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High-barrier blown film polyolefin solutions for barrier coating

The present invention generally relates to a polyolefin sealant film comprising an
outer layer for barrier coating, to a laminated polyolefin film comprising the
sealant film, to an article comprising the laminated polyolefin film and to the use
of the laminated polyolefin film for producing an article, preferably a packaging
article. In particular, the present invention relates to a polyolefin sealant film

comprising a propylene polymer outer layer.

Laminated structures are widely used in the packaging industry and typical 2-ply
to 5-ply laminates are commonly used in various packaging applications. In the
majority of these applications, polyethylene (PE) films are used as the sealant
film/layer of the laminate, as polyethylene has excellent sealing performance.
These polyethylene films are laminated with other substrates to provide stiffness
or other desired properties like barrier performance and optical properties (gloss

and transparency).

High-barrier blown polyethylene films which comprise ethylene vinyl alcohol
(EVOH) or polyamide (such as nylon) as barrier layers are often used. However,
these films are not easily recyclable. To satisfy the today’'s trend to provide
recyclable materials for sustainable packaging, alternative polyethylene or

polyolefin solutions with improved barrier properties are of high interest.

Polypropylene-based resins have been widely used in the food packaging field
because of their excellent tensile strength, rigidity, transparency and the like,
and are additionally advantageous due to their non-toxicity and odorlessness.
Generally, they are used in the form of cast film (CPP), biaxially oriented film
(BOPP) or water-quenched tubular film (TQPP). However it is always challenging
to use polypropylene-based resin in vertically upward blown film line due to its
inferior melt strength; hence very limited polypropylene resins are suitable for

regular blown film packaging applications.

It is an object of the present invention to provide a polyolefin film, which is

characterized by sufficient film stiffness along with good optical properties and
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barrier properties, which is suitable for sustainable packaging applications, and

preferably may be produced by a vertically upward blown film process.

The present invention is based on the finding that such a film can be obtained
as a polyolefin film having an outer layer for barrier coating, wherein the outer
layer is made of a composition comprising a propylene polymer and having a

comparatively low xylene soluble (XS) content.

The invention therefore provides a polyolefin sealant film comprising an outer
layer made of an outer layer composition comprising a propylene polymer
component AO, wherein the outer layer composition has a xylene soluble (XS)

fraction of less than 3.5 wt.%, determined according to ISO 16152.

The polyolefin sealant film of the invention is ideally suited for barrier coating of
its outer layer as this layer has a clean film surface without surface defects and
a low contact angle. After coating, the film has superior barrier properties both

as regards its moisture (WVTR) and oxygen (OTR) barrier.

Furthermore, the polyolefin sealant film offers good barrier coating bond
strength, i.e. the adhesion of the coated layer on the outer layer is very good,
and the surface energy retention is superior, showing a lower decay of surface
energy. Further, stiffness of the polyethylene sealant film is sufficient for efficient

processing.

The expression “polyolefin (sealant) film” denotes a film that comprises, or
consists of, at least one type of olefin polymer, which may be a homopolymer or
a copolymer. Preferably, the polyolefin film comprises at least 90 wt.%, more
preferably at least 95 wt.% and most preferably at least 98 wt.% of at least one
type of olefin polymer, based on the total weight of the polyolefin film. Preferably,
the polyolefin film comprises from 90 to 100 wt.%, more preferably from 95 to
100 wt.% and most preferably from 98 to 100 wt.% of at least one type of olefin
polymer, based on the total weight of the polyolefin film. Most preferably, the
polyolefin film consists of at least one type of olefin polymer. Preferably, the
olefin polymer comprises, or consists of, a polymer of ethylene, propylene and/or
any of alpha-olefins having from 4 to 10 carbon atoms, which may be
homopolymers and copolymers. Preferably, the polyolefin film does not contain

non-polyolefin polymers.
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Preferably, the polyolefin film comprises at least 80 wt.%, more preferably at
least 85 wt.% and most 90 wt.% of at least one ethylene polymer, including
ethylene homopolymers and copolymers, based on the total weight of the
polyolefin film. Preferably, the polyolefin film comprises up to 95 wt.% of at least
one ethylene polymer, including ethylene homopolymers and copolymers, based

on the total weight of the polyethylene film.

As is understood within the meaning of this disclosure, the polyolefin film and its
respective layers and compositions for layer preparation may also comprise
additives, stabilizers, processing aids and/or pigments. Examples of such
compounds are antioxidants, UV stabilizers, acid scavengers, nucleating agents,
anti-blocking agents, slip agents etc. as well as polymer processing agents
(PPA). The compounds may be present in some or only in one layer of the
polyethylene film, in the same or different contents. Generally, the compounds
are present at 0 to 5 wt.%, based on the weight of the respective composition
used for the preparation of the layers or the weight of the respective layer of the

film.

The above definition and embodiments of the polyolefin film apply to all films of
this disclosure, comprising the sealant film, the substrate film and the laminated

film.

The percentage (%) is to be understood as weight percentage (wt.%) within the

meaning of this disclosure, unless otherwise indicated.

It is also understood within the meaning of this disclosure that the below

described embodiments may be combined.

The expression “sealant film” denotes a film that comprises a sealing layer, which
is a layer that promotes bonding to another film or layer. Preferably, the sealant
film has an outer layer, a core layer, and an inner layer, and optionally at least

one sub-skin layer. Preferably, the inner layer is the sealing layer.

Outer layer

The outer layer of the sealant film of the invention is one of the external layers

of the film, which is suitable for coating such as barrier coating. It is made of an
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outer layer composition, preferably comprising one or more polyolefin

components, but at least comprising the propylene polymer component AO.

The outer layer composition has a xylene soluble fraction of less than 3.5 wt. %,
preferably of 3.0 wt.% or less, more preferably of 2.5 wt.% or less and still more
preferably of 2.0 wt.% or less and most preferably of 1.5 wt.% or less, determined
as specified herein below. Usually, the outer layer composition has a xylene

soluble fraction of 0.3 wt.% or higher.

The outer layer composition comprises a propylene polymer component AO.
Component AO of the outer layer composition preferably has a xylene soluble
fraction of less than 3.5 wt.%, preferably of 3.0 wt.% or less, more preferably of
2.5 wt.% or less and still more preferably of 2.0 wt.% or less and most preferably
of 1.5 wt.% or less, determined as specified herein below. Usually, component
AO of the outer layer composition has a xylene soluble fraction of 0.2 wt.% or

higher.
Preferably, component AO has a density of from 890 to 920 kg/m3 more
preferably from 895 to 910 kg/m? and most preferably from 900 to 910 kg/m?3.

Preferably, component AO has an MFR2 of from 1.0 to 5.0 g/10min, more
preferably from 2.0 to 4.0 g/10min and most preferably from 3.0 to 3.5 g/10min.

Preferably, component AO has a melting point of from 155 to 175 °C, more
preferably from 160 to 170 °C and most preferably from 161 to 168 °C.

Preferably, component AO has an MWD (defined as Mw/Mn) of at least 5, more
preferably at least 5.5. Preferably, component AO has an MWD of from 5.0 to
10.0, more preferably from 5.5 to 9.0 and most preferably from 6.0 to 8.0.

All molecular weight parameters of the propylene polymer were measured

according to the GPC conventional method as further described in detail below.

In one embodiment, component AO has an MFR:z of from 3.0 to 3.5 g/10min, a
melting point of from 160 to 170 °C and/or an MWD of from 5.5 to 9.

Component AO of the outer layer composition is a propylene polymer.
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In one embodiment, component AO of the outer layer composition is a propylene

homopolymer.

The expression “propylene homopolymer” denotes a propylene polymer that
consists of at least 99.5 wt.-%, preferably at least 99.6 wt.-%, more preferably at
least 99.8 wt.-% of propylene units, based on the total weight of the propylene
polymer. In one embodiment, only propylene units are detectable in the

propylene homopolymer.

Preferably, the propylene homopolymer has a high crystallinity. Preferably, the
propylene homopolymer is a (highly) isotactic propylene homopolymer, i.e. it has
a content of isotactic pentad fraction (mmmm, determined by '*C-NMR
spectroscopy) of from 95 to 98 %, preferably from 95.5 to 98 % and more
preferably from 96 to 97.5 %. The content of isotactic pentad fraction (mmmm)
is determined by "*C-NMR-spectroscopy, as disclosed in W02013/004781. High
crystallinity has positive effects on tensile properties and tensile moduli of the

film.

Preferably, the propylene homopolymer is a crystalline propylene polymer. The
expression “crystalline” indicates that the propylene homopolymer has a high
melting point. Preferably, the propylene homopolymer has a melting point of from
160 to 170 °C, more preferably from 161 to 168 °C.

In one embodiment, the propylene homopolymer has a crystallization
temperature, as measured by differential scanning calorimetry (DSC), of at least
110 °C, preferably at least 112 °C. Preferably, the propylene homopolymer has
a crystallization temperature of from 110 to 120 °C, more preferably from 111 to
118 °C and most preferably from 112 to 117 °C. The crystallization temperature
is determined as disclosed in W02013/004781.

Preferably, the propylene homopolymer has a relatively high polydispersity
index. In one embodiment, the propylene homopolymer has a polydispersity
index of at least 5.0, preferably of from 5.0 to 9.0, more preferably from 5.0 to
8.0 and most preferably from 5.0 to 7.0. The polydispersity index is determined
as disclosed in WO2018/077838.
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Preferably, the propylene homopolymer has a low amount of regio defects.
Accordingly, it is preferred that the propylene homopolymer has 2,1 erythro
regio-defects of below 1.0 mol%, preferably below 0.5 mol%, more preferably
below 0.3 mol%, determined by '*C-NMR spectroscopy as disclosed in
WOQ2018/077838. In one specific embodiments, no 2,1-erythro regio-defects are

detectable.

In one embodiment, the propylene homopolymer has an MFR2 of from 3.0 to 3.5
g/10min, a melting point of from 160 to 170 °C and/or an MWD of from 5.5 to 9.

In one embodiment, the propylene homopolymer has high purity, i.e. having an
ash content of not more than 30 ppm, preferably not more than 20 ppm and more
preferably not more than 15 ppm, based on the total weight of the propylene

homopolymer. The ash content is determined as disclosed in W02013/004781.

Propylene homopolymers of the above embodiments are disclosed, for example,
in WO2013/004781. Therein, also measurement methods of the above described
parameters of the propylene homopolymers are also disclosed, as well as
processes for the preparation of propylene homopolymers, which may be used

in accordance with the present invention.

As the propylene polymer component AO, the product HC320BF produced by

Borealis may be used.

Preferably, component AO is present in the outer layer composition of the sealant
film in an amount of from 90 to 100 wt.%, more preferably from 95 to 100 wt.%
and most preferably from 98 to 100 wt.%. Preferably, the outer layer composition

consists of component AO.

The outer layer composition of the sealant film preferably comprises only

polyolefin components, more preferably only propylene polymer components.

It is preferred that, in the sealant film of the invention, the outer layer makes up
from 5 to 20 %, preferably from 7 to 15 %, of the total thickness of the sealant

film.

The outer layer of the sealant film is preferably used for barrier coating, as

described herein below.
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In a preferred embodiment, the sealant film comprises a barrier coating layer on
the outer layer, wherein the barrier coating layer preferably comprises a barrier
coating component selected from the group consisting of the metals Al, Au, Ag,

Cr, Zn, Ti, Si and Cu and oxides of these metals, and mixtures thereof.

Core layer

The sealant film of the invention usually comprises a core layer, which is not an
external layer of the film and which is present as an intermediate layer in-
between the outer and inner layer of the film, either directly adjacent to one or
both of these layers or to sub-skin layers, where present. It may be directly
adjacent to the outer layer or there may be (a) further layer(s) in-between. The
core layer is made from a core layer composition, preferably comprising one or

more polyolefin components, more preferably polyethylene components.

In a preferred embodiment, the sealant film comprises a core layer made of a
core layer composition, which comprises, or consists of, a linear low density
polyethylene (LLDPE) component, preferably a multimodal copolymer
component (AC), and/or a catalytically produced polyethylene component (BC),
which is an ethylene copolymer, preferably an ethylene terpolymer (ll), having a
melt flow rate MFRs of from 0.6 to 4 g/10min, determined according to ISO 1133,
and/or a high pressure produced low density polyethylene (LDPE) component
(CC).

Component AC

In one embodiment of the core layer composition, the core layer comprises, or
consists of, a linear low density polyethylene (LLDPE) component AC. Linear low
density polyethylenes are well known in the art and are produced in

polymerization processes using a catalyst.

Preferably, the linear low density polyethylene component AC is an ethylene
copolymer, preferably a multimodal ethylene copolymer, preferably having a
density of from 910 kg/m? to 925 kg/m?® and/or an MFR2 of from 0.5 to 5.0 g/10

min.

Preferably, the ethylene copolymer of component AC has a ratio MFR21/MFR2 of
from 13 to 30 and an MWD of 6 or less.
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Preferably, the ethylene copolymer comprises, or consists of, a multimodal
polymer of ethylene with one or more comonomers selected from alpha-olefins
having from 4 to 10 carbon atoms, which has a ratio MFR21/MFRz of from 13 to
30 and an MWD of 6 or less.

Such multimodal ethylene copolymers are disclosed, for example, in
WQ02016/083208.

The multimodal ethylene copolymer preferably has an MFR2 of from 0.6 to 2.5

g/10min, and particularly preferred from 1.2 to 1.8 g/10min.

Preferably, the multimodal ethylene copolymer has a density of from 910 to 925
kg/m?, more preferably of from 913 to 922 kg/m?, and particularly preferred of
from 915 to 920 kg/m?.

The multimodal ethylene copolymer preferably has a ratio MFR21/MFR2 of from

13 to 30, more preferably from 15 to 25.

The multimodal ethylene copolymer preferably has an MWD of 6 or less and

usually more than 1, more preferably of from 3 to 5.

The alpha-olefin comonomers having from 4 to 10 carbon atoms of the

multimodal ethylene copolymer are preferably 1-butene and/or 1-hexene.

Preferably, the total amount of comonomers present in the multimodal ethylene
copolymer is from 0.5 to 10 mol%, preferably from 1 to 8 mol%, more preferably
from 1 to 5 mol%, still more preferably from 1.5 to 5 mol% and most preferably

from 2.5 to 4 mol%.

In a particularly preferred embodiment, the multimodal ethylene copolymer is a
bimodal copolymer, i.e. it comprises a low molecular weight and a high molecular
weight component, and has an MFRz of from 1.2 to 1.8 g/10 min, and/or an MFRs
of from 3.0 to 5.0 g/10 min, and/or an MFR21 of from 20 to 40 g/10 min, and/or a
density of from 915 to 920 kg/m3, and/or a molecular weight distribution (MWD)
of from 3 to 5, and/or an Mn of from 15 to 25 kg/mol, and/or an Mw of from 80 to
115 kg/mol, and/or an MFR21/MFR:z ratio (FRR21/2) of from 15 to 25, and/or an
MFR21/MFRs ratio (FRR21/5) of from 6 to 9.
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In a further preferred embodiment, the ethylene copolymer of component AC
comprises, or consists of, an ethylene terpolymer, more preferably a multimodal

ethylene terpolymer ().

Preferably, the multimodal ethylene terpolymer (l) is an ethylene terpolymer
having a density of from 910 kg/m?® to 925 kg/m?® and an MFR2 of from 0.5 to 2.0
g/10 min.

The multimodal ethylene terpolymer (I) preferably comprises, or consists of, a
multimodal polymer of ethylene with at least two different comonomers selected
from alpha-olefins having from 4 to 10 carbon atoms, which has a ratio
MFR21/MFR2 of from 13 to 30 and an MWD of 5 or less.

Such multimodal ethylene terpolymers are disclosed, for example, in
WO02016/083208. As far as definitions (such as for the “modality” of a polymer)
and production methods for these ethylene terpolymers are concerned it is
referred to W02016/083208. Furthermore, all embodiments and preferred
embodiments of such ethylene terpolymers as described in W02016/083208,
which have a density in the range of from 910 to 925 kg/m? are also preferred
embodiments of the multimodal ethylene terpolymer (1) in the present disclosure,

whether or not explicitly described herein.

The multimodal ethylene terpolymer (I) preferably has an MFR2 of from 0.6 to
2.5 g/10min, and particularly preferred from 1.2 to 1.8 g/10min.

Preferably, the multimodal ethylene terpolymer (l) has a density of from 910 to
925 kg/m?3, more preferably from 913 to 922 kg/m?3, and particularly preferred
from 915 to 920 kg/m3.

The multimodal ethylene terpolymer () preferably has a ratio MFR21/MFR2 of
from 13 to 30, more preferably from 15 to 25.

The at least two alpha-olefin comonomers having from 4 to 10 carbon atoms of

the multimodal ethylene terpolymer () are preferably 1-butene and 1-hexene.

Preferably, the total amount of comonomers present in the multimodal ethylene

terpolymer (1) is from 0.5 to 10 mol%, more preferably from 1 to 8 mol%, even
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more preferably from 1 to 5 mol%, still preferably from 1.5 to 5 mol% and most

preferably from 2.5 to 4 mol%.

The multimodal ethylene terpolymer (1), which preferably is a bimodal terpolymer,
preferably comprises, or consists of, an ethylene polymer component (A) and an
ethylene polymer component (B), wherein the ethylene polymer component (A)

has higher MFRz than the ethylene polymer component (B).

Preferably, the ethylene polymer component (A) has an MFR2 of from 1 to 50
g/10 min, more preferably from 1 to 40 g/10min, even more preferably from 1 to
30 g/10min, still more preferably from 2 to 20 g/10min, still more preferably from

2 to 15 g/10min and most preferably from 2 to 10 g/10min.

The ratio of the MFR2 of ethylene polymer component (A) to the MFR2z of the
ethylene polymer component (B) is from 2 to 50, preferably from 5 to 40, more
preferably from 10 to 30, even more preferably from 10 to 25 and most preferably
from 11 to 25.

Preferably, the ethylene polymer component (A) comprises a different

comonomer than the ethylene polymer (B).

Preferably, the ethylene polymer component (A) has lower amount (mol%) of
comonomer than the ethylene polymer component (B), more preferably, the ratio
of [the amount (mol%) of the alpha-olefin comonomer having from 4 to 10 carbon
atoms comonomer present in ethylene polymer component (A)] to [the amount
(mol%) of at least two alpha-olefin comonomers having from 4 to 10 carbon
atoms of the final multimodal ethylene terpolymer] is of from 0.10 to 0.60,
preferably from 0.15 to 0.50.

Preferably, the alpha-olefin comonomer having from 4 to 10 carbon atoms of the
ethylene polymer component (A) is 1-butene and the alpha-olefin comonomer
having from 4 to 10 carbon atoms of the ethylene polymer component (B) is 1-

hexene.

Preferably, the ethylene polymer component (A) has different, preferably higher,

density than the density of the ethylene polymer component (B).
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The density of the ethylene polymer component (A) is preferably from 925 to 950
kg/m3, more preferably from 930 to 945 kg/m?3.

Preferably, the multimodal ethylene terpolymer (I) comprises the ethylene
polymer component (A) in an amount of from 30 to 70 wt.%, more preferably from
40 to 60 wt.%, even more preferably from 35 to 50 wt.%, still more preferably
from 40 to 50 wt.%; and the ethylene polymer component (B) in an amount of
from 70 to 30 wt.%, more preferably from 60 to 40 wt.%, even more preferably
from 50 to 65 wt. %, still more preferably from 50 to 60 wt.%, based on the total

amount (100 wt.%) of the multimodal ethylene terpolymer ().

Most preferably, the multimodal ethylene terpolymer (1) consists of the ethylene
polymer components (A) and (B) as the sole polymer components. Accordingly,
the split between the ethylene polymer component (A) to the ethylene polymer
component (B) is (30 to 70):(70 to 30) preferably (40 to 60):(60 to 40), more
preferably (35 to 50):(65 to 50), still more preferably (40 to 50):(50 to 60).

In a particularly preferred embodiment, the multimodal ethylene terpolymer (1) is
a bimodal terpolymer, i.e. comprises a low molecular weight and a high molecular
weight component, and has an MFR2 of from 1.2 to 1.8 g/10min, and/or an MFRs
of from 3.0 to 5.0 g/10min, and/or an MFR21 of from 20 to 40 g/10min, and/or a
density of from 915 to 920 kg/m?, and/or a molecular weight distribution (MWD)
of from 3.0 to 5.0, and/or an Mn of from 15 to 25 kg/mol, and/or an Mw of from 80
to 115 kg/mol, and/or an MFR21/MFR2 ratio (FRRz21,2) of from 15 to 25, and/or an
MFR21/MFRs ratio (FRRz15) of from 6 to 9.

Preferred as the multimodal ethylene terpolymers (l) are also commercially
available products such as Anteo™ from Borealis or Borouge having the

properties as required herein, especially Anteo™ FK1828 or Anteo™ FK1820.

Preferably, component AC is present in the core layer composition in an amount
of from 10 to 80 wt.%, more preferably from 25 to 70 wt. %, still more preferably

from 40 to 65 wt.% and most preferably from 50 to 60 wt.%.

Component BC

In a further embodiment of the core layer composition, the core layer comprises,

or consists of, a catalytically produced polyethylene component (BC), which is
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an ethylene copolymer, preferably an ethylene terpolymer (ll), having a melt flow
rate MFR5 of from 0.6 to 4 g/10min.

The expression “catalytically produced” polyethylene denotes polyethylenes,
which have been produced in a process using a catalyst, such as a Ziegler-Natta
or a metallocene catalyst, preferably have been produced in a process using a

metallocene catalyst.

In contrast thereto, the expression “high-pressure produced” polyethylene
denotes polyethylenes, which have been produced in a high-pressure process,
wherein the pressure used is significantly higher than in catalytic processes for
polyethylene production, and polymerization is based on a radical mechanism.
Usually, such processes are carried out in autoclave or tubular reactors.
Typically, polyethylene produced in such a high-pressure process are low-
density ethylene homopolymer (LDPE) and typically contain long chain

branching.

Preferably, the ethylene copolymer component BC has a density of from 920 to
940 kg/cm?® and and/or an MFR2 of from 0.1 to 2 g/10min.

Preferably, the terpolymer (ll) comprises, or consists of,

a) a low molecular weight polymer which is a binary copolymer of ethylene and

a C4 to C12 alpha-olefin and

b) a high molecular weight polymer which is either a binary copolymer of ethylene
and 1-butene, if the low molecular weight polymer of a) is a binary copolymer of
ethylene and a Cs to C12 alpha-olefin, or a terpolymer of ethylene, 1-butene and

a Ces to C12 alpha-olefin.

Such bimodal ethylene terpolymers are, for example, disclosed in WO03/066698.
As far as definitions (such as for the “modality” of a polymer) and production
methods for these ethylene terpolymers are concerned, it is referred to
WOQO03/066698. Furthermore, all embodiments and preferred embodiments of
such ethylene terpolymers as described in WO03/066698, which have a density
in the range of from 928 to 940 kg/m?3, are also preferred embodiments of the
ethylene terpolymer (ll) of the present disclosure, whether or not explicitly

described herein.
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Preferably, the terpolymer (lI) has a density in the range of from 928 to 940
kg/m3, more preferably from 930 to 939 kg/m?.

Preferably, the C4 to Ci12 alpha-olefin of the low molecular weight copolymer
fraction is selected from the group consisting of 1-butene, 1-hexene, 4-methyl-

1-pentene, 1-octene and 1-decene.

Furthermore, preferably the Cs to C12 alpha-olefin of the high molecular weight
copolymer fraction is preferably selected from the group consisting of 1-hexene,

4-methyl-1-pentene, 1-octene and 1-decene.

Preferably, the terpolymer (lI) comprises, or consists of, a) a low molecular
weight homopolymer of ethylene and b) a high molecular weight terpolymer of
ethylene, 1-butene and a Ce to C12 alpha-olefin, preferably a high molecular

weight terpolymer of ethylene, 1-butene and 1-hexene.

The weight average molecular weight of the terpolymer (ll) is preferably between
190,000 to 400,000 g/mol, more preferably between 200,000 to 300,000 g/mol.
The low molecular weight polymer fraction has a weight average molecular
weight preferably of from 4,500 to 55,000 g/mol, more preferably of from 5,000
to 50,000 g/mol, and the high molecular weight polymer has a weight average
molecular weight preferably of from 450,000 to 1,000,000 g/mol, more preferably
of from 500,000 to 1,000,000 g/mol.

The terpolymer (ll) preferably has a melt flow rate MFRz of from 0.1 to 2 g/10min,
more preferably from 0.5 to 1.3 g/10min.

The terpolymer (Il) preferably has a melt flow rate MFRs of from 0.6 to 4 g/10min,
more preferably from 0.7 to 3 g/10min.

The terpolymer (Il) preferably has a melt flow rate MFR21 of from 10 to 50
g/10min, more preferably from 15 to 45 g/10min.

The low molecular weight polymer fraction of the terpolymer (ll) preferably has a
melt flow rate MFR2 of from 200 to 800 g/10min, more preferably from 300 to 600
g/10min.
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The terpolymer (Il) preferably comprises from 30 to 60 wt.%, more preferably
from 35 to 50 wt.% and most preferably from 38 to 45 wt.% of the low molecular
weight polymer fraction, the remainder being preferably the high molecular

weight polymer fraction.

The overall comonomer content in the total polymer is preferably from 1 to 7

mol%, more preferably from 2 to 6 mol%.

Preferably, in the low molecular weight polymer the comonomer content is from
0 to 2.5 mol%, more preferably from 0 to 2 mol%. In the high molecular weight
polymer the comonomer content is preferably from 2.5 to 11 mol%, more

preferably from 3 to 10 mol%.

In the embodiments, wherein the terpolymer (lI) comprises, or consists of, a) a
low molecular weight homopolymer of ethylene and b) a high molecular weight
terpolymer of ethylene, 1-butene and 1-hexene, it is preferred that the content of
1-butene in the final polymer is from 1.0 to 2.0 wt. % and the content of 1-hexene
is from 4.0 to 6.0 wt.%.

Preferably, the terpolymer (ll) has a viscosity n measured at 0.05 rad/s of from
10,000 to 65,000 Pa-s, more preferably from 15,000 to 60,000 Pa-s, and most
preferably from 20,000 to 55,000 Pa's.

Preferred multimodal terpolymer (ll) is also the commercially available product
BorShape™, such as BorShape™ FX1001 and BorShape™ FX1002, from

Borealis.

FX1001 is a bimodal LLDPE terpolymer. The low molecular weight fraction is a
homopolymer of ethylene having an MFR2 of 400 g/10min, preferably produced
in a loop reactor. In the high molecular weight fraction, preferably produced in a
gas phase reactor, ethylene is co-polymerized with 1-butene and 1-hexene as
comonomers. The density of the final resin is 931 kg/m?® and the MFRs is 0.85
g/10min. The split (LMW/HMW) is 39/61. FX1001 has an Mw/Mn of about 14 (from
13 to 15). The content of 1-butene in the final polymeris 1.5 wt.% and the content
of 1-hexene is 5.5 wt.%. The viscosity n, measured at 0.05 rad/s, is 52000 (+/-
5000) Pas.
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FX1002 is a bimodal MDPE terpolymer. The low molecular weight fraction is a
homopolymer of ethylene having an MFR2 of 400 g/10min, preferably produced
in a loop reactor. In the high molecular weight fraction, preferably produced in a
gas phase reactor, ethylene is co-polymerized with 1-butene and 1-hexene as
comonomers. The density of the final resin is 937 kg/m?3, the MFRs is 2 g/10min
and the MFR21 is 42 g/10min. The split (LMW/HMW) is 43/57. FX1002 has an
Mw/Mn of about 12 (from 11 to 13). The content of 1-butene in the final polymer
is 1.5 wt.% and the content of 1-hexene is 4.5 wt.%. The viscosity n, measured
at 0.05 rad/s, is 23000 (+/-3000) Pa-s.

Preferably, component BC is present in the core layer composition in an amount
of from 5 to 75 wt.%, more preferably from 15 to 65 wt.%, still more preferably

from 30 to 60 wt.% and most preferably from 35 to 55 wt.%.

Component CC

In a still further embodiment of the core layer composition, the core layer
comprises, or consists of, a high pressure produced low density polyethylene
(LDPE) component (CC). LDPE are well known in the art and are produced in

high pressure processes usually performed in a tubular reactor or an autoclave.

LDPE and their production are, for example, described in W0O2017/055174, page

9, line 29, to page 12, line 6, to which it is referred.

Preferably, the LDPE component CC has a density of from 910 to 930 kg/cm?
and/or an MFRz of from 0.1 to 2.5 g/10min.

The LDPE component CC preferably has a density of from 918 to 928 kg/m?3,
more preferably from 919 to 927 kg/m?3 and most preferably from 920 to 925
kg/m?3.

Preferably, the LDPE component CC has an MFR2 of from 0.3 to 1.7 g/10min,
more preferably from 0.4 to 1.5 g/10min and most preferably from 0.5 to 1.0
g/10min.

In a particularly preferred embodiment, the LDPE component CC has an MFR:2
of from 0.5 to 1.0, and/or a density of from 920 to 925 kg/m?3, and/or an MWD of
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from 5 to 8, and/or an My of from 12 to 18 kg/mol, and/or an Mw of from 85 to 130
kg/mol.

All molecular weight parameters of LDPE were measured by the GPC viscosity

method as further described in detail below.

As the LDPE component CC, resin FT5230 as produced by Borealis may be

used.

Preferably, component CC is present in the core layer composition in an amount
of from 5 to 40 wt.%, more preferably from 5 to 35 wt. %, still more preferably

from 10 to 30 wt.% and most preferably from 15 to 25 wt.%.

In one embodiment, the core layer composition comprises, or preferably consists

of, components AC and BC.

Preferably, all components present in the core layer composition comprise, or
preferably consist of, ethylene polymers, including ethylene homopolymers and

ethylene copolymers.

It is preferred that, in the sealant film of the invention, the core layer makes up
from 35 to 65 %, more preferably from 40 to 60 %, and most preferably from 45

to 55 % of the total thickness of the sealant film.

Inner layer

The sealant film of the invention further usually comprises an inner layer, which
is an external layer of the sealant film on the side opposite to the outer layer.
Preferably, the inner layer is the sealing layer, i.e. a layer that is sealed to

another film or layer.

The inner layer is made from an inner layer composition, preferably comprising

one or more polyolefin components, more preferably polyethylene components.

Preferably, the inner layer composition, of which the inner layer is formed,

comprises a component Al which is an ethylene copolymer.

Preferably, the ethylene copolymer component Al comprises, or consists of, any

one of the embodiments described for component AC herein above.
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Preferably, component Al is present in the inner layer composition in an amount
of from 50 to 95 wt.%, more preferably from 60 to 90 wt.% and most preferably
from 70 to 85 wt.%.

Furthermore, the inner layer composition preferably comprises a component Bl,

which is a high-pressure produced LDPE.

Preferably, the LDPE component Bl comprises, or consists of, any one of the

embodiments described for component CC herein above.

Preferably, component Bl is present in the inner layer composition in an amount
of from 5 to 40 wt.%, more preferably from 10 to 35 wt.% and most preferably
from 15 to 30 wt.%.

Preferably, the inner layer comprises, or consists of, components Al and Bl in a
weight ratio of from 60:40 to 95:5, preferably from 70:30 to 90:10 and most
preferably from 75:25 to 85:15, optionally further comprising an anti-block
masterbatch, for example Polybatch FSU-105-E (supplied by A. Schulman
(LyondellBasell)), in an amount of 3 wt.% or below, more preferably 2 wt.% or

below.

Preferably, all polymer components present in the inner layer composition
comprise, or preferably consist of, ethylene polymers, including ethylene

homopolymers and ethylene copolymers.

It is preferred that, in the sealant film of the invention, the inner layer makes up
from 5 to 25 %, more preferably from 7 to 20 % and most preferably from 8 to 15

%, of the total thickness of the sealant film.
Sub-skin layer
The sealant film according to the invention may contain one or more sub-skin

layers.

Such sub-skin layers are intermediate layers of the film, and are, for example,
present in-between the outer layer and the core layer and/or in-between the core

layer and the inner layer of the film.
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If more than one sub-skin layer is present in the film of the invention the sub-skin
layers may have the same or different composition, which may be selected from

the embodiments as described herein below.

Preferably, the sub-skin layers are made of a sub-skin layer composition which

comprises a component AS, which is an ethylene copolymer.

Preferably, the ethylene copolymer component AS comprises, or consists of, the
polyethylene of any one of the embodiments described for the component AC

herein above.

Preferably, component AS is present in the sub-skin layer composition in an
amount of from 50 to 95 wt.%, more preferably from 60 to 90 wt.% and most

preferably from 70 to 85 wt.%.

Furthermore, the sub-skin layer composition preferably comprises a component

BS, which is a high-pressure produced LDPE.

Preferably, the LDPE component BS comprises, or consists of, the LDPE of any

one of the embodiments described for component CC herein above.

Preferably, component BS is present in the sub-skin layer composition in an
amount of from 5 to 40 wt.%, more preferably from 10 to 35 wt.% and most

preferably from 15 to 30 wt.%.

Preferably, the sub-skin layer composition comprises, or consists of,
components AS to BS in a weight ratio of from 60:40 to 95:5, preferably from
70:30 to 90:10, and most preferably from 75:25 to 85:15.

Preferably, all polymer components present in the sub-skin layer composition
comprise, or preferably consist of, ethylene polymers, including ethylene

homopolymers and ethylene copolymers.

It is preferred that, in the sealant film of the invention, the sub-skin layer makes
up from 5 to 30 %, more preferably from 10 to 25 %, and most preferably from
12 to 20 % of the total thickness of the sealant film. If more than one sub-skin

layers are present in the sealant film, these values apply for each of them.
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Sealant film

The polyolefin sealant film according to the invention comprises an outer layer,

a core layer and an inner layer, and optionally one or more sub-skin layers.

In a preferred embodiment, the sealant film comprises, or consists of, an outer
layer, a first sub-skin layer, a core layer, a second sub-skin layer and an inner
layer, in any one of the embodiments as described herein, wherein the layers

are present in the film in this sequence and are adjacent to each other.
The preferred compositions of the respective layers are as described above.

Preferably, at least one of the core layer and inner layer, and optionally one or
more sub-skin layers, is made of a composition comprising a linear low density
polyethylene (LLDPE) component, preferably a multimodal copolymer
component AC, and/or a catalytically produced polyethylene component BC,
which is an ethylene copolymer, preferably an ethylene terpolymer (ll), having a
melt flow rate MFRs of from 0.6 to 4 g/10min, determined according to ISO 1133,
and/or a high pressure produced low density polyethylene (LDPE) component
CC.

Preferably, the sealant film according to the invention comprises from 40 to 70
wt.% of the AC component; and/or from 15 to 35 wt.% of the BC component;
and/or from 5 to 15 wt.% of the CC component, based on the total weight of the

sealant film.

The sealant film according to the invention usually has a total thickness of from

20 to 75 pm, preferably from 25 to 60 um such as 30 to 50 um.

Preferably, the sealant film is a non-oriented film. The expression “non-oriented”
film encompasses any film, which was not intentionally stretched after the film
production by more than 200 %, based on the dimensions of the produced
product. Preferably, the film was not stretched, by any subsequent heating
and/or by using the stretching equipment (e.g. rollers) as in the production of

biaxially oriented fiims (BOPP/BOPE) or uniaxially oriented films.

Preferably, the polymeric parts of all layers of the sealant film consist of

polyolefins. Preferably, the polymeric parts of the core layer and inner layer, and
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the sub-skin layers, if present, consist of ethylene polymers. Further preferred,

the polymeric parts of the outer layer consist of propylene polymers.

The sealant film according to the invention has good barrier properties already

in the non-coated state.

Preferably, the sealant film (before coating) has a WVTR (38 °C; 90 % RH) of 10
g/m?2/d or less, more preferably of 9.0 g/m?/d or less, such as 8.4 g/m?2/d or less,
determined according to ISO 15106-2. Usually, the WVTR is more than 2 g/m?/d,

such as more than 3 g/m?/d.

Furthermore, the sealant film (before coating) preferably has an OTR of 5500
cm?/m?/d or less, more preferably of 4000 cm®/m2/d or less, determined
according to ISO 15105-1 (23 °C; 100 % Oz2; 0 % RH), as described herein below.

Usually, the OTR is more than 800 cm?/m?/d, such as more than 1000 cm®/m?3/d.
The sealant film of the invention has a good stiffness.

Preferably, the film of the invention has a tensile modulus in machine direction
(MD), determined according to ISO 527-3, of 250 MPa or more, such as 300 MPa

or more. Usually the MD tensile modulus is less than 500 MPa.

Preferably, the film of the invention has a tensile modulus in transverse direction
(TD), determined according to ISO 527-3, of 200 MPa or more, such as 250 MPa

or more. Usually the TD tensile modulus is less than 400 MPa.

Preferably, the film of the invention has a tensile stress at break (tensile strength)
in machine direction (MD) (1 % secant), determined according to ISO 527-3, of
40 MPa or more, such as 45 MPa or more. Usually, the MD tensile stress at
break is less than 70 MPa.

Preferably, the film of the invention has a tensile stress at break (tensile strength)
in transverse direction (TD) (1 % secant), determined according to ISO 527-3, of
30 MPa or more, such as 35 MPa or more. Usually, the TD tensile stress at break
is less than 60 MPa.

If higher stiffness is desired, it is preferred that the core layer comprises higher

contents of, or consists of, component AC and/or BC.
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The sealant film has an excellent contact angle as measured on its outer layer.
Low contact angles (before coating) are required for good wetting of the surface

for coating and good adhesion of the coating layer.

Preferably, the sealant film (on its outer layer) has a contact angle of less than

90 °, such as less than 80 °. Usually, the contact angle is more than 60 °.

The sealant film further shows excellent performance under optical microscope,

showing a smooth outer layer surface, with almost no surface defects present.
The film may be produced by any conventional method for producing blown films.

The different polymer components in any of the layers of the film are typically
intimately mixed prior to layer formation, for example using a twin screw extruder,
preferably a counter-rotating extruder or a co-rotating extruder. Then, the blends
are converted into a coextruded film structure. Preferably, the blends are

converted into a coextruded film structure on a blown-film line.

In order to manufacture such multilayer films according to the invention, normally
at least two polymer melt streams are simultaneously extruded (i.e. coextruded)
through a multi-channel tubular, annular or circular die to form a tube which is
blown-up, inflated and/or cooled with air (or a combination of gases) to form a

film. The manufacture of blown film is a well-known process.

The Example section of this disclosure further describes in detail one way of

producing sealant films with indicated conditions.

Barrier coated sealant film

The present invention also relates to a barrier coated sealant film comprising the
sealant film according to any one of the embodiments, as described herein, and
a barrier coating layer, preferably an inorganic barrier coating layer, which has

been applied to the outer layer of the sealant film.

Coatings and barrier coatings are well-known processes, in which an external
layer of the film is coated with a thin barrier material layer. By definition, barrier

coatings provide barrier properties, preferably against water vapor and gases.
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They are used when the desired function is to prevent water vapor or gases (such

as oxygen) from migrating into and through a film or laminate.

Preferably, barrier coating layers are applied by a vapor depositing technique.
Generally, vapor deposition coating of a barrier layer onto a polymer film is
carried out by means of a continuous method of physical or chemical vapor

deposition. Various coating layers may be applied by this type of methods.

Preferably, the sealant film comprises a barrier coating layer on the outer layer,
which comprises, or consists of, a barrier coating component which is a metal

and/or a metal oxide.

Preferably, the barrier coating component is selected from the group consisting
of the metals Al, Au, Ag, Cr, Zn, Ti, Si and Cu and oxides of these metals, and
mixtures thereof. The most preferred metal is aluminum (Al). The most preferred

metal oxide is an aluminum oxide (AlOx), such as Al20s.

Generally, the thickness of the coating layer may vary from 5 and 200 nm. Below
5 nm the barrier properties may be too low to be useful; and above 200 nm, the
coating is less flexible and, thus, more prone to cracking when applied onto a

flexible substrate.

Preferably the thickness of the coating layer is of from 5 to 100 nm, more

preferably from 8 to 50 nm.

Barrier properties of the coated sealant film according to the invention are further

improved.

Preferably, the sealant film (after coating) has a WVTR (38 °C; 90 % RH) of less
than 1.5 g/m?/d, more preferably of less than 1.0 g/m?/d such as less than 0.8
g/m?/d, determined according to ISO 15106-2. Usually, the WVTR is at least 0.2
g/m?/d.

Furthermore, the sealant film (after coating) preferably has an OTR (23 °C; 100
% 02; 0 % RH) of less than 200 cm®m?/d, more preferably less than 150
cm®m?/d such as 130 cm®m?/d, determined according to ISO 15105-1. Usually,
the OTR is at least 10 cm3/m?/d.
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The barrier coated sealant film of the invention has an excellent coating (e.g.
metal) adhesion and surface energy retention, as measured by the tape test
described herein below, and as can be seen from the decay of the surface

energy, expressed in dyn/cm per day, respectively.

Preferably, the coated, preferably metallized, sealant film after 14 days retains a

surface energy of 35 dyn/cm or more, determined as described herein below.

Preferably, the coated, preferably metallized, sealant film after 21 days retains a
surface energy of 30 dyn/cm or more, more preferably 35 dyn/cm, determined as

described herein below.

Preferably, the coated, preferably metallized, sealant film after 46 days retains a
surface energy of 30 dyn/cm or more, more preferably 35 dyn/cm, determined as

described herein below.

The coated, preferably metallized, sealant film further shows excellent
performance under optical microscope, showing a smooth coated outer layer

surface, with almost no surface defects present.

Laminated film

The present invention further relates to a laminated polyolefin film comprising
the polyolefin sealant film according to any one of the above described

embodiments and a substrate film.

The laminated film preferably has a water vapor transmission rate (WVTR) (38
°C; 90 % RH) of less than 1.0 g/m?/d, more preferably less than 0.5 g/m?/d, such
as less than 0.3 or 0.25 g/m?/d, determined according to ISO 15106-2. Usually,
the WVTR is at least 0.05 g/m?/d.

The laminated film preferably has an oxygen transmission rate (OTR) (23 °C;
100 % O2; 0 % RH) of less than 25 cm?3/m?/d, more preferably less than 15
cm?/m2/d and most preferably less than 10 cm®m?/d, such as less than 5
cm?3/m?/d, determined according to ISO 15105-1. Usually, the OTR is at least 1

cm3/m?2/d.
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The laminated film preferably has a dart drop impact (DDI) of at least 130 g, more
preferably at least 145 g, such as at least 150 g, determined according to ASTM
D1709, Method A. Usually, the DDI is not more than 170 g.

The laminated film preferably has a tensile modulus in machine direction (MD)
of at least 800 MPa, more preferably at least 1000 MPa, such as at least 1100
MPa, determined according to ISO 527-3. Usually, the MD tensile modulus is not
more than 1500 MPa.

The laminated film preferably has a thickness of from 50 to 90 um, more

preferably from 50 to 80 um, such as from 50 to 70 um.

The present invention further relates to a laminated polyolefin film comprising a

substrate film and a sealant film, wherein the laminated polyolefin film has:

a) a water vapor transmission rate (WVTR) (38 °C; 90 % RH) of less than 1.0
g/m?/d, more preferably less than 0.5 g/m?/d such as less than 0.3 or 0.25
g/m?/d, and preferably at least 0.05 g/m?/d, determined according to ISO
15106-2;

b) an oxygen transmission rate (OTR) (23 °C; 100 % Oz2; 0 % RH) of less than
25 cm?®/m?/d, preferably less than 15 cm®/m?/d, more preferably less than
10 cm3/m?/d, such as less than 5 cm3m?/d, and preferably at least 1
cm?®/m2/d, determined according to ISO 15105-1;

c) a dart drop impact (DDI) of at least 145 g, such as at least 150 g, and
preferably not more than 170 g, determined according to ASTM D1709,
Method A:;

d) a tensile modulus in machine direction (MD) of at least 800 MPa, more
preferably at least 1000 MPa, such as at least 1100 MPa, and preferably
not more than 1500 MPa, determined according to ISO 527-3; and

e) athickness of from 50 to 90 um, more preferably from 50 to 80 um, such as
from 50 to 70 um.

In one embodiment of the laminated film described directly above, the laminated
film comprises a polyolefin sealant film according to any one of the embodiments

described in this disclosure.
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The following disclosure applies to any one of the embodiments of the laminated

film, i.e. any embodiments described in the above disclosure.

The laminated film preferably has a tensile modulus in transverse direction (TD)
of at least 800 MPa, more preferably at least 1000 MPa, such as at least 1150
MPa, determined according to ISO 527-3. Usually, the TD tensile modulus is not
more than 1600 MPa.

The laminated film preferably has a relative tear resistance in machine direction
(MD) of at least 30 N/mm, more preferably at least 35 N/mm, such as at least 36
N/mm, determined as described herein below. Usually, the MD relative tear

resistance is not more than 60 N/mm.

The laminated film preferably has a relative tear resistance in transverse
direction (TD) of at least 50 N/mm, more preferably at least 60 N/mm, such as at
least 70 N/mm, determined as described herein below. Usually, the TD relative

tear resistance is not more than 100 N/mm.

In one embodiment, the laminated polyolefin film has an oxygen transmission
rate (OTR) (23 °C; 100 % O2; 0 % RH) of less than 25 cm®*m?/d, determined
according to ISO 15105-1; and/or a water vapor transmission rate (WVTR) (38
°C; 90 % RH) of less than 0.5 g/m?/d, determined according ISO 15106-2.

In one embodiment, the laminated film comprises the propylene polymer
component AO in a content of less than 10 wt.%, preferably less than 8 wt.%,
more preferably less than 7 wt.%, based on the total weight of the laminated

polyolefin film.

In one embodiment, the laminated film comprises one or more ethylene polymers
in a content of at least 90 wt.%, preferably at least 92 wt.%, more preferably at

least 93 wt.%, based on the total weight of the laminated polyolefin film.

In one embodiment, the laminated film comprises the propylene polymer
component AO in a content of less than 10 wt.%, preferably less than 8 wt.%,
more preferably less than 7 wt.%, and one or more ethylene polymers in a
content of at least 90 wt.%, preferably at least 92 wt.%, more preferably at least

93 wt.%, based on the total weight of the laminated polyolefin film. In
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embodiments, where all polymeric components of the laminated film consist of
polyolefins, the laminated film is easily recyclable and thus a sustainable

laminated film.

For the production of the laminated film comprising a sealant film and a substrate
film, non-coated or coated sealant films may be used, preferably a coated, such

as a metallized, sealant film is used.

The laminated film is obtained by laminating the sealant film to the substrate film.
This may be affected in any conventional lamination device using conventional
lamination methods, such as adhesive lamination, including both solvent-based
and solvent-less adhesive lamination using any conventional, commercially
available adhesive, such as LA7825 (supplied by Henkel Corporation).
Optionally, the adhesive may be mixed with a hardener, e.g. in a ratio of adhesive
to hardener of 2:1. Lamination may alternatively be carried out without any
adhesive, as sandwich lamination with or without a melt web, which may be
pressed between the substrates. Such melt web may be any conventional melt
web material based on polyethylene, such as LDPE. Lamination may further be
performed via extrusion coating technique. All these lamination methods are well
known in the art and described in literature. In the Example section herein, one

lamination method is described in details.
The sealant film is laminated to the substrate film via their external layers.

In one embodiment of the laminated film, the outer layer (coated or non-coated)

of the sealant film is laminated to an external layer of the substrate film.

In another embodiment of the laminated film, the inner layer of the sealant film

is laminated to an external layer of the substrate film.

In a preferred embodiment of the laminated film, the coated outer layer of the
sealant film is laminated to an external layer, preferably the outer layer, of the

substrate film.
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Substrate film

The substrate film is preferably a polyolefin film, more preferably a polyethylene
film, which comprises ethylene polymer(s), preferably consists of, ethylene

polymer(s).

Preferably, the substrate film comprises at least an outer layer, a core layer and
an inner layer, and optionally one or more sub-skin layers, wherein the sub-skin
layers are present in-between the outer layer and the core layer and/or in-
between the inner layer and the core layer. The outer and inner layer may be

similar.

Preferably, all layers of the substrate film are made of a composition comprising,

or consisting of, olefin polymers, preferably ethylene polymers.

In one embodiment, the core layer of the substrate film is made of a composition
comprising an ethylene polymer component SC, having a density of from 920 to
940 kg/cm?® and an MFR2 of from 0.1 to 2.0 g/10min, determined according to
ISO 1133.

Preferably, the ethylene polymer component SC comprises, or consists of, any

one of the embodiments described for component BC herein.

Preferably, component SC is present in the core layer of the substrate film in an

amount of from 50 to 90 wt. %, preferably from 60 to 80 wt.%.

Preferably, one or more layers of the substrate film are made of a composition

comprising an HDPE component.

In one embodiment, the substrate film is a non-oriented film, as defined herein

above.
In another embodiment, the substrate film is a biaxially oriented film.

In one preferred embodiment, the substrate film is a uniaxially oriented,

preferably in machine direction oriented (MDQ), film.

Production methods for oriented films are well known in the art. One production

method of an MDO film is described in detail in the Example section herein. In
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short, a primary film is prepared as a cast film or blown film, as described herein
above.

Preferably, the primary film has a thickness of from 80 to 250 um, preferably from

90 to 225 pm and more preferably from 100 to 200 pum.

Selection of the thickness of the primary film before orientation may depend on
the draw or stretch ratio and the desired final thickness of the oriented films. The
primary film is then stretched at least 3 times, such as from 3 to 20 times to its
original length in the machine direction. Most preferred films of the invention are

stretched in a draw ratio of from 1:4 to 1:10 such as from 1:5to 1:7.

The obtained thickness of the oriented film is preferably in the range of up to 40
pm, such as in the range of from 10 to 40 um, more preferably from 12 to 35 um,

and most preferably from 15 to 30 um.

In one embodiment, the substrate film is uniaxially oriented, preferably in
machine direction oriented (MDO), with a draw ratio of from 1:4 to 1:10,

preferably from 1:5 to 1:7, and preferably has a thickness of from 15 to 30 um.

Article and Use
The present invention also relates to an article comprising the laminated

polyolefin film according to any one of the embodiments described herein.

Finally, the present invention relates to the use of the laminated polyolefin film
according to any one of the embodiments described herein for producing an
article.

Preferably, the article is a vertical or horizontal form fill seal packaging, pouch,

sack or bag.

In the following, the invention will further be illustrated by way of examples which
refer to the following figures showing:

Figure 1:  Tensile modulus and strength of the sealant films before coating

Figure 2: Surface energy (dyn/cm) of the sealant films over time after coating
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by metallization
Figure 3:  Metal adhesion of coated sealant films

Figure 4.  Xylene soluble (XS) fraction of film compositions used in the outer

surface layer of the sealant films
Figure 5: Film surface images by optical microscope before coating

Figure 6: Film surface images by optical microscope after coating by

metallization

Measurement and Determination Methods

The following definitions of terms and measurement and determination methods
apply to the above general description of the invention as well as to the below
examples. Unless otherwise indicated, the measurements were performed on
sealant films with a thickness of about 35 pym, MDO substrate films with a
thickness of 21.5 ym and/or laminated films with a thickness of from 61 to 62

pm.

a) Melt Flow Rate MFR

The melt flow rate (MFR) was determined according to 1ISO 1133 and was
indicated in g/10 min. The higher the melt flow rate, the lower the viscosity of the
polymer. The MFR is determined at 190 °C for polyethylene and at 230 °C for
polypropylene, at a loading of 2.16 kg (MFRz2), 5.00 kg (MFRs) or 21.6 kg
(MFR21).

The quantity FRR ((melt) flow rate ratio) is an indication of molecular weight
distribution and denotes the ratio of flow rates at different loadings. Thus, FRR21/5
denotes the value of MFR21/MFRs and FRR212 denotes the value of
MFR21/MFRa.

b) Density

Density of the polymer was measured according to ISO 1183-1:2004 (method A)
on compression moulded specimen prepared according to EN ISO 1872-2 (Feb

2007) and is given in kg/m?3.
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c) GPC
(1)  GPC conventional method

Molecular weight averages (Mz, Mw and Mn), molecular weight distribution
(MWD, defined as Mw/Mn) and its broadness, described by polydispersity index,
PDI= Mw/Mn (wherein Mn is the number average molecular weight and Mw is the
weight average molecular weight) were determined by Gel Permeation
Chromatography (GPC) according to ISO 16014-1:2003, ISO 16014-2:2003,
ISO 16014-4:2003 and ASTM D 6474-12 using the following formulas:

YL, A
M, ==="— (1
nyN (ay/My) 1)

—_— Z{:\Ll(AixMi) (2)

M. =
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For a constant elution volume interval AVi, where Ai, and M; are the
chromatographic peak slice area and polyolefin molecular weight (MW),
respectively associated with the elution volume, Vi, where N is equal to the
number of data points obtained from the chromatogram between the integration

limits.

A high temperature GPC instrument, equipped with either infrared (IR) detector
(IR4 or IR5 from PolymerChar (Valencia, Spain)) or differential refractometer
((RI) from Agilent Technologies, equipped with 3 x Agilent-PLgel Olexis and 1x
Agilent-PLgel Olexis Guard columns) was used. As mobile phase 1,2,4-
trichlorobenzene (TCB) stabilized with 250 mg/L 2,6-Di tert-butyl-4-methyl-
phenol) was used. The chromatographic system was operated at column
temperature of 160 °C and detector at 160 °C and at a constant flow rate of 1
mL/min. 200 pyL of sample solution was injected per analysis. Data collection was
performed using either Agilent Cirrus software version 3.3 or PolymerChar GPC-

IR control software.

The column set was calibrated using 19 narrow MWD polystyrene (PS) standards

in the range of from 0.5 kg/mol to 11 500 kg/mol. The PS standards were



WO 2022/184599 -31- PCT/EP2022/054878

dissolved at room temperature over several hours. The conversion of the
polystyrene peak molecular weight to polyolefin molecular weights is
accomplished by using the Mark-Houwink equation and the following Mark-

Houwink constants:

Kes =19 x 103 mL/g, aps = 0.655

Kee =39 x 10° mL/g, «are =0.725

A third order polynomial fit was used to fit the calibration data.

All samples were prepared in the concentration range of around 1 mg/ml and
dissolved at 160 °C for 3 (three) hours for PE in fresh distilled TCB stabilized

with 250 ppm Irgafos168 under continuous gentle shaking.

(2)  GPC viscosity method

Molecular weight averages (Mz, Mw and Mn), molecular weight distribution (MWD)
of LDPE is measured by GPC-viscosity method using universal calibration.
Molecular weight averages (Mw, Mn), Molecular weight distribution (MWD) and
its broadness, described by polydispersity index, PDI= Mw/Mn (wherein Mn is the
number average molecular weight and Mw is the weight average molecular
weight) were determined by Gel Permeation Chromatography (GPC) according
to ISO 16014-4 2019. A PL 220 (Polymer Laboratories) GPC equipped with an
IR4 infrared detector, an online four capillary bridge viscometer (PL-BV 400-HT)
was used. 3x Olexis and 1x Olexis Guard columns from Polymer Laboratories as
stationary phase and 1,2,4-trichlorobenzene (TCB, stabilized with 250 mg/L 2,6-
Di tert butyl-4-methyl-phenol) as mobile phase at 160°C and at a constant flow
rate of 1 mL/min was applied. 200 yL of sample solution were injected per
analysis. The corresponding detector constant of the viscometer as well as the
inter-detector delay volumes were determined with a narrow PS standard (MWD
= 1.01) with a molar mass of 132900 g/mol and an intrinsic viscosity of 0.4789
dl/g. The detector constant of the IR4 detector was determined using NIST1475a
with dn/dc of 0.094 cm?3/g.

The column set was calibrated using universal calibration (according to ISO
16014-2:2019) with at least 15 narrow MWD polystyrene (PS) standards in the

range of 0.5 kg/mol to 11600 kg/mol. The corresponded intrinsic viscosities of
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the PS standards were calculated from their corresponding concentration (IR4),
online viscometer signals, and determined detector constants for polystyrene.
For low molecular weight PS with a molar mass below 3000 g/mol the initial

weight out concentration is used, due to end group effects in the IR detector.

The molecular weight of the sample (M2) at each chromatographic slice using

the universal calibration approach can be calculated by following correlation:

logM1[n1] = Vr = logMz[n2z]
with: M1 Molar mass of PS
N1 intrinsic viscosity of the PS
M2 Molar mass of sample
Nz intrinsic viscosity of sample

VR Retention volume

All data processing and calculation was performed using the Cirrus Multi-Offline

SEC-Software Version 3.2 (Polymer Laboratories a Varian inc. Company).

All samples were prepared by dissolving 5.0 — 9.0 mg of polymer in 8 mL (at
160°C) of stabilized TCB (same as mobile phase) for 2.5 hours for PP or 3 hours

for PE at max. 160°C under continuous gentle shaking.

d) Comonomer Content

The comonomer content was determined as indicated in W02019081611, pages
31 to 34.

e) Mechanical Properties

(1)  Tensile Modulus

Tensile modulus in machine direction (MD) and in transverse direction (TD) were
determined as 1 % secant modulus with 1 mm/min test speed and 100 mm gauge
length according to 1ISO 527-3.

(2)  Tensile Stress at Break

Tensile stress at break (also known as tensile strength) in machine direction
(MD) and in transverse direction (TD) were determined according to 1ISO 527-3

with specimen Type 2 with 50 mm gauge length and 200 mm/min test speed.
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(3) Dart Drop Impact

Dart drop impact was determined according to ASTM D1709 - Method A.

(4) Relative Tear Resistance

Relative tear resistance in MD and TD was determined according to ISO 6383-
2.

h) Barrier Properties

(1)  Water Vapor Transmission Rate (WVTR)

Water vapor transmission rates were determined under tropical conditions (38
°C; 90 % RH) according to ISO 15106-2.

(2)  Oxygen Transmission Rate (OTR)

Oxygen transmission rates were determined according to 1ISO 15105-1 under
standard conditions (23 °C; 100 % O2; 0 % RH).

i) Heat Seal Parameters

The seal initiation temperature (SIT) at 5 N force and the maximum seal force
were determined according to ASTM F2029 and ASTM F88.

i) Xylene Solubles (XS)

The xylene soluble (XS) fraction as described in the present invention was
determined in line with ISO 16152 as follows: 2.0 g of the polymer were dissolved
in 250 ml p-xylene at 135 °C under agitation. After 30 minutes, the solution was
allowed to cool for 15 minutes at ambient temperature and then allowed to settle
for 30 minutes at 25 +/- 0.5 °C. The solution was filtered with filter paper into two
100 ml flasks. The solution from the first 100 ml vessel was evaporated in
nitrogen flow and the residue dried under vacuum at 110 °C until constant weight
is reached (approximately three hours). The xylene soluble fraction (percent) can

then be determined as follows:

XS% = (100*m*Vo)/(mo*v); mo = initial polymer amount (g); m = weight of residue

(9); Vo = initial volume (ml); v = volume of analyzed sample (ml).
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k) Contact Angle

The contact angle was determined in accordance with ASTM D-7334 as follows.
The contact angle of the polymer film was measured according to the sessile
drop technique. Water drops of known density were put onto the film surface.
The instrument for measuring the contact angle was composed of a light source,
a sample holder, a syringe for the deposition of a drop of liquid and an image
acquisition system. The samples to be analyzed were specimens of size range
between 1 x 1 cm? to about 10 x 10 cm?. For each drop the contact angle 8 to
the polymer surface was measured. The achieved images were processed by an
appropriate software, which allowed to obtain the contact angle. The contact

angle value may be correlated to the cleanability and slipperiness of the surface.

1) Surface Tension Retention

Surface Tension Retention was determined according to ASTM D-2578.

m)  Metal Adhesion

Metal adhesion was measured using a tape test. A sample of the metallized
substrate was placed on a smooth, flat surface, with the metallized layer facing
up. Subsequently, 6 in (15.24 cm) of Scotch™ 610 adhesive tape was applied to
the surface, and smoothed with the thumb and forefinger to ensure good contact.
To facilitate separation, one end of the tape should be doubled over. Then, while
holding the sample with one hand, the other hand peels the tape back
approximately 180° in one smooth movement. The test substrate was afterwards
examined for metal removal, and the used tape for metal transfer, using a strong
backlight.

m)  Melting Point

Melting point was determined according to 1ISO 11357-3.
n) Thickness

Thickness of the films and layers was determined according to ASTM D6988.
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Examples

Barrier coated (metallized) films and laminated films (laminates) were produced

and measured as described below.

1) Preparation of sealant films

a) Preparation of 5-layer sealant films

Three comparative films (Comparative Examples CE-1, CE-2 and CE-3) and one
film in accordance with the invention (Inventive Example IE-1) were produced as

5-layer blown films.

Table 1 provides the structures and compositions of the comparative and
inventive films, wherein layer A denotes the outer (external) layer corresponding
to the film layer used for vacuum metallization. Layer B denotes the first sub-
skin layer — in-between the outer layer and core layer (core layer C); layer D
denotes the second sub-skin layer — in-between the core layer C and the inner
(sealing) layer E. The outer layer and inner (sealing) layers (layers A and E) each
made up 10 %, the sub-skin layers 1 and 2 each made up 15 % and the core

layer made up 50 % of the total film thickness, which was about 35 um.

The polymers used in the layers are indicated by their trade names. The contents
of the polymers in the layers in Table 1 are provided in wt.%, based on the total

weight of the respective layer composition.

Table 1:
Outer layer Sub-skin Sub-skin Inner layer
Samples (layer for laver 1 Core layer laver 2 (sealing layer)
metallization) v v 9lay
Film layer Layer A Layer B Layer C Layer D Layer E
Layer thickness
%) 10 15 50 15 10
Layer thickness 35 55 175 55 35
(Hm)
M3 o +
ey 80% BB127E +  |80% FK1820 +/55% FK1820 + [80% FK1820 + ?g ;" E$;§§8 !
B 20% RB707CF |20% FT5230 [|45% FX1001 20% FT5230 o
1% Antiblock
Ms 80% FK1820 +[55% FK1820 + [80% FK1820 + 80% FK1820 +
o (] () () o +
CE-2 100% RBYO7CF |00, FT5230 W5% FX1001  [20% FT5230 1?/";;25;?(
(¢]
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M9 5
60% TD309BF + [80% FK1820 +/55% FK1820 + [80% FK1820 + fg;" E’T(;;fg:
CE=3 40% RB707CF  |[20%FT5230 |45% FX1001  [20% FT5230 or!
1% Antiblock
Me 80% FK1820 +55% FK1820 + [80% FK1820 + [0 0 FK1820+
_ o 0 (¢] 0 o,
IE-1 100% HC320BF 1,00, FT5230 145% FX1001 0% FT5230 | 070 F19230 +
1% Antiblock

Antiblock: Polybatch FSU-105-E

Characteristics of the polymers used for making the films of the inventive and

comparative examples as depicted in Table 1 are given in Table 2 below.

Table 2:
Resin Producer Type MFR: Density Melting Point
name (9/10min) (kg/m?3) (°C)
Anteo Borouge bimodal LLDPE 1.5 918 122
FK1820 terpolymer
LDPE Borealis/ tubular LDPE 0.75 923 112
FT5230 Borouge
Borshape Borealis | bimodal ethylene 0.9* 931 127
FX1001 terpolymer
TD309BF Borealis | C2/C4 propylene 6.0 900 132
terpolymer
HC320BF Borealis propylene 3.2 900 165
homopolymer
Borcoat Borealis grafted 7.5 900 165
BB127E polypropylene
adhesive
Borclear Borealis polypropylene 1.5 900 145
RB707CF random
copolymer

* MFRs for Borshape FX1001

Processability of the resins and the 5-layer films having an A/B/C/D/E structure
were evaluated on a large scale blown film equipment. The 5-layer blown films
were produced using an Alpine-make blown film line. Performance of the films
was analyzed on blown films with a thickness of about 35 um produced at the
below process operating conditions with die-gap of 1.8 mm, lower neck-height
and blow up ratio of 3.0:1. The blown film lines had the properties as listed in
Table 3.
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Table 3:
Die diameters 300 mm
Die gap 1.8 mm
Blow up ratio (BUR) 3.0:1
Bubble cooling IBC
Cooling air temperature 22 °C
Corona treatment 48 dyn/cm

The temperature profiles of the blown film lines i.e., the temperatures (in °C)

used for different locations of the blown film lines, were as indicated in Table 4.

Table 4:
M3 (CE-1)
Layer Extruder | Extruder | Extruder | Extruder | Extruder | Extruder | Post Post
zone 1 zone 2 zone 3 zone 4 zone 5 zone 6 Extruder | Extruder
zone 7 zone 8
Outer layer (A) 170 180 180 180 180 180 180 -
Sub-skin layer 1 190 190 190 190 190 190 190 -
(B)
Core layer (C) 210 210 210 210 210 220 220 220
Sub-skin layer 2 190 190 190 190 190 190 190 -
(D)
Inner layer (E) 190 190 190 190 190 190 190 -
M5 (CE-2)
Layer Extruder | Extruder | Extruder | Extruder | Extruder | Extruder | Post Post
zone 1 zone 2 zone 3 zone 4 zone 5 zone 6 Extruder | Extruder
zone 7 zone 8
Outer layer (A) 220 220 220 220 220 230 230 -
Sub-skin layer 1 190 190 190 190 190 190 190
(B)
Core layer (C) 40 220 220 220 220 230 230 230
Sub-skin layer 2 190 190 190 190 190 190 190 -
(D)
Inner layer (E) 190 190 190 190 190 190 190 -
M9 (CE-3)
Layer Extruder | Extruder | Extruder | Extruder | Extruder | Extruder | Post Post
zone 1 zone 2 zone 3 zone 4 zone 5 zone 6 Extruder | Extruder
zone 7 zone 8
Outer layer (A) 220 220 220 220 220 230 230 -
Sub-skin layer 1 190 190 190 190 190 190 190
(B)
Core Layer (C) 40 220 220 220 220 230 230 230
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Sub-skin layer 2 190 190 190 190 190 190 190

(D)

Inner layer (E) 190 190 190 190 190 190 190

M6 (IE-1)
Layer Extruder | Extruder | Extruder | Extruder | Extruder | Extruder | Post Post
zone 1 zone 2 zone 3 zone 4 zone 5 zone 6 Extruder | Extruder

zone 7 zone 8

Outer layer (A) 220 220 220 220 220 230 230

Sub-skin layer 1 190 190 190 190 190 190 190

(B)

Core layer (C) 40 220 220 220 220 230 230 230

Sub-skin layer 2 190 190 190 190 190 190 190 -

(D)

Inner layer (E) 190 190 190 190 190 190 190

b) Properties of the 5-layer polyethylene sealant films (non-coated)
Tensile modulus

As shown in Figure 1, very good results of tensile modulus (1 % secant) were
obtained for the inventive film and the comparative films. In particular, in the
machine direction (MD), all films showed values more than 300 MPa. This means
that films comprising a polypropylene component in the outer layer exhibit
sufficient stiffness, which provides very good body for coating as they are able
to withstand film tension during the process. Use of bimodal terpolymers, such
as Borshape FX1001 and Anteo FK1820, in the core layer may further improve

stiffness of the films.

Tensile strength

As further depicted in Figure 1, good results for the tensile strength (tensile
stress at break) were obtained for all films, in both machine direction (MD) and
transverse direction (TD). In MD, the inventive film |IE-1 and comparative film
CE-2 showed the best results, in TD the IE-1 film had the highest value.

Contact angles

As depicted in Table 5 below, all polypropylene materials used in the outer layer
of the films showed very good contact angles (on non-coated surfaces) of less
than 90 °. Thus, all these materials are suitable for coating, as low contact angles
(before coating) are required for good wetting of the surface for coating and good

adhesion after coating. The contents of the polypropylene materials are given in
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wt.%, based on the total weight of the respective outer layer composition.

Table 5:
Examples Outer layer Contact angle (degrees)
non-metallized films
M3 (CE-1) 80% BB127E + 78
20% RB707CF
M5 (CE-2) 100% RB707CF 79
M9 (CE-3) 60% TD309BF + 76
40% RB707CF
M6 (IE-1) 100% HC320BF 78

Surface structure in microscope

Referring to Figure 5, optical microscope images of the non-coated films (outer
layer surface) at a 200x magnification are shown. In particular, for the CE-3/M9
film prominent surface defects were detected, in the form of circular dots and
scratch marks. The other films performed much better, with the IE-1/M6 film

showing the smoothest surface with the smallest number of surface defects.

Xylene solubles

The xylene soluble (XS) fraction was determined for the compositions of the
outer layers of the films and the results are illustrated in Figure 4. As can directly
be seen, the inventive film IE-1 has an extremely low xylene soluble fraction of
1.4 wt.% only. All comparative films showed significantly higher xylene soluble
fractions (all more than 9 wt.%, and up to 18 wt.%). As the xylene soluble fraction
is connected with surface tension, better results for surface energy (lower dyne

decay over time) are reached for the inventive films.

Film barrier performance (WVTR and OTR)

Both water vapor transmission rate - WVTR (38 °C; 90 % RH) - and oxygen
transmission rate - OTR (23 °C; 100 % Oz2; 0 % RH) - were measured on the films
before and after coating by metallization, according to ISO 15106-2 and I1SO
15105-1, respectively. With reference to Table 8 below, the inventive film IE-1
before coating already showed the lowest WVTR (8.1 g/m?/d) and OTR (3900
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cm?®/m?/d) values. Coating highly improved the barrier properties as discussed

below.

2) Coated films
a) Coating (metallization) process

The 5-layer films described above were coated using a plasma metalizer
obtaining an optical density of 2.3. Metallization of the outer layer (corona treated
side) was performed by a physical vapor deposition process after a light plasma
pre-treatment. The metal (aluminum) was heated to evaporation under vacuum
and was then condensed on the outer layer surface resulting in a layer of about
10-20 nm.

b) Properties of the coated (metallized) films
Surface Tension (Dyne decay)

Figure 2 shows the surface tension decay as a function of time, measured on

metallized films at regular intervals (0, 8, 14, 21 and 46 days) after metallization.

High surface tension (dyn/cm) of coated films is important for subsequent
processing and use of the films. According to Figure 2, decrease of the surface
energy on the metalized surface can be observed for the comparative examples.
After 21 days, the inventive film IE-1 is the only film still showing high surface
energy. Most of the comparative films were already below 36 dyn/cm just 14 days
after metallization. Thus, only the inventive film maintained a level of surface

energy suitable for converting, without requiring corona treatment or primer use.

Metal adhesion

Metal adhesion was measured according to the “tape test” procedure described
above. The films were tested for metal adhesion at regular intervals (0O, 8, 14, 21
and 46 days) after metallization. Table 7 shows and Figure 3 illustrates the
results obtained for metal adhesion, based on the requirements depicted in Table
6 for ranking the results. The contents of the polymers in the layers in Table 7
are provided in wt.%, based on the total weight of the respective layer

composition.
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Table 6:
Maximum Number of Ranking Evaluation | QC passed
dimensions of delaminated areas
delaminated metal
surface
Zero 5 Very good Yes
0,1 mm Less than 10 points 4 Good Yes
0,1 mm Less than 50 points 3 Limit Non/to be
discussed
0,1 mm More than 100 1 Bad Non
points
0,2 mm Less than 100 points 2 Limit Non
>0,2 mm 1 Bad Non
Table 7:
Days after 0 day 8 days | 14 days | 21 days | 46 days
metallization
Example Outer layer
M3 (CE-1) 80% BB127E + 5 4 4 4 4

20% RB707CF
M5 (CE-2) 100% RB707CF

M9 (CE-3) 60% TD309BF + 5 5 5 5 5
40% RB707CF
M6 (IE-1) 100% HC320BF 5 4 4 4 4

All films show excellent metal adhesion with a ranking of 4 or 5. In particular,
metal adhesion remained stable over the measurement time of 46 days for all
films. To avoid potential negative effects through migratory additives, such

additives were not used in the films.

Surface structure in microscope (after coating)

Referring to Figure 6, optical microscope images of the metallized films (outer

layer surface) at a 200x magnification are shown. Also after metallization, the
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CE-3/M9 film showed surface defects. Similar defects were detected for the CE-
2/M5 film. The IE-1/M6 film showed a very smooth and clean surface, together
with the CE-1/M3 film.

Film barrier performance (WVTR and OTR)

Both water vapor transmission rate - WVTR (38 °C; 90 % RH) and oxygen
transmission rate OTR (23 °C; 100 % Oz2; 0 % RH) were measured on the films
before and after coating, according to ISO 15106-2 and ISO 15105-1,

respectively. The results are shown in Table 8 below.

Significant improvements of WVTR and OTR were measured for the metallized
films vs. non-metallized films. Excellent results in terms of WVTR and OTR were
achieved by the inventive film IE-1, followed by the comparative film CE-3; IE-1
having a WVTR of less than 1.0 g/m?/day, and an OTR of less than 150
cm?®/m?/day. The contents of the polymers in the layers in Table 8 are provided

in wt.%, based on the total weight of the respective layer composition.

Table 8:
Sample Outer layer Metallized films Non-metallized films
VWWTR OTR WVTR OTR
(g/m?/d) (cm®/m?3/d) (g/m?/d) (cm3m?/d)
M3 80% BB127E + 1.35 >200 8.5 4400
(CE-1) 20% RB707CF
M5 100% RB707CF 0.30 >200 9.3 4880
(CE-2)
M9 60% TD309BF + 0.97 72.4 8.8 4460
(CE-3) 40% RB707CF
M6 100% HC320BF 0.64 117 8.1 3900
(IE-1)
Summary

In summary, the inventive film IE-1 showed best performance for use in
metallized films for potential packaging applications. Although, in particular
CE-3/M9 showed good performance, in e.g. barrier properties, however, the
composition used in the outer layer of CE-3/M9 had a high xylene soluble fraction
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(~10 wt.%) and exhibited very fast surface energy decay, why it may encounter

drawbacks in long term use in the field of barrier coated packaging applications.

3) Laminated films
a) Preparation of laminated films

Laminated films are widely used for packaging applications. The metallized
inventive film and two metallized comparative films, CE-2 and CE-3, which
showed the best performance, were laminated to machine direction oriented

(MDO) polyethylene substrate films.

Preparation of the primary substrate films

Primary substrate films were prepared on blown film lines as 5-layer films having
the compositions and layer distribution as shown in Table 9. FX1001 is an LLDPE
polymer and BB2581 and CG9620 are HDPE polymers. For all extruders, zones
1-5 were heated at 180 °C, and the screen changer at 195 °C. Primary films with

a thickness of 140 ym were obtained.

Table 9:

Polymers Outer layer Sub-skin Core layer Sub-skin Inner layer
layer 1 layer 2

Layer 15 10 50 10 15
thickness (%)
FX1001 70
BB2581 80 80 30 80 80
CG9620 20 20 20 20

Orientation of the primary substrate films

The primary films were oriented in machine direction resulting in machine
direction oriented (MDO) films. The primary films were heated to an orientation
temperature, the heating being performed utilizing multiple heated rollers. The
heated primary films were then fed into a slow drawing roll with a nip roller, which
had the same rolling speed as the heated rollers. After that, the primary films
entered a fast drawing roll and were uniaxially stretched for 5 to 7 (presently 6.5)

times faster than by the slow drawing roll. This effectively oriented the film on a
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continuous basis. The oriented films were annealed by holding the films at an

elevated temperature for a period of time to allow for stress relaxation.

Stretching was carried out using a mono-directional stretching machine
manufactured by Hosokawa Alpine AG in Augsburg/Germany. The process unit
consisted of preheating, drawing, annealing and cooling sections, with each set
being at specific temperatures to optimize the performance of the process unit
and produce films with the desired properties. The heating temperature was 105
°C, the stretching temperature was 117 °C, annealing and cooling was done at
110 °C down to 40 °C. In this way MDO substrate films with a thickness of 21.5
pm were obtained. (Primary film thickness was 140 um and the draw ratio was
1:6.5).

Lamination

To prepare the laminated films, the outer layers of the MDO substrate films were
laminated to the metallized outer layers of the IE-1, CE-2 and CE-3 films. As the
MDO substrate films were made of polyethylene, the content of polypropylene in

the laminated film was less than 7 wt.%.

The metallized films were laminated at Henkel Corporation using adhesive
LA7825 and hardener LA6230 (both supplied by Henkel), mixed at a 2:1 ratio.
Lamination was done on a solvent-less laminator at a running speed of 150
m/min with an adhesive content of 1.8 g/m2. The corona treatment intensity on
the carrier web was 2.5 kW and on the secondary web 1.5 kW. Laminated films

with a thickness of about 62 um were prepared.

b) Properties of the laminated films

Table 10 shows the properties of the prepared laminated films.

Table 10:
Laminate details unit Laminate of Laminate of |Laminate of M6
M9 (CE-3) M5 (CE-2) (IE-1)
Thickness um 61 62 62
SIT °C 93 92 92
Dart drop impact (DDI) g 128.0 143.0 158.0
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Relative tear resistance in MD N/mm 35.9 32.1 38.5
Relative tear resistance in TD N/mm 427 449 751
Tensile modulus in MD MPa 1048 1073 1113
Tensile modulus in TD MPa 1112 1122 1160
VWVTR g/m?/d 0.26 2.48 0.24
OTR cm3/m?/d 5.6 389 4.2

Tensile modulus

Both tensile moduli, MD and TD, were higher in the inventive laminated film over
the comparative laminated films, resulting in higher stiffness of the inventive

laminated film.

Dart drop impact and relative tear resistance

Both dart drop impact and relative tear resistance (MD and TD) are important to
maintain high mechanical performance of the laminates. These parameters were
higher in the inventive laminated film over both comparative laminated films. In
particular, with respect to the CE-3 laminated film, the dart drop impact of the

inventive laminated film was enhanced by more than 20 %.

Barrier properties

Best moisture barrier performance i.e. water vapor transmission rate (WVTR),
was observed for the inventive laminated film. The CE-3 laminated film showed
comparable results. The CE-2 laminated film showed a 10-times higher value.

Values of less than 0.5 g/m?/d are generally preferred for good performance.

Similar ranking was observed for the oxygen barrier (OTR) performance of the
laminated films, where the inventive laminated film performed best, followed by
the CE-3 laminated film; and the CE-2 laminated film showing an about 100-
times higher value. Values of less than 15 cm3/m?/day are generally preferred

for good performance.
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Claims

A polyolefin sealant film comprising an outer layer, a core layer, and an
inner layer, and optionally at least one sub-skin layer, the outer layer being
made of an outer layer composition comprising from 90 to 100 wt.-% of a
propylene polymer component AO, based on the total weight of the outer

layer composition,

wherein the outer layer composition has a xylene soluble (XS) fraction of
less than 3.5 wt.%, determined according to ISO 16152, and

the propylene polymer component AO is a propylene homopolymer.

The polyolefin sealant film according to claim 1, wherein the propylene
polymer component AO in the outer layer composition comprises an
isotactic propylene homopolymer, and more preferably a propylene
homopolymer having an MFR2 of from 1.0 to 5.0 g/10min, determined
according to ISO 1133, and/or a melting point of from 155 to 175 °C,
determined according to ISO 11357-3.

The polyolefin sealant film according to any one of the preceding claims,
wherein the outer layer composition comprises from 95 to 100 wt.% and
preferably from 98 to 100 wt.% of the propylene polymer component AO,
based on the total weight of the outer layer composition; and/or wherein the
sealant film comprises a barrier coating layer on the outer layer, wherein
the barrier coating layer preferably comprises a barrier coating component
selected from the group consisting of the metals Al, Au, Ag, Cr, Zn, Ti, Si
and Cu and oxides of these metals, and mixtures thereof.

The polyolefin sealant film according to any one of the preceding claims,
wherein at least one of the layers of the sealant film is made of a
composition comprising a linear low density polyethylene (LLDPE)
component, preferably a multimodal copolymer component (AC), and/or a
catalytically produced polyethylene component (BC), which is an ethylene
copolymer, preferably an ethylene terpolymer (Il), having a melt flow rate
MFRs5 of from 0.6 to 4 g/10min, determined according to ISO 1133, and/or
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a high pressure produced low density polyethylene (LDPE) component
(CC).

The polyolefin sealant film according to claim 4, wherein the sealant film
comprises from 40 to 70 wt.% of the AC component; and/or from 15 to 35
wt.% of the BC component; and/or from 5 to 15 wt.% of the CC component,

based on the total weight of the sealant film.

The polyolefin sealant film according to any one of claims 4 or 5, wherein
the AC component has a density of from 910 to 925 kg/cm3 and an MFR:2 of
from 0.5 to 5.0 g/10min; and/or the BC component has a density of from
920 to 940 kg/cm® and an MFR2 of from 0.1 to 2.0 g/10min; and/or the CC
component has a density of from 910 to 930 kg/cm® and an MFR2 of from
0.1 to 2.5 g/10min, the MFR2 being determined according to ISO 1133.

The polyolefin sealant film according to any one of the preceding claims,
wherein the sealant film has an oxygen transmission rate (OTR) (23 °C; 100
% 0O2; 0 % RH) of less than 200 cm®m?/d, determined according to 1SO
15105-1; and/or a water vapor transmission rate (WVTR) (38 °C; 90 % RH)
of less than 1.5 g/m?/d, determined according to 1ISO 15106-2.

A laminated polyolefin film comprising the polyolefin sealant film according

to any one of the preceding claims and a substrate film.
The laminated polyolefin film according to claim 8, wherein the laminated
polyolefin film has:

a) a water vapor transmission rate (WVTR) (38 °C; 90 % RH) of less than
1.0 g/m?/d, determined according to ISO 15106-2; and/or

b) an oxygen transmission rate (OTR) (23 °C; 100 % O2; 0 % RH) of less
than 25 cm3/m?/d, determined according to 1ISO 15105-1; and/or

c) a dart drop impact (DDI) of at least 145 g, determined according to
ASTM D1709, Method A; and/or

d) a tensile modulus in machine direction (MD) of at least 800 MPa,

determined according to ISO 527-3; and/or

e) a thickness of from 50 to 90 um.
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A laminated polyolefin film comprising a substrate film and a sealant film,

wherein the laminated polyolefin film has:

a) a water vapor transmission rate (WVTR) (38 °C; 90 % RH) of less than 1.0
g/m?/d, determined according to ISO 15106-2;

b) an oxygen transmission rate (OTR) (23 °C; 100 % Oz2; 0 % RH) of less than
25 cm®/m?/d, determined according to ISO 15105-1;

c) adart drop impact (DDI) of at least 145 g, determined according to ASTM
D1709, Method A;

d) atensile modulus in machine direction (MD) of at least 800 MPa, determined
according to ISO 527-3; and

e) athickness of from 50 to 90 um,

wherein the sealant film comprises an outer layer as defined in claim 1.

The laminated polyolefin film according to claim 10, wherein the laminated
polyolefin film comprises a polyolefin sealant film according to any one of

claims 1 to 7.

The laminated polyolefin film according to any one of claims 8 to 11, wherein
the substrate film comprises at least one ethylene polymer, preferably

consists of at least one ethylene polymer.

The laminated polyolefin film according to any one of claims 8 to 12, wherein
the laminated polyolefin film comprises the propylene polymer component
AO in a content of less than 10 wt.%, preferably less than 8 wt.%, more
preferably less than 7 wt.%, based on the total weight of the laminated
polyolefin film; and/or the at least one ethylene polymer in a content of at

least 90 wt.%, based on the total weight of the laminated polyolefin film.

An article comprising the laminated polyolefin film according to any one of

claims 8 to 13.

Use of the laminated polyolefin film according to any one of claims 8 to 13
for producing an article, preferably a vertical or horizontal form fill seal

packaging, pouch, sack or bag.



