WO 2008/ 097086PCT/ NL2008/ 050065 Title: Stretched pol yolefin materials
and obj ects produced therefrom The invention is directed to
stretched polyolefin materials having inproved mechanical properties,
in particular inproved strength and stiffness (E-nmodulus). The
invention is furthernore directed to objects (fabric, plates and
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Hi gh stret%g ratias, are not disclosed nor suggested in this docunent.

WO- A- 2004/ 188Y°H8%cri bes biaxially oriented polyolefin filns, which
are m croporous. 20UFrém2907A-00Q368B8Bit id Sokerbthail &-&GGudad gholyolefin
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present i nventgreducs® b stré@hipnscthbsbom steriaisah dibhpdtep wition (viz. higher than
12). The E-modulus of these materials can be as high as at least 10 GPa, while

10  the tensile strength can easily be at least 250 MPa. A preferred stretching
process according to WO-A-03/08190 involves multi-stage stretching,
preferably at different temperatures.

TUS-A-2007/0007688 discloses polymers obtained by gelspinning.
US-A-5 118 566 discloses biaxially oriented polyolefin materlals,

15 wherein the mechanical properties are improved by the addition of resins, such
as styrene polymers. High stretch ratios are not disclosed nor suggested in this
document. . - -

WO-A-2004/101660 describes biaxially oriented polyolefin films,
which are microporous.

20 US-A-2007/0007688, US-A-5 118 566 and WO-A-2004/101660 do not
describe or suggest monoaxially stretching of polyolefinic materials to obtain
high stiffness values.

The present invention seeks to provide stretched polyolefin
materials having comparable or even improved mechanical properties as

25 compared to those obtained according to WO-A-03/08190, while not being
limited to co-extruded materials.

It was found that the use of certain additives, in particular nano-
materials, such as nucleating agents, in combination with the polyolefins leads

to products that can be stretched at much higher stretch ratios of the



mat eri al s havi ng conparabl e or even inproved nechani cal properties as
25 conpared to those obtai ned according to WO A-03/08190, while not
being limted to co-extruded materi al s. It was found that
the use of certain additives, in particular nano-materials, such as
nucl eating agents, in conbination with the polyolefins |eads to
product s t haVai¥/Bdssst r et ched at much hi gher stret ch PEENLYES/U6§06F he
WO 2008/ 097086PCT/ NL2008/ 050065 2 pol yol efins and thus may provide a
pol yol efin material having very favorabl e final mechanica

properties, in particular an excellent stiffness and/or strength.
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Preferably the stretched yol ef i |aIs t he

i nvention havéoﬁlpﬁtngﬁgﬁtwt&m%ftet’ g’ﬁe‘% Wﬁ%?naﬁrﬁsémﬁ&@séﬁﬁﬁﬁ?tca‘t

| east 750 MPa,rafi¥eNatiesst 18r ef erably at | east 860 MPa. 15The products
of the invention are su pr.oduc proces r|5|ng t he
steps of: providing apréjfﬁh%g}ﬁ Fetéle(a(ﬂo 8le |nf‘|atﬁﬂ?lér°?§}f IR

nano- mat erj@al ,inviteh Haksan maﬁeamlat of & 1645 R@ GTR( mpt e e faiibly ablvast 26

nol ecul ar scale in the poly ﬁ%n mat %‘Plﬁgl extruding this conmpound
fol | owed by a%??%‘feem"?t@%‘f dhlgash dmterial is stretched to a

total stretch ratio @reﬁ‘i‘akﬁ@ theeasdtehldd. poBloRfiarbaefialdfof thvepresent
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portion of therspaliyeltih Roge pRESabIRlas ldahusﬁqwmdum ng a mast er bat ch
(e.g. havin a content of nano terial, such a ti agent
of up to 5 9%, WB@%%%@F PYePEPR aTY smﬂ;g (g §$¥ I&f‘te the
renai nder of tdﬂ&pﬁ@in\é(th@ueﬂb 6f: providing a compound of a polyolefin material and a
nano-material, which nano-material is dispersed preferably on a molecular
scale in the polyolefin material, extruding this compound followed by a
stretching step wherein the material is stretched to a total stretch ratio of at
20 least 16. Dispersion of the nano-material, such as a nucleating agent may be
achieved in a separate step wherein the nano-material is blended with a first
portion of the polyolefinic material, thus producing a masterbatch (e.g. having
a content of nano-material, such as a nucleating agent of up to 50 wt.%), and
subsequently mixing this masterbatch with the remainder of the polyolefinic
25 material, prior to the extrusion step. In this way good dispersion of the nano-
material throughout the polyolefinic material is favoured.

In the context of this invention, the material is defined as meeting a
minimum level of the total stretch ratio (TSR). TSR is defined as the degree of
(monoaxially) stretching from an isotropic melt to the final tape or film. This is

30 generally defined by the difference in speed between the stretch rollers. The



25 material, prior to the extrusion step. In this way good di spersion
of the nano-material throughout the polyolefinic material is

favour ed. In the context of this invention, the material is
defined as neeting a mninum|level of the total stretch ratio (TSR).
TSR is defined as the degree of (nonoaxially) stretching from an

i sotropic meMOPW YW final tape or film This is 30 GERBEHIH0H0065
defined by the difference in speed between the stretch rollers. The
WO 2008/ 097086PCTI NL2008/ 050065 3 actual 3val ue of the TSR can be

det erm ned fromthe birefri ngence and/ or the E-Modul us of the final

film tape or d ect|
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The stiffness may suitably be determined by ISO 5217,

15 The strength of the materials of the present invention is also high
when compared to prior art materials. Typically tensile strength of more than
400 MPa, or even more than 500 MPa can be obtained. The tensile strength.
may suitably be determined by ISO 527.

The nanc-material that is used in the present invention may act as a

20 nucleating agent, preferably as an inorganic nucleating material, Preferred
inorganic nucleating agents are selected from one or more components selected
from plate shaped (layered) inorganic materials, such as natural or synthetic
nanoclays, nanoclays modified with organie groups; fibrous or needle shaped
materials, such as metal whiskers, carbon whiskers or nanotubes; spherical

95 materials; zeolites; alumina; silica; and alumino or magnesium silicate
materials. These materials are preferably used in a very finely divided form,
usually also referred to as nano-materiéls {e.g. nano-clays). The particles
making up these materials may have for instance at least one dimension in the
nanomolecular scale, e.g. 1-100 nm, whereas in the other dimensions it can be

30 several tens or hundreds of nm, e.g. 10- 1000 nm. Suitable clays are for



20 nucl eating agent, preferably as an inorganic nucleating nmaterial.
Preferred inorgani c nucleating agents are selected fromone or nore
conponents selected frompl ate shaped (layered) inorganic materials,
such as natural or synthetic nanocl ays, nanoclays nodified with
organi ¢ groups; fibrous or needl e shaped materials, such as netal
whi skers, caMeHsEpiv8ker s or nanot ubes; spherical 25 RET/BEJE080065
zeolites; alumna; silica; and alum no or magnesiumsilicate
materials. These materials are preferably used in a very finely
divided form wusually also referred to as nano-naterial s (e g.
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It is also possible to use organic nucleating agents. Organic
15 nucleating agents generally require a higher stretch ratio to obtain the
improved mechanical properties as compared with the inorganic nucleating
agents. Suitable organic nucleating agents are sorbitol derivatives, such as
1,3:2,4-di(3,4-dimethylbenzylidene) sorbitol (DMDBS), commercially
obtainable under the trade name Millad™, e.g. Millad™ 3988. Other suitable
20 nucleating agents are those obtainable under the tradename Hyperform™.,
Preferably the amount of nano-material is less than 10, more
preferably less than 5, even more preferably less than 3 wt.%, yet even more
preferably less than 2 wt.%, most preferably about 1 wt.%, based on the weight
of the final (stretched) material. The minimal amount of additive may vary,
25 and is typically around 0.01 wt.%, preferably around 0.05 wt.%, more
preferably around 0.1 wt.%.
The degree of dispersion of the nano-material (in particular
nanoclay) in the polymeric material may range from an intercalated structure
to a completely exfoliated structure (i.e. the highest degree of dispersion,

30 wherein the particles making up the nano-material are completely separated



15 nucl eating agents generally require a higher stretch ratio to
obtain the inproved mechanical properties as conpared with the
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can be lmproved vis-A-vis the prior art materials).

Without wishing to be bound by theory, it is believed that the well-
dispersed nanoparticles may act as _nucleating'agent or nucleator, or even a

15 “supernucleator”, thus controlling the crystallization process of the polymer.
The nanoparticles facilitate the stretching process. This results in a high
stretching ratio, which may be close to the theoretical maximum.

US-A-7 074 483 teaches that the addition of nucleating agents, in particular
certain sorbitol derivatives to an extruded mixture may have a positive effect

20  on the rate of crystallization of the meit. _

It is also possible that the nano-materials promotes the stretching of
the polyolefins in another way. An aspect of the present invention is that the
stiffness of the polymeric materials increases linearly with drawing ratio up to
very high stretching ratios. In accordance with the present invention, fotal

25  stretch ratios of more than 21.3, preferably more than 22, more preferably
more than 25 may be attained. For instance, a polypropylene material having
a stiffness of as high as 22 GPa and a strength of 800 MPa can be produced by
stretching to a stretch ratio of 26. This is remarkable, because in a typical
prior art production process polypropylene normally tends to break at stretch

30 ratios as low as 20 or even less.



It is highly surprising the nano-naterial, additives in these | ow
dosages produce such a marked influence on the stretchability of the
polyolefin 10 materials, and by result on their mechanical properties
after stretching (because the materials can be stretched further,

t heir nechanical properties can be inproved vis--vis the prior art
mat eri al s). WO2008/097086 \\f t hout wi shing to be bound by PRESEIPISOP6] s
believed that the well-di spersed nanoparticles may act as nucl eating
agent or nucleator, or even a 15 "superngcleator”, thus controlling
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includes copolymers of ethylene and other monomers (particularly propylene

15 monomers), but in which copolymers the majority of the total number of
monomers is ethylene.

It is highly advantageous to produce a material that can be recyeled.
This requires that the resulting recycled material can be considered as one
material, instead of a blend of various components (no contamination). This is

20 also possible in accordance with the present invention.

The stretching may be carried out in a single step, but it is also
possible to use a multiple stretching step. By applying a multiple stretching
step, in particular a two-stage stretching wherein the first stretching is
performed at a lower temperature than the second, even higher stretch ratios

25 may be obtained, leading to products having even higher values for stiffness
and/or strength.

In another embodiment of the present invention, the nano-material,
such as a nucleating additive, is added to one or more of the layers of a co-
extruded material, in particular to produce a material similar to PURE™, the

30 preparation of which is detailed in WQ-A-03/08190. To this end, the clay or



The polyolefinic materials used in the present invention conprise 5
preferably pol yethylene (PE) or polypropylene (PP), or blends
thereof. More preferably the polyneric materials conprise

pol ypropyl ene. Wth respect to recycling of the products produced
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"polypropylene is used herein in its ordifnary meaning to include

al so copol ymers of propyl ene nononeric units and other nononeric
units (in partigildlanShyd-eN% M&%@Eﬁecpo%ﬁéﬂnﬂ)len&ﬁ%m‘mﬁé}%ﬁb drlBore of
majority of the total nunber of monomeric units is ene.
Simlarly, the thelarergapkiagnp thpeo-extrededgesterialis WQ\#@CP e stigishaatio

and ot her nmONONES B . {HBfd fn%b(ﬁ:ﬁéﬂce%ﬁpweeﬂ}@sea@Mﬂﬁ&?f)&\ad ofYhede RpWhi Ch
copolymers the majority of the total nunb nmononmers i s ethyl ene.

It is highly adwbmdedbarss s bprseuloaen ergatlé rnr atpret Wdeadnnt these lowstreseh
This requires thats .. &ﬁ%ﬂé&)'xﬂ%eﬁﬁ?éﬁ%‘b%%b%ﬁ&f ﬁ@mé@ﬁ‘EQﬁocﬁﬂﬁ@éf@%ﬁ&‘ét

as one material, 1nstead varil ous conponents

cont ani nat i on) 1HHRs preferblndideash 38R and mstaenesh @ tﬁd@aﬁ\ﬁn@é‘u MEge On the
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| ower tenperature t he secon even higher stretfch ratios 25 may
be obt ai nedl0 | cathiepific embpliownbithe heppprignesnsiontis ghieqted, to 4 mengasially
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present invention, nano-materi al, such ‘as nucl eatlng addltlve
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20081097086 PCT/muly2tdigy o Bo@gdrom polyethylene and polypropylene, and one or two other
15 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 wt.% of the
material and the other layers (A) between 1 and 50 wt.%. The nano-material,
20  such as the nucleating additive can be present in any one of the layers (4) ox
(B) of this embodiment, Preferably it is present in the (B) layer or both layers.
The stretched polyolefin material of the present invention may contain
additives selected from dyes and pigments, flame retardants, UV-stabilisers,
anti-oxidants, carbon black, anti-ageing additives, processing additives and
25 combinations thereof. If the material of the invention comprises different
layers, these conventional additives can be present in one or more of these
different layers, preferably in all layers.
The materials of the present invention can be in the form of tapes,

films, yarns and/or multifilaments.



ot her nanomaterial is added to the polyolefin blend fromwhich one or
nore of the layers making up the co-extruded material is produced.
The stretch ratio for materials in accordance wth the present
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high stiffness. Thus in pecitic enbodi nent, the present
i nvention is diurdeBed nr@feaah%h@afﬁelaw ?D@B%\Mpﬁsﬁmﬁ gdverneshbiytthe axjiginal

film tape or m%&&ééaéné@%é) taé% %({D%T giﬁ%hﬂg t%arsattfo I?J’era (ilsoonfue

nore than 15, having an s of ast 17
| east 20 GPa, stistrhanll¢rsl The wisitk pbthedgresfcan vewmvenh “Ild\eymnge B)twbﬁs from

pol yol ef i n |%%t ur% %) ) éﬁ(ﬁ}oPé/ 50 G B CLIRRL &&%‘a‘?&%m@@@er%\?ﬁ@

two ot her Iay rs olyolefin fromthe sane c s as t
mat eri al of theamtgafromelymuBto 1HecoDBOmoEd. t i ng poi nt of the

material of the sald GUSLchAYAESe( AbiBRlnthd BYEL:c DA 1.DBe BRprotuced

mel ting point of the materra §aid centra
the central | a;berom(aﬁgmg theapere@mpi@elarstireddedtin §sedirachion radten mihadh thad

the other layers A;l cg%tbggglgpéctg@%lé%xl%ge eat {kﬁi é}-@gg%rg%%ﬂe?ﬁ%)ﬂeégefore

such as the nuc]:]I1 sen oné o
| ayers (A) 1or (ca)sohﬂamdn 8 sewdnddmmcbmctloimlé&s@réhlwomtthmsorm) eseh¢ addedtthe

(B) Layver of botbel@usiau dheishreianodonakyehalif, mber flogl, the

present inventi on ey rtives se
pi gments, fl andmeemcarﬂmntthe fitgylagtea bndsetcscrea:ntmuleamI@1 laygimpten, to

bl ack, anti - agEfl ngs a%}e%l Ic{(%gphﬁg{rggtﬁxg% (f}?tl%%qgé ofon. cﬁ%gtraﬁed m.atenal

conblnatlons t hereo he 1 nvent1 on conp

di f f erent | ayerspnt-hesaidenuernily swaheredlmhérieEmsan twsmeacb@rhe amh@(he
or nore of these dlffer Nt Ia s Vo heat
The materi ]It5s of b?the resen |¥%%?§ﬁ% %gﬁ%g@&e nlg‘r%e'?: hét Jf%éréer?]lbg%}u?ga eeas
films, yarns amdﬂ@weasui'd; tHe hatepialssare WwaARle230SA970861" CT/ NL2008/ 050065

8 I t I
general ly be Epp': 203:) i prP‘EE %@ﬂ]‘ggﬁt\/gg&n&% ?sgﬁg%%ﬂegé&% |egﬁ]ilagwé
governed by t héomst@nmain the iforat ¢fi takmﬁknamdrltsmd@t nottighlaments) can be
particul ar t he %/rgcesgerheln§da sei'%gl,ss Qémépgocggs%ﬁ&&r{ %ér sgrez% bﬁ@@ea‘ﬂn@t h

of the tapes can var over to 50
cmor nore. 20Thehmai>ba imgh atchgh fwhuﬂsmaar’oeddamedészunherst@w dethp@mge

€.9. f rom 1 Cmdgg lebﬁfle d@q{(? A (S?_J‘?Odgi@@ To this end he ﬂ&@ﬁ?ﬁga%&%ﬁmq form

uni di recti onal ayers are pro orientin
t apes conpl et elaywmene:tmbmdmwen fmbem,dwhlehtnawmubm‘quantlm hd‘atttmtadaatr@rl al

can be conpact ed by, aRpl ¥iNd LG8%:AnPEERR Hhiiohld b EHPRIA mAREHRL Gr

by using mono-materials. In the case of non-co-extruded material (mono-

25  materials), usually further polymeric films or tapes need to be applied in
between the materials of the invention (e.g. tapes) to ensure that after
applying heat and pressure, the materials are welded together. These further
films or tapes are usually very thin, e.g. having a thickness of 10 pm to 1000

pm,



10 consolidation, a second unidirectional |ayer (or nore than one)
can be added to the first unidirectional |ayer wwth the direction of
the tapes in another direction than the first layer in order to
create nmulti di recti onal lam nates, to formso-called crossply
structures. P‘."Q) case of non-co- extruded material (rmpno-materials),
usual Iy furtRer 'f%ﬂ'/’?’?erl c filnms or tapes need to be ab’ﬁT’%%ﬂ"sf’S“"F%
between the unidirectional tape layers to ensure that after applying
heat and pressure, the materials are wel d8d toget her. In a
further enbodinment, the materials of the present invention (i.e. for
i nstance in the form g, SRS of bbTEo RIS NIHO nid Ik IEATh Bl
can be further processed Into sheets, using processes known per
e.g. by weavi ndor2oof wievenmpagnivigven fabeice (Thesafabrits (Fyeber fagi- W@meb pbgwr
further steps,
the materials gggg%ton%q &%89?-@9% tﬂ%%gbgm%vm;\&g?ﬁé\%%g\%%%eﬁ éfg’%’rglk%m%ﬁdan
may subsequent |dyaipdlhaad canrheatlewd gatilpintss eguldTBich ¢ Sabrisdiffon &Oulsnrﬁg'
t he above-mgnti t rials.
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In the case of non-co-extru teria mat er 1 al usual ly
further pol ymerlypichlly fos aovovenfagioniébe prysiyd inysptiond loat dfat Weeh23hd

materials of t gegeg f ng
heat and press ?eblﬂ\f dnvg{agélﬁa Soare (}L\ %ﬁg@gﬁéﬁﬁ@%&g&%@phﬁ
films or tapes ofithe uaweﬂm ybalensediffhnic wishg. thiwvhwsagf 33Q mogdegaredl 10 m
to 1000 WO 203@ 8«%6}{3@' Nk2008/ 050065 9 Co- extruded or
non- co- ext ruded mat'eri a y be conmbined in the form of woven or
non-woven flforics. Thdighdradban eea@mvleawmdwm@hmmm; (fopinsiamee i theat
treatment, hav [ f exi bl e
and dr apabl e agﬂ,&g&ﬁg@&ﬁf@%gﬁ; eas) dg”?‘%ﬁgﬁé’“ e?fll[t)%lttgpleg&e‘%d%h? Eé
differs from prlndmd&ahmtatemﬂaaqamaﬂl@ Herapphied ini thendtlpy- ﬂnesshtamnetl?oengt h

are con3| der abl; ent
Cventton o Doditapas piaddPifh nn bl MAMERabR Mtsbp Murly Mp A S
(fol | owi ng DI Np588567%)arsk heahéo theaakdde poi nt of the tape for a

bal anced falric with f
0.10 kg/n2 TORat her thﬁ&ﬁgﬁ%ﬂ ont it IR kB %ﬁaﬁfﬁg?@gg%ep In

i nst ance i n t hdhis way the structural mtegnty of the cloth wﬂl be guaranteed and after

cooling a stiff sheet is formed. The pressing step can be carried out in a mould,
—- resulting in a three-dimensional shaped product, but also flat plates can be
produced in this way.

20 The heat treatment is typically carried out at a temperature
between the softening point of the material of the outer layers (A) and the
material of the central layer (B). A property of the heat treated material is the
improved abrasion resistance and the resistance against delamination of the
individual fibres. | '

25 The improved mechanical properties of the materials of the present
invention, which make up the formed products (three-dimensional objects or
plates) of this embodiment are reflected in the excellent mechanical properties
of these products themselves. It is noted that the stiffness values (E-modulus)
of the materials of the present invention (for instance in tapes, films, yarns

30 and/or multifilaments) typically are different than the E-modulus of the



formof tapes, films, yarns and/or nmultifilaments) to pieces of

cloth, the individual materials can also be applied in (hand) |ay-up
applications. For instance by placing tapes in a parallel fashion and
subsequent |y applying pressure and heat to the nould 15By the heat
treatment th uaI fibres are welded together. In this way the
structural ﬁ#iggnyy of the cloth will be guaranteed 5ﬁHN%?WQVm%
cooling a Stlff sheet is fornmed. The pressing step can be carried out
in a muld, resulting in a three-dinensi olhl shaped product, but al so
flat plates can be produced in this way. 20The heat treatnent is
typically carriggdaad pRiuedteoRe0a GlleLaldveen dibenshdIeRuBGragi e Of
the material of the outer layers (A). and the material_ of the central

| ayer (B). A prioperapplies for traisHe sirength yelugs-diediffarence isthe rqsprod ey
abr asi on resi stgpgenangd sthetdresi st ance agai nst del ani-nation of the

I ndi vidual fibres. 25The i nproved mechani cal properties of the
material s of the preselhe ﬁt%ewﬂv@rtenWméwnﬁMtht(%ﬁh@rmas B¥ oduct s
(three-di mensi qpalkiaRRh&RLSs YpiRe inbshkull dclirgingth 250 @Q’ﬁtas%ﬁ&tmned

reflected in the excellent nechanical properties of these products
t hensel ves. |t Hezeipnghave. knHais meflodithe fansds clompad gt b@h@ﬁéﬁmﬂw dgpctiqie

material s of thgypr ﬁﬁ?ﬂﬁtof‘tﬁﬁ/ﬁ%'mh ClaMpeti REH ARG bvd d iR B osité uira@hons
yarns 30 and/or multifilaments) typically are different than t

E- modul us of t ﬁelatwt@mglo@wd%m RRGEOD'8 METTEES opby cme@ade% gmvmg,
produced ‘t her efd.am,ip laastef?ﬁ? angkelt wh%?eﬂ bH@Q&d farifa,t YIS b §9dss- sﬁlaﬁl

sane applies for tensil rength values. This difference is the
result of tHe daur‘reéraéﬁee@oridﬁdsft‘hqﬁl@nsroé themeg@nt.tpﬁhlég‘@emr%ﬁwe@t the

strength of tapgi @ltethinl® the/BiafbRulls.
When the stiffness and tensile strength of products produced from

these materials (viz. plates and three dimensional structures) is determined,
typically a different test method is used, such as ISO 527-4. In this method a
15 test piece from the product, typically measuring several square centimeters, is
clamped and subjected to stress-strain measurement. The values thus recorded
are typically lower than those of the tapes making up the product, because a
- substantial percentage (typically about 50% for a balanced fabric based sheet)
of the tapes lies in a direction perpendicular to the direction in which the
20 stress is applied. Consequently, the values measured for stiffness and tensile
strength will generally be correspondingly lower. Nevertheless, the values
measured for these produects, in particular the stiffness values, are still
considerably higher than values recorded for prior art materials.
In accordance with the present invention it is possible to produce
25  objects (plates and three dimensional structures) having an E-modulus of at
least 5.5 GGPa, preferably at least 7 GPa, more preferably at least 8 GPa, as
measured by ISO 527-4. The tensile strength of these objects can be as high as
200 MPa or more, preferably at least 250 MPa.



5 multiftlaments) is typically measured according to | SO 527, as
menti oned hereinabove. In this nethod, the tape is clanped at both
ends in the direction of the length of the tape. Both cl anped ends
are noved in opposite directions relative to each other (viz, both
ends are noving or only one end is novlhg; generally a set-up is used
wherein one end is not noving) and stress-strain 10 curves are
recorded. The slope of the tangent to this stress-strain curve at the
origin determ nes the E-nodul us. When the stiffness and
tensile strength of products produced fromthese materials (viz,

pl ates and three dinensional structur@ghsi s determned, typically a
different test nethod is used such as SO 527-4. In this nethod a 15
test piece fromthe product, typically_neasuring several guare

centi net efs, %re@hwwleéﬁwaw% havippan Evnodplpeelstt destdi (9haetd g seepghy of at

The val uesast bysMrecRnPRAnRE Qoly¥RiiC ald ¥ nilﬁweriahmﬁhhﬁﬁ@qams &H?&nabﬁn@sa
maki ng up the product, because a substanti al dﬁ{cenaage . |caIIX
e]teﬁlet at a

about 509%8'PGPS ‘&"E&f‘%%‘bﬁf“‘?‘&‘ﬁ? PIEP Bt Rfrelhiog siep ‘Péﬁ@’s‘alllf’ &Heetoh

di rect i onsupek pRRdbfCall 1adst 16 Witeeid iHeatho-Matchdl dbhipfidts tpARicRO hslinge &Siedsh one
appl i ed. nse ﬁg QY t he val ues neasured for stiffness and tensile
strength PFKﬁQ 1 e correspondingly lower. Nevertheless, the
val ues neasured for these products, in particular the stiffness

val ues, ar. e StMétbna(B@Etﬁal'dﬂfgr aabcllaamhl ghtRfeirt thamaN@inbtesal i€ @ Qfueleslinf Qkerp ltha@fis
art naterl I n.accardance wt %Qggfresent i nvention it is

possi bl e SFS"tE)‘f’%‘EiﬁBl8rgﬂ'§° Ot BLRs st BRI LRI & Yrensi onal

structures) having an E-nodulus of at |east 5.5 GPa, preferably at
| east 7 @Pa, mM4t&iapraedodimdloy claim Reastred dPaicladingRasidr@ehphits ladCGnorganic

527-4. The tensile strengih of ese j ect.s.can be as. hi gh 20
VPn o muREeE ardy SFTHEEOD Jay S Bhvereds o gl &tal g
pol yol ef i ssnthaicetidnadlayhavi Iﬂgmﬁ]ﬂySEﬂ‘ﬂ'ﬁiﬁbﬂ wsthodrgatic |g&)aﬁ§:) fitroPar nesiitk shaped
strength of af. | east

ate a (%tafsﬁhléke{s nano?lays c Wlhlr; Torp IBan?be rilencagmaterlals zeohées

nano- mat eri f & na JLESE
an extr usaiiummnﬁslépn, alnmmambctateenathlahgansltcetprMEnehﬂeqfhe mat er i aI |s
stretched at a stretch ratio of at | east 16 wher ei n the

nano-materi al is article Vin ast one si on of
1- 100 nmf{. l\ﬁé{;}?ﬂ accimdup to &Enm%t, W e en the nuc“la' a? a%en{ I,%:ompuses an organic

nano- mat e‘mpladtmg sgeat mteé@pmrﬁgrbaglehtwemhat whlsh matenal is obtained at a stretch ratio of
~ more than 22.

5. Material according to any of the previous claims, wherein the additive is used in an amount

of 0.01 to 10 wt.%, based on the weight of the final stretched material.
6. Material according to any of the previous claims, wherein said stretch ratio is more than 20.

7. Material according to any of the previous claims, comprising two different materials are co-
extruded polyolefin materials, wherein said nano-material is present in at least one of said different

materials.

8. Material according to the previous claim, which is a monoaxially drawn polyolefin
multilayer film, tape or yarn of the AB or ABA type, having a stretch ratio of more than 15, having
an E-modulus of at least 17 GPa, substantially consisting of a central layer (B) of a polyolefin

selected from polyethylene, polypropylene and combinations thereof, and one or two other layers



sel ected frominorgani c nucl eati ng agents and organi ¢ nucl eating
agents. 3. Material according to claim2, wherein the nucleating
agent conprises an inorganic nucleating agent selected fromplately
shaped (| ayered) inorganic materials (natural nanoclays, synthetic
nanocl ays, or nanoclays nodified with biganic groups); fibrous or
needle shaped materials (nmetal whiskers, nanocl ays, carbon whiskers

nanot u ical materjals zeoIJt calu ilica; . .
ol e mos 45 L4 el o o i S e AR B e ar e By he i i point
accor di ngofttice @itaiamothe V!ihEdSthtrI‘haybthQA)’lbtﬁtﬂgElaiftrﬂ@ana@fD$C apitpg p&igiSofdlit material
organi ¢ nycl eatin en cted,from sor bi riv i.c
o dart o "Miehe b Peu B BE PR PR B bF i (ofieet 30 /ahE By it o

accor di ngmitaiaamgd tiof othdndryps GAjiteuserc! aidf® wtvtherein the additive is used
in an anount of 0.01 to 10 wt. @6 based on the meight of the final
stretched, mat 6... Mat al. ac ng.to an the. previo
ol ot whor o T EL B RE pRrp Bl A ey Hert Sl Foer
according to any of the previous clainms, conprising two different
mat eri al siar e Maeriaxdcordilgto pey yothe bietioediink, alissh WheheifeimSel dlape, film or
nano-material is present in at |east one of said different materials.
8. Materi®8™according to the previous claim which is a nonoaxially
drawn polyolefin multilayer film tape or yarn of the AB or ABA type,
havi ng a 1t r etifidifeatdnal dtesrmd erokspBiplald, conpiisidach tafe dr-filfdedotiingQb amt of the
| east 17(%Pa Z@bstantially consisting of a central layer (B) of a
pol yol ef i @%P ‘ted from pol yet hyl ene, pol ypropyl ene and conbi nati ons
t hereof, and one or two other |ayers 12

12. Process for producing a stretched material, comprising the steps of: providing a compound

of a polyolefin material and a nano-material, wherein the nano-material is dispersed on a molecular
scale in the polyolefin material, extruding this compound, followed by a stretching step wherein the

material is stretched to a total stretch ratio of at least 16.

13. Process according to claim 12, further comprising a step wherein said nano-material is first
blended with a first portion of the polyolefinic material, thus producing a masterbatch, and
subsequently mixing this masterbatch with the remainder of the polyolefinic material, prior to the

extrusion step.

14. Process according to any of the claims 12-13, wherein said stretching comprises more than

one stretching step, carried out at different temperatures.

15, Process according to any of the claims 12-14, wherein at least one of said stretched
materials is co-extruded with another polyolefinic material, which other polyolefinic material is

optionally also produced in accordance with the process according to any of the claims 12-14.

16. Plate or a three-dimensional structure, comprising a stretched polyolefin material, which
object has an E-modulus of at least 5.5 GPa, as measured by ISO 527-4; and a tensile strength of at
least 200 MPa, as measured by ISO 527-4.



(A) of a polyolefin fromthe same class as the material of the
central layer B, the DSC nelting point of the material of the said
other layers (A being |lower than the DSC nelting point of the
material of the said central |ayer (B), wherein the central |ayer (B)
is between 50 and 99 wt. %of the mateH al and the ot her | ayers (A)
between 1 and 50 wt. % 9. Material according to the previous claim

wherein t nano-material is.in the central |ayer 0. Materi al
Accor ding ko A bPPHERLP B SRaF et Tl iR et i pfreihed
t ape, fi |pulyeiefiyanaerial hicordilny i nmcbf dratlaiplal-&3 @and scetdss plolyolliatieserial
compri si no%taai"na{)lggeth%r r()fc!-:sls rénc?)‘l%qgrt(g;jp f%h% RIS ﬁfls.t he. C! aims 1-10. 12 .
Process for pro ﬁC|Hg a Sfret ched materiar, conprising the steps of:
provi di ng a conpound of a polyolefin material and a nano-nmateri al,
wher ei n tise nabdtgechadcendingl to ickinils pen 3 echichnis a wvke oth@rwesealk®th, A pldeeor a
pol yol ef i teri.al, extruding this conpound, followed by a
stretchiﬁ%fg %E“%%%%%Wﬁ“?he material is stretched to a total stretch
ratio of at least 16. 13. Process according to claim 12, further
conpri si nN@. a sSWeyenwheseivoves dhtgicrramprising € magliali Scdrding to dnly e diedclaims h-1a,
N e Rt e D L R
r emai nderof¢$0 trhendowmlayeel dehdityiof O.hkemi.al , prior to the extrusion step.
14. Process according to any of the clains 12-13, wherein said
stretching conprises nore than one stretching step, carried out at
different tenperatures. 15. Process according to any of the clains
12- 14, wherein at |east one of said stretched materials is
co-extruded with anot her polyolefinic material, which other
polyolefinic material is optionally also produced in accordance with
the process according to any of the clains 12-14. 16. Plate or a

t hree-di nensi onal structure, conprising a stretched pol yol efin
material, which object has an E-nodulus of at |east 5.5 GPa, as
measured by |1 SO 527-4; and a tensile strength of at |east 200 MPa, as
measured by | SO 527-4. 13 17. (bject according to claim 16, wherein
said stretched polyolefin material is a stretched polyolefin materi al
according to any of the clainms 1-10, or a stretched polyolefin

mat eri al obtainable by the process according to any of the clains
12-15. 18. (bject according to claim16 or 17, which is a woven or
-non-woven cloth, a plate or a three-dinensional structure. 19. Wven
or non-woven fabric conprising a material according to any of the
clainms 1-11, having a |load at break of 250 N per cmfabric wdth for
a bal anced fabric-material with a thickness of 130 nm and an areal
density of 0.10 kg/n2.



