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Title: Stretched polyolefin materials and objects
produced therefrom The invention is directed to

waeooseies pol yol efin materi al s havi ng i npr oveRCT/NL2008/050065

mechani cal properties, in particular inproved strength
and stiffness (E-nodulus). The invention is
furthernore directed to objects (fabric, plates and

Thise di 9RBaiHRAAoIFSIEHAIHA RS a 18RSIt {gauhb@ﬁ fr
stretched polyoﬁk}?n naterla.% From\/&OLS -OB/OSlggnFtonl

is known that co-extruded polyolefin materials (tapes

E:L\Lnf)eorrm[‘%%g’r&]\@%‘ i i dikectat g St dapbidiam “fiehaving
R 5t g by A ANt i
(/Ellnluﬁidlhg) ﬂ&fbslldvenslbhaﬁ Gﬁi‘tlmamwashﬂeyctélbt(nd)bjbetms(falﬁ‘j@ plates

MPa. A preferred stretching proce accordin
ol shresy dignensiongloytvaeturesh progug %éq g%ﬁ ﬂ%etc%ed polyolefin

ggﬁferggly at different tenperatures.
7/ 0007688 di scl oses pol yners obt ai ned by

gel spi NNFpgn WO-A=63/08896 8bisdirsst 9 $hat bo-axiraldedt polyolefin
oriented polyolefin materials, wherein the nechanica

maipﬂais étapaaf,e?ﬂnrmloy@m%yf very highi strengidr an@ﬁlﬁ@ess can be

%ﬁ}cga %tggpczlblg l&g%n%&%laﬁeltl S t%%gh%gﬁ{t rtiod r(l%znﬁfgher than
Y\% I‘Feogflﬂnla?&ﬁgooﬂﬁ%% hRAsrRilsxd bk sHibRMUsOM least 10 GPa, while

whi ch are m croporous.
use ﬁer%lé?dt@él@étﬁﬁc&,n eIl Be a1 Ba56 @58 PanApbered sisdohing

do not descri be noa II t

porpeD eFsaTEenale Ho AP aval R giLE Flaredet it

va e n seeks to provide
Bf?fg?%lhlgc#} h eﬁ%ﬁ{@ \thgﬁe%fs havi ng cgrrpa:r abl e or

even | WDUSLAdZ(D[FD'OGID’V@&S dizclpes polsnas absajperdddy gelspinning.

t hose obtai ned according to V[)A 3/ 08190
bei ng | i M-85 118 8cbediselogrs Y argnted pé@g e?ghmterlals

Wgﬁ% ug}eeg gnfc% tp%(')per%% 'atr'e\'iﬁﬁiro{l@d B?rt}xb Gild@fion 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.

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 polyolefm
materials having comparable or even improved mechanical properties as
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
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such as nucleating agents, in conbination with the
pol yol efins | eads to products that can be stretched at

wonenk/odriogher stretch rati os of thepol yol ef ns apd/NDbm®8/050065

may provi de a polyolefin material having very
favorabl e final mechanical properties, in particular
an excel lent stiffness and/or Strength. Thus, in a
first aspect the present invention is directed to a

stir et ched | ef i rial i s
PSP S DAY SRR 5ot favorabl
£hiERGtRaficadbroasies AR0p Mitcul 60 HRdxseN@nBstiffhyad ®id/br

and one or nore nano-materials, which polyolefin

steergilnlThus, ohedirstisspediythe preserkinvention isidigecied to a stretched
t i t.ep, wher ei n.t he materj al ; i hed

5 LD 5, P s

%@mbigplu ?f}g rao@é&gﬂﬂpa%aw@o@ MBE onh P4 @ﬁoﬁ@yﬁeﬁ@ Hnd one or

at "l east 24 GPa, nore preferably at |east
Ar&Ranevianteniale, phadlepalyolefat natasinl XolgRanable by a process

Preferably the stretched polyalefin material s.of, the
IBRERIE hoBRITIOREOR S TEHL A MAJFTAL 1 agichaf g hipsiretch

F%)criﬁ?opglffe%%qu% at | east 750 MPa, even nore preferably
at’'Teas

a. The products of the invention are
sui t abl yppsfesulsigdhbystietohed pskotafipniatirigld oftlst mrsent

of : providing a conpound of a polyolefin matefial an
veativohaes anlE-madudus afiableast 4i GPa; moge gﬁ@{egélaly atdleast 26

referably on a cular lein the polyolefin
ﬁﬁt%e‘?‘feé} fr%g?(tl)?ﬁ%?ﬁ%fytﬁlga%%%%o na{d fol l owed by a

st r et chi pgof} Sy Wher@idichd® pbBisfiinadtsrials 6f tHeprdsont:
total stretch ratio of at |east 16. Dispersion_of the

narentivat kaveh stsangthaf as least| &K MRy, ageuet predgraply at least
achieved in a separate, step whegei he nano-materi al

80 @&%ﬁd%%erhm%e Pre eirgPI%rp%lf]@p%ég(}) M%% pol yol efinic

mat eri al TPE R}fﬁdﬁét%qif‘%hg Infeh@sh ard3LRAbIEpEhd uRaY IHyta Brocess
content O ano-material, such as a nucleating agent
ebmpPising Bl wtep¥of: pruvidingse quepbviind wf g prdyelefin material and a

mast erbatch wi_ith the remai nder of the. polyolefinic
maperateriagly wayich @apﬁéné%ri‘%s‘ﬁ &%Smréﬁd BF erqp Rit=\ molecular

SR RS e S P PRTRNSE, b KDL RUSBR L by o
khieSchiRyatp Sherbhicthpieibahl isstdefchoddo astorabstiragharatio of at
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
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

generally defined by the difference in speed between the stretch rollers. The
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m nimum | evel of the total stretch ratio (TSR). TSR is
defined as the degree of (nonoaxially) stretching from

w@osegs®pi c nelt to the final tape or film HAEI/SL2®8/050065

generally defined by the difference in speed between
the stretch rollers. Theactual j,value of the TSR can be
determ ned fromthe birefringeﬁce and/ or the EModul us
of the final film tape or yarn (in stretching :

FLiSe VLAY o%{éﬁ};@@%ﬁ{)@ %%H'teﬁim’lﬁé& gﬂ;ﬁ% Elégﬁoi}etfﬁngéﬁcceegﬁd/or the E-

i nvention, al ned

Mydvdusleseiid Hadl Ahacegsk orxpdrbn soratshingddide¢iin)ol ef i n
materials, as well as single conposition materials, .

e.g. pol Vhe pylolefinic materils of oo pressmiavention swhighsean be

by th ' - Lt ifi]
FPGERaT B e Aok GcRO SR bro¥F ascb PoptPlhigi ATERD
T B o e oy (T prasont

polypnepydene matuwsateriEy. Al}omnmmseed hprtbe edesentuagention are
AT = MRS —
gﬁ& d:Iﬁ;l'ger 8 -e&%dﬁﬂ%&f&i&l@%@WOQ@-Q@V(?’SI’W&% R&d ﬁiﬁaceordance

romthe prior art materials in particular
it/ tlenp ffsehbéhverdtiah poifittsdssvifg-eveduhos) inpproaed values for
| east 17 GPa, preferably at _|eas ég) GPa., The
stiffnesrcandionynechanielstiengib maribePtainadso 527, The

strengt hy,of .t he ' '{S ' ' Ls: .
al so hi g# ngleg%gékeglﬁsg&&P I or lgrh??%g{aéér pgﬁg& b¥fseht invention
P h6dl perts@nahl Aiffer Aot thopriopaet hlxaeridbinpartiatlar in view of
even nore than 500 MPa can be obtai ned. The tensile

sheiehgeh stiffpess (€ appgulve) abatlesishdd G2, sxoferaply phéeast 20 GPa.

no-rmaterial that.is,used in t i nvention
_ﬁﬁ\‘/’ s&ﬁ?ne.ﬁ may st @Qh he g &l 1}‘95?'[’3?[‘55?(22’%' as an
i nor gani ¢LRUGt&RAIthNT tABWRAleRals BF BAEHF@Enk RVEMNIE is also high
nucl eati ng agents are selected fromone or nore

edrpocumnp sreselogotiexaftr matetiatse Tyhiadly tenaile stugngth of more than

i norganic materials, s nat ur al , or. synthetic . ‘
ﬁQQé\%F&yQ’? e wr&ﬁbaﬁo%tﬂ%f M2 G he BPEQ%HF@- t&af&%&%ﬂe strength

f] ; tal s, such as netal
%&%ﬁ%ﬁ%@?g‘g&ﬁ?eﬁ?gﬁggsﬁﬁr S%Z'not ubes; spheri cal

mat er i al Theaeold-tregerial thatnia;usetlindthe presem mnventionrmay act as a

magnesium silicate materials. These materials are
prigleatitts JEentcTeRTabl IR HHRIEITA DGlEAtNg RpteTial. 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 organic groups; fibrous or needle shaped
materials, such as metal whiskers, carbon whiskers or nanotubes; spherical
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

several tens or hundreds of nm, e.g. 10- 1000 nm. Suitable clays are for
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usual ly also referred to as nano-materials (e.g.
nano-cl ays). The particles nmaking up these materials

waoreooshgroes f or i nstance at | east one di nensi on PET/Nh&08/050065

nanonol ecul ar scale, e.g. 1-100 nm whereas in the

ot her dinensions it can be seviral tens or hundreds of
nm e.g. 10- 1000 nm Suitable®clays are forinstance
clays of the snectite type, in particular

r h I
FRBE b4 1y oREA 5o SATEGS 2B AORRL) Buch ao e
SthirbtiallzedthiebhlaNarioeor™) dua m:@ Z&M1& shaped int #terials.
beta, nordenite, ferrierite, and/or zeolite Y. The

Sart@bleazeeﬂitas; atfoy instane Ze3Mab.i zeplitabeta, gnaxdenite, ferrierite,
eat| n gent, viz. a conpound that contributes to
goﬁﬁg?lé%{?ng properties of the polyneric naterial .

| t is alPRe R@RSLALEidIAdodstndt HYcbsdaH19hdve fohfet as a nucleating
stretching properties of the polyolefin in sone other

agentamock. tawomemnnd thatt tomtribuses td the hwgleatiog properties of the

SO BatRUAL Thist SReaosaitih SheC e oRPGare Qe tBHeching
pyo(})ltet}ﬁ% $f thigbf?ot&ﬁiﬂ ESmbRahet & nﬂﬂPH?E@éﬂll@ ko RRY material’s

[MTtate t tretc I Nng process, for exanpl e by
mfiprgiedgnbtieasicaliptopeetio$, inheariticudarf sirenpidt ané stiffness. For

éﬁ%ﬁ%@é Sr%t%%xaé%r?s'ﬁl%xgﬁg aita ARy ineliBPEAHPR: the nano-
PATARRL L0 AT (L BAR AP R RaRh IR Bl che

SRe0AReCH the rlﬁpeﬁmeesemseeamaregdltmg brytshellineqsayasie the
nucl eat i ng agents. Suitable organic nucleating agents

a:_tesiai bitldghedanoxphiougarhaseuch as

, 3.2, 4- 3,.4-d
c OrMeEr Ci g’] ’I(‘S)f‘lg%Péﬁr’rsﬁé tlé’ b%??z Jlg%?lﬁcng%?leg{lgﬁ a%&m
%qe%@i(ntg@gerﬁs GenMdliP{dulte 8 388heibtretchStiticat) 6btain the

nucl eat i agents are those obtai nabl e under the
impmebhmmﬁbpmnmles Bsebon=bed with thavoetgagfic nucleating

ggg&sg% e ﬁ%ﬁsaéllg%zlfctqagg}gylgg rat%ﬁ %hxe@% a(P&V%)‘,éYes such as
gV t

1455 G, RIS 3B Ao p S st s

obtdiahbheghderegirr tratle nbiee Millad&¥, eagDMlﬂad)?M 38&81 Otlger suitable

may vary, and is t cal | d
p;uélfe@ﬁa{g geeIHs e t{;g;@%o y ab o er t e 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,
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,

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



10

15

20

25

30

preferably around 0.1 w.% The degree of dispersion
of the nano-material (in particular nanoclay) in the

w@edogneise naterial nmay range from an intercal BEBENL2008/050065

structure to a conpletely exfoliated structure (i.e.
t he hi ghest degree of dispersign, wherein the
particles making up the nano-naterial are conpletely
separ at edf rom each other by the polyner material,

v . : ' ] o
BOHY S0, Peheil APRALRAR Bhucrt, BRI LAk Bolnorioh of the
agnpeitirial R VIost pitefekablyietheanmoraiagerial iscasarbe completely to
provi ded either separately or together with the

punpleselyi extoligtadd Theowana-matepiel Far beqravidsdsyther separately or
Brecbhgn i ufi polviied TRdb L} Bk SR 3t BRI fotnh R Shafbe

pteadéd a8 %n(cl@ﬁceﬁ{t?me)&? Gn AEFI tch @BPArHEBHoMtdde th&ewith the rest

polymeric material before it is provided to the )
ektheapeymedric matérighlAlse ity ¢an be pyemireechandongompioainded with the
additives in these | ow dosages, prqduce suych a marked
P %ﬁ%glaéﬁrltash] gegﬂa &t m"%&ldy&oﬁ’et W&rﬂgﬁ/ol efin
mat eri al f,; Wi Gl mYBRGRAM ditives in these 1
propertigbslsgpggpy%%&git{géﬁ?gge%%egalase t he matlgﬁis glls %%aen o
Hesagesqiroiade fuch hanarkdibinfluechani thel stpetepebilityofdthn polyolefin
be i nproved vis-a-vis gh_e prior art mater.ial

sy

wathBials, wnshbngesdt pa t eghaniggbpippertics sfigspissehing
n %t %h ?h(gv?ﬁétgh[%ﬁ? Laf ge NENQPRLS hlthisy, TR%irAhkcASnical properties
SN n r of, or evén a

I'Ng " age or "nucl eat

cENPRMPTLEEd 9is-a-vid tise ok @t hidtgrialy. crystal | i zati on
process of the polymer. The nanoparticles facilitate
the streWibheowt widdagdo betosnddatheprynitds hedipved that the well-

tretchjng ratio, which be ,cl ose .t h
Srspgrerd BapomRHdieR masack s WIcoHRE pEtn} 8E npglenten, or even a
%&rhﬁ@le%ftoﬁ UEh ERLd Yo MR criyBt A1REA i 68 @6 cess 0f 8hé polymer.
sorbitol derivatives to an extruded m xture may have a
Al nd nup aeticlestfaciitatethastre thiog pseceiski Thisi resulis intpehigh

lt. It is. al iple that th - nat eri.al
b A0 TS T LRy PR T e
‘Sﬁ?éllfﬁgf%ﬂs %eﬁl%ixeg :E'ﬁaboﬂﬁsg(mitioﬂy(ﬁrﬂdc%hﬁﬁg hbahtd e particular

ness o e polyneric materials I ncreases

kbRaad byrbiidl legivamiveg toain extupdéd mistyreingly Istveedt phéibiye effect

rati os. In _accordance with the present invention,
ootthie rate of crystallization of the melt. ,

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, total
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

ratios as low as 20 or even less.
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stretch ratios of nore than 21.3, preferably nore than
22, nore preferably nore than 25 may be attained. For

WO pwBaymmes a pol ypropyl ene material having a sp¢f/NDE®S/050065

of as high as 22 GPa and a strength of 800 MPa can be
produced by stretching to a stpetch ratio of 26. This
is remarkabl e, because in a typical prior art
production process pol ypropyl ene nornally tends to

break at %eq{tg&e[)daﬁéx%%ﬁ \Jeo‘ﬁ @rf‘o E el Q%&'& is used,

ment | on er el napove nuc eatin

tlfe stz6tth fdtd f‘stﬂ@fé‘ﬂ&blﬁhighelrsthﬂhelﬁ Fdaliviobgutie Ihuﬁ:l@?ung agents
22. For inorganic nucleati 3% agents | ower stretch

marc@retehgat@s, ¢.8vasilow 6sd6 eromere,ragy the ssufieientent .

h ly .
|Tns eg? i 0 h&ﬁiﬁ%ﬁéf‘@ﬁ#f}gggwéﬁﬁﬁr %eé‘%%ﬁﬁfn'&?n comprise
?ﬁdﬁ!ﬂﬂﬂ? ogrb@chmf’n)e (P‘E) ¥ psTdphy RRO(PP)VBF Eld@{d%ft@fe@@éﬂ/ More

he pol yneric naterial's conpri sé pol ypropyl ene.
pefpeadily tthe rp@bymérm gnateridie compdise o lyprogytea. W xﬂn respect to
filmg, tap d be an

Wﬁﬁ%&&'@ the Dagducts wﬁgﬁiw?ﬁ régf{g olafiehirap Bpar qngavars it
'g)é)ﬁ%g P ?h%(?‘far{fetggﬁ_ﬁm gb m&)E {s oﬁﬁ%t}nﬁ%n@ﬂ M@%ﬁlc?éheslﬁed as

ypropy ene” i's use

tiey @&mellﬁatdriialpédtt}n as polﬁﬁﬁpjﬂbnﬁ @ripodyettiglaies The term
gopol ynmers of prop yh ene nononeric units and oth]i
rsippRonydeng)iis sused epeiy incks ard@taﬁylné%@%ﬁ@ﬁéﬁ uge also

tht L h
Hbashe P brTOE Pacpagll} Bhlss ol ot b St s
pRAliNEhP¥tRABNe iNiGhsiHEEc GORTL)Y, rmftsméreeﬁ lﬁhé ﬁﬁgoﬂlﬁﬁ of the total
ot her nmononers (particularly propyl ene nononers),

nnmira nopehgriemitsis pmpmleurxey ohilagly, the ém‘m n@bfﬁthylene

BreboeapRaErs &) Caie:ad pEh L pobul T ARy igpylone

Hbqfoxﬁél% ftﬁ&%%ﬁﬂ:hf&% BEr BB ritsAoF 1he 19eMshehabes of

as one neterial, instead of a blend of various
QUTOOMESLiS e(;hy)lenent am nation). This is also possible
present invention.

o e o a0 D<ol LNER) 80 T ey rocyced
I RO Rt 8405 540 o il on
e siad dia ssddded Lh blhdhbier afidud dembpotiaitsho ebntaminatson). This is
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
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

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



performed at a | ower tenperature than the second, even
hi gher stretch ratios may be obtained, leading to

w@emdoetoss havi ng even hi gher val ues for stiff nNBSBENL2008/050065
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and/ or strength. In another enbodi nent of the present
i nvention, the nano-material, sych as a nucl eating
additive, is added to one or rm:je of the |ayers of a
coextruded material, in particular to produce a

i . . . £ ohi
sy AR b SR 0 oo
otled hgfers andippalp the ¢eriduddd tmvateinlis pyodwiedn Thleastdetch ratio

from which one or nore of the layers making up the _
ctorenaterialg ingceprdance wvish she psasentHaventien diased opghese co-

for terials i d i theth t '

TR e S B RS SREERNE i 2o o B B P Tow st
erskiod? (-eRuBedPhiRaf] 8in bERDLaineW Idviftk Gh Eahb@81ud of at least
(co-extruded) material can be obtained having an

E1diRa, usreférably htlestst 20 GPa,ansk @stneagtly ofiat lenst 4090V Pa. On the
GPg and a,strength o | east 400 ,MPa, On.th th

nather Harel dhe epriniaated tanss thivs STBRBCATL 4P b FUBECted to stretch
subi. . o S oh
e D)
maloake@hen iy mbeeridis@andw dlstaimgl havimgya keghhigh stiffness. Thus in

® PBRO o Bodimaasts B DEST SHGEGR 15 dibaid toA mondaxially
| vol ef i [ t] i )
2P BB LI (ARG Ghr Bt b PhB B4R B, having o

hawiebeh aati&olBibik ¥haafl5havass hn F-nddbulupoé he laist 1 7aGPa,
| east 20 GPa, substanti al Ié{:(pnsi sting. of a central

| ayefergidy ajfleastp2d (Fdiasfsuhstantiadireonsigimpof peenimaddayer (B) of a

R R N -
t RSy G8TAS 8F aRYRIleBn fhdiR thEGaR®d 1088 aPeh8tm Meridl@f the central

mat'eri al " of the said other layers (A) being |ower than
t ey D3R, thel DEAymplting pointtdfehranatdrz] offthe iseidether layers (A)

N
B X S T e TR

omeatefridl herd Bivesthet Myars (ABbetiedinil arehBoditi?énThe nano-material,
Preferably it is present in the (B) |layer or bgét}x
| ayeh @s theausleating addireeancbe RresgéanANYINY plgthe layers (A) or

pr(ﬁ? F Ehiis %\ﬁlel;]c}diﬁl%nrtml%recigpa{bqgr Nt 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
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.
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retardants, UvV-stabilisers, anti-oxidants, carbon

whb@sk9708mt i - agei ng additives, processing addi PCT/EBE2@8/050065
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conbi nations thereof. If the material of the invention
conprises different |ayers, thege conventiona
additives can be present in one or nore of these

di ffe_relnt | ayers, preferably in all layers. The
mat er | : : :
TRt TP e BTN AEHITHE oS PERorally e

Pugeb 300, ptdferdBly Wepwsen AD ditb30@pen. Thisis govyatied by the original
generally be up to 300, preferably between 10 and 300.

nfdm Thickniess goddheadrepghtrasiooin partacular the ratielof ébe speeds of the
and e ret ratj,o,.J,n particular the ratip of th
sPiee ’Eﬁ’?fefﬁ'e \i P’VéflJE}h of @'fel %,pgs o?ﬂeVquvﬁr@fwi(%erqI%eguCh as from

C%@ é%?ru?ﬁ OV et M HBrd. ANLLWiBICHY 2 AT LP 2199 Hiyidver a wide
5 m of nore. The wdth of the filnms can also vary

ov&rigen evd. deomdnga, uretgl50 comvimore.up to 150 cm or

nmore. | n one enbadiment, unidirectional orjented tape
layers arkn Bﬁ%émlwn&‘i‘m‘i‘aﬁb‘oflﬂ ‘_”fl%‘aE%d é’f’é‘ilo?/re produced
Sg% %%ﬁ%%ﬂl {heoﬁg)eg'c()ﬁl tl{at%ﬁ% sﬁfek edv‘f?l' Sk &H@aﬁ@ﬁ,eéft@% which the

c € corpacte y applyi'ng heat and pressure.

FiitBfales R bekehR 160 b$ elpplgihicdivataugleg@agure. Furthermore, before
uni di rectional l[ayer (or nore _than one) can be added

t consedidption; aecend soidiseetionalyayenor meresthairy ere)igm be added to

b B SR BoPa haier i EBb SRR OA S pbES Iy ¥ Eer
f Q{3t660n Rhh G 8e TrRE BBleY ifldrHes ¥ Bfaté G REdEB6E01¥4] laminates, to

non- co-extruded material (nono-materials), usuall _
f fornheo-cpibd weossply strmstunest bptlse mdoft@rbeo-a{sfm\lidéd material

gg‘;l\é\gg-g%%ﬁg;iaﬁéi, ﬂ]lé{dlgﬁ‘glrfgg l ét % e@??}%ﬁg%é)re%%%g&%ghggtbe applied
Wﬁ# gg&v%@ﬂ#&ﬁhidﬂr&tﬁ)xfa‘f h D& IayRrB e ABREe thdiSafter applying heat
e S of the p n e.

mat eria resent 1nvention {I. for Instance
| anthrebaur®, ohe heqtesiald atarweldeal togetinaty or

mul tifilapents) can be further processed jnto sheets, . .

usi ng pr obeadasthersmpbpdiment, the aqatspla&%{,qqﬁgpﬁggn% iivention (i.e.

tapes into .a gloth j fall :

BB K, kg I P 5 L A con o

epgrthBe piBieRbé @ iStod R e 6h) ¥ ine fréceséey khewnpeersepe.g. by weaving

non-woven fabric, which may subsequent Ity he heat

t thatapksimdo a cloth, which may be followed by further steps, e.g. those
described in WO-A-03/008190. To this end the materials are combined to form
a woven or non-woven fabric, which may subsequently be heat treated and
pressed. This can be done using the above-mentioned co-extruded materials or
by using mono-materials. In the case of non-co-extruded material (mono-
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.
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usual ly further polyneric filns or tapes need to be
applied in between the materialg of the invention

{e.g. tapes) to ensure that aftér appl yi ng heat and
pressure, the materials are wel ded together. These

further f t r 3y ' . . :
e o Ch ARSIty 18 Bptipod n
Nfyint 6f WB¥VEN 6? choferevéalfabricy Thes€ farieeGvivent dilenéxo-mmven) prior
of woven or non-woven fabrics. These fabrics_ (woven o

ntmhertviaeptment, dravedtheeanpearanemeha P1€h38\Rf cloth; they are flexible and

SRR e P Tl A ¢ IS B L o

f 3R In@ t&iflsahSthiat @8 RiffRdssHid Qﬁ"éﬁ?gﬂﬂhﬁe b@hél&@ﬁablf $igher.
stiffness and strength are considerably higher.

TY¥pprallyyfof arwevesofedrid efithiepretenthimventioors laadvefatileast 250 N

aloa atJest 250N cm.fa
s gD peoridghiin geasae Zéangﬁiﬁ Q%g’@a@%ﬁwo?%@kage point
p I r i f.
! %‘ a&’% for & BRI ] RBAE witR A MR B TR Rl g areal
waeansing of 0610 kgli# dual materials (for instance in the
formof tapes, filnms, yarns and/aor nrltlfllg%nfnts

pi eces of R@F@thhatm@eaﬁmgvﬁw ividpal mgterialiday Wistpace in the

R s PR A AR EPE RS B A28 e

aﬁﬂﬁidiﬁalﬁﬁﬁﬁeiiﬁl@ caﬁcm&teaé agphba én (Rathd) laByusb h@ph@@ﬁmns For
treatment the individual fibres are wel ded together.

| mstanse hmplamgstapemmwaraﬂeb@rshqn and spbsequantlxpapplying
ar an fter ooling a stiff sheet is
fBF b‘re?ﬁ‘ge}ﬁaggglt § B8PS can be carried out in a
moul d, §§| thieNgk dt tréatndAeHd iRpslaaRibsdPRR0welded together. In
product t also flat plates can be produced in this

welyis Wing the atructeatl ietegrity dfythe chithywdhbe ggar@meedtaml after

t enmer at ur g het th ft t of
R TELR SEH SRRSO demy ey LR POGH ISPttt Brrigd gt in @ mould,

t Q?er | %ltgrlﬁl t%%[dﬁ@na&ﬂrs@ﬁ%%wbreauwﬂ $uteddo f15EPIRMs can be
produced in this way.

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. |

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

and/or multifilaments) typically are different than the E-modulus of the
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present invention, which make up the forned products
(t hree-di nensi onal objects or ph?tes) of this

enbodi nent are reflected in the excell ent nmechanica
properties of these products thenselves. It is noted

LP?‘%%‘I&Q% P?&&&Je'&%réfﬂ'bﬂﬁ@%?éé%k% dfne ?gg{ggfs%dc@hfes). The

esent 1 nvention Oor 1 nstance 1 n

f bhme, applieFontelgile stubiigthi valoest Ehistdiffecaideyisahe result of the
different than the E-nodul us of theproducts produced .
t Adfarppesny pirackareand t hree di mensi onal structures).

0 BN P R AL il S o

di fferenc

St HEHNARentd)ds ThpichNgSHe adideti@ReoIdENnE ith €80t 52 Dfad MeAsioned
(or films, yarns or nultifilanments) is tygl cal ly

mbarineboes dorthinmethod Shesape iaslamped ghdath ends in the direction

ok FRefiagthiof the Ve dETPoT peg e edg o b Ih aPpapte directions
B?%lgtﬁleac%%@h‘%fﬂﬁér ali8. PBthehdshr@RRBPINECordb 19 UleQiiRl is moving;

relative to each other (viz. both ends are fnoving or
ogbyemily £sdt-up ismeedgrhegenreoné budas net mnving) aseédtress-strain

wherein one end is_not novjng) and stress-strain .

CaRTEs pederarigdddie ssrwzf of @ﬁt%%epﬁ &0 ttﬁwg%ﬁ%swrm gurve at the
stress- | _ origin determnes the

EE)%T%Z%P%ES& 8%%%? Q{‘ﬁdtr“@ﬁ%ss and tensile strength of

product s Wislhutledsfiffassd hed @endilestirahgti vf gZrodulced peoduced from
and three di nensional structures) is determ ned,

t yhessamagerialy Uiz pdatestoast three bmensionsd girugtiarpsiis deggrmined,

527-4. 1N thi hod i .
SShtany ) BT A5t BB IS0 PR i methon
ChaImRdcARdns Bl REALL! p3td1B Arebklifing gmaﬁalrsﬁﬁwb centimeters, is

The val ues thus recorded are typically |ower than
t bbseped andeubjgded tekinegs-spraihenearsodanenthEheyadues thus recorded

substanti gl .percentage (typically abqut 50%.f or

o ara ko Py e b thodredftnedpots Skihea PisPrciiugt, because a

di | o6 WsAficd1®y hBSub6RThE @bd1Anddl falbrid®ased sheet

stspggidngghlg%r%?%g%% (Lé(;ﬁj;lceq ently, the val uesnmsasur ed )

f of thé tdpareclics and divwesioheexperdigtitaiviol theghinestadd in Weich the

correspondi ngly | ower. Neverthe{ ess, the vafl ues, :
stress 1s applied.” Consequently, the values measured for stiffness and tensile
strength will generally be correspondingly lower. Nevertheless, the values
measured for these products, 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
objects (plates and three dimensional structures) having an E-modulus of at
least 5.5 GPa, 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.
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with the present invention it is possible to produce
objects (plates and three dineq‘ional structures)
havi ng an E-nodul us of at least™5.5 GPa, preferably at
| east 7 GPa, nore preferably at |least 8 GPa, as
nmeasured by | SO 527-4. The tensile strength of these
obj ects can be as high as 200 MPa or nore, preferably
at least 250 MPa.Clains 1. StCrigiked pol yolefin

mat eri al having an E-nodul us of at |east 17 GPa, :
preferably at |east 20 GPa and a strength of at |east

by ERIANE e I BN R SR R i R
sgpal gEéfegaﬁtyea& vher 20 Gxiahsnmtz Srégth S f168LCHG0 MEPa 2

stret rati 0 of at |east 16. Mat erial according to
ctanhpriingnh @obiotefih @andanpanedeeditaye,iwhmwhnmateaal isgbtainable by a
agent that is.selected frominarganic, nucleatin

aBEAceSs %%&%%Pétmg]l“@& $%RB @g%ﬁf% themagerig] isiptretched at a
agCor s Ngid 9r & Rk} 4¢. Wherein the nucl eating agent

conprises an i norgani c nucleating agent selected from

ppatel y shipedal heyeditd td clairganivhereireth@hanimaterial is a
particul ar natural nanoclays, synthetic nanoclays, or .
nanolepting agsaitthat iswelpcted Jromangrannie pucteaging agets and organic
nee%%e.shgged materials (in particular netal whiskers,
nBHEECAERE 488 Bion whi skers or nanot ubes): spheri cal

ngt eri al spiAeahl héGrddgH dlaims, vigdreidkhiemnekiatinged gent
mat eri al s; and conbi nations thereof. 4. Material

acomprisag andnotganic huckdading agerteselentpd fram plaigdnshaped (layered)

A3 e S ST AP G P,
gg%\ﬁba?l?s Aodfish Witk I&r%@ﬁi‘c %X‘@{lﬁ@? F®rbéifBr Reedle-shaped materials

eriral according to any o e previous clains,
whigreimiculer mevahwhiskieas, wamplayse sapant whissrh avinagobebes);
| east one dinmension _of 1-100 nm . _6 teri alhc%%cor di n

t ephesicfmatpriglseediies;,Alanpea; sHisaeplimmpesilicate Matertals; and

combinations thereof.

4, Material according to claim 2, wherein the nucleating agent
comprises an organic nucleating agent selected from sorbitol derivatives,
which material is preferably obtained at a stretch ratio of more than 22.

5. Material according to any of the previous claims, wherein the nano-
material comprises particles having at least one dimension of 1-100 nm.

6. 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.

7. Material according to any of the previous claims, wherein said
stretch ratio is more than 20, preferably more than 25, more preferably more

than 26.
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wherein said stretch ratio is nore than 20, preferably
nore than 25, nore preferably e than 26.8. Materi al
according to any of the previouS¥clains, conprising
two different materials are co-extruded polyol efin

terial SayiN.parLi : . N
T8 112 S BEALGHAY 1d M EESEEBRLB AP D oo

| @iffdreabenaterisdé draled-brtremdedrpmilpslefihamatoridls) By padticular two
according to the previous claim which is a

ndifferent Piypaeviensgngtaridls nwherein syé nanprmateriglds giresent in at
yarn, of the ABA type, ;having a stretch ratio of
t ORGP f%‘}oaBﬂ’gfﬂrﬁﬁ@g}%%%%ul us of at |east 17 GPa,
ppef er abl y1abria® ﬁ%&or%ﬂa%@th@ﬂﬁbﬁi@@é ElRalinY wifels i$h il@hoaxially
a

of a central layer (B) pol yol efin sel ected from i
pdiyenipdlyslefinpouitplaypy fitme taprioc patn ofithoAB ethdBdotype, having a

¢ Rrebehtis abofe i Theritd bot-ipiul of aF sy dr Gpa,

¢ . c .
BRUFERTEI 20 L g b 891 ovor () ot
ppblolefin bélectwd fonapolgéthyiens aiddy prpylaie 4ng eombiations thereof,

wherein the central layer (B) i.s between 50 and 9
WENg,asre Qi qritherilayersigh) ol @ mlﬁ@ﬁ?mafy@mst Aja%%ﬁf@éér?s the

Lo Rt VAT ShacSp Ag foor RO Moot e

| 8YRY othb} lapdrsq) ;Qﬂeix@%w&i gt theaDP Cofnel tieg poiati cfithe material of
clainms, which is in the formof a taff;i filmor yarn

1 2he Bniderseal loyar (B), atlessoimthe povizpl Jaer 4Bbis between 50 and 99

R 5 54, B BT 00 S .
mgperi al , MATPL ScbediRe t& EE@%x&{i&)u@ ERNIndWlbrain the nano-material

conmpound of a polyolefin material and a nano-nmaterial,
wheirethe tdretrablayemat eri al i s di spersed preferably on a

T o e o Eeb B Y81 B T L S n he
tBSem of a tape, film or yarn.
12. Unidirectional plates and crossply plates comprising a tape or film
according to any of the claims 1-10.
13. 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 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 least 16.
14. Process according to claim 11, 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.



material is stretched to a total stretch ratio of at
| east 16. 14. Process according to claim 11, further
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bl ended with a first portion of the polyolefinic

mat eri al, thus producing a mastgybatch, and

subsequently m xing this nmasterbatch with the

remai nder of the polyolefinic material, prior to the

rusion

Ffé " 13P§<§lc%g \A%g?ogﬁ%ﬁ)éﬁ? gnz gléj hﬁ%réltsgloﬁﬁgzr( | \gggf% said stretching
t bafpeiRes aidretthannthesstepichir e beipaplryfeeablyi c%@‘rmdtou’ttat different

di fferent tenperatures. 16. Process according to any .
ofemperaiigéss 13- 15 wherei n at Ieast one of said

st et chedynat eri £o- ex xtr [ .
sobyol of i RicbeRnpargite ok of PhERaina 1 £ 15 Wfrein at least one of
”Béﬁrétﬁétchéd Rhieenal hé’c@bﬁﬁu%ﬁ%ﬁ%ﬂdﬂh@ﬁfé&&dwﬁiﬁc material,
e process according to any of the clains 13-15.
1Whlﬂb p’EhHr palyolefimi¢ mﬂtanahlq:xbm@aﬂy also produced in accordance
di nensi onal structure, stretched

h
Laﬂr@gﬂ&f PEPGoRR BPERAINEFA RRY 56 Fag e B T8 mgut us.of
af ;| east @bz%cﬁofglagﬂtg&%ﬁglﬂa?é ot & @ﬁfec? %ﬂf@msﬁﬁﬁlestructure

preferably a, ‘as nmeasure
apempriséms hlstratthed goblyotdfimind teaisd, @B&hl\ﬂaectﬂnaaa‘ an ibhy)dulus of
at | east 250 MPa, as_peasured kggl SO 527-4

a8t &ast i (P ixpfarably gihleast § GRA.GMeTe eif%fﬁé%bsly ab1b&st 8 GPa, as
| yol ef | |
po Q e%% %yo%géézﬁ taal feér{s%@?%ﬂ (}foc{t% i@]Mdpé preferably

or as retche

palt mals@fzm M®ae b ghe £irad H3VISO BR7idhe process
according to any of the clainms 13-16. 19. bje

ad8or di nngoeqtlaa:pmdmgéa cldm Wi Wher@néa%@@ﬁt@}ed polyolefin

S0 ERAT s SR o B ARE AR of e gime 110
L g Ol St
bahackenhsf Hbdbc-material with a thickness of 130 nm
ari%- an ar %%Jegcef{]c%{)}' mgfto cla1(r)n lig an8 which is a woven or non-woven
cloth, a plate or a three-dimensional structure.
20. Woven or non-woven fabric comprising a material according to any
of the claims 1-11, having a load at break of 250 N per cm fabric width for a
balanced fabric-material with a thickness of 130 nm and an areal density of

0.10 kg/m?2,



