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a plurality of d tapes onto t I rst nonol er thusformnga
second monol ayer;thmkrmselajdjachettdland(aldiftﬂihgﬁubﬁént?ét'ﬁﬂgﬁ’ gllepaivdivgales an

angle a with resp ct tﬁ%‘%%gig s{éﬁe uﬁgﬁ dﬁ)ﬁ%ltgﬁé'rpresm ng the thus forned

stack to consoli (? pES P nol ayer s ereo 16. Process according to claim
15, wherehy st eppfimliafered Afiterd BRedtareotdng tot ep of apleingi fig a. whereby the a

binding means to a? Idejagtc gr{g mtoﬁglayer is free of an area of elevated thickness along and
adjacent to the entire length of the longitudinal edges of the at least one
unidirectional tape.

3. Multilayered material sheet according 4o claim 1or2, whereby the at
least one monolayer is built up of a plurality of unidirectional tapes of the
drawn polymer, aligned in the same direction, whereby the adjacent tapes do
not overlap.

A. Multilayered material sheet according to cleim3 fwheareby at least one
monolayer comprises a plurality of unidirectional tapes of the drawn polymer
and wherein the gap between adjacent tapes is smaller than 10 % of the width
of the adjacent unidirectional tapes.

Multilayered material sheet according to claim & wherein the gap between

> adjacent tapes is smaller than 5 % of the width- of the adjacent unidirectional
tapes. 7
| G- Multilayered material sheet according claim3, whereby the longitudinal edges
of the adjacent tapes at least partially abut each other.
1. Multilayered material sheet according claim &, whereby the adjacent tapes at

least partially fixedly abut each other.




-19- fl.Process according to claim15 or 16, whereby the plurality of drawn
pol ymer tapes is unwound from an unw nding station and step (d) is
performed by folding the plurality of drawn polynmer tapes at |east partly
onto |_tself. Va Process according to cligim 15, 16 or 11, whereby the
plurality of drawn polymer tapes is positioned such that the first
nmonol ayer forms an angle [3 with respect to the direction of novenment of
tge fubstrﬁtei and Lol ding is performed such that the fold |ine extends
about parallel to the direction of novement of the bstrate. t 9 Process
according § cl diiufilegeredifeatens! sheet aFrgrding i%a’B’e?%%fﬁHﬁ@r%q?&*@(ﬂﬂﬂﬁr ees.
20. Process. accor»ﬂié‘r&l?yi theAfiekaR SHfat fdadi HFe ABnolaysh dodeeiot Bycédtr1Grecond
nmonol ayer is at least” partly adhered to the first nonolayer. 2.1 .Process
for L_he mamu:c actmeenst a ballistic resistant article conprising: (a)
stacki ng ag | easy, i oiedi haehbipabt S5Rin R HERT BTHHEraMPE thikRsSRY dthe
draw di recﬁi'on 0 u'ﬁ%&segbsequelnt %%%%I aygéi)s i ril t hd stzggi)ﬁdi ffers, mhtaa?eby
3: a\l/\ﬁa;gl ogr mﬂle#ﬁpegrmmqh_ tgyiesdgeanpt_ excaed 29 "éi:;{‘:ﬂﬁi directional tapes of the
yrer, 8 dofdihd felaith' @ 8PY1 ahGtEBy thel tARR not
overl ap, aRd a meélg@?ofearrr}na%er?la stegéegt e'gé ﬁbo?rli t he group égoﬁgi sti ngﬁeoéfé’0
;:ﬁram ]? stgel : Gflth&raﬁala.'pt anetmenalayer is aregtes thangt¥EreRs. or conbi nati ons
ereof; an [ L : acfhie&{esc re and
pressure. ‘A bal W%‘ﬁ@@%&s’ﬂ%&gﬂ%ﬁg?ﬁ?c% e ﬁ%ﬁ’pri si ng fﬁa{ngrrﬁhdieiegﬁgir@?éhat eri al
sheet I accor di ng wherebythersirepgthcofat teast onempnolayer. iat least 0.8 GRa; st ant
article accordi . i 2 LS| eapf | e Sreh I
nonol ayer éi' Bal lr}ﬁglii@ﬁ%@gﬁé@éﬁkﬁ%ﬁ?%@@%@Eﬁlglﬁﬁg 'tv@%éﬁg}ib %22 orbm;%f,at
conpri sing a furlesstronsmeanolayer isatrlgastiild GReeri al sel ected fromthe group
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phenylene teraphthalamide), liquid crystalline polymers and ladder-like
polymers, such as polybenzimidazole or polybenzoxazole, especially poly(1,4-
phenylene-2,6-benzobisoxazole), or poly(2,6-diimidazo[4,5-b-4’,5"-
e]pyridinylene-1,4-(2,5-dihydroxy)phenylene).

4. Multilayered material sheet according to claim {3, whereby the polyolefin
comprises ultra high molecuiar weight polyethylene.
\5. Process for the preparation of a muitilayered material sheet according to any

one of claims 3 — 14, comprising:

(a) providing a plurality of drawn polymer tapes, aligned such that each tape is

oriented in parallel to adjacent tapes, and whereby adjacent tapes do not

overlap;

(b) positioning said plurality of drawn polymer tapes onto a moving substrate

thereby forming a first monolayer;

(c) holding the first monolayer onto the moving substrate;

(d) positioning a plurality of drawn polymer tapes 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

(e) compressing the thus formed stack to consolidate the monolayers thereof.
\6. Process according to claim {5, whereby step (a) further comprises the step of

applying a binder or a binding means to adjacent tapes. '




2.6.Ballistic resistant article according to claim?24-or 25, whereby the
t hi ckness of the further sheet of inorganic material is at nost 50 mm
Ballistic resistant article according to any one of clains 24 to. 26",
whereby a bonding layer is present betx#en the further sheet of inorganic
material and -20- the material sheet according to any one of clains 1 to
14, the bonding | ayer conprising a woven or non woven |ayer of inorganic
fiber. 28.Process for the preparation of a nultilayered material sheet

according to any.one of cl ai togd-.zC [l sing: 2) positioning a
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of an area of e ted thickness adjacent to and al.ong,t substanti a

l ength of the Ioﬁéﬁ'ﬁ%@\erﬂwa giéfaeﬁf’ qq(ip@'n%rttap%sag legriP a"ﬁPé*é? ‘onal t ape;

(b) hol gi ng.lt he Pidcess awwdid iag&)[c[@im m,t\!&eqmﬁvwmgraalyhaénpatraity o{ﬁr)ﬁum]?_si tioning

a second at |east one drawn polyner unidifrectional tape_.onto the firs

Tonol ayer -t hue PURREHEPas BuEBGRD auth{Rel e lrehBBgRIRIRE IRt PosHe S Withe

?g)cond nonol ayer regpgah ﬁo m@? @if@ﬁgn of mbv*liémémwm stitsstrates ahtl ITGIHi;ngiﬁél ferformed
conpressing t u r stack to . consolidate. the nol ayer
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conprising: (a)thelsapktratg. at | east 2 unidirectional drawn pol yner

nonol ayers, each_nonol ayer conpri.si t |least on ni di.rectignal tape,
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di ffers, wherebydafreé£ast one nonol ayer is free of an area of elevated

t hi ckness adjacent to and al ong the substantial ,Jength of the | ongitudinal
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gl ass and graphite, or_conbinations thereof; and b). consoljdating the
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least one monolayer comprises a plurality of unidirectional tapes of the drawn
polymer, aligned in the same direction, whereby adjacent tapes do not
overlap, 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.

22. A ballistic resistant article comprising a multitayered material sheet according
to any one of claims 1 to \&.

23. Ballistic resistant article according to claim 22, comprising at least 40
unidirectional monolayers.

24 Ballistic resistant article according to claim 22 or 23, comprising a further
sheet of inorganic 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.

25. Ballistic resistant article according to claim24, whereby the further sheet of
inorganic material is positioned at the outside of the stack of monolayers at
least at the strike face thereof.

26. - Ballistic resistant article according to ciaim 24-or 25, whereby the thickness of
the further sheet of inorganic material is at most 50 mm.

1. Ballistic resistant article according to any one of claims 24 toZQ, whereby a
bonding layer is present between the further sheet of inorganic materiat and




a woven fabric.

28.

30.

-20-

the material sheet according to any one of claims 1 to \4‘, the bonding layer
comprising a woven or non woven layer of inorganic fiber.

Process for the preparation of a multilayered material sheet according to any
one of claims 1 to\&, comprising:

(a) positioning a first at least one drawn polymer unidirectional tape onto a
moving substrate thereby forming a first monolayer, whereby the monolayer is
free of an area of elevated thickness adjacent to and along the substantial -
length of the longitudinal edges of the at least one unidirectional tape;

(b) holding the first monolayer onto the moving substrate;

(c) positioning a second at least one drawn polymer unidirectional tape 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

(d) compressing the thus formed stack to consolidate the monolayers thereof.
Process for the manufacture of a ballistic resistant article comprising:

(a) stacking at least 2 unidirectional drawn polymer monolayers, each
monolayer comptising at least one unidirectional tape, whereby the draw
direction of two subseguent monolayers in the stack differs, whereby at least
one monolayer is free of an area of elevated thickness adjacent o and along
the substantial length of the longitudinal edges of the at least cne
unidirectional tape; 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.
Muttilayered material sheet according to any one of the claims 1 to 14,
whereby at least one monolayer comprises a plurality of unidirectional tapes of
the drawn polymer, aligned such that the plurality of unidirectional tapes form

a woven fabric.




