18 JAN 2006 Title: Polyolefin film tape or yarn The invention is directed
to-a poly multilayer film tape or vyarn, suitable for producing rii gf@rzﬁdﬁng
woven and non-woven type materials, especially for strengthening 3
stiffening of products. Polyolefin films of nono- or nultiplayer type are
general ly produced by blown filmor cast film5 extrusion. At sone stage of
the production process the material can be stretched in order to increase
the strength and stiffness of the material. Polyolefin tapes and yarns are
general |y prcrigked frRslypleliyofilh] taplel dpaif nono- or nultil ayer type, by
cutting the filmto the desired width. At sone stage of the production
process the material can be stretched in order tg%#%% I ncrease the strength

d stiff f the gmier]al % t i
composi te material - fiprEaer RRrRod o PRt ululBkPLALE trbe or

| ayer of an effy @&ﬁabwmlmhcwféiﬁfore b%x'i‘ﬁn&ﬁiﬁiﬂ%@@ p40hé matklifels,

coated | ayer “has’a | ower softening point than the pol ypropy

publ i cation despeciablysforisereiigthennigcimdipr atiffeningaf prodicts.dPalydlefin fihinswfof
20:1 in a hot air oven.. The exanples indi ate hat, copposites of the’
material my 1aDe- or paHkplayer type ars Bengzally pap %@qdcbng n fihm or cast fgm

JP- A 2000.8244 f hed
| ayers, pPepa%ﬁlﬁéhggig%ﬁp%@%ﬁéﬁ}g? ﬁk‘ﬁ@ﬂ?&@{ Bﬁ%e% ere| ﬁgﬁkpe B | ayer
is 20 a pol ypstppiehetdandidet b6 irereasectlte sfren addwnmsetdﬂshemi@rmefl n
copolynmer or a blend of two ethyl ene-a-olefin copolyners. The yarns are

produced by co- extr Bolyglefiretanes and yarns are generallygproduced frona pelyol eﬁn
stretching it.to a,stretch rtloo 2. Ater Vi n e .nater.

heat treated @%“%\BfHJQWeoﬁé? ﬁa%'gbmf’e&’ tﬂ?@é"ﬁﬁhﬁgﬁlﬁ‘%
three-ply drayneatygd 6f the prydueBioR profésy ilvl MatdrisPéth be¥tletcted in order to
pol ypropyl ene and/or” LLDPE ‘and top | ayers from butene-1 polynmers. The

mat eri al 1®an hmremﬁh%ﬁéngﬂa@kdgﬁ@w&a@ﬁthq'm@enﬂ-t erial has poor
mechani _Cal properti ®SyUs-A 5,678,370 describes a thermoplastic composite material

formed of a polypropylene film that is coated with a layer of an ethylene
copoiymer further comprising propylene units. The coated layer has a lower
| softening point than the polypfopylen'e core. The publication describes the
156 stretching of the material to a draw ratio of 20:1 in a hot air oven. The
examples indicate that composites of the material may have a mean tensile
modulus of elasticity of up to 2.5 GPa.
JP-A 2000-8244 describes a flat yarn cloth for reinforcing laminated
layers, prepared from a composite yarn of the ABA type, wherein the B layer is
20 a polypropylene and the A layers are based on an ethylene-a-olefin copolymer
or a blend of two ethylene-a-olefin copolymers. The yarns are produced by co-
extruding the two materials, slitting the film and stretching it to a stretch
ratio of 3-12. After weaving, the material is heat treated to weld the yarns
together. |
25 ' EP-A 366,210 describes a three-ply drawn polyolefin laminate
comprising a core layer of polypropylene and/or LLDPE and top layers from
butene-1 polymers. The material can be used in the packaging area. This

material has poor mechanical properties.
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1 WD 03/008190 2 PCT/ NLO2/ 00487 18 JAN 2006 EP-A 776, 762 describes a

pol yol efin tape or yarn based on a co- extruded polyolefin material, having
a stretch MWRPHYIEING to 10. This material is described as bDEITHLENGMED| e
for preparing all kinds of cloths, strappings and the like. 5 AIt Mzugme
properties of the material according to the above citations are qU| good;
especially with respect to tensile strength, there is a need for further

i nprovenent. It is a first object of the present invention to provide a

tape or yarn havi ng EPps Q76 6gedépibesla pol9pRIfin Bfpe blysAITBASId 6n BB i al S
yarns and cloths are often used for 10 reinforcing. Mst comonly used are

glass fibre ermmdq‘ethpglymﬁmmter@ﬂah@vmg Q)Et‘-,remh Eafllaloﬁ 6rteid. (Thds mai&mazlns age
that they nake i dffIC lﬁt p@\{ ﬁgﬁ S i.n which t are
i ncor por at e ¢S ?}Bg\?é‘rltjja & &rprepArin g all gy §° F & SLPRIgE ced

by pol yneri q;jfd bres or ot her polyneric reinforcenent conponents, thereby
making it easter -to recycle the conposite 15 materials. One of the strong
advant aggs of gl ass Althnaghrthelpiﬁpentleshﬁ' the ibhoedal a¢doedigf to the aliovies

general |y one of the weak aspects of P yneric fibres qr other
rei nf orcerrerﬁltftté%ﬂ%ﬂhuteﬂ?@ r BSReGIally P‘i‘tli gespect;to kensilstzengtdy, thare is a

| nventi on B SRR B BB STy 8 2 B0 O LS o £

be able to rré% ace res I'n conposi

recycling of ﬂobed@aqﬁ%toi y&&ﬁd&%ﬂgﬁﬁiﬁfbﬁ@dMcﬁfahﬁbalfplbﬁ‘értlé@pes and yarns

It would be an advantage if all conponents of the material could be
classified as the salecompesitemateriahs atgl‘p@apérctqjhlsme often pedd/forny| ene

{ho. maj 00 ¢ yFeBRIQE MOTAPREmGRI B5ed Rre Elise dihes JRALHiA EoFtoRs iR 6Be | Lgf
the resul ti ngnfLEtbAAISRAGE tRE ddvAntasd Lh&t%}ﬁs}emﬁﬁk% 'V@:J'y difficult to
recycle the materials in which they are incorporated. It would be very useful if
the glass fibres could be replaced by polymeric fibres or other polymeric
reinforcement components, thereby making it easier to recvcle the composite

15 materials. One of the strong advantages of glass fibres reside in the stiffness
thereof, which is generally one of the weak aspects of polymeric fibres or other
reinforcement components. Accordingly, it is a further object of the invention
to provide polymeric materials that have sufficient stiffness to be able to
replace glass fibres in composite materials.

20 With respect to recycling of the products produced from polyolefin
films, tapes and yarns it would be an advantage if all components of the
material could be classified as the same material, such as polypropylene or
polyethylene (including copolymers thereof wherein propylene respectively
ethylehe forms the majority of the monomeric units). The advantage thereof

25 would be that the resulting recycled material would still be one material,
instead of a blend of various components (no contamination).

The present invention is directed to a monoaxially drawn polyolefin
multilayer film, tape or yarn of the AB or ABA type having a stretch ratio of
more than 12, having an E-modulus of at least 10 GPa, substantially

30 consisting of a central layer (B) of a polyolefin selected from polyethylene and



I nstead of a blend of various conponents (no contam nation). The present

I nvention %&M@&éed to a nonoaxially drawn polyolefin nultilayer film
tape or yarn o AB or ABA type having a stretch ratio oPCTANOY0RAN 12,
havi ng an E-nodul us of at |east 10 GPa, substantially 30 consisti S%PATN ﬁﬂﬁ
central layer (B) of a polyolefin selected from pol yethyl ene and

03/008190 3 PCT/ N L0O2/00487 18 JAN 2006 pol ypropyl ene, and one or two ot her
| ayers (A) of a polyolefin fromthe sane class as the naterial of the
central | ayalyproplen®smdene ondwpsither layers éd) ofba eolydlen from thaisdms her

| A i h he DS i i h i f th
sl & vent) i5p08 HEY BateliR of the SRErAE bavell B o s Plmeltifi B adneds tng 0o
wt . % of t henopdS51 6f cinshill RRhet Dffers @(%éix{q%ﬂ?ttﬁ%ﬁ&h% D8CImeRkiNg p¥nt of

Surprisingly it has been found that this miltilayer material (also referred
t:0 as | am nheahabanakbaftd sxitd gentad layeas(B) wherespns cémtraklayani(Bais

strength, stiffness and the |ike. Because,of i{s conpositign, . it can_be

qual i fi ed hptasen %ﬁagaﬂmﬁfe af themateral aeﬂﬁ&e othae layess (89 hotwesrn &

pol ypr opyl SN 50\/{?111 %h Is an advantage in recycling. More in particular- it is
possi ble to recycl € "production scrap as part of the central |ayer

conmponent . Further, SiiFpridiaghpit Ed’sebeefrﬁﬁidddet‘mtthié thulellay aCinaterial Gllso
consuner goods, such as cars and the like, concerning the p055|b|I|t{ of
t

recycling ofefetreddorgsolaorinate) has excedlent properticsevish reSpedtetopnechanical t i s
B R N YN TV T 0 Y
e TS|l S L nBhe bR IR it FUAURUIOL iy T )
at 'l east 20whivh BvenadpahtageOimorecpelirg. Morenat partitulsast bepossibleanedcydlat can
be used advp%‘%h%gcaggsgc¥a£ grs paalrlt olf itl?edcser?tfral layer component. Further, in view of the
requirements to manufacturers of consumer goods, such as cars and the like,
concerning the possibility of recycling of the components after the useful life of
15  the product, it is important that components consist qf one class of material
only.
The E-modulus as used herein is the value as measured by ISO 527.
By combining the material composition of the laminate
(film/tape/yarn) with the extremely high total stretch ratio, more than 12,
20  preferably more than 15, such as at least 20 and even up to 50 or more, a
material has been created that can be used advantageously for all kinds of
reinforcements, that can replace e.g. glass fibres in various reinforcing
applications and that can be used in various higher temperature applications,
such as automotive or aerospace applications. In general, the material of the
25 invention especially suitable for (ightweight) construction applicdtions, high
pressure applications and medical applications. It is possible to apply the
material in the construction of houses, ships, cars, and the like, but also as

reinforcement in high pressure parts, such as tubes (for oil production and the

like), or in the production of ortheses.



rei nforcenents, that can replace e.g. glass fibres in various reinforcing

appl i cati ow® @angiopat can be used in various higher terrperatli#l?mm‘,o0487 .
applications, such as autonotive or aerospace applications eneral, the

material of the 25 invention especially suitable for (lightwei gHtB)JAN 2006
construction applications, high pressure 4pplications and nedical
applications. It is possible to apply the nmaterial in the construction of

houses, ships, cars, d the |i but also a rei nfaqrce i.n_hi
pressure parts, sucHnddeicopdex ‘;(‘gﬁhl%iqveﬁ}% ?%amth@nﬁl"?’kéfﬁn asn t he

ducti -
Pontext of theeing SRminliovd B dheRf R0 Boh Meenl (PR T Micd 't
m ni mum | evelegpée bflﬁzrbﬂi}ﬁhgii‘dmt'&hlsb&drﬁc medJo tHSRniad taged mﬁdmaﬁ'mms at

degree of stretching froman isotropic nelt to the final tape or film This
is at |eastleast wqrtd@rﬁ yh@ﬂ eflenteinspeed het‘ﬁ%%\uﬂb%ﬁ&@é?h rolderst ddech

|1 Th T d f h
b rerr; nenastunbiae 3 heT TR sp e drteFRinp fioi EhF Hidtzipeoape Fdier the
stretching di.N64#IRM)of tiiaana‘iFﬁlnil :prﬁ' ﬁ% @fféﬁcﬁﬂlgtdl?e&%ﬁ)r ghe! PR .

whi ch preferably is a highly crystallinég eriral. The material of the
ot her |ayer appliesgspecialllyytobhe emdral lpyta) dvhmhpfﬁfa'ah‘ljnm:al}nghhf cylséaldinieer

Lapes, 1 br GBALATIgh G TOYEURLe! thechbher iahenwill ganabubn bolessapiaioea oot
the materialg H%hl%ﬁaotf thé%?égldlag;qu écciaggttg g})§lss%h§Ft%S§9%§lGﬂ{t 80 weld

pr oducti on O]!'l I nv I on

pol ypr opyl erteaeomn@@lmgb@yﬁm orlgrarﬁa&eg@ﬁhetrhehé&sa WHvEIR naH- Moyk e as t he
material for the film tape, 15 yarn or fibre, the material for the

central, or s@epkefsﬂaakaftbemauermleséneabltpeaseda horopol ypr opyl ene, _
prefrably, having st ehaticshin bl S8 Yot i S SRy
permeati on Gy RECOLARE 6 (HeRventio STy APy ISIPEE Bblyethylene.
In case of the use of polypropylene as the material for the film, tape,
15 yarn or fibre, the material for the central, or core, layer B will preferably be a
homopolypropylehe, preferably having a relatively high molecular weight,

- such as a weight average molecular weight (MW) of at least 250 000 g/mol, as
determined gel permeation chromatography (GPC), and a melting temperature
of at least 160°C. It is to be noted that the central layer preferably consists of

20  one material only, but that in case of recycle of production scrap, minor
‘amounts of the material of the other layer may also be present in the core
layer. This will generally not exceed 10 wt.%.

In an embodiment wherein the core layer (B) is a polypropylene, the

material of the outer layers in this embodiment is, as indicated above, also a

25  polypropylene, preferably a copolymer of propylene with ethylene or another a-
olefin. An important aspect thereof is that the softe;ling point of the material,
generally indicated by the DSC melting point as defined in ISO 11357-3 is
lower than the softening point of the central layer, the difference being at least
10°C. The maximum difference between softening points of the la'yer B and the

30 layer(s) A is not particularly critical. For practical reasons, the difference will



of at least 160C. It is to be noted that the central |ayer preferably
consists of 20 one material only, but that in case of recycle of production
scrap, ni nHOO481Mts of the material of the other |ayer mapCAINO2BISHr esent
in the core layer. This will generally not exceed 10 wt.% In anlngqgﬁ)% Erent
wherein the core layer (B) is a polypropylene, the material of t té]

| ayers in this enbodinent is, as indicat eél" above, also a 25 pol ypropyl ene,
preferably a copol ynmer of propylene with ethylene or another a olefin_ An

| npor t ant  agRE&T | B ' ' . ial,
general ly i ngi ggytggq%%)p%%& Sgga%?t?hg%%%?ﬁ?@ggag‘gﬂ‘%% 4‘%%% ?Ef%lg? 31is

| ower than tabbievefltverthregfihnj tdpeodr ydran wheteial theali€ferendicindsdtfariagpoibe i8g at
| east 10C. .The maxi rmin gi fference between softening points of the layer B
and the 30 Mayherangaof I} Garticularly critical. For practical reasons,

the difference wll / 2/.00487 216. JAN 2006 usually be | ess
than about 70 C. Very g%ggg(r}g%@% g%éyégﬁr#&e gfiivgltg‘e%ﬁan.%tﬂicz)g’gylléﬂ’h a
film tape @uchash phspyéne-bilyldhd toh&annLopblyaRés, b tHe AReR1Sydgs) An the
range of 15-40 C._Very good results have been achieved with a random -
copol yner, Iasteadmfizscepolymey lox me combyhatien thextovithop gojyndefinapreferabimteer

| ayer (s) A #nstea of, a co&;l ner or. in conbination therewith

| a .
pol yol ef i n, BOPATEPRIane homopelygier arnglxprep SRty mer , preparsd by making
copol yrer, L ' . ‘ y Ls s the
outer |ayer (Rgs)g%.aelgg?ﬁ%%%gé%lggﬁsﬁéssﬂ ‘ﬁilﬂéa{}/ﬁgggsg%ﬂgé\%éh\%uﬁ%gg h a
nmet al | ocene rbasitdl havatheshiachlieyed withrsuchth detallbednecbasahgtiacisticahpolymer.

nmetal |l ocene is rac-[ Me2Si (2- Me-4-(1- Naphtyl)lnd)2]ZrCl2 H (described in H
Bri nt zi hBer A puitapleexample off 3 mesalecenegs rapdMe2Sif2-Madridut h, Angew. Chem

107,(1955) N @Al L TSt OB Bl SR, B BORIRP0")
:r]ia It gtrsi, alt 2;31658.(RiekbﬂrR.S%@%atﬁitlﬁﬂ%@av&.OCﬁaﬁnh 10t7@D96)y\ 285 anddn- Wo Wiminsky,
Macromol. Chem. Phys. 197 (1996) 3907).
As the product of the invention is generally used in a form where the
15 films, tapes or ﬁbfes are at angle to each other (woven, non-woven materials),
the outer layer makes it possible to heat treat the woven, stécked or stapled
material, thereby welding together the individual films/fibres/yarns or tapes to
create a composite material (e.g. a woven material) of very high structural
integrity. By selecting the softening point at a sufficiently large distance from
20  the softening point of the central layer, it 1s possible to have a heat treatment
which does not impair the prbperties of the material itself.
In an embodiment of the invention, the outer layer or layers A at
least consist of a ethylene propylene: copolymer, having an ethylene content of
between 75 mol % and 99 mol % and a propyleﬁe content of between 1 and 25
25 mol.%. Particular good results have been achieved with such an cuter layer or
layers in an embodiment wherein the bentral layer B is a polyethylene.
It is preferred to use a propylene ethylene copolymer, having an
ethylene content of between 1 and 25 mol.% and a propylene content of

between <75 mol % and 99 mol %, as the material for the outer layers A, 1n

30  particular if the central layer is a polypropylene. Such a copolymer (as outer



the outer |ayer makes it possible to heat treat the woven, stacked or
stapled material, thereby wel ding together the individual

filnms/fibregdyaipmsopr tapes to create a conposite naterial en
material) of very high structural integrity. By selecting tﬁ&/& ?Oedr%%g

point at a sufficiently |large distance from 20 the softening poinygofantif
central layer, it is possible to have a heft treatnent which does nop
i mpair the properties of the material itself. In an enbodi ment of the

i nvention, the outer |ayer . or, layers A at |east consist of a ethylene

pr opyl ene co%éﬂeyéél‘a‘,)’ %B?W‘Qﬁré%l‘%lae‘i?é‘ %P‘é?ﬂslyﬁ’fer' gé‘@ en founddp aghene o9
nmol % and a =Tt Q{En apg] 5 0 .cul ar good
results haveH@feiﬁ Sggﬁlf%c\?e vvllt'({ ﬁ;esgeﬁ?égﬁ&a%{'er tglg'érzd %drm{)?sé{%/eeggjé%é?’g'ﬁm&
enbodi ment  Wibkh o fisingaitichad copolfinel Has FeeRdouatty/ 1R a very gobd 8teineeH, t 0
use a propylene ethyl ene copol ymer, having an_ et hg ene content of between |
and 25 nol . %mapdctaresisppte ppdcdmasion resistbacedéns aborpissiblatd we biehdspof as

the material for e outer .layers A in 30 particular if the central |ayer
is a pol ypr oW?@ﬁiﬁe%ﬁ%‘ﬁ%olyner (as outer WD 03/008190 6 PCT/ NLOR/ 00487

2 20 2 )1 O L GBS A

found to adhere hig satisfactorily“to the central

conposi t e of apphe Asytdtecemtralf lalyer aarif@DPE mpreferatdy espd) iers pbhsethglmef ound
to have a very good strength, . inpact. resj %}a@gce_ nd abrasion resistance. It
i s al so posshBving a dgseityjof agdeast 90 kg/mat Theeweightiaverage melgculasveightne

use of polye ne, si cal S ' ti . h

central | aye&%ﬁﬁﬁ%&mb&e‘#@%’ %@3?&?@19?3%%&05?%;0 h@qtg%)e{m_)ﬁ%{}‘? ﬁgea
density ff aind1ERstpdiRPikdere of Rt Bhis R RaRdiNatGHeabntRildAer (MY, as
determned by GPC, is preferably at |east 250 000 g/nol and the 10 nelting
poi nt i s 130preferablyonsists of ene materiadtoady, tthittthaien case ofi redyye pf

preferably consjists of one material qnl but tha E.th% e of recycle. of

production scrap, minor amounts of the material o er layer may also be
present in the core layer. This will generally not exceed 10 wt.%.

The material of the other layer is characterised in that it will also be

15 a polyethylene, but now with a lower melting point-, the difference being at
least 10°C. Suitable polyethylenes are random or block ethylene copolyvmers,
LLDPE, LDPE, VLDPE and the like.

For both types of layer materials it is to be noted that they will

generally contain conventional additives, including but not limited to dyes and
20 pigments, flame retarders, UV-stabilisers, anti-oxidants, carbon black and the
like.

In a less preferred option of the general approach to the present
invention, each of the outer layers at itself consists of two or more separate
layers. It is also possible that in the three-layer configuration (ABA), the two

25  outer layers have a slightly different composition.

The major part of the product of the invention consists of the céntral
layer (B). In a preferred embodiment the amount of central layer is between 50
and 99 wt.%, preferably between 60 and 90 wt.%. The balance of the material

consist of the outer layers (A).



‘production scrap, mnor anmounts of the material of the other |ayer may al so
be. present in the core layer. This will generally not exceed 10 wt.% The
material oWQ®OBtMer |ayer is characterised in that it w | PCuINO2ESET 15 a
pol yet hyl ene, but nowwith a |lower nelting point, the difference being at
| east 10C. Suitable polyethylenes are randgm or bl ock ethylene cppghymEmss,
LLDPE, LDPE, VLDPE and the |ike. For both types of |layer nmaterials it is to

be noted that they will -generally contain conventional additives, incl udi ng
but not limted to dmegrmihe 2he m&nﬁeés%f fHeat@e! HIB S ain W1 %Eﬁ&‘alllys
anti-oxi dants, carbon black and the like. In a |ess preferred option o the

gener al appraptd 300, prefepatdydratween\BEnand 300 gam. hThis istgpverned by ahevsigihal
itself consigsts of two or e sep rate . ers. is al possi bl e that in
the three-| aéi,’f‘ Mﬂ%ﬁ@é‘t‘# ;ratt’r?el? 132‘3’38 grafi rtglet?&’#é‘?&?@? ghtly
different co i Tr t ls,qu‘&

consi sts of %§ECh no?ﬂe‘re 'Pﬁayerﬂég?a{'% F\éngspre ﬁ ed g%&a& nljfé]%/%g%g%%u% Lot

central lsyepsiusn Rt 650 cialor @dge. FPhovnidth of tHecfiRhb ¥ah AUNECArYOOver HwIge W .
The bal ance of the mat erial consist of the outer |ayers (A). WO 03/ 008190

PCT/ NLOR2/ 0048amge, B8z Jrom2Dom up ke 1pPgmm pranorehe t hi ckness of the tape, film
| |l 30 bet 2 d 300 Thi

'S Joverned by the- ofdnisated aave. thefhatial p thAdnteraeR BaRders 008 (hi's

case the ratp fhnf d&ﬂ Bedicy r*ohexaﬁ;m@tm EShbdtikas JﬂPb%@tl&sQfldd}Pat apes

can vary over a w ane such as from5 25 mup to 50 cmor nore.
wi dt h of thepi*efbmblg&rt lahslolﬁ.ér()’mev'Bhe tendittestrangth can gasily bmat lemsum%o 150

mechani ol pORsorevPBRD oAt Brehg COPR s atueBumarsared DY DS Ch82T satke Sobeba,
preferably aj;;| 295! el stie o 1S 08 bbGaiibd $UhD fQRr538 bt thd Brafenk o5t
invention is about half of the theoretical value. This means that for
polypropylene a value of 1 GPa and for polyethylene a value of 5 GPa will
generally be the upper limit.
15 A film, tape or yarn according to the invention can be used to
| produce all kinds of materials, such as those discussed in the introduction.
One of the preferred embodiments ef the use of the film according to
the invention is the production of a reinforcing material for example by
winding or stapling/stacking, andfor compacting it from the film. Preferably,
20 the material is then heat treated and pressed. By this heat treatment the
) individual films are welded together. In this way the structural integrity of the
stapled/stacked material will be guaranteed. The said heat treatment will be
done at a temperature between the softening point of the material of the outer
layers (A) and the material of the central layer (B). A surprising property of
25 the heat treated material is the improved abrasion resistance and the
resistance against delamination of the individual films.
During the heat treatment preferably a pressure is applied, in
particular if the heat treatment involves subjecting a plate-like material or
shaped article to a temperature at which the material of the central layer (B)

30 has a tendency to shrink (due to disorientation of the polymer chains to a more



10 GPa, even up to at least 0.4 GPa (value as neasured by |SO 527). The
upper 'im\FV()fd%FmEBﬂ strength that can be obtained in the materials of the
present invention’Is about half of the theoretical val ue. TRCI/Nho20&I8T hat
for polypropylene a value of 1 GPa and for polyethylene a val ue qofg 5"‘%
will generally be the upper Iimt. 15 Af8lm tape or yarn according to the
I nvention can be used to produce all kinds of materials, such as those

di scussed in the introduction. One of the preferred enbodi nents of the use
of the fil mmechmcogfigerdtien). Foeekaople spelipropydene témds tf shrinkiatfaor ci ng

lal f Lle b i nd) | i ng/ ki ng, d/ ' '
T oL Bt T, BB A gk SRR
d. B | L Nl i | ther. |
P, B YRRl rled it (e sl dsae b, 10

guar ant eed. maeedalsthdvabedr 6BidiR6d by dompctirgotite aiatariad &P ar@iesserebiel sieen
the softening point of the material of the outer |ayers (A) and the

mat eri al Sof ameecrdG-40 baayer (B). A surprising property of 25 the heat
treated materi al isnA e intpéroﬁxs(ed .abrasli).ontresi ance and the resgﬁtance
agai nst del ami nat i on O TRABVERE A IERIR O AAMEE ?@Yf%awgﬁfaﬁ% frent
preferably ampiesalhtay éﬁ%bﬁdgdui'i@xg Rt tresdmént, linldideP e hvbidediriBking.

i nvol ves subjecting a plate-I1 material or shaped article to a
t enper ature at whi chOnbefithe grefdrred embodimentsaof theyese ¢fHhe3apeay yarmendency

to shrink (due toq. disorientation of, the polymer _chaing to re,. WD

03/ 008190 g a oty WhegyensionAg the gao 3?%%%8&?‘?‘&3?%#33#&‘1:&‘ CXRIREe
pol ypropyl e -1.nk ure W ' rably
Poch Y c0By Weidtag SyillihB ipdine pHEARBLNEaBAN Cobiiflctiy, {6 frdih the

mechani cal  pragiee fibire 9r§farh hPrefesablly| tile mkeial i shdralieabptreatebhadnadsdnd.
conpacting the material at a pressure in the 5 range of 20-70 bar..
By this heat treatment the individual fibres are welded together. In this way

the structural integrity of the cloth will be guaranteed. The said heat
treatment will be done at a temperature between the softening point of the

15  material of the outer layers (A) and the material of the central layer (B). A
surprising property of the heat treated material 1s the improved abrasion
resistance and the resistance against delamination of the individual fibres.

The production of the material of the inventioﬁ will generally be
done by co-extruding the various layers. Generally cast extrusion is used,

20  whereby the extruder has a flat dye plate, without profile. When a film is
manufactured the material may be stretched, after co-extrusion and cooling
the material. In case a tape or yarn is manufactured, the material will be slit
into the required width of the individual strands (after co-extrusion and
cooling), followed by stretching. '

25 The stretching can be a single stage or a multi-stage stretching. The
stretch ratio in each step may be between 1.1 and 50 — preferably in the range
of 2 to 10, more preferably in the range of 3 to 8 - the total draw ratio being
important for determining the TSR, as defined herein. Very gobd results, with

respect to mechanical properties of the stretched tape, yarn or film, have been



"Alternatively or in conbination with applying a pressure, the material may
be- cl anped_during heat treatnent, in order to avoid shrinking. One of the
_preferred BARERt s of the use of the t ape or yarn accor dPA§NLO2/HHE?
invention is the production of a (reinforcing) cloth for exanple nqlg IQ)fD[IB
weavi ng, W nding, chopping and stapling, gnd/or conpacting it fro_‘l oA

tape, fibre or yarn. Preferably, the material is then heat treated and
pressed. By this heat treatnment the individual fibres are wel ded together.

I'n this wayachfteedtihucnuli-stapb etietéhingf probesscivRbreini the difetdHFadibtiacte The
said heat treatnment will be done at a_ tenperature between the softening

poi nt Ff I t héirgstratehingistage oftheotaper ﬁl@ﬂT}?Wﬁlﬁ 4hd the mat gri al of the

t B) . . i Si ' t t t ' [
The | moroved abr asi Ohis Tbrired tdbiatbl thé rateril afetomprmsiive BPOHeR on of
the indivi dygly 80P Prefdienps &dﬁghﬁﬁ stiettRmg B &tbiipe? Jr@eoe'l%‘iﬁ& ew |

generally be done by co-extrudrn e various |ayers. ner al cast

extrusi ob i snelseg paifit ofiche yatehal eséd deethdamteal layer B/therknd afteni“toldut
profile. Wen a film i\?ﬁj manuf actured the material may be stretched, after
ifyy

co- ext rusi oftEkENNGo) (WREY goed resukts bave heenaghieved wifh @ coldastyetchung

manuf act ur e i al 1] _be it . i [ Lr W f. the
i ndi vi dual g??%'rtal’ s@g&tdé%tclgé&étx?&u%fis%ﬁ Séﬁ%%%bé %&)eswolc%%w_agta ret chi ng.
25 The str etteiipegatifie hefow the MSE méREy P6in? ofithé butérrliges ! tiR! hmgatdhe
stretch ratio in each step may be between 1.1 and 50 - preferably in the

range of 2bengm therange of 3b-451°C, imoxe preferaddy bet@een 30 and 6@ °Cot al draw
tio bgj [ tgnt f det I Ni the. TS fiped h [ d

Fesul t sttt h T ospdBicass ohuHETege Sripaing bue Bt Roeliingdn Biterally’ 3

or film haywgyrhegut a@l&’ﬁég@g%%gr%ﬁ%{tﬁﬂé&%%ﬁﬁp&ﬁiw %9929 aehdeyeso N a

mul ti-stage stretching proc stretch ratio 1n the

60 °C, and the subsequent stretching stage or stages are preferably carried at
a relatively high temperature, for example at a temperature between 60 °C
and the DSC melting point of the outer layer. Thus an a high as possible

15 stretch can be achieved. Good results have been obtained with a subsequent
stretching at a temperature of at least 100 °C. It is highly preferred to cdrljy ,
out the subsequent stretching at a temperature at which the stretch ratio until
breakage (during the stretching process) is essentially maximised. It has been
found that a temperature relatively close to the temperature at which the

20  stretching is maximised, a film, tape or yarn is produced with very good

| mechanical properties, such as a very high E-modulus. The temperature at

which the stretching is maximised can routinely be determined by the skilled
person. '

Between two stretching steps an annealing step may be included.

25  This can also be done after the final stretching.

The material of the invention, both the individual films, tapes,
yarns/fibres or a cloth or stapled/stacked material prepared thereof can
suitably be used for incorporation in e matrix material, for example as
reinforcing material. Examples thereof are various composite materials such

30 as fibre reinforced plastics, automotive applications such as bumpers,



first stretching stage of the tape, filmor yarn is 4-5. It is preferred to
stretch tt\goq;fa‘}“ﬁéliggl at a tenperature between 20 and 250C. Preference is .
given to stretching at a tenperature bel ow the DSC 5 nelti RGTPBOHPMST ¢ he
material used for the central layer B (herein after "cold Stret\?\ﬁi n@i'N)m Very
good results have been achieved with a colj¢-stretching nethod -«§r n gﬁt )
| east one of the stretching stages are carried out at a tenperature bel ow
the DSC nelting point of the outer |layer, the tenperature being in the
range of 25-ddshBpards,engind esvays anidetheckle, 3pplivdtioh 1@ tHe deroepae ffdustry,

mul ti-stage stretching, the first stretching is preferably carried out a

relatively | t Tugtion materials fox aerepleaes apd the ke, Jathar apphicadions and
t he subsequq{g esl{,éeq{ gﬁicpgseﬁgﬁgr%ygt ages are preferably carried at a

relatively hig enperat ur e, hpl e at a tenperature between 60 C and

the DSC nelting poi MTh@{nddiRidiishow ahedidatdén 8he BabisHT the BR6WIME € 15 .
stretch can be achieved. Good results have been obtained wth a subsequent

stretchi g axamplespwhiathiaee obt tnt be comstraed aglimiting the giventperef erred to
carry out the subsequent stretching at a tenperature at which the stretch
ratio until breakage (during the stretching process) is essentially

maxi m sed. It has begyp nfngfénﬂ that a tenperature relatively close to the
tenperature at which tﬁe O stretching is maximsed, a film tape or yarn is
produced with very good nechanical properties, such as a very high

E- nodul us. The te”DEU@iﬂ%ﬁ calextMibién linee a Flafwalki pr@phfedBondibtifg of altore
routinely be determ ned by the skilled erson. Between two stretching steps

an annedli ndayerB ofpolypropdene bdvings soffening temperatume ofiiH3FC final
stretching. 1;I'he maj eri al ott t he inventian bot h the.indi vigfgg{: f%tl me. t apes,
yarns/ fi br es™E? (9P LAYSER A1 A PEARIARS FARKRYR (RROLIRET havimp &P mefteBigan
suitably be ysgfeda@fird BE 255U PABALtrlofhrBRITHS WEREIRY Latlo AIBYA &ARPHE:52S
reinforcing material. Exanples thereof are various conposite materials such
30 as fibre reinforcEHe filastvias Stredclicadat HGEC appl raidd 0DhS fellowedbyounpers, WO
03/ 008190

stretching at 128°C in a ratio of 1:3.4, thereby producing a stretched film that

15 had a stretch ratio of 1:17 and a thickness of 70 pm.
The elasticity modulus of the stretched film was 15.8 GPa and the strength

- was 585 MPa.

Example 2
20
Some of the films of Example 1 were processed into yarns of a width
of 2.1 mm. The yarns were woven to produce a fabric material (tissue
material), which was subsequently heat treated at 150°C to consolidate the
structure. The final material had quasi isotropic stiffness of 7 GPa (determined
25 by ASTM 3039-76) and a tensile strength of more than 270 MPa. (determined
by ISO 527). S |



"10 PCT/ NLO2/ 00457 18 JAN 2006 dashboards, engine covers and the I|ike,
applicati j aerospace industry, such as construction materials for
_aer opl anegalgn@’({oﬂ@ol i ke. Qther applications have been di scH§3&I-OHE8M87 above.
The invention is now elucidated on the basis of the following 5 exanples,
which are not to be construed as |initinglthe invention. Exanple 11 &dAKgN0A
co-extrusion line, a filmwas prepared consisting of a core 10 |ayer B of
pol ypropyl ene having a DSC softening tenperature of 152C and two top | ayers
A of a propyl ene ra%d@mpbpélyrrer having a DSC softening tenperature of
135C (ABA-structure). The weight ratio A:B:A was 5:90:5. The filmwas
stretched at 55Cin a ratio of 1:5 followed by stretching at 128Cin a ratio
of 1:3.4, thereby p i e%% L etch ratio of
1: 17 and a thi cknesssg%‘écd%ﬂlm T éegf;?ggﬁﬂcl?E?e%%ﬁl%lsa{) t é?g%erietched film
was 15. 8 GPaubswjudmlyshestntiehtedas 1585 MPaondolialme ¢he stfucbare The finel fi | ns
of Exanple 1 were _processed into yarns of a wdth _of 2.1 mm The yarns were
woven t o pr staieEial brdminas psetappisistifiness of 7 GRaandiptensile strepgth of more
subsequentlghh 3 tmg%{ ed at 150C to consolidate the structure. The final
materi al ha %‘Sasi I'sotropic stiffness of 7 GPa (determ ned 25 by ASTM
3039-76) and a tensile strength of nore than 270 MPa. (determ ned by |ISO

527). WD 03/008190 Exanple 3 PCT/NLO2/00487 11 18 JAN 2006
Example 4

10 A film was prepared as described in example 1 except for the
} stretching stages being carried out at a temperature of 128 °C. The material
| (having a stretch ratio of 1:14 and a thickness of 70 pm) had an elasticity
modulus of 11.5 GPa and a tensile strength of 450 MPa.



Some of the filnms of Exanpl.e lwere stapl ed/stacked and subsequently heat
.treated at 150C to consolidate the structure. The final 5 material had quasi
"isotropic stiffness of 7 GPa and a tensile strength of nmore thard RIAN .
Exanple 4 10 A filmwas prepared as described in exanple 1 except for the
stretching stages being carried out at a tenperature of 128 C. The materi al
(having a stretch ratio of 1:14 and a thickness of 70 n) had an elasticity
nodul us of 11.5 GPa and a tensile strength1 f 450 MPa. 18 JAN 2006 12 d ai ns
1. Monoaxially drawn polyolefin nmultilayer 'film tape or yarn of the AB or
ABA type, having a total stretch ratio of nore than 12, having an E-nodul us
of at least 10 GPa, substantially consistifdninfs a central |ayer (B) of a
pol yol efin selected from pol yet hyl ene and pol ypropyl ene, and one or two
other layers (A) 5 of a polyolefin fromthe sane class as the material of
the central layer B, the DSC nelting point of the material of the said

ot her layerd.(A) beiMgnbaxiailyt drawn polyobsin menltilagepfilmi tage ohgarmtofthalABf

2T S Shis MBHSL et L0 Blehat b o
> Fim't | b oiein 2
oot I SRR T R A L e S

or 2, wher eigalddted Siomipolyéthivlene afid golymepykie, Andrindior twp other Viyors (A)
according to any of the claipms 1-3, wherein the 15 material of the central

and ot hep | afer polyelefun fom khe says: dpss anshe materiahof thp cenira) dayemBe sheli ng
| ayers s badSl Brwee Rk PEHE Maboile) fRbE sl shhok My <EE 2Al Bri fovin o
the) cl ai M5 ki3, DYO¥eIIng PBint of the material of the said central layer (B), wherein the
central layer (B) is between 50 and 99 wt.% of the material and the other layers
(A) between 1 and 50 wt.%.
10 2. Film, tape or yarn according to claim 1, wherein the stretch ratio is
at least 15, preferably at least 20. '
3. Film, tape or yarn according to claim 1 or 2, wherein the stretch ratio
is at most 50.
4. Film, tape or yarn according to any of the claims 1-3, wherein the
15 material of the central and other layers is based on polypropylene.
5. Film, tape or yarn according to any of the claims 1-3, wherein the
material of the central and other layers is based on polyethylene.
6. Film, tape or yarn according to any of the claims 1-5, wherein the
material of the central layer is a crystalline polymer having a weight average
20 molecular weight of at least 250 000 g/mol.
7. Film, tape or yarn according to any of the preceding claims wherein
the outer layer or layers A at least consist of a random copolymer. ‘
8. Film tape or yarn according t:.b any of the preceding claims wherein
the outer layer or layers A comprise a metallocene based homopolymer or

25 metallocene based copolymer.



3

~material of the central layer is a crystalline polynmer having a weight

avera@e 20 nol ecular weight of at |east 250 000 g/nmol. 7. Film tape or
yarn according to any of the preceding clains wherein the outer |ayer or

. layers A at |east consist of a random copolymer. 8. Filmtape or yarn

according to any of the preceding clains wherein the outer |ayer] ®yAN 2gkr s
A conprise a netal |l ocene based honopol yner or 25 netal | ocene based
copolymer. 1 8 JAN 2006 13 9. Film tapg pr yarn according to any of the
clainms 1-4 and 6-8, wherein the outer |ayer or layers A at |east consist of

I hyl . I havi . t hyl ¢ nt ent . of 1 and
25" mol b anda. pr ofyFeng PEa e SepORTR gt of Ry SRR d-a8nalF R 10, ™

Film tape ohyléleh 8R€ BuftirNdyéPorRiyeds Al NtfesbtrdomBist vBaditpylefe ethylagkei n the
outer |ayer or layers A at |east consist of an ethylene propﬁl ene

copol yner, haepelymer, bavingae ethirlene content of hebveensl and(250mahth a9dmol % and
a propyl ene content of bet n.1 and.25 | . 911 .Fjlm tape or yarn
accor di ng topé'ﬂ?%etcﬂg t‘é@@’&%&%ﬁé%‘%ﬁ%ﬁ%%@ i19?[0 thi ckness of between
25 and 308 pup, 12. @ﬂxﬂt&p%ﬂﬁﬁrﬂaﬁfcﬂrﬁﬁ%%%?@f‘tﬁe alymsf1-8 e d-scedi ng
claims, having an E-nodulus of at least 12.5 GPa. 13. Wyven or non-woven

conposi t e pr ephersin the anterflayes ox layersA sldenst comsist of ag etbyleny mpyleaec ai ns
1-12, ti | | v, _havi . . )t |
125 oot Sl e 38, o A B TR WAL g

claims 1-12, pprogiléne eunteit of\byerecolpadidsamoksscording to claim9. 15.
Met hod for manufacturing a nonoaxially drawn polyolefin_ nmultilayer film

tape or yarn bF the ABUB;tagson yare apeotrdinedo oy of the precedingelagmspbavimefor e
than 12, e flillaldek o bbiwdln 28RAAJ0VE" OF the AB or ABA type,
g of a .

subst anti‘al ly consistin
) 12, Film, tape or yarn accoxding to any of the preceding claims, having

an E-modulus of at least 12.5 GPa.
13. Woven 61- non-woven composite prepared from a film, tape or yarn
according to any of the claims 1-12, optionally having been heat treated.

15 14.. Composite material comprising a matrix material reinforced with
film, tape or yarn according to claims 1-12, or woven or non-woven composite
according to claim 9. | ‘

15. Method for manufacturing a monoaxially drawn polyolefin
multilayer film, tape or yarn of the AB or ABA type having a total stretch ratio

20 of more than 12, wherein |
(i) a film, tape or yarn of the AB or ABA type, substantially consisting of a
central layer (B) of a polyolefin selected from polyethylene and polypropylene,
and one or two other layers (A) of a polyolefin from the same class as the
material of the central layer B, the DSC melting point of the material of the

25 said other layers (A) being lower than the DSC melting point of the material of
the said central layer (B), wherein the central layer (B) is between 50 and 99
wt.% of the material and the other layers (A) betweex,i 1 and 50 wt.% is

provided by co-extrusion, and



A
“‘central layer (B) of a polyolefin selected from polyethyl ene and
pol.ypropyl ene, and one or two other |layers (A) of a polyolefin fromthe
.sane class as the material of the central layer B, the DSC nelti n% gmmmhof
‘the material of the 25 said other layers (A) being |ower than the g
mel'ting point of the material of the salqi central layer (B), wherein the
central layer (B) is between 50 and 99 w. %of the material and the other
| ayers (A) between 1 and 50 wt.%is provided by co-extrusion, and 1 8 JAN
2006 14 (ii )@ftﬁe% -Sx4rle@ $ilid, 'thpe b2 RArAlis ¥abfectéd @dJQJs?ﬁgrle%tag e drihBie
stage or multi- stage stretching at a tenperature bel ow the merting point of
the central s$tagerstréichife adhattempdraturmbeloncthe melting poimtosbdihe! ¢entdablayer
polyolefin 5_multilayer film tape or yarn according to nethod 15, having an
E-modul us of B-at |east 10 GPa. 17. Method accor di ng to cl ai m 15- or 16,

wherein at | east one ]?Irlnﬁ j I r enperature
in the rangef%lf 25- 73?41;85@%1‘% gh%gxégtagﬁﬁéo%ﬁ aclir(r% %}a‘?ﬁe}t‘ln t he
film tage omuléildydsfilth! fdpe dily i ﬁé&ﬁ*dﬂl% o inRERed aBUhsvixﬁ; ARNE- Eﬁdﬂﬂﬁu@fof
25-70 C and thereafter stretched at a hi gher tenperature. 19. Method-

accordi ng t oatileastflhG®acl ai ms 15- 18, V\/ner ein the tape, film or yarnis
stretched to t ot al tch ralo of ;at ast .15, ,nor.e preferably at

| east 20, evefr nore Bff IBgaPoé“ll?Jé]?(} Pﬁtlf]iow(glﬁr%‘f‘%b@? {38?‘9{%%&8_
Met hod accor Tt totel@pe B %o of DEMPsC. yarn
as defined |%ﬂrg%ﬁﬂ§%§§ Stalls‘%g&éﬁﬁz IS prep %Ixrggd éeierlﬂ?e gpe ?ilglggrsnn?c?r) C;:/ar n,
obt ai nabl e by8a mnet hbdbmodcnadorxi;nigd.oaﬂmmﬂ% wehereinathesfilih; e or yarn 1s first

10 stretched at temperature in the range of 25-70 °C and thereafter stretched at a

higher temperature.

19. Method according to any of the claims 15-18, wherein the tape, film
or yarn is stretched to a total stretch ratio of at least 15, more preferably of at
least 20, even more preferably to a stretch ratio of at most 50. |

15 20. Method according to any of the claims 15-19, wherein a tape film or

_yarn as defined in any of the claims 1-12 is prepared. _

21. Tape, film or yarn, obtainable by a method acéording to any 6f the
claims 15-20. '



