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Title: Stretched polyolefin materials and objects produced therefrom

The invention is directed to stretched polyolefin materials having
improved mechanical properties, in particular improved strength and stiffness
(E-modulus). The invention is furthermore directed to objects (fabric, plates
and three dimensional structures) produced from these stretched polyolefin
materials.

From WO-A-03/08190 it is known that co-extruded polyolefin
materials (tapes, films or yarns) of very high strength and stifiness can be
produced by stretching these materials to high stretch ratios (viz. higher than
12). The E-modulus of these materials can be as high as at least 10 GPa, while
the tensile strength can easily be at least 250 MPa. A preferred stretching
process according to W0O-A-03/08190 involves multi-stage -stretChing,
preferably at different temperatures. '

US-A-2007/0007688 discloses polymers obtained by gelspinning.

wherein the mechanical properties are improved by 'f,he addition of resins, such
as styrene polymers. High stretch ratios are not disclosed nor suggested 1n 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 strétching 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
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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polyolefins and thus may provide a polyolefin material having very favorable
strength. Thus, in a first aspect the present invention is directed to a stretched
polyolefin material having an E-modulus of at least 17 GPa, preferably at least
20 GPa and a strength of at least 400 MPa, comprising a polyolefin and one or
more nano-materials, which polyolefin material 1s obtainable by a process
comprising a stretching step wherein the material is stretched at a stretch
ratio of at least 16.

Preferably the stretched polyolefin materials of the present
invention have an E-modulus of at least 24 GPa, more preferably at least 26
GPa even more preferably at least 29 GPa.

Preferably the stretched polyolefin materials of the present
invention have a strength of at least 500 MPa, more preferably at least
750 MPa, even more preferably at least 860 MPa.

The products of the :invéntion are suitably produced by a process
comprising the steps of: providing a compound of a pOIyolefin material and a
nano-material, which nano-material is dispersed preferably on a molecular
scale in the polyolefin ‘m-ate:rial, extruding this compound followed by a
stretching step wherein the material is stretched to a total stretch ratio 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

senerally defined by the difference in speed between the stretch rollers. The
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actual value of the TSR can be determined from the birefringence and/or the E-
Modulus of the final film, tape or yarn (in stretching direction).
The polyolefinic materials of the present invention, which can be

obtained by the above-described process, can be co-extruded polyolefin

materials, as well as single composition materials, e.g. polyethylene or

polypropylene monomaterials. Also encompassed by the present invention are
multifilament fibers, either based on co-extruded fibers or on monomaterial
fibers. If the co-extruded materials of WO-A-03/08190 are used in accordance
with the present invention, products having even more improved values for
stiffness and/or mechanical strength may be obtained.

It is believed that the polyolefinic materials of the present invention

are novel per se, and differ from the prior art materials in particular in view of

their high stiffness (E-modulus) of at least 17 GPa, preferably at least 20 GPa.

The stiffness may suitably be determined by ISO D2'l.

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 nano-material that is used in the present invention may act as a
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 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 fin.ely divided .form,

usually also referred to as nano-materials (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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instance clays of the smectite type, in particular montmorillonite, such as the
commercially obtainable Nanocor™, but also needle-shaped materials.
Suitable zeolites are for instance ZSM-5, zeolite beta, mordenite, ferrierite,
and/or zeolite Y.

The nano-material does not nece ssarily have to act as a nucleating
agent, viz. a compound that contributes to the nucleating properties of the
polymeric material. It is also possible that it contributes to the stretching

properties of the polyolefin in some other way and by result to the material’s

improved mechanical properties, in particular strength and stiffness. For

instance, without wishing to be bound by theory, it is believed that the nano-

material may facilitate the stretching process, for example by changing the
structure of the interface between the resulting crystalline parts in the
material and the amorphous phase.

It is also possible to use organic nudéating agents. Organic
nucleating agents generally require a higher stretch ratio to obtain the
improved mechanical properties as compared with thé 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
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,
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
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from each other by the polymer material, preventing agglomeration of the
nano-material). Most preferably, the nano-material is nearly completely to
completely exfoliated. The nano-material can be provided either separately or
together with the polymer in liquid, powder or pellet form. Also it can be

provided as a (concentrated) masterbatch separately or together with the rest

polymeric material before it is provided to the extruder.

It is highly surprising the nano-material additives in these low
dosages produce such a marked influence on the stretchability of the polyolefin
materials, and by result on their mechanical properties after stretching

(because the materials can be stretched further, their mechanical properties

can be improved 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

“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 eftect

on the 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
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As mentioned hereinabove, if an organic nucleating agent is used,
the stretch ratio is preferably higher than 22. For inorganic nucleating agents
lower stretch ratios, e.g. as low as 16 or more, may be sufficient.

The polyolefinic materials used in the present invention comprise
preferably polyethylene (PE) or polypropylene (PP), or blends thereof. More
preferably the polymeric materials comprise polypropylene. With respect to
recycling of the products produced from polvolefin 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. The term
“polypropylene” is used herein 1n its ordinary meaning to include also
copolymers of propylene monomeric units and other monomeric units (in
particular ethylene monomeric untits), but wherein the majority of the total
number of monomeric units 1s propylene. Similarly, the term “polyethylene”
includes copolymers of ethylene and other monomers (particularly propylene
monomers), but in which copolymers the majority of the total number of
monomers is cthylene.

It 1s highly advantagcous to produce a material that can be recycled.
This requires that the resulting recycled material can be considered as one
material, instead of a blend of various components (no contamination). This is
also possible 1n accordance with the present invention.

The stretching may be carried out 1n a single step, but it 1s also
possible to use a multiple stretching step. By applying a multiple stretching
step, 1 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, 1s 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-03/008190. To this end, the clay or
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other nanomaterial is added to the polyolefin blend from which one or more of
the layers making up the co-extruded material i1s produced. The stretch ratio
for materials 1n accordance with the present invention based on these co-
extruded tapes, can be even lower, e.2. 15 or more. Already at these low stretch
ratios a (co-extruded) material can be obtained having an E-modulus of at least
17 GPa, preferably at least 20 GPa and a strength of at least 400 MPa. On the
other hand, the co-extruded tapes thus produced can be subjected to stretch
ratios that are even higher than those described in WO-A-03/008190.
Consequently, materials can be obtained having a very high stiffness. Thus in
a specific embodiment, 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 15, having an E-modulus of at least 17 GPa,
preferably at least 20 GPa, substantially consisting of a central layer (B) of a
polyolefin selected from polyethylene and polypropylene, and one or two other
layers (A) of a polyolefin from the same class as the material of the central
layer B, the DSC melting point of the material of the 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,
such as the nucleating additive can be present in any one of the layers (A) or
(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
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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In practice, the thickness of the tape, film or yarn will generally be

up to 300, preferably between 10 and 300 pm. This 1s governed by the original

film thickness and the stretch ratio, in particular the ratio of the speeds of the
stretch rollers. The width of the tapes can vary over a wide range, such as from

25 pm up to 50 cm or more. The width of the films can also vary over a wide

range, e.g. from 1 cm up to 150 cm or more.

In one embodiment, unidirectional oriented tape layers are produced
by orienting the tapes completely stretched in one direction, after which the
material can be compacted by applying heat and pressure. Furthermore, before

consolidation, a second unidirectional layer (or more than one) can be added to

the first unidirectional layer with the direction of the tapes in another

form so-called crossply structures. In the case of non-co-extruded material

(mono-materials), usually further polymeric films or tapes need to be applied

in between the unidirectional tape layers to ensure that after applying heat

and pressure, the materials are welded together.
In a further embodiment, the materials of the present invention (z.e.

for instance in the form of tapes, films, yarns and/or multifilaments) can be

further processed into sheets, using processes known per se, e.g. by weaving

the tapes into 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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Co-extruded or non-co-extruded materials may be combined in the
form of woven or non-woven fabrics. These fabrics (woven or non-woven), prior
to heat treatment, have the appearance of a piece of cloth; they are flexible and
drapable and can be placed easily into a mould. Such a fabric differs from prior

art materials in that its stiffness and strength are considerably higher.

Typically for a woven fabric of the present invention a load of at least 250 N

per cm fabric width is measured (following DIN 53857) at the breakage point
of the tape, for a balanced fabric with a thickness of 130 nm and an areal
density of 0.10 kg/m?2

Rather than weaving the individual materials (for instance in the
form of tapes, films, yarns and/or multifilaments) to pieces of cloth, the
individual materials can also be applied in (hand) lay-up applications. For

instance by placing tapes in a parallel fashion and subsequently applying

pressure and heat to the mould.

By the heat treatment the individual fibres are welded together. In
this way the structural integrity of the cloth will be guaranteed and after
cooling a stiff sheet is formed. The pressing step can be carried out 1n a mould,
resulting in a three-dimensional shaped product, but also flat plates 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-mbdulus)
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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products produced therefrom (plates and three dimensional structures). The

same applies for tensile strength values. This difference is the result of the

difference in structure.

The stiffness and tensile strength of tapes (or films, yarns or

multifilaments) is typically measured according to ISO 527, as mentioned

hereinabove. In this method, the tape is clamped at both ends in the direction
relative to each other (viz. both ends are moving or only one end is moving;
generally a set-up is used wherein one end is not moving) and stress-strain
curves are recorded. The slope of the tangent to this stress-strain curve at the
origin determines the E-modulus.

When the stiffness and tensile strength of products produced from
these materials (viz. 'pl.at,es and three dimensional structures) is determined,
typically a different test method is used, such as ISO 527-4. In this method a
test piece from the product, typically measuring several square centimeters, 1s
clamped and subjected to stress-strain mea-suremeht. 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 b..a-sed sheet)

of the tapes lies in a direction perpendicular to the direction in which the

stress is 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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CLAIMS:

1. A stretched polyolefin material having an E-modulus of at least 17 GPa
and a strength of at least 400 MPa, comprising a polyolefin and a nano-material,
which material 1s obtained by a process comprising an extrusion step and a
stretching step wherein the material is stretched at a stretch ratio of at least 16,

wherein the nano-material comprises particles having at least one dimension of

1-100nm..

2. The material according to claim 1, which has an E-modulus of at least
20 GPa.
3. The material according to claim 1 or 2, wherein the nano-material 1s a

nucleating agent that 1s selected from 1norganic nucleating agents and organic

nucleating agents.

4. The material according to claim 3, wherein the nucleating agent

comprises an morganic nucleating agent selected from plately shaped inorganic
materials, fibrous or needle shaped materials, spherical materials, zeolites,

alumina, silica, aluminosilicate materials and combinations thereof.

0. The material according to claim 4, wherein the plately shaped

inorganic material 1s a layered inorganic material.

6. The material according to claim 4, wherein the 1norganic material 1s
selected from the group consisting of natural nanoclays, synthetic nanoclays and

nanoclays modified with organic groups.
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7. The material according to claim 4, wherein the needle shaped material
1s selected from the group consisting of metal whiskers, nanoclays, carbon

whiskers and nanotubes.

8. The material according to claim 3, wherein the nucleating agent

comprises an organic nucleating agent selected from sorbitol derivatives.

9. The material according to any one of claims 3 to 8, wherein the
nucleating agent 1s used in an amount of 0.01 to 10 wt.%, based on the weight of

the final stretched material.

10. The material according to any one of claims 1 to 9, wherein the stretch

ratio 1s more than 20.

11. The material according to any one of claims 1 to 9, wherein the stretch

ratio 1s more than 22.

12. The material according to any one of claims 1 to 9, wherein the stretch

ratio 1s more than 25.

13. The material according to any one of claims 1 to 9, wherein the stretch

ratio 1s more than 26.

14. The material according to any one of claims 1 to 13, comprising two
different materials which are co-extruded polyolefin materials, wherein said

nano-material 1s present in at least one of said two different materials.



CA 02677422 2014-12-09

13

15. The material according to claim 14, wherein the co-extruded polyolefin

materials are two different polypropylene materials.

16. The material according to claim 14 or 15, which 1s 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 (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.%.

17. The material according to claim 16, which has an E-modulus of at least
20 GPa.
18. The material according to claim 16 or 17, wherein the nano-material 1s

in the central layer.

19. The material according to any one of claims 1 to 18, which 1s 1n the

form of a tape, film or yarn.

20. Unidirectional plates or crossply plates comprising the material

according to any one of claims 1 to 19 in the form of a tape or film.

21. A process for producing a stretched material, comprising the steps of:

providing a compound of a polyolefin material and a nano-material, wherein the
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nano-material 1s dispersed in the polyolefin material, extruding the compound,
followed by a stretching step wherein the material 1s stretched to a total stretch

ratio of at least 16.

22. The process of claim 21, wherein the nano-material 1s dispersed on a

molecular scale.

23. The process according to claim 21 or 22, further comprising a step
wherein said nano-material is first blended with a first portion of the polyolefin
material, thus producing a masterbatch, and subsequently mixing this
masterbatch with the remainder of the polyolefin material, prior to the extrusion

step.

24. The process according to any one of claims 21 to 23, wherein said

stretching comprises more than one stretching step.

25. The process according to claim 24, wherein the stretching steps are

carried out at different temperatures.

26. The process according to any one of claims 21 to 25, wherein at least
one of said stretched materials 1s co-extruded with another polyolefin material,

which other polyolefin material is optionally also produced 1n accordance with the

process according to any one of claims 21 to 25.

27. An object 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.
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28. The object according to claim 27, which object has an E-modulus of at
least 7 GPa.

29. The object according to claim 27, which object has an E-modulus of at
least 8 GPa.

30. The object according to claim 27, which object has a tensile strength of
at least 250 MPa.

31. The object according to any one of claims 27 to 30, wherein said

stretched polyolefin material i1s a stretched polyolefin material according to any

one of claims 1-19, or a stretched polyolefin material obtained by the process

according to any one of claims 21 to 26.

32. The object according to any one of claims 27 to 31, which 1s a woven or

non-woven cloth, a plate or a three-dimensional structure.

33. A woven or non-woven fabric comprising a material according to any
one of the claims 1-19, 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?.
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