WO 03/ 008190 PCT/ NLO2/ 00487 Polyolefin film tape or yarn The invention is
directed to a polypropylene nmultilayer film tape or vyarn, suitable for

pr oduci ngwoaisnbgivei ng woven and non-woven type material s, pcaayaeiadsty for
strengt hening and/or stiffening of products. Polyolefin films of nono- or
mul ti pl ayer type are generally produced by blown filmor cast film5
extrusion. At sone stage of the production process the nmaterial can be
stretched in order to i ncge&sgaft hﬁ st{ength arﬁd stiffness of the material.
Pol yol ef i n tapes and yar nBOXPEILREPAIARS Brtiliced from pol yol efin fil ms of
nono- or nultilayer type, by cutting the filmto the desired width. At

sone stage of the production process the material can be stretched in order
to 10 increase the strength and stiffness of the material. US-A 5,578,370
descri bes a thernoplastic conposite material formed of a pol ypropyl ene
filmthat is coatedv inveatioayiedivdctahtes pplyprepylenpchyltayer filhetape or

conprising propylene units. The coated.l ayer has | ower softening. goi nt
than the poiarps pitRblecior praductpg rpUHPYELE | &P{eﬂeaé’éf{l%‘é?‘{vﬁé‘ %eg’??t@?gﬁf”ng of

the material to g dfro?‘\@‘clre?l Rexﬂilgza%d}oﬂ Kiffe iRl Aipro@Y&R: PARRleBX AR @F

i ndi cate that conposites the"material may have a nean tensile nodul us
of el asti Cithynef otiltipByer &pe adPgénR00ly-Bdddceid by hiltren finf batastdilm cl ot h
for reinforcing | ami nated |ayers, prepared froma congositeaﬁ rn of the

ABA typé, wisdresiant A seme£fage pEtheyprodustiop pragsasdhe maPTiHEaR heyers ar e
based on an_et h};lﬁggﬁ-g@golj efi n@ﬁ@g&%@;en%gaﬂﬁ gﬁﬁnggshgme%gyérﬁ]?- a-olefin

copol yners.Stﬁt@ e pro y co-- extruding the two materi al s,

slitting the film apgyslefigt tpedandtydrasarsigeaerdlly peddueedffrdn palyokéfirr
weaving, the material is heat treated to weld the yarns together. 25 EP-A
336, 210 desftimbefmmnohpeaytyaxhrdunepoy gutteng the Ghnriaithe deshiseiveidth: Atcor e

| ayer of pol ypropyle and/ qr LLDPE and {op l.ay. - | ymers.
Tho mater| AOaRtARe ddba ArRTrsioRRERaDr b Bt ied W T har s Sl
mechanigal ORI HHESstrength and stiffness of the material.

US-A 5,578,370 describes a thermoplastic composite material

formed of a polypropylene film that is coated with a layer of an ethylene
copolymer further comprising propylene units. The coated layer has a lower
softening point than the polypropylene core. The publication describes the

15  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 336,210 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.



WO 03/ 008190 PCT/ NLO2/00487 2 EP-A 776,762 describes a polyolefin tape or
yarn based on a co- extruded polyolefin material, having a stretch ratio of
6 to 10. whios/onsberi al is described as being suitable forcpmapavessy all

ki nds of cloths, strappings and the like. 5 Although the properties of the
material according to the above citatiogs are quite good, especially with
respect to tensile strength, there is a need for further inprovenent. It
is a first object of the present invention to provide a tape or yarn

havi ng inproved negpaniz@l 76y e0REHe8S: pdloleditiRpeld yhaidselsnyatsns and
cloths are often used for 10 reinforcing. Most comonly used are gl ass
fibre nat eexiased folwlefin gatasil, having mstretchatadichefifete hE. ‘Thisanateralgs t hat

they make it very difficult recycle.th terials.in ich the e

i ncor por at éﬁscrﬁe%ﬁ%{’%‘n@é‘i}@&ﬁe feproparmng %ﬂug‘%’b‘fsagédﬁ}bsr 3@%’83?%? %%d the
repl aced bEonlyneric fibres or other polyneric reinforcenment conponents,
thereby nmaking it easier to recycle the conposite 15 materials. One of the
strong mdvant ages Altlglhahstheipropertiessifddeimatarealstdcofdingdo theabewd , whi ch
is generally one of the weak aspects of polynmerjic fihres or other .

r ei nf or cemBRAIEBAHPER ANLS BOREC BT C}?df%‘,”“?}frqs e t'f%fremﬂ? Sg’Eﬁn&ﬁ &erf’ fgd

| nvention ,Log ?&Qf’ﬂrgﬁexpﬂﬂﬁs%ﬁhﬁn@fﬁ%'aafilssttd?)?éct}b"f\fﬁe ?:Hééérﬁ'iﬁ?énﬁ&ﬁ tfness to
be able to réplace glass Tibres in conposite materials. 20 Wth respect to
recycling gtovibe aptapdusntyrarpriading dmiprovednleghhnicahprépdrimes. t apes and yar ns
it would be an advantage if all conponents of tge naéerial coul d be
classified as the Safempasiée materalyKams glothpareptteseddoy et hyl ene

i ncl ugli opol th f ' i
forms. e rETBRIE gop B8l B! BrOEORYEIE ERRRIS MW S geEne |
be that thepresiterds hacy chedigmivantade tiitltlegtmhke teverpaliffitudt tal |

i nstead of a blend of various conponents (no contam natio(m]. The pr?*ieFt
i nventi on irecydle the smtenals imowbich theyyargrinaprnesatest & weuldhe verayeefud if m

tape or yarn, o, & Kn oS Blud B rdpiREd BY B fesit KBYENof BiHed Riymeric
reinforcement components, thereby making it easier to recycle 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
ethylene 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



nore than 12, having an E-nodul us of at |east 10 GPa, substantially 30
consisting of a central layer (B) of a polyolefin selected from

pol yet hyl woe3angioMO 03/ 008190 PCT/ NLO2/ 00487 3 pol ypr opylpemeNLoanaisone or
two other layers (A) of a polyolefin fromthe sane class as the materi al
of the central layer B, the DSC rreltlng oint of the material of the said
ot her layers (A being |lower than the DSC nelting point of the material of
the said central | ayer (B), wherein the central layer (B) is 5 between 50

and 99 wt. 9{)rdﬂﬁeﬁ@ta@fd' Sthe 8N6vd BEntIngErs @Yerfs fdyoledinveen the same 50
Ww.% Surprisingly irt has been found that this rrultllayer matetrlal (al so

referred tdassas siné nsatteylahaﬁt}m(wtrfdnbym Bothe DSC wma ﬂngég)b’ék?

mechani cal stre and the.li Bgcau n,

it can be ’&@&‘F]ﬁl?ﬂé{it aé 05 T éﬂ%@%? e ﬁgelﬁng el tlﬁﬁg'%%ttbp

pol yet hyl etql% 24 taqgmﬁa Aﬁ@%entrmmrl(g) aphadvanhageniral iegraB)ig. Mre in

parti cul ar is possible to recycle production scrap as part of the
centrals | ab’éijWe!é@fﬁiDHﬁdtQQ Wtie4 bitthe matenisvargt thehethardgyensdide hesween 1

manuf acturers of consumer goods, such as cars and the |ike, concerning the
possi bili t@néﬁor‘@%\fcl ing of the conponents after the useful life of 15 the

product, It Is '”pgﬁ%;?r%mggﬁﬁ &%fﬂ%%ﬁ%hﬁd%ﬁ%tﬁfs AhLPRGe£ haasrial (isber i al

only. The E-nodul us erein 1s the value as nmeasured by | SO 527. By
conbi ni ng tdfermeaterdsllantioapeshds aeeliént peopeatios atith regspelctrm msshgaiad) wit h

the extremely high total stretch ratio, nofe than 1 erabh
than 15, sstahngth,stiffess@anogthedikes Racaiipe phits GOBPORQN. 1%&‘%& i’%f eﬁg

rei nt ol CorenpgnopsgompanelE R EBL AR pdl PR nd o i

ace e. g res 1n various rei I’lfOI‘CI ng

appl i cati op$i @ &H%Hvﬁﬁfhé&n%@ﬁcliﬂg Mﬁtmdmtghﬂar itfamp@sanbulﬂ tao recycle
appl i cations, such as autonotive or aerospace applic en
the materi prodlfcttohnesczsp ias Pt pf)thee@gééfidallab@r ePPEBPRL- f d’rrt{‘]‘i”i (jﬂtv é’ﬁltg

ol cati o pomp &Pl ey R O EuBP Boddif Ko Fa0s ERA @ ke,

concerning the poss1b1hty of recycling of the components after the useful life of

15  the product, it is important that components consist of 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

95  invention especially suitable for (lightweight) construction applications, high
pressure applications and medical applications. It 1s 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.



material in the construction of houses, ships, cars, and the like, but also
as reinforcenent in high pressure parts, such as tubes (for oil production
and the WbDla)pgsier in the production of ortheses. WO 03/ 0@8TAN1L02/00487

PCT/ NLO2/ 00487 4 In the context of this invention, the material has been
defined as neeting a mninmum |l evel of the total stretch ratio (TSR). TSR
Is defined as the degree of stretching ?ronlan i sotropic nelt to the final
tape or film This is at least in part defined by the difference in speed

between the stretcf, pl l:ﬁt%xt Pénis 1ﬁ§éﬁi%n iRk Liﬁaféfrlatlhﬁas-ﬁ%%rp@éﬁm

determned fromthe bir I ngence and/or the E-Mdulus of the flnal film
tape or yahieeting &niiefhioinndewdl oéché tothl steechTiBRio ERPR). &SR spdefinéd ysthet he

materal ofiopiss QENCPRROR 1 IEHEamSH beUleb8ab 4 o Rie s
function of.the %I Qgﬁetlﬁé(&i)y tfle%ﬁ&ce'n%b li¥ shgéa'd BERW e'ii H{b HretdherdiRSSI PR 1 LY
to wel d 10 ¥he T I bres or yarns toget when a woven,

non- wovgn @&tuaﬂt@mh@bstle@'ksmcambe deteendiabd fonh¢he bhreéﬁhgelncermd/ba$he

materials to be used in the production of the film tape or r cordi ng
to the i nvénMastalus ef pha f}pﬂbg etfPegir ﬁweé%nglq%rflfé’ao@%%ﬁ? &@qﬁse of

pol ypropyl ene,.as the ( t he
o LPr | SPBHRS TR} P Y sdial @eﬂ e ARl R R b Bt
honopol ypr epyieene, TRE & steafall f bl@é/bﬂﬁarélaz@ﬂ @il ‘g@h&’ram}glbb m@ewémhmu Titg |,
such as a wei ght average nol ecul ar wei of at |east 250 000 g/nDI

as det er nifwactigrebf ter mllmmﬁre@pa@@ambhprewcgn ofdhe possthititytp weld

t f | 160C, | h I
or of or 301 T Rl Lo, BT v, g B ik *PANKEER B ol e of

prOdUCt'Ons§§;§1@J%’ta6RGPEhe ﬁﬁ?é&nélslsq{eattliﬁee{fﬁae”m of the other |ayer may
al so be present in the core layer. This will generally not exceed 10 w. %

In an enbodi nent wHkediasi¢ matenaks todyensddBin fthe pradeictipnmfthe fidm, thpe or

material of the outer layers in this e odlne i cat ed above,
al so a 25 YBEMASFHNNE fe the nsention JrepPlgprany e%"fp%VSt)}if‘fqgﬂ% with ethyl ene

or another a 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
homopolypropylene, 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 1s 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 softening 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 layer B and the

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



olefin. An inportant aspect thereof is that the softening point of the
material, generally indicated by the DSC nelting point as defined in | SO
11357-3 iwo oBougpo t han t he softening point of the central Pcapan/oase

di fference being at |east 10C. The maxi nrum difference between softening
points of the |layer B and the 30 Iayer(sE)r Ais not particularly critical.
For practical reasons, the difference w¥l WD 03/008190 PCT/NLO2/ 00487 5
usually be | ess than about 70 C. Very good results have inter alia been

achi eved WI t n l?}hé Illergﬁ tth%%ea%glt@m@ w&rr féo%dtxjéguﬂl Eeeiﬁge% Alba ﬁ&iﬁ eni ng

points is ge “of good resu ave ‘been achi eved

with a ran&'&ﬂbc&p%mrﬁlm Rapelehyasn avlwr@nyﬂﬁmxfﬁtrbﬂ&eeﬁﬁsdfeé}ﬂﬁglml gmer,
as the outer layer(s) A Instead of a copolyner or in conbination

t her ewi t h, imthporangeedf ¥5-49°€% er abl y a pol ypropyl ene hormpol yner or

| |
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Phys. - 107 PASSEIPIEY POTRPATEER P BURP O EE CPRVEA o PR BF BN B8 eq
inaform ﬂ@@E)FatLH@talljoéeﬁ(% E&lysltqg%ée@rasfth@%ﬁ%elafa‘ife?(‘s) ﬁng{’la?tlbﬁlaﬁ"%dm her
(woven, non-woven materials), “the outer layer nmakes it possible to heat
trgat Ej heI mf ltBl/l?‘tfeibkadadniesedip}h’ddsudaamleialllocembamd staltwitivgl polysuder t he
i ndi vi dua il.nms/fibres/yarns or tapes.to osite materi al
(e.g. B woderirahlercxamplgot a@9t%0§ﬁn%f%{?&rﬁ\{l%\f§1??i\{l i'fy. By selecting

e s ort O NEHRAD M7 1o i (LAY i B 95 AREACD. fFlQéHe%ORtM%IEQﬁ}Eten' ng

point of t ayer I'S p055| e to a heat treatment = which

does not Iwahégéxhq% W apeilukes Aeigeth € Hemi €10 A(19953 4265 alnd ianWe ieodineky, of
the invention, the outer |layer or layers A at |east consist of a ethylene

propyl ene dbasspyedr Chemy Physaho A R0Zdnt ent of

As the product of the invention is generally used in a form where the
15 films, tapes or fibres are at angle to each other (woven, non-woven materials),
the outer layer makes it possible to heat treat the woven, stacked 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 is possible to have a heat treatment
which does not impair the properties 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 propylene content of between 1 and 25

25  mol.%. Particular good results have been achieved with such an outer layer or
layers in an embodiment wherein the central 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, in

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



between 75 nmol % and 99 nol % and a propyl ene content of between 1 and 25
25 mol . % Particular good results have been achieved with such an outer

| ayer or wDaymeesasi n an enbodi ment wherein the central | ayeCcTBLOS0@S7

pol yethylene. It is preferred to use a propyl ene ethyl ene copol yner, having
an ethylene content of between 1 and 25.nol. % and a propyl ene content of
between 75 nmol % and 99 nol % as the material for the outer layers A in
30 particular if the central layer is a polypropylene. Such a copolyner (as

outer WO og{y%gé}gg %M&ﬁépgégia rgng oﬁ)%i Bor, Hdd RAL fotinbah sSiHehe @

random copo een found to a h| ghl'y satisfactorily to the

central | ajkgthly Eutltsfwtomlycmm(emeraiﬂayameFurjzhema oompbsitmofoamw iirngrsuch a
copol ymer has been found to have a very_ goo 01ElHien t h, act resi stﬁnce

and abr asi Bhmreespyisingsuchia gapoyragr b@§ been fe Bape én" &Oog St
Egﬁzle dg?;teir%ﬁlgcst res{%tgﬁ‘ée aﬁ{l atbtﬂgsﬂ Mey% f%_l‘%ggosﬁﬁfk' ﬁbath&l.e\’%]]tehﬁs dRMme

he cen ayer an I's preferably used
i.e. agol W{,I@Yk]@é},@ maeé,ﬁl;ﬂlﬁ a den3| ty of at least 950 kg/n8. The vvel ght
aver age nol ecul ar wei ght MA, as determ ned by ED is pref er(? ¥
| east 250 000 g/ noln gae efitheraserpiinalyrtbylane b?‘§1°§ (‘Zhérsaﬁﬁie‘gﬁfkﬂSl g1 1°§1St o be

noted that & bR 35 % eéltggﬁ oPLETEHBR! Y (0RThBHSuOld, RCa BRIkl RN ¥, DUl

that in ca@BP on scrap, m'nor e materi al

of the ot hghv|fygdeHBity 3 80 1@@ P0G, TheWtﬁghDHﬁeﬂa@é&hole’Ehla&* wibight
general |y not exceed 18 % The material of the other |ayer

is
char act er i §6&V), rastdwErmInadl by GRGgs peefergbly fﬁdl%éit 250 ehe g/ml andwhw th a

:og}/vsretf@e: teI lglgé’r}’iti%kﬁoﬁ?‘g’ﬁ B Ceetﬁs} Loy 5‘6&%5@919 Ceﬂ? , E%PE, VLDPE

and the |i ﬁe %helswsﬁén@wtaﬁal off} Sk ghat id casse dforebgclo@fed that they
wll gene a? nt al n conventi onal itives, including but not linmted

to dyes an@ro&ﬁ}:tmxgsm'apsmmblaamoueltaoﬂﬁt@mammsl efbihe atbes laxartmapalembe s,
carbon b a%?es%qg 1LQ%e cloi'ekfayer. 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 copolymers,
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 central

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).



In a less preferred option of the general approach to the present

I nvention, each of the outer layers at itself consists of two or nore
separat e wbagmeesaso It is al so possible that in the three-| agemLogndssgur ati on
(ABA), the two 25 outer layers have a slightly different conposition. The
maj or part of the product of the inventiqn consists of the central |[ayer
(B). In a preferred enbodi nent the anmount of central |ayer is between 50
and 99 wt.% preferably between 60 and 90 wt. % The bal ance of the naterial

consi st of the out gf, JBYEES, thhiclRI56P A LHLETNLOLAOMIT goreddly be

practice, the thickness o pe, mor yarn wll generally be up to
300, pref engbty/30@tpyetirably betwdA025rand 809 (im. Fhversgavebyed hg the iogigiaal

filmthickness and the stretch ratio, in this case the r g?o of ;[Rn?e speed

of the st rfdncphicknpes and the sgebghrafio.fRd s gase @’&ﬁa&‘é)r%}at ePegd Bf §ae r ange,
such as fro S Mmup~ho 50 | ; | 0
vary over duiigB Yol PHuSRrdhe TRER: o Fal ek il fahie A R0

above, the gl {h%ko gh duer nbtenTherwides of ey fibae¢anniehremiycavern onde t i es.
For exanple, the E-nodulus will be at least 10 GPa, preferably at |east
12.5 GPa. Thmgeeesi fronyroamgpHocldy ¢aHr|IPorge at | east 0.25 10 GPa, even up

to at least 0.4 GPa, (val.ue as.neasyred ] A |yt for
the strength that c‘ﬁ%”giéc tﬁﬁaﬂbﬁ)@a’ ' ’Pﬁgé/rrlraaﬁgrt?lélls vg;fm&l}lgﬁ %ﬁreeggﬁ]togh
i nvention iﬁe@@é}ﬁtcapﬁwpf&gie%:%ﬁ&@%ﬁkl £ EviablalusTwilsbaaansadtiar Gier

pol ypropyl ene a value 0 a and for polyethylene a value of 5 GPa w ||
general |y berefdrablppeiledsitti2ts GPa. Ahki tensile sprength gan easidy beditdgastd) Lhe

i scusdda @PenavimapdadEPeR 0 G by iRaS Per SR AR AR RENTES wBRRC use

o, Ll A AR uem b s sbrenaentor s o,

from the fiinenBloafiemnbbly half2d thhehewiteticahivalue. fiem nteaas thagdored and

pressed. Byp(slgip?opr;felgrge yv%?ﬁggf' 5 C;Ir#ae 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 of the use of the film according to
the invention is the production of a reinforcing material for example by
winding or stapling/stacking, and/or compacting it from the film. Preferably,

90 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

95  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



individual filnms are welded together. In this way th [ [

of the stapled/stacked materi gl w Il be guarant ged.eTf}Lrg;itgrﬁlaalt neartty
treat mentweidsloosieo done at a tenperature between the soft earng.opoesst of the
material of the outer [layers (A) and the material of the central |ayer
(B). A surprising property of 25 the hegt treated material is the inproved
abrasi on resistance and the resistance against delam nation of the

i ndividual filnms. During the heat treatnment preferably a pressure is

appl i ed, in AnddH A b %&fat ofng; @r&@ﬁhpté p8lypropylenuakuas teshiiektidtry a

platellker erra article to a tenperature, at wh th
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di sori ent at f th
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Lomper at ur g bovlgg k’l\ﬁ“feh Pt &)ca?ﬁf‘t{o ﬁ%g%aéﬂﬁ tBe ﬁﬁ@ﬁ;’i’w’l@tlépﬁsshﬁaﬁi tle bar .

Very good Fespec ni cal pro
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the 5 range of 20-70 bar. Alternatively LN c |nat|Io éi{@pplylnga
g\r/gszurﬁ tEe rratélteamaﬁm;/lywlélcﬁfﬁﬁaa B’Pl"% ﬁ‘é’g VPP essiﬂ i"RCor der to
id shrinkin ofthe I n tthaaviesd
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olr yarn acERte ron®i's the production of a (reinforcing)
cloth for exanple ok Olyxm@ayfem@d ambddngentsmmhen@eaxﬁcﬂhgttam PRYArAnd/ or

conpacting it fromthe ta fib
then heat semating Ethpioeneion s 8)e PRSI Ot § BEEHEREVER EOER AT PP °
res are We' ded tﬂ‘ggéﬂngﬁofbé)é%%ﬁwap{xﬁg ﬁlefEb&h?hchﬂ&Qﬂfﬂohﬁl@é the

cloth W | | bEe&VRAYARE atment will be done at a

tenper at ur t sphERp fiatefial ethbh herter
| ayers (A) %%é)]ee fpﬁ%f%ﬁgﬁ gi' of l'gl eﬂ?ent rallal ayer eaﬂedaafnd heesseder

property ofByt{ifs heat tiea¢atcad thairdividudldihmgs ar ?rﬂ‘f‘ﬂg%‘ij t%’?rtg ﬁlr‘%gza%'t ance

and the resista t . del
o aduck: o stmenva s aro Ehe SO SRPbn Fr Bip sl s The

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 is the improved abrasion
resistance and the resistance against delamination of the individual fibres.

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

920 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 good results, with

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



done by co-extruding the various |layers. Cenerally cast extrusion is used,
20 whereby the extruder has a flat dye plate, without profile. Wien a film
i s manuf awpusedsibhe nmaterial may be stretched, after co-excmgioonoand
cooling the material. In case a tape or yarn is nmanufactured, the nmaterial
will be slit into the required wdth of_the individual strands (after
co-extrusion and cooling), followed by %tretching. 25 The stretching can
be a single stage or a nmulti-stage stretching. The stretch ratio in each

step may be between 1. 0_,- fonidli , hore
pr ef er abl ya?}hleflﬁ H aanng%(%-zl 1@%93‘% %tr@‘%?l ?‘E‘@?@&)ﬁ%k}hﬁﬁgﬁ‘ t?%?%getggi rr? gl"t 1?Pirrtp]ﬁ%r t ant

for deter nfipitnaréfebidSRagaofdRt itaps filed of parVey y-5good results, with
respect to nechanical properties of the stretched tape, yarn_ or fil gh have
i

been WO 03/008190 Hosmebarebisstrethoidie matrriakataa femppraiugdetyeer ¢li ng

process whereijyr thepstgetch ratio in the. fir ' he
tape, fil maE}ﬁ %}’Qrﬂ Pgef%y%r}cellts %“éerbl;oe?tg(ref%léﬁ % 8%%;?%@%%8%@%%@%?1&@%? a
t enper a ur g, NELHBERINLEL tHRNHaLEL) udlidefoetBO eeniral LiyesB (lereln aftehi egldat a
tenperature below the DSC 5 nelting point of the material used .for the

central | apeetdhingdr ¥eny gbodresults baee beercachigved with ¢ cglbatietdungs have
been achieved,wi,th a col dsstretchi od wherein at S of the
stretching nﬁtgﬁéé"’q&‘?@%ﬁg 1535} OBEtOfgﬁe gﬁ%%cg%g!sg%%ersearg:qag\%\}%tﬁ hoélt%%% mel ti ng
point of t @%pgi@g‘rb R RIw tﬁmg@m&ag%ent SRihRMniter 14! eigteperdiurd C,

nore prefer tween 30 and 60 C 101 n case of multi-stage stretching,
the first sbimt ohthegrdmzepsfedie?aBCy morea prefedalblytbetweehat( sed (0| Gy

t t , tjcul in th f.30-,60 .C d.t
Subboqiint st r et chiMgheR abB i s Heeitng, e by tarned bap REgbly
relativel ylc{ﬂrqg'd Bﬁ%‘%g&#tﬁ’{'ﬂ% 160 te SRR e 3nofe 1 %E?fiﬁ&l‘d%‘inl%ﬁb%ﬁ@e 6030- and

the DSC nel't1'ng pornt outer "l ayer. Thus an a high as possible 15
stretch casobe,achli gheadibseqaent stsetdchindatogehratagy arenprbferabily aasued euent

stretching at a tenperature of at |east 1Q0 C. It is hi referged to
carry out aedativelsighiemperaturn; fog examp ?@ﬁﬁeﬁeﬁﬁﬁrét‘é’?ehb&%q“&?ﬁfﬁi @t retch
ratio unti Iand 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 carry
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 a matrix material, for example as
reinforcing material. Examples thereof are various composite materials such

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



breakage (during the stretching process) is essentially maxi msed. It has
been found that a tenperature relatively close to the tenperature at which
the 20 stwetoshisigoi s maxi m sed, a film tape or yarn is predmN®dowsth very
good nechanical properties, such as a very high E-nodul us. The tenperature
at which the stretching is maxi m sed cag routinely be determ ned by the
skilled person. Between two stretching ers an anneal i ng step may be

i ncluded. 25 This can also be done after the final stretching. The

material of,t i nyventiqn h_the, i ngi Vi F i i} bres
or a cloth dﬁslﬁgf’ %{)(%/Seﬁfl §fn§ccf<og'§£srr% %?ngﬂgﬁr égﬁ?%%%%gg%% Q%g%pa%é/u?{d;g% y” ‘be
used for i NGRKRE @nlsuctidnamABridl¥ foRh&fopdinesfDid exalikb eOtlser aplidadionisng
mat eri al . Exanpl es thereof are various conposite materials such 30 as fibre

r ei nf or ced h@vashdessdiseugseddiero @bgppl i cati ons such as bunpers, WO 03/008190
PCT/ NLO2/ 00487 10 ashboar ds,. engi ne cpver } , .jcation in
eyl,nveg&lgﬁ iy glogroal&c %C?g%n%@ k}a@?s +f éﬁ%ofroﬁBRfjlh%

t he aerospace indu on nmatertals aer opl anes and

the 1ike Q:hehiplRBPKhE 4ARNSot BB SCHfSEAgtBEdnabien. The invention
is now elucidated on the basis of the followng 5 exanples, which are not

to be construed as limting the invention. Exanple 1 Using a co-extrusion

line, a filmwas p:ﬁgarelg onsi sting of a core 10 |layer B of pol ypropyl ene
havi ng a DSC sof t enrig™ ﬁ;lerature of 152C and two top layers A of a

propyl ene random copol ynmer having a DSC softening tenperature of 135C

(ABA-structure). TE‘?S%@? P% F{‘%&%ﬁ’rﬂl&% BES v@ésggfé)a{%%- Ig@ngiisﬁqg\e@g &ire et ched

at 55Cin aratio y stretching at inaratio of

1: 3. 4, 10herlelyr B othityp@pylate kivingh DSIOsdftating tmpadaturstof d62HC rraxdi o of
1: 17 and a thickness of 70 m The elasticity nodul us.of tﬁg stretched film
was 15.8 Gravabrp laversArefgprepyipne rguloppgopolymer having a DSC softening

temperature of 135°C (ABA-structure). The weight ratio A:B:A was 5:90:5.
The film was stretched at 55°C in a ratio of 1:5 followed by
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).



Exanple 2 20 Sonme of the filns of Exanple 1 were processed into yarns of a
wdth of 2.1 mm The yarns were woven to produce a fabric material (tissue
mat er i al )wowbbaehomas subsequently heat treated at 150C t opcomaob/H@at e t he
structure. The final material had quasi isotropic stiffness of 7 GPa
(determ ned 25 by ASTM 3039-76) and a thsi |l e strength of nore than 270
MPa. (determined by ISO 527). WO 03/008190 PCT/NLO2/00487 11 Exanple 3
Sonme of the films of Exanple lwere stapl ed/stacked and subsequently heat
treated at 150C toE??ﬂﬁgleigjate the structure. The final 5 material had
guasi isotropic stiffness of 7 GPa and a tensile strength of nore than 270
MPa. Exanple 4 10 A filmwas prepared as described in exanple 1 except for
the stretching stages hejng,carried out at a te rature, of ;128 C. The
material  (having go’@?r"gtd&%%}%?ioétgﬁnlpﬂfivﬁqa Sgagﬁﬁéﬁ%ﬂégesd 38470 m) had an
el asticity ° ' BB Gt u@hrd HhdMiaal VO

03/ 008190 %@%@gg%ggeéhe}zt%%gﬁ%g @fﬁ%ﬁgﬁgg{tﬁg |y drawn pol yol efin

mul ti | @yermfatérinl hageuasi isatropad stiffieess®f DEPABMd ppensitagtneggth of moreh
ratio of nore than 12, having an E-nodulus of at |east 10 GPa,

substanti athayn 2op MBa; ng of a central layer (B) of a polyolefin selected
from pol yet hyl ene and pol ypropyl ene, and one or two other layers (A 5 of a
pol yolefin fromthe sanme class as the nmaterial of the central |ayer B, the
DSC nel ting point Bkabhhpleterial of the said other |ayers (A) being | ower
than the DSC nelting point of the material of the said central |ayer (B),
wherein the

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.



central layer (B) is between 50 and 99 wt. % of the material and the other

| ayers (A) between 1 and 50 wt. % 10 2. Film tape or yarn according to
claim1l, wbeseisnot he stretch ratio is at |east 15, prefeprabiNuozbosBrast 20.
3. Film tape or yarn according to claiml or 2, wherein the stretch ratio
is at nost 50. 4. Film tape or yarn accpyding to any of the clains 1-3,
wherein the 15 material of the central and other |layers is based on

pol ypropylene. 5. Film tape or yarn according to any of the clainms 1-3,
wherein the nmaterial of the central and other |ayers is based on

pol yethylene. 6. Film tape or yarn acciigisng to any of the clains 1-5,
wherein the material of the central layer is a crystalline polynmer having
a wei ght average 20 nol ecul ar wei ght of at |east 250 000 g/nol. 7. Film
tape or yarn according to any of th recedi cl aj er ej Uk Br

| ayer or |dyers A 04‘@&%%1?}5éﬁgwgtpoaﬁﬁﬁpéﬂ‘d%%agglgg@mrpe @l Qia:rlr% ?nﬁih%pégor
yarn accor %'r%BAQyEth%Ji rﬁg*bes&é&gl%tﬂﬁof%awﬂlamQz,emvmtgtml Buhedulwayst or

| ayers A conprise”a netalPocene based honopol ynmer or 25 netal | ocene based
copol yner . .lekét 10 GPapeubstaydiallyacosistingof @ cemtrablayendBe phpmolyelafinng

6-8, wherein the outer_ layer or layers A at |east consjst gf ene
et hyl ene Weeb3ted&ponpplyet ISEP(?@@Q%?YR%OW Toloil Qn%%ﬁv%%of;hereg ﬁ%/’ios([a)@

content .of hetwee 9 I &f¢REeRtraliaatBER 75
mol % aRd 98 3k y&e%‘&%gﬂﬁné@%ﬁ%g&? gfgrtﬁggg%g?ng to an raofastb%e cl ai ms

1-3 and 5- &ascvmertﬁisgwp@m ofthemdtayial obthd saidrather kydre44) beimgsloser ghaan
et hyl ene propyl ene copol yner, havi ng, an_et hyl.ene content bet ween .75
ol 5% and. GaerDECometing ROt o6 he MACH ShNOIS HAEALEN 155 (B R PTOA
Film tape or r.n_acgordi,ng t \ el i [Was > Leg a
cﬁenlgéalv!@%%‘ @ 13&)&9\3{8% %B A 98 U8R RFERE Gk eFialiatRl tHa%thE

t hi ckness
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 to any of the preceding claims wherein
the outer layer or layers A comprise a metallocene based homopolymer or
25  metallocene based copolymer.
9. Film, tape or yarn according to any of the claims 1-4 and 6-8,

wherein the outer layer or layers A at least consist of a propylene ethylene



12. Film tape or yarn according to any of the preceding clains, having 10
an E-nodul us of at least 12.5 GPa. 13. Wwven or non-woven conposite

prepar ed woosmes1pd | m tape or yarn according to any of treToNLaz/omigl- 12,
optional Iy having been heat treated. 14.. Conposite material conprising a
matrix material reinforced wwth film tape or yarn according to clains
1-12, or woven or non-woven conposite g according to claim9. 15. Mthod
for manufacturing a monoaxially drawn polyolefin nultilayer film tape or

yarn of thc%;f%‘ Rbr %lhg‘aﬁ& Xle@ﬁ &:ﬁéﬁ@é%}atﬁ@bhq ahd 25006l %haid 42, wherein
(1) afilm pe or yarn of e AB or ABA type, substantially consisting of

a 20 cent r}ax}oplyaae/marcdrfﬁﬁnt)bfbetmmylo’l&mqi % end&%mol Pom poI yet hyl ene and
polypropylene one or two ot her

sane cl assl@s t he Y 2P PT YRR ﬁ%‘:o&”é}ﬂg rES“i’é)?ﬁFheBdaPﬁ l e];’fe#]?;c Lgmpz)ir]ﬁt
of the matgil %1Pc£?1htcnﬂer eq Qtlg'%rsl&ﬁ@léas(t@)ngl%t Bﬁah%\ﬁﬁﬂehbiﬂi 7ienpSC

mel ting p0|nt 0 mate the said central 3{ erein_the
Cteﬂt ra:5 I a()tgfo(l&)ﬁ)gg Ilﬁaxhﬁgweﬁétlﬁ'ﬂbrmmbrﬁénﬂﬁf hettwogent 75 mo %aédl% mgh¥ ane

ot her | ayers etween 1 and 50 vvt vi ded by co-‘extrusion, and
(ii) the cedpsspylgnegontanhof ﬁ)ﬁﬁ@e"tﬁ‘ yaa‘}%bgén‘gu%j ected to a single stage or

e B

manuf act ur { gk Ae SR Ewakh 2 50@B00@inyol efin  nul ti I ayer f| | m tape or yarn
of the AB or ABA type having a stretch ratio of _nore than 12, gﬂg an d

E- modul us 2. at | eHgm, tepepa yawneceqrding jo any of the preredine larmsohaying ag or
ol cct B 1 RB gt URgT 8h BN 2R B opyl ene,  and one of two ofher | ayers.
I( lee?f a pggygls‘éf m’({\{e%rﬂrtﬁﬁl -§3FEn CbAposits prbpardifrei afilmf tagreorpatn al
g point of the material of the
according to any of the claims 1-12, optionally having been heat treated.
14.. Composite material comprising a matrix material reinforced with
film, tape or yarn according to claims 1-12, or woven or non-woven composite
15 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 stretch ratio of
more than 12, wherein
(i) a film, tape or yarn of the AB or ABA type, substantially consisting of a
20 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
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
95  wt.% of the material and the other layers (A) between 1 and 50 wt.% is
provided by co-extrusion, and
(i1) the co-extruded film, tape or yarn is subjected to a single stage or multi-

stage stretching at a temperature below the melting point of the central layer

B.



said other layers (A being |lower than the DSC nelting point of the
material of the said central |ayer (B), wherein the central layer (B) is
bet ween 5®0aBmo90 10 wt. % of the material and the other | @garnaoedd4sbet ween
1 and 50 wt.%is provided by co-extrusion, and (ii) the co-extruded film
tape or yarn is subjected to a single sﬁ ge or nmulti- stage stretching. 17.
Met hod according to claim16, wherein s gp (i) is at least partially 15
carried out at a tenperature below the nelting point of the central |ayer

B. 18. Met ﬂt?d accopdi ey Fd rﬁ?)ﬂufbfcéﬁﬂﬁgq RAoBBataill/dratfiepslydldin | east one of

the stretching stages 1s perforned at "a tenperature in the range of 25-70

C.  19. Meinhoelaeedild,tgpt or Flagh of tie ABher ABA tiye havimg & stpetobrragarof i s
first 20 stretched at tenperature in the range of 25-70 C and thereafter
stret ched more than diepndanBrmedplis of @t laastiiGE@e SRR t o any of the

2415 480 S0 Ry A e oabunaty ot clol
to any mf tdigralayet @Byef 4 pokBlefin 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
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
10  wt.% of the material and the other layers (A) between 1 and 50 wt.% is
provided by co-extrusion, and
(i) the co-extruded film, tape or yarn is subjected to a single stage or multi-
stage stretching.
17. Method according to claim 16, wherein step (ii) is at least partially

15  carried out at a temperature below the melting point of the central layer B.

18. Method according to any of the claims 15-17, wherein at least one of

the stretching stages is performed at a temperature in the range of 25-70 °C.

19. Method according to claim 18, wherein the film, tape or yarn is first
20 stretched at temperature in the range of 25-70 °C and thereafter stretched at a

higher temperature.

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 according to any of the
25 claims 15-19.



