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A multilayer film

The present invention is directed to a multilayer film comprising at least one sealing layer
(SL1) and one core layer (CL), said core layer containing a propylene 1-hexene copolymer
with a xylene soluble fraction (XCS) determined at 25 °C according to ISO 16152 of more
than 10 wt.-%.

High standards are nowadays required for packing materials. Quite often properties are
required in the packing industry, which are conflicting. Typically, high stiffness and
toughness as well as excellent sealing behavior and good optics are required in parallel. To
achieve these different properties seldom pure components, but rather combinations of
different polymer components are used. Two different approaches mainly are at the skilled
person’s disposal: (a) blends of two or more polymers to form a heterophasic structure, or (b)
producing a multilayer structure with different materials providing different functions. Both
of them are applied in industry, the latter being even more popular since the choice of
materials is more diverse without the need to consider the demanding technical questions of
complex polymer blends. With multilayer structures known in the art already multilayer
films with good properties for the packing industry are reached. One of the classic examples
is e.g. the combination of two polyethylenes layers, one being a sealing layer based on a
linear low density polyethylene (LLDPE) with density about 0.918 g/cm? and another being
the core layer based on a medium density polyethylene (MDPE) or a linear low density
polyethylene (LLDPE) with higher density which improves the mechanics. Such kind of
combination has the weakness that an acceptable stiffness/toughness balance is reached at

the expense of the optical properties due to the polyethylene with higher density.
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Of course, also polypropylenes, especially polypropylene containing higher a-olefins, like 1-
hexene, are used in film making for packaging material. Such polypropylenes show already
good sealing properties and thus are typically used as a sealing layer in multilayer films.The
overall performance of such multilayer films especially in view of the sealing behavior is,

however, inferior compared to polyethylene multilayer systems.

Accordingly, the object of the present invention is to provide a multilayer film, especially an
unoriented multilayer film, like a blown film, having excellent sealing properties paired with

good optical performance and good mechanical, especially having a high dart drop impact.

The finding of the present invention is to provide a multilayer film having a polyethylene
based sealing layer and a core layer based on a propylene 1-hexene copolymer having a

rather high xylene soluble content.

Accordingly the invention is directed to a film comprising at least three layers, one core

layer (CL), one 1% sealing layer (SL1) and one outer layer (OL), the stacking order of the at

three layers is (SL1)/(CL)/(OL),

wherein

(2)
(al) the 1% sealing layer (SL1) comprises at least 90 wt.-%, based on the total
weight of the sealing layer (SL1), of a 1% base polymer composition (BC1), said 1% base
polymer composition (BC1) comprises at least 70 wt.-%, based on the total weight of
the 15t base polymer composition (BC1), of a 1%t linear low density polyethylene
(LLDPEL1), said 15t linear low density polyethylene (LLDPE1) having a density in the
range of 0.890 to 0.925 g/cm?;
or preferably
(a2) the 1%t sealing layer (SL1) comprises at least 90 wt.-%, based on the total
weight of the 15t sealing layer (SL1), of the 1% base polymer composition (BC1), and the
remaining part up to 100 wt.-%, based on the total weight of the 1% sealing layer (SL1),
are additives (AD), preferably the additives (AD) are selected from the group conistsing
of antioxidants, light stabilizers, acid scavengers, processing aids, anti-blocking aids,

nucleating agents, slip agents and mixtures thereof,
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(b)

(©)

wherein further said 1% base polymer composition (BC1) comprises at least 70 wt.-%,
based on the total weight of the 1% base polymer composition (BC1), of a 1* linear low
density polyethylene (LLDPE1), said 1*! linear low density polyethylene (LLDPE1)
having a density in the range of 0.890 to 0.925 g/cm?;

(bl) the core layer (CL) comprises at least 90 wt.-%, based on the total weight of
the core layer (CL), of a 2*¢ base polymer composition (BC2), said 2*¢ base polymer
composition (BC2) comprises at least 90 wt.-%, based on the total weight of the 27¢
base polymer composition (BC2), of a propylene 1-hexene copolymer (PHC);

or preferably

(b2) the core layer (CL) comprises at least 90 wt.-%, based on the total weight of
the core layer (CL), of a 2"¢ base polymer composition (BC2), and the remaining part up
to 100 wt.-%, based on the total weight of the core layer (CL), are additives (AD),
preferably the additives (AD) are selected from the group conistsing of antioxidants,
light stabilizers, acid scavengers, processing aids, anti-blocking aids, nucleating agents,
slip agents and mixtures thereof,

wherein further said 2™ base polymer composition (BC2) comprises at least 90 wt.-%,
based on the total weight of the 2¢ base polymer composition (BC2), of a propylene 1-
hexene copolymer (PHC);

or still more preferably

(b3) the core layer (CL) comprises at least 90 wt.-%, based on the total weight of
the core layer (CL), of a 2"¢ base polymer composition (BC2), and the remaining part up
to 100 wt.-%, based on the total weight of the core layer (CL), are additives (AD),
preferably the additives (AD) are selected from the group conistsing of antioxidants,
light stabilizers, acid scavengers, processing aids, anti-blocking aids, nucleating agents,
slip agents and mixtures thereof,

wherein further said 2™ base polymer composition (BC2) consists of the propylene 1-

hexene copolymer (PHC);
and
(cl) the outer (OL) comprises at least 90 wt.-%, based on the total weight of the

outer (OL), of a 3™ base polymer composition (BC3), said 3™ base polymer composition
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(BC3) comprises at least 90 wt.-%, based on the total weight of the 3™ base polymer
composition (BC3), of a polyolefin;
or preferably
(c2) the outer (OL) comprises at least 90 wt.-%, based on the total weight of the
outer (OL), of a 3" base polymer composition (BC3), and the remaining part up to 100
wt.-%, based on the total weight of the outer (OL), are additives (AD), preferably the
additives (AD) are selected from the group conistsing of antioxidants, light stabilizers,
acid scavengers, processing aids, anti-blocking aids, nucleating agents, slip agents and
mixtures thereof,
wherein further said 3™ base polymer composition (BC3) comprises at least 90 wt.-%,
based on the total weight of the 3™ base polymer composition (BC3), of a polyolefin;
wherein said propylene 1-hexene copolymer (PHC) of the 2™ base polymer composition
(BC2) has
(i) an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total weight of the
propylene 1-hexene copolymer (PHC), and
(i1) a xylene soluble fraction (XCS) determined at 25 °C according to ISO 16152 of more
than 10.0 wt.-%, preferably in the range of 21.0 to 30.0 wt.-%, based on the total weight
of the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC).

Further preferred embodiments are defined in the dependent claims.

In the following, the invention will be described in more detail.

The term “base polymer composition (BC)”, like “1% base polymer composition (BC1)”, “2nd
base polymer composition (BC2)” or 3™ base polymer composition (BC3)”, indicates that
said composition contains just polymers, preferably just polyolefins. Accordingly, the term
“base polymer composition” excludes for instance the presence of additives in said
compositions. However said base polymer compositions may of course contain typical
impurities, like for instance catalyst impurities resulting from the polymerization process.
Such impurities are regarded part of the polymer and will not exceed 2 wt.-% based on the

total weight of the base polymer composition.
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The multilayer film
The present invention is directed to a multilayer film comprising at least three layers, one 1%

sealing layer (SL1), one core layer (CL) and one outer layer (OL).

The stacking order of the at least three layers is

Ist sealing layer (SL1) / core layer (CL) / outer layer (OL).

The multilayer film may comprise further layers, for instance between the 15! sealing layer
(SL1) and the core layer (CL) and/or between the core layer (CL) and the outer layer (OL).
Accordingly, the total number of layers may be up to 9, like &, 7, 6, 5 or 4 layers. However it
is preferred that the multilayer film consists of 5 layers, more preferably 3 layers. Thus in
one preferred embodiment the multilayer film consists of one 1% sealing layer (SL1), one

core layer (CL) and one outer layer (OL).

In one embodiment the multilayer film may comprise one 1% sealing layer (SL1), one core
layer (CL) and one outer layer (OL), wherein the outer layer (OL) is preferably a heat shield
layer (HSL) or a 2" sealing layer (SL2) as defined below, the latter being preferred,

wherein further the 1% sealing layer (SL1) is joined on one side of the core layer (CL) and the
outer layer (OL) is joined on the other side of the core layer (CL),

wherein still more preferably the 1% sealing layer (SL1) and the outer layer (OL) form the

outermost layers of the multilayer film.

Preferably, the 15t sealing layer (SL1) forms on one side of the multilayer film the outermost
layer, i.e. the surface. The outer layer (OL) may not be necessarily the outermost layer
(surface) on the other side of the multilayer film, but further layer(s) (FL(s)) opposite to the
core layer (CL) may follow the outer layer (OL), wherein one of the further layers (FLs)
form the outermost layer (surface). Accordingly, the stacking order may in such a case

Ist sealing layer (SL1) / core layer (CL) / outer layer (OL) / further layer(s) (FL(s)).

In one preferred embodiment the multilayer film consists of the 1% sealing layer (SL1), the
core layer (CL) and the outer layer (OL), wherein the stacking order of the three layers is
Ist sealing layer (SL1) / core layer (CL) / outer layer (OL).
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In such a case, the 1! sealing layer (SL1) and the outer layer (OL) are the outermost layers,

1.e. the surface layers of the multilayer film.

As mentioned in detail below the outer layer (OL) can be a heat shield layer (HSL) or a 27¢
sealing layer (SL2), the latter being preferred. Accordingly, it is preferred that the multilayer
film comprises at least

(a) one 1% sealing layer (SL1), one core layer (CL) and one 2™ sealing layer (SL2)
wherein the stacking order of the at least three layers is

1t sealing layer (SL1) / core layer (CL) / 2™ sealing layer (SL2)

wherein preferably the 15 sealing layer (SL1) and the 2" sealing layer (SL2) form the
outermost layers, i.e. the surface layers of the multilayer film;

or

(b) one 1% sealing layer (SL1), one core layer (CL) and one heat shield layer (HSL)
wherein the stacking order of the at least three layers is

I8t sealing layer (SL1) / core layer (CL) / heat shield layer (HSL)

wherein preferably the 1% sealing layer (SL1) and the heat shield layer (HSL) form the

outermost layers, i.e. the surface layers of the multilayer film.

In a specific preferred embodiment the multilayer film consists of

(a) one 1% sealing layer (SL1), one core layer (CL) and one 2™ sealing layer (SL2)
wherein the stacking order of the at least three layers is

1t sealing layer (SL1) / core layer (CL) / 2™ sealing layer (SL2)

wherein the 1% sealing layer (SL1) and the 2 sealing layer (SL2) form the outermost layers,
i.e. the surface layers of the multilayer film;

or

(b) one 1% sealing layer (SL1), one core layer (CL) and one heat shield layer (HSL)
wherein the stacking order of the at least three layers is

st sealing layer (SL1) / core layer (CL) / heat shield layer (HSL)

wherein the 1% sealing layer (SL1) and the heat shield layer (HSL) form the outermost layers,

1.e. the surface layers of the multilayer film.



WO 2020/064483 PCT/EP2019/075108

10

15

20

25

30

Preferably the multilayer film has a thickness in the range of 20 to 300 pm, more preferably
in the range of 25 to 250 wm, still more preferably in the range of 30 to 200 pm, more
preferably in the range of 35 to 150 pm, like in the range of 35 to 100 pm.

Preferably the multilayer film is an unstretched film. The term "unstretched” shall indicated
that the multilayer film is not dimensionally stretched as this is the case for biaxially oriented
films. Accordingly it is preferred that the multilayer film according to this invention is not
biaxially stretched or uniaxially stretched. “Stretching” is a processing step which stretches
the film more than a film is stretched due to normal drawing effects caused by film making.
For instance, a film in a cast film line is drawn and thus slightly stretched in machine
direction. A similar effect occurs in a blown film line where the bubble is drawn. However
such drawing effects are not understood as stretching. Stretching is more than the drawing
occurring in the cast film line or blown film line. Accordingly, the inventive multilayer film
is non-stretched and thus the multilayer film according to this invention is a cast film or a
blown film, the latter being preferred. In case the multilayer film is produced on a blown
film line, the cooling of the multilayer film can be effected by water cooling or air cooling,

the latter being preferred.

The preparation of a multilayer cast or blown films is state of the art and not part of the
invention. For instance a multilayer blown film is obtained by a blown film coextrusion
process. In the blown film coextrusion process the melts of the polymer materials for the
core layer (CL), for the 1% sealing layer (SL1), for the outer layer (OL) and optionally for all
further layers are extruded through an annular die and blown into a tubular film by forming a
bubble which is collapsed between nip rollers after solidification. The blown coextrusion can
be preferably effected at a temperature in the range 160 to 240 °C, and cooled by water or
preferably by blowing gas (generally air) at a temperature of 10 to 50 °C to provide a frost
line height of 0.5 to 8 times the diameter of the die. The blow up ratio should generally be in
the range of from 1.5 to 4.0, such as from 2.0 to 4.0, preferably 2.5 to 3.5.

Optionally one or both, surface(s) of the multilayer blown film can be corona-or flame-
treated by one of the known methods. For the corona treatment, the film is passed between
two conductor elements serving as electrodes, with such a high voltage, usually an

alternating voltage (about 10000 V and 10000 Hz), being applied between the electrodes that
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spray or corona discharges can occur. Due to the spray or corona discharge, the air above the
film surface is ionized and reacts with the molecules of the film surface, causing formation
of polar inclusions in the essentially non-polar polymer matrix. The treatment intensities are

in the usual range, preferably from 38 to 48 dynes/cm after production.

Core layer (CL)

As defined above the multilayer film of this invention must comprise one core layer (CL).
The term “core layer (CL)” is understood herein as used in the technical field of packaging,
i.e. the term “core layer (CL)” indicates that this layer forms the middle part of the
multilayer film and contributes especially to the mechanical and optical properties. However,
in the present case the specific selection of the “core layer (CL)” additionally improves the
sealing behavior of the sealing layer(s). The term “core layer (CL)” further indicates that this
layer is typically the thickest layer in the multilayer film.

According it is preferred that the thickness of the core layer (CL) is preferably in the range of
5 to 250 um, more preferably in the range of 10 to 200 pm, yet more preferably in the range
of 10 to 100 um.

Further, although the phrase "core layer” is singular, it may refer to one or more layers, like
to 2 to 5 layers, i.e. 2, 3, 4, or 5 layers, that form the core layer (CL) of the multilayer film.
However, each of the layers forming together the “core layer” are chemically identical, i.e.
have been produced with the same material. Thus for this reason the core layer (CL) is
singular although in some embodiments the core layer (CL) may comprise several layers all

of them produced with the identical material, i.e. the material defined in more detail below.

The core layer (CL) comprises at least 90 wt.-%, based on the total weight of the core layer
(CL), of a 2™ base polymer composition (BC2). Preferably, the core layer (CL) contains the
27 base polymer composition (BC2) as the only polymer. Accordingly it is preferred that the
core layer (CL) comprises at least 90 wt.-%, more preferably at least 95 wt.-%, yet more
preferably at least 98 wt.-%, based on the total weight of the core layer (CL), of the 2™ base
polymer composition (BC2) and the remaining part up to 100 wt.-%, based on the total
weight of the core layer (CL), are additives (AD). Typical additives (AD) present in the core

layer (CL) are antioxidants, light stabilizers, acid scavengers, processing aids, anti-blocking
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aids, nucleating agents and slip agents. Such additives are known in the art, see for instance
Hans Zweifel at all “Plastics Additives Handbook”, 6™ edition, and do not contribute to the

invention.

The 1%t sealing layer (SL1)
As mentioned above the multilayer film of this invention must comprise one 1! sealing layer

(SL1).

The term “sealing layer” is understood herein as used in the technical field of packaging, i.e.
the term “sealing layer” indicates that said layer can be used for sealing purposes, i.e. on the

surface of this layer or part of this layer the sealing can take place.

Hence it is preferred that the 1% sealing layer (SL1) forms the outermost layer of the
multilayer film, forms one of the two surfaces of the multilayer film. Still more preferably
the 1%t sealing layer (SL1) is attached, i.e. joined, to the core layer (CL) of the multilayer
film. Yet more preferably the 15 sealing layer (SL1) forms one of the outermost layers of the

multilayer film and is attached to the core layer (CL) of the multilayer film.

Preferably, the 1% sealing layer (SL1) has a thickness which is substantially less than the
thickness of the core layer (CL) and substantially less than the thickness of the total
multilayer film. In one embodiment the thickness of the 1% sealing layer (SL) is substantially
less, usually less than 20%, of the thickness of the core layer (CL). Accordingly, it is
appreciated that the 15 sealing layer (SL1) has a thickness in the range of 0.5 to 40 pm, more
preferably in the range of 1.0 to 30 pm.

As mentioned above in a preferred embodiment the outer layer (OL) is a 2™ sealing layer
(SL2) (see further definition below). In such a case it is especially preferred that the 1
sealing layer (SL1) and the 2™ sealing layer (SL2) are chemically identical, i.c. have been

produced with the same material.

The thickness of the 1% sealing layer (SL1) and the 2™ sealing layer (SL1) must not
necessarily the same, however it is preferred that they have a similar thickness +/- 10%

variation.
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The 1¢ sealing layer (SL1) comprises at least 90 wt.-%, based on the total weight of the 1%
sealing layer (SL1), of a 1% base polymer composition (BC1). Preferably, the 1% sealing layer
(SL1) contains the 1% base polymer composition (BC1) as the only polymer. Accordingly it
is preferred that the 15 sealing layer (SL1) comprises at least 90 wt.-%, more preferably at
least 95 wt.-%, yet more preferably at least 98 wt.-%, based on the total weight of the 1+
sealing layer (SL1), of the 1% base polymer composition (BC1) and the remaining part up to
100 wt.-%, based on the total weight of the 1% sealing layer (SL1), are additives (AD).
Typical additives (AD) present in the 1% sealing layer (SL1) are antioxidants, light
stabilizers, acid scavengers, processing aids, anti-blocking aids, nucleating agents and slip
agents. Such additives are known in the art, see for instance Hans Zweifel at all “Plastics

Additives Handbook™, 6 edition, and do not contribute to the invention.

Concerning the definition the 1% base polymer composition (BC1) it is referred to the

information below.

In case the multilayer film comprises a 15 sealing layer (SL1) and a 2" sealing layer (SL2) it
is preferred that the base polymer compositions of both sealing layers (SL1) and (SL2) are
the same. In other words, it is preferred that the 1% base polymer composition (BC1) and the
3" base polymer composition (BC3A) are the same in case multilayer film comprises one 1%

sealing layer (SL1) and one 2" sealing layer (SL2).

The outer (OL)

As mentioned above the third mandatory layer is the outer layer (OL). The outer layer can
have any function in the multilayer film according to this invention. However it is preferred
that the outer layer is either a heat shield layer (HSL) or the 2 sealing layer (SL2), the latter

being preferred.

Preferably the outer layer (OL), e.g. the heat shield layer (HSL) or the 2"¢ sealing layer

(SL2), is an outermost layer.

Preferably the outer layer (OL), e.g. the heat shield layer (HSL) or the 2"¢ sealing layer
(SL2), has a thickness that is substantially less than the thickness of the core layer (CL) and

substantially less than the thickness of the total multilayer film. In one embodiment the
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thickness of the outer layer (OL), e.g. the heat shield layer (HSL) or the 2" sealing layer
(SL2), is substantially less, usually less than 20%, of the thickness of the core layer (CL).
Accordingly it is appreciated that the outer layer (OL), e.g. the heat shield layer (HSL) or the
2nd sealing layer (SL2), has a thickness in the range of 0.5 to 40 um, more preferably in the
range of 1.0 to 30 pm.

The outer layer (OL) comprises at least 90 wt.-%, based on the total weight of the outer layer
(OL), of a 3™ base polymer composition (BC3). Preferably, the outer layer (OL) contains the
3" base polymer composition (BC3) as the only polymer. Accordingly it is preferred that the
outer layer (OL) comprises at least 90 wt.-%, more preferably at least 95 wt.-%, yet more
preferably at least 98 wt.-%, based on the total weight of the outer layer (OL), of the 3™ base
polymer composition (BC3) and the remaining part up to 100 wt.-%, based on the total
weight of the outer layer (OL), are additives (AD). Typical additives (AD) present in the
outer layer (OL) are antioxidants, light stabilizers, acid scavengers, processing aids, anti-
blocking aids, nucleating agents and slip agents. Such additives are known in the art, see for
instance Hans Zweifel at all “Plastics Additives Handbook™, 6™ edition, and do not

contribute to the invention.

As mentioned above the outer layer (OL) is preferably a heat shield layer (HSL) or the 2
sealing layer (SL2), the latter being preferred. Accordingly, the information provided in the
previous paragraph is especially applicable in case the outer layer (OL) is either a heat shield

layer (HSL) or the 2™ sealing layer (SL2).

Regarding the definition of a sealing layer it referred to the information provided for the 1+

sealing layer (SL1).

The term “head shield layer” is understood as known in the art in this technical field, i.e. as a

layer which does not melt during heat sterilization.

In case the outer layer (OL) is a heat shield layer (HSL), the 3™ base polymer composition
(BC3) is preferably the 3™ base polymer composition (BC3B) and in case the outer layer
(OL) is the 2™ sealing layer (SL2), the 3™ base polymer composition (BC3) is preferably the
3" base polymer composition (BC3A) as defined in detail below.
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214 Base polymer composition (BC2)

As mentioned above the term ‘2™ base polymer composition (BC2)” indicates that said
composition contains just polymers, preferably just polyolefins, still more preferably just
propylene copolymers. One of the polymers must be the propylene 1-hexene copolymer
(PHC) as defined in more detail below. Accordingly it is preferred that 2°¢ base polymer
composition (BC2) comprises at least 90 wt.-%, more preferably at least 95 wt.-%, still more
preferably at least 98 wt.-%, based on the total weight of the 2™ base polymer composition
(BC2), of the propylene 1-hexene copolymer (PHC) and the remaining part up to 100 wt.-%,
based on the total weight of the 2"¢ base polymer composition (BC2), are polymers,
preferably polyolefins, more preferably propylene copolymers, other than the propylene 1-
hexene copolymer (PHC). It is especially preferred that the 27 base polymer composition
(BC2) consists of the propylene 1-hexene copolymer (PHC) as defined in detail below.

In case the 2™ base polymer composition (BC2) comprises in addition to the propylene 1-
hexene copolymer (PHC) other polymers the 2™ base polymer composition (BC2) is
obtained by typical (melt) blending as known in the art.

The propylene 1-hexene copolymer (PHC)

The propylene 1-hexene copolymer (PHC) according to this invention has a 1-hexene
content in the range of 4.5 to 8.0 wt.-%, more preferably in the range of 4.8 to 7.5 wt.-%, still
more preferably in the range of 5.0 to 7.2 wt.-%. Throughout the present invention, the
amount of 1-hexene for the propylene 1-hexene copolymer (PHC) is calculated based on the

total amount of the propylene 1-hexene copolymer (PHC).

The term “propylene 1-hexene copolymer” according to this invention indicates the
propylene 1-hexene copolymer contains only units derivable from propylene and 1-hexene.
The term “propylene 1-hexene copolymer” excludes also the option that a propylene
homopolymer can be present. In other words the term “propylene 1-hexene copolymer”

defines a polymer which contains solely propylene 1-hexene copolymer chains.

The propylene 1-hexene copolymer (PHC) according to this invention is featured by a rather
high xylene soluble fraction (XCS). Accordingly, the propylene 1-hexene copolymer (PHC)
has a xylene soluble fraction (XCS) determined at 25 °C according to ISO 16152 of more



WO 2020/064483 PCT/EP2019/075108

10

15

20

25

30

- 13-

than 10.0 wt.-%, preferably of more than 12.5 wt.-%, more preferably of more than 15.0 wt.-
%, yet more preferably of more than 18.0 wt.-%, still more preferably of more than 20.0 wt.-
%, still yet more preferably of more than 21.0 wt.-%. It is therefore especially preferred that
the propylene 1-hexene copolymer (PHC) has a xylene soluble fraction (XCS) determined at
25 °C according to 1SO 16152 in the range of more than 15.0 to 38.0 wt.-%, still more
preferably in the range of more than 18.0 to 35.0 wt.-%, yet more preferably in the range of
more than 20.0 to 32.0 wt.-%, still yet more preferably in the range of 21.0 to 30.0 wt.-%,
based on the total weight of the xylene soluble fraction (XCS) of the propylene 1-hexene
copolymer (PHC).

Further it is preferred that the xylene soluble fraction (XCS) of the propylene 1-hexene
copolymer (PHC) has a 1-hexene content in the range of 4.5 to 15.0 wt.-%, more preferably
5.0 to 12.0 wt.-%, yet more preferably 6.0 to 10.0 wt.-%, based on the total weight of the
xylene soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC).

Further it is preferred that the propylene 1-hexene copolymer (PHC) has a rather narrow
molecular weight distribution. Accordingly it is preferred that the propylene 1-hexene
copolymer (PHC) has a molecular weight distribution (Mw/Mn) characterized by a ratio
between weight average and number average molecular weight, of not more than 4.5, more
preferably not more than 4.3, yet more preferably in the range of 2.5 to 4.5, still more

preferably in the range of 3.0 to 4.3, still yet more preferably in the range of 3.2 to 4.0.

Furthermore, it is preferred that the propylene 1-hexene copolymer (PHC) has a melt flow
rate MFR, (230 °C, 2.16 kg) measured according to ISO 1133 in the range of 0.3 to 15.0
¢/10min, more preferably in the range of 0.5 to 8.0 g/10min, still more preferably in the
range of 1.0 to 5.0 g/10min.

Preferably the propylene 1-hexene copolymer (PHC) has been produced by a metallocene
catalyst. Typical polypropylenes produced by a metallocene catalyst are featured by a rather
high number of head to head insertions, leading to so called 2,1 erythro defects. Accordingly
it is preferred that the propylene 1-hexene copolymer (PHC) has 2,1 erythro regio defects of
at least 0.30 mol.-%, more preferably of at least 0.40 mol.-%, still more preferably in the
range of 0.30 to 0.60 mol.-%, yet more preferably in the range of 0.35 to 0.58 mol.-%, still
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more preferably in the range of 0.40 to 0.55 mol.-%, like in the range of 0.42 to 0.53 mol.-%.
The amount of 2,1 erythro regio defects is calculated based on the total propylene 1-hexene

copolymer (PHC).

The melting temperature (T,,) of the propylene 1-hexene copolymer (PHC) is preferably at
least 130 °C, more preferably of at least 133 °C. Thus, it is in particular appreciated that the
melting temperature (Ty,) of the propylene 1-hexene copolymer (PHC) is in the range of 130
to 145 °C, more preferably in the range of 133 to 140 °C.

The propylene 1-hexene copolymer (PHC) is further defined by its polymer fractions

present.

Accordingly, the propylene 1-hexene copolymer (PHC) comprises at least two fractions,
namely a 1% propylene 1-hexene copolymer (PHC-1) and a 2™ propylene 1-hexene
copolymer (PHC-2). Preferably that the total amount of the propylene 1-hexene copolymers
(PHC-1) and (PHC-2) together is at least 90 wt.-%, more preferably at least 95 wt.-%, yet
more preferably at least 98 wt.-%, based on the total weight of the propylene 1-hexene
copolymer (PHC). In a specific embodiment the propylene 1-hexene copolymer (PHC)
consists of the 1t propylene 1-hexene copolymer (PHC-1) and the 2" propylene 1-hexene
copolymer (PHC-2).

In addition it is preferred that the weight ratio [(PHC-1)/(PHC-2)] between the propylene 1-
hexene copolymers (PHC-1) and (PHC-2) is in the range of 20/80 to 80/20, more preferably
in the range of 25/75 to 60/40, yet more preferably in the range of 30/70 to 50/50.

Further the 1% propylene 1-hexene copolymer (PHC-1) is the 1-hexene lean fraction whereas
the 2™ propylene 1-hexene copolymer (PHC-2) is the 1-hexene rich fraction.

Accordingly it is preferred that the 1% propylene 1-hexene copolymer (PHC-1) has a 1-
hexene content in the range of 0.5 to 3.9 wt.-%, more preferably in the range of 0.8 to 3.0
wt.-%, yet more preferably in the range of 1.0 to 2.5 wt.-%. Throughout the present
invention, the amount of 1-hexene for the 1% propylene 1-hexene copolymer (PHC-1) is

calculated based on the total weight of the 15t propylene 1-hexene copolymer (PHC-1).
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Therefore it is especially preferred that the propylene 1-hexene copolymer (PHC) fulfills the
mequation (1), still more preferably the inequation (Ia), yet more preferably the inequation

(Ib), still yet more preferably the inequation (Ic),

€6 (PHC)
[PHC-1] =5.00 D
[PHC]
C6 (PHC)
5 500 < ey < 9-00 (Ta);
€6 (PHC - 1) =

€6 (PHC - 1) *

[PHC]
€6 (PHC)
6.00 < iy < 8.50 (Ib);
€6 (PHC - 1) *

[PHC]
C6 (PHC)
6.50 < ey = 8.20 (Ic);
€6 (PHC - 1) =

[PHC]
wherein
,»C6 (PHC-1)“1is the 1-hexene content of the 1% propylene 1-hexene copolymer (PHC-1)

10 based on the total weight of the 15 propylene 1-hexene copolymer (PHC-1) [in wt.-%)];
,C6 (PHC)* is the 1-hexene content of the propylene 1-hexene copolymer (PHC) based on
the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];
“[PHC-1]/[PHC]” is the weight ratio between the 1% propylene 1-hexene copolymer (PHC-1)
and the propylene 1-hexene copolymer (PHC) [in g/g].

15
Additionally or alternatively, it is preferred that the propylene 1-hexene copolymer (PHC)
fulfills the inequation (II), still more preferably the inequation (Ila), yet more preferably the
mequation (1Ib), still yet more preferably the inequation (Ilc),
[PHC - 2]
€6 (PHC - 2) *
C6 (PHC) > 0.65 In)
[PHC - 2]
C6 (PHC -2) pHC
20 0.65 < 26 (PHO) <1.00 (ITa);
[PHC - 2]
C6 (PHC -2) “PHC
0.70 < 6 (PHO) <0.95 (ITb);
[PHC - 2]
€6 (PHC ~2) * ~pprz
0.75 < 6 (PHC) <0.92 (Ie);

wherein

,»C6 (PHC-2)“ is the 1-hexene content of the 2™ propylene 1-hexene copolymer (PHC-2)
25  based on the total weight of the 2"¢ propylene 1-hexene copolymer (PHC-2) [in wt.-%];

,»C6 (PHC)* is the 1-hexene content of the propylene 1-hexene copolymer (PHC) based on

the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];

“[PHC-2]/[PHC]” is the weight ratio between the 2™ propylene 1-hexene copolymer (PHC-

2) and the propylene 1-hexene copolymer (PHC) [in g/g].
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As mentioned above it is preferred that the 2 propylene 1-hexene copolymer (PHC-B) is
thel-hexene rich fraction. Accordingly it is preferred that the 2" propylene 1-hexene
copolymer (PHC-B) has an 1-hexene content in the range of 6.0 to 20.0 wt.-%, more
preferably in the range of 6.0 to 15.0 wt.-%, yet more preferably in the range of 6.0 to 12.0
wt.-%, still more more preferably in the range of 6.5 to 11.5 wt.-%, still yet more preferably
in the range of 6.9 to 11.0 wt.-%, most preferably preferably in the range of 7.3 to 10.0 wt.-
%. Throughout the present invention, the amount of 1-hexene for the 2*¢ propylene 1-hexene
copolymer (PHC-B) is calculated based on the total weight of the 2" propylene 1-hexene
copolymer (PHC-B).

Further it is appreciated that the 1% propylene 1-hexene copolymer (PHC-1) has a melt flow
rate MFR, of at least 0.5 g/10min, more preferably in the range of 0.5 to 20.0 g/10min, still
more preferably in the range of 0.5 to 10.0 g/10min, yet more preferably in the range of 0.5
to 5.0 g/10min, still yet more preferably in the range of 0.8 to 4.0 g/10min.

Thus in a specific embodiment of the present invention the propylene 1-hexene copolymer
(PHC) comprises a 1% propylene 1-hexene copolymer (PHC-1) and a 2™ propylene 1-hexene
copolymer (PHC-2), wherein
(a) said propylene 1-hexene copolymer (PHC) has
(al) an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total
weight of the propylene 1-hexene copolymer (PHC);

(a2) a xylene soluble fraction (XCS) determined at 25 °C according to ISO
16152 of more than 18.0 wt.-%; and

(a3) optionally a melting temperature of at least 130 °C, preferably in the range
of 133 to 140 °C;

wherein further

(b) said 1% propylene 1-hexene copolymer (PHC-1) has an 1-hexene content in the range
of 0.5 to 3.9 wt.-% based on the total weight of the 1% propylene 1-hexene
copolymer (PHC-1);

(©) said 2"¢ propylene 1-hexene copolymer (PHC-2) has preferably an 1-hexene content
in the range of 6.9 to 12.0 wt.-% based on the total weight of the 27 propylene 1-
hexene copolymer (PHC-2);
wherein further
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the amount of the 1%t propylene 1-hexene copolymer (PHC-1) and of the 274
propylene 1-hexene copolymer (PHC-2) together is at least 95 wt.-%, based on the
total weight of the propylene 1-hexene copolymer (PHC); and

wherein the weight ratio [(PHC-1)/(PHC-2)] between the 15t propylene 1-hexene
copolymer (PHC-1) and the 2"¢ propylene 1-hexene copolymer (PHC-2) is in the
range of 30/70 to 50/50.

In another specific embodiment of the present invention the propylene 1-hexene copolymer

(PHC) comprises a 1% propylene 1-hexene copolymer (PHC-1) and a 2™ propylene 1-hexene

copolymer (PHC-2), wherein

(b)

said propylene 1-hexene copolymer (PHC) has

(al) an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total
weight of the propylene 1-hexene copolymer (PHC);

(a2) a xylene soluble fraction (XCS) determined at 25 °C according to ISO
16152 of more than 18.0 wt.-%; and

(a3) optionally a melting temperature of at least 130 °C, preferably in the range
of 133 to 140 °C;

wherein further

(b)

(©)

(d)

(e)

said 1% propylene 1-hexene copolymer (PHC-1) has an 1-hexene content in the range
of 0.5 to 3.9 wt.-% based on the total weight of the 1% propylene 1-hexene
copolymer (PHC-1);

said 2"¢ propylene 1-hexene copolymer (PHC-2) has preferably an 1-hexene content
in the range of 6.9 to 12.0 wt.-% based on the total weight of the 27¢ propylene 1-
hexene copolymer (PHC-2);

wherein further

the amount of the 1%t propylene 1-hexene copolymer (PHC-1) and of the 274
propylene 1-hexene copolymer (PHC-2) together is at least 95 wt.-%, based on the
total weight of the propylene 1-hexene copolymer (PHC);

wherein the weight ratio [(PHC-1)/(PHC-2)] between the 15 propylene 1-hexene
copolymer (PHC-1) and the 2 propylene 1-hexene copolymer (PHC-2) is in the
range of 30/70 to 50/50; and
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the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC) has
an 1-hexene content in the range of 5.0 to 12.0 wt.-%, based on the total weight of
the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC).

In a more specific embodiment of the present invention the propylene 1-hexene copolymer

(PHC) comprises a 15t propylene 1-hexene copolymer (PHC-1) and a 2™ propylene 1-hexene

copolymer (PHC-2), wherein

(©)

said propylene 1-hexene copolymer (PHC) has

(al)  an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total
weight of the propylene 1-hexene copolymer (PHC);

(a2)  axylene soluble fraction (XCS) determined at 25 °C according to ISO 16152
of more than 18.0 wt.-%; and

(a3)  optionally a melting temperature of at least 130 °C, preferably in the range
of 133 to 140 °C;

wherein further

(b)

(©)

said 1% propylene 1-hexene copolymer (PHC-1) has an 1-hexene content in the range
of 0.5 to 3.9 wt.-% based on the total weight of the 1% propylene 1-hexene
copolymer (PHC-1);

said 2"¢ propylene 1-hexene copolymer (PHC-2) has preferably an 1-hexene content
in the range of 6.9 to 12.0 wt.-% based on the total weight of the 2*¢ propylene 1-
hexene copolymer (PHC-2);

wherein still further

(d)

(e)

&)

the amount of the 1% propylene 1-hexene copolymer (PHC-1) and of the 2
propylene 1-hexene copolymer (PHC-2) together is at least 95 wt.-%, based on the
total weight of the propylene 1-hexene copolymer (PHC);

the weight ratio [(PHC-1)/(PHC-2)] between the 15t propylene 1-hexene copolymer
(PHC-1) and the 2™ propylene 1-hexene copolymer (PHC-2) is in the range of 30/70
to 50/50; and

optionally the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer
(PHC) has an 1-hexene content in the range of 5.0 to 12.0 wt.-%, based on the total
weight of the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer
(PHC);

wherein still yet further the propylene 1-hexene copolymer (PHC) fulfills
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(2 the inequation (I), preferably the inequation (Ia), more preferably the inequation (Ib),

still more preferably the inequation (Ic),

€6 (PHC)
[PHC-1] =5.00 @;
[PHC]
€6 (PHC)
500 < pac-y = 9.00 (la);
€6 (PHC - 1) =

€6 (PHC - 1) *

[PHC]
€6 (PHC)
5 6.00< iy < 8.50 (Ib);
€6 (PHC - 1) *

[PHC]
C6 (PHC)
6.80 < ey = 8.00 (Ic);
€6 (PHC - 1) =

T[PHC]
wherein
,»C6 (PHC-1)“ is the 1-hexene content of the 1* propylene 1-hexene copolymer
(PHC-1) based on the total weight of the 1*! propylene 1-hexene copolymer (PHC-1)

10 [in wt.-%];
,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer (PHC)
based on the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];
“[PHC-1]/[PHC]” is the weight ratio between the 15! propylene 1-hexene copolymer
(PHC-1) and the propylene 1-hexene copolymer (PHC) [in g/g];

15 and

(h) optionally fulfills the inequation (II), preferably the inequation (IIa), more preferably

the inequation (IIb), still more preferably the inequation (Ilc),

[PHC - 2]
€6 (PHC - 2) = “PHC
RO 2065 (1D
[PHC - 2]
C6 (PHC -2) pHc
0.65 S e <100 (Ila);
[PHC - 2]
C6 (PHC -2) = [PHC]
20 0.70 S —— - <095 (IIb);
[PHC - 2]
C6 (PHC -2) pHc
0.75 < €6 (PHO) <0.90 (ITe);

wherein

,»C6 (PHC-2)* is the 1-hexene content of the 2"¢ propylene 1-hexene copolymer

(PHC-2) based on the total weight of the 2"¢ propylene 1-hexene copolymer (PHC-2)
25 [in wt.-%];

,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer (PHC)

based on the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];

“[PHC-2]/[PHC]” is the weight ratio between the 2™ propylene 1-hexene copolymer

(PHC-2) and the propylene 1-hexene copolymer (PHC) [in g/g].
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In a more specific embodiment of the present invention the propylene 1-hexene copolymer

(PHC) comprises a 15t propylene 1-hexene copolymer (PHC-1) and a 2™ propylene 1-hexene

copolymer (PHC-2), wherein

(2)

said propylene 1-hexene copolymer (PHC) has

(al)  an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total
weight of the propylene 1-hexene copolymer (PHC);

(a2)  axylene soluble fraction (XCS) determined at 25 °C according to ISO 16152
of more than 18.0 wt.-%;

(a3)  amolecular weight distribution (Mw/Mn) of not more than 4.5; preferably in
the range of 3.0 to 4.3;

(ad4)  optionally 2,1 erythro regio defects of at least 0.42 % determined by *C
NMR spectroscopy; and

(a5)  optionally a melting temperature of at least 130 °C, preferably in the range
of 133 to 142 °C, like in the range of 133 to 140 °C,

wherein further

(b)

(©)

said 1% propylene 1-hexene copolymer (PHC-1) has an 1-hexene content in the range
of 0.5 to 3.9 wt.-% based on the total weight of the 1% propylene 1-hexene
copolymer (PHC-1);

said 2"¢ propylene 1-hexene copolymer (PHC-2) has preferably an 1-hexene content
in the range of 6.9 to 12.0 wt.-% based on the total weight of the 2*¢ propylene 1-
hexene copolymer (PHC-2);

wherein still further

(d)

(e)

&)

the amount of the 1% propylene 1-hexene copolymer (PHC-1) and of the 2
propylene 1-hexene copolymer (PHC-2) together is at least 95 wt.-%, based on the
total weight of the propylene 1-hexene copolymer (PHC);

the weight ratio [(PHC-1)/(PHC-2)] between the 1t propylene 1-hexene copolymer
(PHC-1) and the 2™ propylene 1-hexene copolymer (PHC-2) is in the range of 30/70
to 50/50; and

optionally the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer
(PHC) has an 1-hexene content in the range of 5.0 to 12.0 wt.-%, based on the total
weight of the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer
(PHC);

wherein still yet further
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the propylene 1-hexene copolymer (PHC) fulfills
(2 the inequation (I), preferably the inequation (Ia), more preferably the inequation (Ib),

still more preferably the inequation (Ic),

€6 (PHC)
prc-1] = 5.00 D;
[PHC]
€6 (PHC)
5 500 < ey < 9-00 (Ta);
€6 (PHC - 1) =

€6 (PHC - 1) *

[PHC]
€6 (PHC)
6.00< iy < 8.50 (Ib);
€6 (PHC - 1) *

[PHC]
C6 (PHC)
6.80 < ey = 8.00 (Ic);
€6 (PHC - 1) =

[PHC]
wherein

,»C6 (PHC-1)“ is the 1-hexene content of the 1* propylene 1-hexene copolymer
10 (PHC-1) based on the total weight of the 1*! propylene 1-hexene copolymer (PHC-1)
[in wt.-%];
,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer (PHC)
based on the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];
“[PHC-1]/[PHC]” is the weight ratio between the 15! propylene 1-hexene copolymer
15 (PHC-1) and the propylene 1-hexene copolymer (PHC) [in g/g];
and
(h) optionally fulfills the inequation (II), preferably the inequation (IIa), more preferably
the inequation (IIb), still more preferably the inequation (Ilc),

[PHC - 2]
€6 (PHC - 2) = PHC
e 2065 (M)
C6 (PHC -2) = [PHC]
20 0.65 S oo <100 (Ila);
[PHC - 2]
C6 (PHC - 2) * PHC
0.70 S —— e - <095 (Ilb);
[PHC - 2]
C6 (PHC -2) NGE
0.75 < €6 (PHO) <0.90 (ITe);
wherein

,»C6 (PHC-2)* is the 1-hexene content of the 2™ propylene 1-hexene copolymer

25 (PHC-2) based on the total weight of the 2"¢ propylene 1-hexene copolymer (PHC-2)
[in wt.-%];
,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer (PHC)
based on the total weight of the propylene 1-hexene copolymer (PHC) [in wt.-%];
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“[PHC-2]/[PHC]” is the weight ratio between the 2™ propylene 1-hexene copolymer
(PHC-2) and the propylene 1-hexene copolymer (PHC) [in g/g].

The propylene 1-hexene copolymer (PHC) is in particular obtainable, preferably obtained, by

a process as defined in detail below.

It is preferred that the propylene 1-hexene copolymer (PHC) is obtained in the presence of a
metallocene catalyst, especially in the presence of a metallocene catalyst as defined in detail

below.

Still more preferably the propylene 1-hexene copolymer (PHC) is obtained by a sequential
polymerization process, especially by a sequential polymerization process as defined below,
thereby using a metallocene catalyst, especially a metallocene catalyst as defined in detail

below.

In case the propylene 1-hexene copolymer (PHC) comprises the propylene 1-hexene
copolymers (PHC-A) and (PHC-B) said propylene 1-hexene copolymer (PHC) is obtained
by blending the at least two propylene 1-hexene copolymers (PHC-1) and (PHC-1) or by
sequential polymerization of the at least two propylene 1-hexene copolymers (PHC-1) and
(PHC-1) as described in detail below.

It is especially preferred that the propylene 1-hexene copolymer (PHC) and thus the at least
two propylene 1-hexene copolymers (PHC-1) and (PHC-1) are produced in the presence of a
metallocene catalyst, especially in the presence of a metallocene catalyst with a metallocene
complex (procatalyst) as defined in WO 2015/011135 Al. Accordingly preferred
metallocene complexes (procatalysts) are

rac-dimethylsilanediylbis [2-methyl-4-(4-tert-butylphenyl)- 1,5,6,7-tetrahydro-s-indacen-1-
yl] zirconium dichloride;

rac-dimethylsilanediylbis (2-methyl-4-phenyl-5-methoxy-6-tert-butylinden- 1-yl) zirconium
dichloride;

rac-anti-Me,Si(2-Me-4-Ph-6-1Bu-Ind)(2-Me-4-Ph-5-OMe-6-Bu-Ind)ZrCl,;
rac-anti-Me,Si(2-Me-4-(p-tBuPh)-Ind)(2-Me-4-Ph-5-OMe-6-1Bu-Ind) ZrCly;
rac-anti-Me,Si(2-Me-4-(3,5-di-fBuPh)-6-/Bu-Ind)(2-Me-4-Ph-5-OMe-6-tBu-Ind)ZrCl,;
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rac-anti-Me,Si(2-Me-4-(p-fBuPh)-Ind)(2-Me-4-Ph-5-OCgF;)-6-1Pr-Ind)ZrCl,;
rac-anti-Me(CyHex)Si(2-Me-4-Ph-6-1Bu-Ind)(2-Me-4-Ph-5-OMe-6-1Bu-Ind)ZrCl,;
rac-anti-Me,Si(2-Me-4-(3,5-di-fBuPh)-7-Me-Ind)(2-Me-4-Ph-5-OMe-6-1Bu-Ind)ZrCl,;
rac-anti-Me,Si(2-Me-4-(3,5-di-fBuPh)-7-OMe-Ind)(2-Me-4-Ph-5-OMe-6-1Bu-Ind) ZrCl,;
rac-anti-Me,Si(2-Me-4-(p-fBuPh)-6-/Bu-Ind)(2-Me-4-Ph-5-OMe-6-1Bu-Ind)ZrCl,;
rac-anti-Me,Si(2-Me-4-(p-fBuPh)-Ind)(2-Me-4-(4-fBuPh)-5-OMe-6-1Bu-Ind) ZrCl,;
rac-anti-Me,Si(2-Mc-4-(p-fBuPh)-Ind)(2-Me-4-(3,5-1Bu2Ph)-5-OMe-6-1Bu-Ind)ZrCl;
rac-anti-Me,Si(2-Me-4-(p-tBuPh)-Ind)(2-Me-4-Ph-5-0iBu-6-tBu-Ind)ZrCl,.

The most preferred metallocene complex (procatalyst) is rac-anti-dimethylsilandiyl(2-
methyl-4-phenyl-5-methoxy-6-tert-butyl-indenyl)(2-methyl-4-(4-tert-
butylphenyl)indenyl)zirconium dichloride.

Beside the metallocene complex (procatalyst), the metallocene catalyst comprises
additionally a cocatalyst as defined in WO 2015/011135 A1. Accordingly the preferred

cocatalyst is methylaluminoxane (MAO).

It is especially preferred that the metallocene catalyst is unsupported, i.e. no external carrier
is used. Regarding the preparation of such a metallocene complex again reference is made to

WO 2015/011135 Al.

It is in particular preferred that a catalyst is used as described in the example section.

In case the sequential polymerization is applied, the following polymerization conditions are
preferred. The term “sequential polymerization process’ indicates that the propylene 1-
hexene copolymer (PHC) is produced in at least two reactors connected in series. More
precisely the “term sequential polymerization process™ indicates in the present application
that the polymer of the first reactor (R-1) is directly conveyed with unreacted comonomers to
the second reactor (R-2). Accordingly decisive aspect of the present process is the
preparation of the propylene 1-hexene copolymer (PHC) in two different reactors, wherein
the reaction material of the first reactor (R-1) is directly conveyed to the second reactor (R-
2). Thus the present process comprises at least a first reactor (R-1) and a second reactor (R-

2). In one specific embodiment the instant process consists of two the polymerization
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reactors (R-1) and (R-2). The term “polymerization reactor” shall indicate that the main
polymerization takes place. Thus in case the process consists of two polymerization reactors,
this definition does not exclude the option that the overall process comprises for instance a
pre-polymerization step in a pre-polymerization reactor. The term “consists of” is only a

closing formulation in view of the main polymerization reactors.

Preferably, in the first reactor (R-1) the 1% propylene 1-hexene copolymer (PHC-1) and in
the second reactor (R-2) the 2" propylene 1-hexene copolymer (PHC-2) is produced.

The first reactor (R-1) is preferably a slurry reactor (SR) and can be can be any continuous or
simple stirred batch tank reactor or loop reactor operating in bulk or slurry. Bulk means a
polymerization in a reaction medium that comprises of at least 60 % (wt/wt), preferably
100% monomer. According to the present invention the slurry reactor (SR) is preferably a

(bulk) loop reactor (LR).

The second reactor (R-2) and any subsequent reactor are preferably gas phase reactors

(GPR). Such gas phase reactors (GPR) can be any mechanically mixed or fluid bed reactors.
Preferably the gas phase reactor s (GPR) comprise a mechanically agitated fluid bed reactor
with gas velocities of at least 0.2 m/sec. Thus it is appreciated that the gas phase reactor is a

fluidized bed type reactor preferably with a mechanical stirrer.

The condition (temperature, pressure, reaction time, monomer feed) in each reactor is
dependent on the desired product which is in the knowledge of a person skilled in the art. As
already indicated above, the first reactor (R-1) is preferably a slurry reactor (SR), like a loop
reactor (LR), whereas the second reactor (R-2) is preferably a gas phase reactor (GPR-1).

The subsequent reactors — if present — are also preferably gas phase reactors (GPR).

A preferred multistage process is a “loop-gas phase”-process, such as developed by Borealis
A/S, Denmark (known as BORSTAR® technology) described e.g. in patent literature, such
as in EP 0 887 379 or in WO 92/12182.
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Multimodal polymers can be produced according to several processes which are described,
e.g. in WO 92/12182, EP 0 887 379, and WO 98/58976. The contents of these documents are

included herein by reference.

Preferably, in the instant process for producing the propylene 1-hexene copolymer (PHC) as
defined above the conditions for the first reactor (R-1), i.e. the slurry reactor (SR), like a
loop reactor (LR), where preferably the 1% propylene 1-hexene copolymer (PHC-A) is
produced if present, may be as follows:
- the temperature is within the range of 40 °C to 110 °C, preferably between 60 °C and
100 °C, 70 to 90 °C;
- the pressure is within the range of 20 bar to 80 bar, preferably between 40 bar to
70 bar;
- hydrogen can be added for controlling the molar mass in a manner known per se;
- the 1-hexene / propylene ratio is preferably in the range of 4.0 to 12.0 mol/kmol,
more preferably in the range of 5.0 to 10.0 mol/kmol.

Subsequently, the reaction mixture of the first reactor (R-1) is transferred to the second

reactor (R-2), i.e. gas phase reactor (GPR-1), where preferably the 2" propylene 1-hexene

copolymer (PHC-B) is produced if present. The conditions in the second reactor (R-2) are

preferably as follows:

- the temperature is within the range of 50 °C to 130 °C, preferably between 60 °C and
100 °C,

- the pressure is within the range of 5 bar to 50 bar, preferably between 15 bar to
40 bar,

- hydrogen can be added for controlling the molar mass in a manner known per se.

- the 1-hexene / propylene ratio is preferably in the range of 5.0 to 16.0 mol/kmol,
more preferably in the range of 6.0 to 12.0 mol/kmol.

The residence time can vary in both reactor zones.

In one embodiment of the process for producing propylene copolymer composition (P) the

residence time in bulk reactor, e.g. loop is in the range 0.2 to 4 hours, e.g. 0.3 to 1.5 hours
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and the residence time in gas phase reactor will generally be 0.2 to 6.0 hours, like 0.5 to 4.0

hours.

If desired, the polymerization may be effected in a known manner under supercritical
conditions in the first reactor (R-1), i.e. in the slurry reactor (SR), like in the loop reactor

(LR), and/or as a condensed mode in the gas phase reactor (GPR-1).

The conditions in the other gas phase reactors (GPR), if present, are similar to the second

reactor (R-2).

The present process may also encompass a pre-polymerization prior to the polymerization in
the first reactor (R-1). The pre-polymerization can be conducted in the first reactor (R-1),
however it is preferred that the pre-polymerization takes place in a separate reactor, so called

pre-polymerization reactor.

1%t Base polymer composition (BC1)

As mentioned above the term “1* base polymer composition (BC1)” indicates that said
composition contains just polymers, preferably just polyolefins, still more preferably just
polyethylenes. One of the polymers must be the 1% linear low density polyethylene
(LLDPET1) as defined in more detail below. Accordingly, it is preferred that 15! base polymer
composition (BC1) comprises at least 70 wt.-%, more preferably at least 75 wt.-%, still more
preferably at least 80 wt.-%, based on the total weight of the 1%t base polymer composition
(BC1), of the 1%t linear low density polyethylene (LLDPE1) and the remaining part up to 100
wt.-%, based on the total weight of the 15 base polymer composition (BC1), are polymers,
preferably polyolefins, more preferably polyethylenes, like the 1%t low density polyethylene
(LDPE1) as defined in detail below.

Accordingly, in one preferred embodiment the 15 base polymer composition (BC1) consists
of the 1%t linear low density polyethylene (LLDPE1). In another specific preferred
embodiment the 15! base polymer composition (BC1) consists of the 1! linear low density
polyethylene (LLDPE1) and the 1% low density polyethylene (LDPE1). In such a case it is
preferred that the 1% base polymer composition (BC1) consists of
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(a) 70 to 98 wt.-%, preferably 75 to 95 wt.-%, still more preferably 80 to 92 wt.-%,
based on the total weight of the 1% base polymer composition (BC1), of the 1*! linear low
density polyethylene (LLDPE1),

and

(b) 2 to 30 wt.-%, preferably 5 to 25 wt.-%, still more preferably 8 to 20 wt.-%, based on
the total weight of the 1% base polymer composition (BC1), of the 1 low density
polyethylene (LDPEL).

The 1% linear low density polyethylene (LLDPE1) has a density in the range of 0.890 to
0.925 g/cm?, more preferably in the range of 0.900 to 0.925 g/cm?, yet more preferably in the
range of 0.910 to 0.923 g/cm’, still more preferably has a density in the range of 0.915 to
0.922 g/cm?.

The 1% linear low density polyethylene (LLDPE1) contains at least one comonomer,
preferably only one or two comonomer(s), the latter being especially preferred. That
comonomeir(s) is/are preferably (a) C; to Cig a-olefin comonomer(s). Therefore the use of
copolymers with just one comonomer or terpolymers, i.e. copolymers of ethylene with two
further comonomers, is particularly preferred. Said terpolymer is one specific preferred 1%
linear low density polyethylene (LLDPE1). Hence, the 1% linear low density polyethylene
(LLDPEL1) contains preferably just one or two type(s) of C; to Ci a-olefin comonomer(s).
Still more preferably, the comonomer(s) is/are selected from the group consisting of 1-
butene, 1-hexene, 1-octene and mixtures thereof. In one preferred embodiment the
comonomer employed is 1-octene. In another preferred embodiment the 1 linear low
density polyethylene (LLDPE1) is a terpolymer consisting of ethylene, 1-butene and 1-

hexene.

The amount of a-olefin comonomer(s) present in the 1*! linear low density polyethylene
(LLDPE1) can range from 1.0 to 10.0 mol.-%, such as 1.5 to 5.0 mol.-%, like 2.0 to 4.0
mol.-%. In case the 1% linear low density polyethylene (LLDPE1) is a terpolymer consisting
of ethylene, 1-butene and 1-hexene it is preferred that the 1-butene content is in the 0.1 to 1.0

mol.-% and the 1-hexene content in the range of 2.0 to 3.5 mol.-%.
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Further it is preferred that the 1% linear low density polyethylene (LLDPE1) has a melt flow
rate MFR, (190 °C, 2.16 kg) in the range of 0.5 to 8.0 g/10min, more preferably in the range
of 0.8 to 4.0 g/10min, like in the range of 1.0 to 2.5 g/10 min.

The 1%t linear low density polyethylene (LLDPE1) is known in the art and not subject of the
mvention. Reference is made in this regard especially to EP 3 257 895 Al, e.g. example [E1
of EP 3 257 895 Al.

In case a low density polyethylene is part of the 15! base polymer composition (BC1) it is
preferably the 1%t low density polyethylene (LDPE1) coming from a high-pressure
polymerization process and having a density in the range of 0.910 to 0.940 g/cm?, more
preferably in the range of 0.915 to 0.935 g/cm?, still more preferably in the range of 0.918 to
0.930 g/cm?.

Further it is preferred that the 1% low density polyethylene (LDPE1) has a melt flow rate
MFR, (190 °C, 2.16 kg) in the range of 0.05 to 2.0 g/10min, more preferably in the range of
0.10 to 1.8 g/10min, like in the range of 0.15 to 1.5 g/10 min.

The 1% low density polyethylene (LDPE1) is known in the art and not subject of the
invention. Accordingly, one example of such low density polyethylene (LDPE1) is the
commercial product FT5230 of Borealis AG.

In case the 15 base polymer composition (BC1) comprises in addition to the 1% linear low
density polyethylene (LLDPE1) other polymers, like the 15t low density polyethylene
(LDPE1), the 1* base polymer composition (BC1) is obtained by typical (melt) blending as
known in the art.

3rd Base polymer composition (BC3)

As mentioned above outer layer (OL) must contain a 3™ base polymer composition (BC3)
which contains at least 90 wt.-%, based on the total weight of the 3™ base polymer
composition (BC3), of a polyolefin. Further, like for the 15t and 2" base polymer
compositions (BC1) and (BC2), the term “3™ base polymer composition (BC3)” indicates

that said composition contains just polymers, preferably just polyolefins.
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In preferred embodiments the outer layer (OL) is either a heat shield layer (HSL) or a 2"
sealing layer (SL2), the latter being preferred.

In case the outer layer (OL) is a heat shield layer (HSL), said heat shield layer (HSL) is
based on a 3" base polymer composition (BC3B). Preferably said 3™ base polymer
composition (BC3B) comprises at least 90 wt.-%, still more preferably at least 95 wt.-%, yet
more preferably at least 98 wt.-%, based on the total weight of the 3™ base polymer
composition (BC3B), of a polypropylene being

(a) a propylene homopolymer (H-PP) having a melting temperature of at least 158 °C;
or

(b) a propylene copolymer (R-PP) having

(1) a melting temperature of at least 150 °C and
(i1) a comonomer content, preferably ethylene content, of not more than
3.5 wt.-%.

Preferably the polypropylene is a propylene homopolymer (H-PP).

Further it is preferred that the propylene homopolymer (H-PP) or propylene copolymer (R-
PP) has a melt flow rate MFR, (230 °C, 2.16 kg) in the range of 0.5 to 20.0 g/10min, more
preferably in the range of 0.5 to 10.0 g/10min.

In case the outer layer (OL) is a 27 sealing layer (SL2), said 2" sealing layer (SL2) is based
on a 3 base polymer composition (BC3A).

The term “3™ base polymer composition (BC3A)” indicates that said composition contains
just polymers, preferably just polyolefins, still more preferably just polyethylenes. One of the
polymers must be the 2™ linear low density polyethylene (LLDPE2) as defined in more
detail below. Accordingly it is preferred that 3™ base polymer composition (BC3A)
comprises at least 70 wt.-%, more preferably at least 75 wt.-%, still more preferably at least
80 wt.-%, based on the total weight of the 3™ base polymer composition (BC3A), of the 2
linear low density polyethylene (LLDPE?2) and the remaining part up to 100 wt.-%, based on
the total weight of the 3™ base polymer composition (BC3A), are polymers, preferably
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polyolefins, more preferably polyethylenes, like the 2°¢ low density polyethylene (LDPE2)

as defined in detail below.

Accordingly in one preferred embodiment the 3™ base polymer composition (BC3A) consists
of the 2 linear low density polyethylene (LLDPE2). In another specific preferred
embodiment the 3™ base polymer composition (BC3A) consists of the 2™ linear low density
polyethylene (LLDPE2) and the 2"¢ low density polyethylene (LDPE2). In such a case it is
preferred that the 3™ base polymer composition (BC3A) consists of

(a) 70 to 98 wt.-%, preferably 75 to 95 wt.-%, still more preferably 80 to 92 wt.-%,
based on the total weight of the 3™ base polymer composition (BC3A), of the 2™ linear low
density polyethylene (LLDPE2),

and

(b) 2 to 30 wt.-%, preferably 5 to 25 wt.-%, still more preferably 8 to 20 wt.-%, based on
the total weight of the 3™ base polymer composition (BC3A), of the 2™ low density
polyethylene (LDPE2).

The 27 linear low density polyethylene (LLDPE2) has a density in the range of 0.890 to
0.925 g/cm?, more preferably in the range of 0.900 to 0.925 g/cm?, yet more preferably in the
range of 0.910 to 0.923 g/cm’, still more preferably has a density in the range of 0.915 to
0.922 g/cm’.

The 2™ linear low density polyethylene (LLDPE2) contains at least one comonomer,
preferably only one or two comonomer(s), the latter especially preferred. That comonomer(s)
is/are preferably (a) C; to Cyg a-olefin comonomer(s). Therefore the use of copolymers with
just one comonomer or terpolymers, i.e. copolymers of ethylene with two further
comonomers, is particularly preferred. Said terpolymer is one specific preferred 2™ linear
low density polyethylene (LLDPE2). Hence the 2™ linear low density polyethylene
(LLDPEZ2) contains preferably just one or two type(s) of C; to Cyy a-olefin comonomer(s).
Still more preferably the comonomer(s) is/are selected from the group consisting of 1-
butene, 1-hexene, 1-octene and mixtures thereof. In one preferred embodiment the
comonomer employed is 1-octene. In another preferred embodiment the 2™ linear low
density polyethylene (LLDPE2) is a terpolymer consisting of ethylene, 1-butene and 1-

hexene.
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The amount of a-olefin comonomer(s) present in the 2™ linear low density polyethylene
(LLDPE2) can range from 1.0 to 10.0 mol.-%, such as 1.5 to 5.0 mol.-%, like 2.0 to 4.0
mol.-%. In case the 2" linear low density polyethylene (LLDPE2) is a terpolymer consisting
of ethylene, 1-butene and 1-hexene it is preferred that the 1-butene content is in the 0.1 to 1.0

mol.-% and the 1-hexene content in the range of 2.0 to 3.5 mol.-%.

Further it is preferred that the 2" linear low density polyethylene (LLDPE2) has a melt flow
rate MFR, (190 °C, 2.16 kg) in the range of 0.5 to 8.0 g/10min, more preferably in the range
of 0.8 to 4.0 g/10min, like in the range of 1.0 to 2.5 g/10 min.

The 2™ linear low density polyethylene (LLDPE2) is known in the art and not subject of the
mvention. Reference is made in this regard especially to EP 3 257 895 Al, e.g. example [E1
of EP 3 257 895 Al.

Preferably the 2" linear low density polyethylene (LLDPE2) is chemically identical to the 1%
linear low density polyethylene (LLDPE1) as defined above.

In case a low density polyethylene is part of the 3™ base polymer composition (BC3A) it is
preferably the 2 low density polyethylene (LDPE2) coming from a high-pressure
polymerization process and having a density in the range of 0.910 to 0.940 g/cm?, more
preferably in the range of 0.915 to 0.935 g/cm?, still more preferably in the range of 0.918 to
0.930 g/em?.

Further it is preferred that the 2™ low density polyethylene (LDPE2) has a melt flow rate
MFR; (190 °C, 2.16 kg) in the range of 0.05 to 2.0 g/10min, more preferably in the range of
0.10 to 1.8 g/10min, like in the range of 0.15 to 1.5 g/10 min.

The 2™ low density polyethylene (LDPE2) is known in the art and not subject of the
invention. Accordingly one example of such low density polyethylene (LDPE1) is the
commercial product FT5230 of Borealis AG.
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Preferably the 2" low density polyethylene (LDPE2) is chemically identical to the 1%t low
density polyethylene (LDPE1) as defined above.

Still more preferably the 3™ base polymer composition (BC3A) is chemically identical to the
15t base polymer composition (BC1).

In case the 3™ base polymer composition (BC3) comprises different polymers, like different
polyolefins, the 3™ base polymer composition (BC3) is obtained by typical (melt) blending
as known in the art. For instance in case the 3™ base polymer composition (BC3A) comprises
in addition to the 2™ linear low density polyethylene (LLDPE2) other polymers, like the 24
low density polyethylene (LDPE2), the 3™ base polymer composition (BC3A) is obtained by
typical (melt) blending as known in the art.

In the following the present invention is further illustrated by means of examples.
EXAMPLES

1. Definitions/Measuring Methods

The following definitions of terms and determination methods apply for the above general
description of the invention as well as to the below examples unless otherwise defined.

Melt flow rate

The melt flow rate (MFR) is determined according to ISO 1133 and is indicated in g/10 min.
The MFR is an indication of the flowability, and hence the processability, of the polymer.
The higher the melt flow rate, the lower the viscosity of the polymer. The MFR, of
polypropylene is determined at a temperature of 230 °C and a load of 2.16 kg. The MFR; of
polyethylene is determined at a temperature of 190 °C and a load of 2.16 kg.

Calculation of melt flow rate MFR, (230 °C) of the propylene 1-hexene copolymer (PHC-2):
log (MFR(P)) - w(A) xlog (MFR(A))

w(B)
MFR(B) = 10

wherein
w(A) is the weight fraction of the propylene 1-hexene copolymer (PHC-1);
w(B) is the weight fraction of propylene 1-hexene copolymer (PHC-2);
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MFR(A) is the melt flow rate MFR, (230 °C) [in g/10min] measured according ISO
1133 of the propylene 1-hexene copolymer (PHC-1);
MFR(P) is the melt flow rate MFR, (230 °C) [in g/10min] measured according ISO
1133 of the propylene 1-hexene copolymer (PHC);
MFR(B) is the calculated melt flow rate MFR, (230 °C) [in g/10min] of the propylene
1-hexene copolymer (PHC-2).
Mw, Mn, MWD
Mw/Mn/MWD are measured by Gel Permeation Chromatography (GPC) according to the
following method:
The weight average molecular weight (Mw), the number average molecular weight (Mn),
and the molecular weight distribution (MWD = Mw/Mn) is measured by a method based on
1SO 16014-1:2003 and ISO 16014-4:2003. A Waters Alliance GPCV 2000 instrument,
equipped with refractive index detector and online viscosimeter is used with 3 x TSK-gel
columns (GMHXL-HT) from TosoHaas and 1,2,4-trichlorobenzene (TCB, stabilized with
200 mg/L 2,6-Di tert butyl-4-methyl-phenol) as solvent at 145 °C and at a constant flow rate
of 1 mL/min. 216.5 pL of sample solution are injected per analysis. The column set is
calibrated using relative calibration with 19 narrow MWD polystyrene (PS) standards in the
range of 0.5 kg/mol to 11 500 kg/mol and a set of well characterized broad polypropylene
standards. All samples are prepared by dissolving 5 to 10 mg of polymer in 10 mL (at
160 °C) of stabilized TCB (same as mobile phase) and keeping for 3 hours with continuous
shaking prior sampling in into the GPC instrument.
Comonomer content of 1-hexene for a propylene 1-hexene copolymer (PHC)
Quantitative 3C{1H} NMR spectra recorded in the molten-state using a Bruker Avance 11
500 NMR spectrometer operating at 500.13 and 125.76 MHz for 'H and 3C respectively. All
spectra were recorded using a 1*C optimised 7 mm magic-angle spinning (MAS) probehead
at 180°C using nitrogen gas for all pneumatics. Approximately 200 mg of material was
packed into a 7 mm outer diameter zirconia MAS rotor and spun at 4 kHz. This setup was
chosen primarily for the high sensitivity needed for rapid identification and accurate
quantification.(Klimke, K., Parkinson, M., Piel, C., Kaminsky, W., Spiess, H.-W., Wilhelm,
M., Macromol. Chem. Phys. 2006;207:382., Parkinson, M., Klimke, K., Spiess, H.W.,
Wilhelm, M., Macromol. Chem. Phys. 2007;208:2128., Castignolles, P., Graf, R., Parkinson,
M., Wilhelm, M., Gaboricau, M., Polymer 50 (2009) 2373). Standard single-pulse excitation
was employed utilising the NOE at short recycle delays of 3s (Klimke, K., Parkinson, M.,
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Piel, C., Kaminsky, W., Spiess, H.W., Wilhelm, M., Macromol. Chem. Phys. 2006,207:382.,
Pollard, M., Klimke, K., Graf, R., Spiess, H.W., Wilhelm, M., Sperber, O., Piel, C.,
Kaminsky, W., Macromolecules 2004;37:813.). and the RS-HEPT decoupling scheme
(Filip, X., Tripon, C., Filip, C., J. Mag. Resn. 2005, 176, 239., Griffin, J.M., Tripon, C.,
Samoson, A., Filip, C., and Brown, S.P., Mag. Res. in Chem. 2007 45, S1, S198). A total of
16384 (16k) transients were acquired per spectra.

Quantitative *C{'H} NMR spectra were processed, integrated and relevant quantitative
properties determined from the integrals. All chemical shifts are internally referenced to the
methyl isotactic pentad (mmmm) at 21.85 ppm.

Characteristic signals corresponding to the incorporation of 1-hexene were observed and the
comonomer content quantified in the following way.

The amount of 1-hexene incorporated in PHP isolated sequences was quantified using the
mtegral of the aB4 sites at 44.2 ppm accounting for the number of reporting sites per
comonomer:

H=1aB4/2

The amount of 1-hexene incorporated in PHHP double consecutive sequences was quantified
using the integral of the a.aB4 site at 41.7 ppm accounting for the number of reporting sites
per comonomer:

HH =2 * lo.aB4

When double consecutive incorporation was observed the amount of 1-hexene incorporated
in PHP isolated sequences needed to be compensated due to the overlap of the signals aB4
and aB4B4 at 44.4 ppm:

H=(IoB4 -2 * laaB4)/2

The total 1-hexene content was calculated based on the sum of isolated and consecutively
incorporated 1-hexene:

Htotal =H + HH

When no sites indicative of consecutive incorporation observed the total 1-hexeen
comonomer content was calculated solely on this quantity:

Htotal =H

Characteristic signals indicative of regio 2,1-erythro defects were observed (Resconi, L.,

Cavallo, L., Fait, A., Piemontesi, F., Chem. Rev. 2000, 100, 1253).
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The presence of 2,1-erythro regio defects was indicated by the presence of the Paf (21e8)
and Pay (21e6) methyl sites at 17.7 and 17.2 ppm and confirmed by other characteristic
signals.
The total amount of secondary (2,1-erythro) inserted propene was quantified based on the
.02 1e9 methylene site at 42.4 ppm:
P21 =loa21e9
The total amount of primary (1,2) inserted propene was quantified based on the main Sco
methylene sites at 46.7 ppm and compensating for the relative amount of 2,1-erythro, aB4
and a.o.B4B4 methylene unit of propene not accounted for (note H and HH count number of
hexene monomers per sequence not the number of sequences):
P12 =Igoo. +2*¥P21 + H+HH/2
The total amount of propene was quantified as the sum of primary (1,2) and secondary (2,1-
erythro) inserted propene:
Ptotal =P12 + P21 = [gaa + 3* laa21e9 + (IoB4 - 2 * laaB4) / 2 + laaB4
This simplifies to:
Ptotal = Igao + 3* Ioa21€e9 + 0.5*1c.B4
The total mole fraction of 1-hexene in the polymer was then calculated as:
fH = Htotal / ( Htotal + Ptotal)
The full integral equation for the mole fraction of 1-hexene in the polymer was:
fH = ((IaB4 - 2 * TaaB4) / 2) + (2 * TaaB4)) /((Isao + 3* To21e9 + 0.5*¥1aB4) + ((IoB4
-2 *TaaB4) /2) + (2 * TaaB4))
This simplifies to:
fH = (IaB4/2 + loaB4) / (Isae + 3* lae21e9 + laB4 + laaB4)
The total comonomer incorporation of 1-hexene in mole percent was calculated from the
mole fraction in the usual manner:
H [mol%] =100 * fH
The total comonomer incorporation of 1-hexene in weight percent was calculated from the
mole fraction in the standard manner:
H [wt%] =100 * ( fH * 84.16) / ( (fH * 84.16) + ((1 - fH) * 42.08) )
Calculation of 1-hexene content of the propylene 1-hexene copolymer (PHC-2):

C(PHC) - w(P)x C(A)

w(B)

=C(B)

wherein
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w(A) is the weight fraction of the propylene 1-hexene copolymer (PHC-1);
w(B) is the weight fraction of the propylene 1-hexene copolymer (PHC-2);
C(A) is the 1-hexene content [in wt.-%] measured by *C NMR spectroscopy of

the propylene 1-hexene copolymer (PHC-1);
C(PHC) is the 1-hexene content [in wt.-%] measured by *C NMR spectroscopy of
the propylene 1-hexene copolymer (PHC);
C(B) is the calculated 1-hexene content [in wt.-%] measured by *C NMR
spectroscopy of the propylene 1-hexene copolymer (PHC-2);
Comonomer content of 1-octene of a linear low density polyethylene (LLDPE)
Quantitative nuclear-magnetic resonance (NMR) spectroscopy was used to quantify the
comonomer content of the polymers.
Quantitative *C{'H} NMR spectra recorded in the molten-state using a Bruker Avance III
500 NMR spectrometer operating at 500.13 and 125.76 MHz for 'H and *C respectively. All
spectra were recorded using a *C optimised 7 mm magic-angle spinning (MAS) probehead
at 150°C using nitrogen gas for all pneumatics. Approximately 200 mg of material was
packed into a 7 mm outer diameter zirconia MAS rotor and spun at 4 kHz. This setup was
chosen primarily for the high sensitivity needed for rapid identification and accurate
quantification (Klimke, K., Parkinson, M., Piel, C., Kaminsky, W., Spiess, H.-W., Wilhelm,
M., Macromol. Chem. Phys. 2006;207:382.; Parkinson, M., Klimke, K., Spiess, H.W.,
Wilhelm, M., Macromol. Chem. Phys. 2007;208:2128.; Castignolles, P., Graf, R., Parkinson,
M., Wilhelm, M., Gaboricau, M., Polymer 50 (2009) 2373; NMR Spectroscopy of Polymers:
Innovative Strategies for Complex Macromolecules, Chapter 24, 401 (2011)). Standard
single-pulse excitation was employed utilising the transient NOE at short recycle delays of
3s (Pollard, M., Klimke, K., Graf, R., Spiess, H.-W., Wilhelm, M., Sperber, O., Piel, C.,
Kaminsky, W., Macromolecules 2004;37:813.; Klimke, K., Parkinson, M., Piel, C.,
Kaminsky, W., Spiess, H.W., Wilhelm, M., Macromol. Chem. Phys. 2006;207:382.) and the
RS-HEPT decoupling scheme (Filip, X., Tripon, C., Filip, C., J. Mag. Resn. 2005, 176, 239.;
Griffin, J.M., Tripon, C., Samoson, A., Filip, C., and Brown, S.P., Mag. Res. in Chem. 2007
45, S1, S198). A total of 1024 (1k) transients were acquired per spectrum. This setup was
chosen due its high sensitivity towards low comonomer contents.
Quantitative *C{'H} NMR spectra were processed, integrated and quantitative properties

determined using custom spectral analysis automation programs. All chemical shifts are



WO 2020/064483 PCT/EP2019/075108

10

15

20

25

30

-37-

mternally referenced to the bulk methylene signal (6+) at 30.00 ppm (J. Randall, Macromol.
Sci., Rev. Macromol. Chem. Phys. 1989, C29, 201.).

Characteristic signals corresponding to the incorporation of 1-octene were observed (J.
Randall, Macromol. Sci., Rev. Macromol. Chem. Phys. 1989, C29, 201.; Liu, W., Rinaldi,
P., McIntosh, L., Quirk, P., Macromolecules 2001, 34, 4757; Qiu, X., Redwine, D., Gobbi,
G., Nuamthanom, A., Rinaldi, P., Macromolecules 2007, 40, 6879) and all comonomer
contents calculated with respect to all other monomers present in the polymer.

Characteristic signals resulting from isolated 1-octene incorporation i.e. EEOEE comonomer
sequences, were observed. Isolated 1-octene incorporation was quantified using the integral
of the signal at 38.37 ppm. This integral is assigned to the unresolved signals corresponding

to both .B6 and .pB6B6 sites of isolated (EEOEE) and isolated double non-consecutive

(EEOEOEE) 1-octene sequences respectively. To compensate for the influence of the two

«PB6BG6 sites the integral of the BEB6B6 site at 24.7 ppm is used:

O =1L ger.paens - 2 * Ippens

Characteristic signals resulting from consecutive 1-octene incorporation, i.e. EEOOEE
comonomer sequences, were also observed. Such consecutive 1-octene incorporation was
quantified using the integral of the signal at 40.57 ppm assigned to the caB6B6 sites
accounting for the number of reporting sites per comonomer:

00 =2 * Iupeps

Characteristic signals resulting from isolated non-consecutive 1-octene incorporation, i.e.
EEOEOEE comonomer sequences, were also observed. Such isolated non-consecutive 1-
octene incorporation was quantified using the integral of the signal at 24.7 ppm assigned to
the BBB6B6 sites accounting for the number of reporting sites per comonomer:

OEO =2 * Ipgpeps

Characteristic signals resulting from isolated triple-consecutive 1-octene incorporation, i.e.
EEOOOQOEE comonomer sequences, were also observed. Such isolated triple-consecutive 1-
octene incorporation was quantified using the integral of the signal at 41.2 ppm assigned to
the aayB6B6B6 sites accounting for the number of reporting sites per comonomer:

000 =372 * L,4ynen686

With no other signals indicative of other comonomer sequences observed the total 1-octene

comonomer content was calculated based solely on the amount of isolated (EEOEE), isolated
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double-consecutive (EEOOEE), isolated non-consecutive (EEOEOEE) and isolated triple-
consecutive (EEOOOEE) 1-octene comonomer sequences:

Otota = O + OO + OEO + 000

Characteristic signals resulting from saturated end-groups were observed. Such saturated
end-groups were quantified using the average integral of the two resolved signals at 22.84
and 32.23 ppm. The 22.84 ppm integral is assigned to the unresolved signals corresponding
to both 2B6 and 28 sites of 1-octene and the saturated chain end respectively. The 32.23 ppm
integral is assigned to the unresolved signals corresponding to both 3B6 and 3S sites of 1-
octene and the saturated chain end respectively. To compensate for the influence of the 2B6
and 3B6 1-octene sites the total 1-octene content is used:

S =(1/2)*( Iosiome + Izsi3ss - 2*Ototal)

The ethylene comonomer content was quantified using the integral of the bulk methylene
(bulk) signals at 30.00 ppm. This integral included the y and 4B6 sites from 1-octene as well
as the &+ sites. The total ethylene comonomer content was calculated based on the bulk
integral and compensating for the observed 1-octene sequences and end-groups:

Eiora1 = (1/2)*[ Ly + 2*0 + 1*00 + 3*OEO + 0*000 + 3*S ]

It should be noted that compensation of the bulk integral for the presence of isolated triple-
mcorporation (EEOOOEE) 1-octene sequences is not required as the number of under and
over accounted ethylene units is equal.

The total mole fraction of 1-octene in the polymer was then calculated as:

fO = ( Orotat / ( Erotal + Ototal )

The total comonomer incorporation of 1-octene in mol percent was calculated from the mole
fraction in the standard manner:

O[mol%] = 100 * fO

The mole percent ethyelene incorporation was calculated from the formula:

E[mol%] = 100 — O[mol%].

Comonomer content of 1-butene and 1-hexene of a linear low density polyethylene
(LLDPE)

Quantitative *C{'H} NMR spectra recorded in the molten-state using a Bruker Avance III
500 NMR spectrometer operating at 500.13 and 125.76 MHz for 'H and *C respectively. All
spectra were recorded using a *C optimised 7 mm magic-angle spinning (MAS) probehead
at 150°C using nitrogen gas for all pneumatics. Approximately 200 mg of material was

packed into a 7 mm outer diameter zirconia MAS rotor and spun at 4 kHz. This setup was
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chosen primarily for the high sensitivity needed for rapid identification and accurate
quantification (Klimke, K., Parkinson, M., Piel, C., Kaminsky, W., Spiess, H.-W., Wilhelm,
M., Macromol. Chem. Phys. 2006;207:382., Parkinson, M., Klimke, K., Spiess, H.W.,
Wilhelm, M., Macromol. Chem. Phys. 2007;208:2128., Castignolles, P., Graf, R., Parkinson,
M., Wilhelm, M., Gaborieau, M., Polymer 50 (2009) 2373). Standard single-pulse excitation
was employed utilising the transient NOE at short recycle delays of 3s (Pollard, M., Klimke,
K., Graf, R., Spiess, H.W., Wilhelm, M., Sperber, O., Picl, C., Kaminsky, W.,
Macromolecules 2004;37:813., Klimke, K., Parkinson, M., Piel, C., Kaminsky, W., Spiess,
H.W., Wilhelm, M., Macromol. Chem. Phys. 2006;207:382.) and the RS-HEPT decoupling
scheme (Filip, X., Tripon, C., Filip, C., J. Mag. Resn. 2005, 176, 239, Griffin, J.M., Tripon,
C., Samoson, A, Filip, C., and Brown, S.P., Mag. Res. in Chem. 2007 45, S1, S198). A total
of 1024 (1k) transients were acquired per spectrum. This setup was chosen due its high
sensitivity towards low comonomer contents.
Quantitative *C{'H} NMR spectra were processed, integrated and quantitative propertics
determined using custom spectral analysis automation programs. All chemical shifts are
mternally referenced to the bulk methylene signal (6+) at 30.00 ppm (J. Randall, Macromol.
Sci., Rev. Macromol. Chem. Phys. 1989, C29, 201).
The amount of ethylene was quantified using the integral of the methylene (6+) sites at 30.00
ppm accounting for the number of reporting sites per monomer:
E=1./2

the presence of isolated comonomer units is corrected for based on the number of isolated
comonomer units present:

Etotal =E + (3*B + 2*H) /2
where B and H are defined for their respective comonomers. Correction for consecutive and
non-consecutive commoner incorporation, when present, is undertaken in a similar way.
Characteristic signals corresponding to the incorporation of 1-butene were observed (J.
Randall, Macromol. Sci., Rev. Macromol. Chem. Phys. 1989, C29, 201.) and all contents
calculated with respect to all other monomers present in the polymer.
The amount isolated 1-butene incorporated in EEBEE sequences was quantified using the

integral of the B2 sites at 38.3 ppm accounting for the number of reporting sites per

COmonomer:

B= I*BZ
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The amount consecutively incorporated 1-butene in EEBBEE sequences was quantified
using the integral of the c.aB2B2 site at 39.4 ppm accounting for the number of reporting
sites per comonomer:
BB =2 * [umom2
The amount non consecutively incorporated 1-butene in EEBEBEE sequences was
quantified using the integral of the BpB2B2 site at 24.7 ppm accounting for the number of
reporting sites per comonomer:
BEB =2 * Igpom
Due to the overlap of the *B2 and *BB2B2 sites of isolated (EEBEE) and non-consecutively
incorporated (EEBEBEE) 1-butene respectively the total amount of isolated 1-butene
ncorporation is corrected based on the amount of non-consecutive 1-butene present:
B=1p-2 * IBBBZBZ
The total 1-butene content was calculated based on the sum of isolated, consecutive and non
consecutively incorporated 1-butene:
Btotal =B + BB + BEB
The total mole fraction of 1-butene in the polymer was then calculated as:
fB = ( Btotal) / ( Etotal + Btotal + Htotal )
Characteristic signals corresponding to the incorporation of 1-hexene were observed (J.
Randall, Macromol. Sci., Rev. Macromol. Chem. Phys. 1989, C29, 201.) and all contents
calculated with respect to all other monomers present in the polymer.
The amount isolated 1-hexene incorporated in EEHEE sequences was quantified using the

mtegral of the B4 sites at 39.9 ppm accounting for the number of reporting sites per

COmonomer:
H=1g4

The amount consecutively incorporated 1-hexene in EEHHEE sequences was quantified
using the integral of the c.aB4B4 site at 40.5 ppm accounting for the number of reporting
sites per comonomer:

HH =2 * I qpapa
The amount non consecutively incorporated 1-hexene in EEHEHEE sequences was
quantified using the integral of the BB4B4 site at 24.7 ppm accounting for the number of
reporting sites per comonomer:

HEH=2 * IBBB4B4
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Due to overlap of the BBB2B2 sites of non-consecutively incorporated (EEBEBEE) 1-butene
and BpB4B4 sites of non-consecutively incorporated (EEHEHEE) 1-hexene the total amount
of non-consecutive incorporation (EEBEBEE) 1-butene was assumed to be proportional to
the amount of isolated 1-butene (B) insertion and the total amount of non-consecutive
incorporation (EEHEHEE) 1-hexene was assumed to be proportional to the amount of
isolated 1-hexene (H).
The total mole fraction of 1-hexene in the polymer was then calculated as:
fH = (Htotal) / (Etotal + Btotal + Htotal)
The mole percent comonomer incorporation is calculated from the mole fraction:
B [mol%] =100 * fB
H [mol%] =100 * fH

The weight percent comonomer incorporation is calculated from the mole fraction:

B [wt%] =100 * (fB * 56.11) / ((fB * 56.11) + (fH * 84.16) + ((1-(fB + fH)) * 28.05))

H [wt%] =100 * (fH * 84.16 ) / ((fB * 56.11) + (fH * 84.16) + ((1-(fB + fH)) * 28.05))
Density
Density is measured according to ISO 1183-187. Sample preparation is done by compression
moulding in accordance with ISO 1872-2:2007.
Differential scanning calorimetry (DSC)
Differential scanning calorimetry (DSC) analysis, melting temperature (T,,) and melt
enthalpy (Hy,), crystallization temperature (T,), and heat of crystallization (H,) are measured
with a TA Instrument Q200 differential scanning calorimetry (DSC) on 5 to 7 mg samples.
DSC is run according to ISO 11357 / part 3 /method C2 in a heat / cool / heat cycle with a
scan rate of 10 °C/min in the temperature range of =30 to +225 °C. Crystallization
temperature (T.) and heat of crystallization (H,) are determined from the cooling step, while
melting temperature (T,,) and melt enthalpy (H,,) are determined from the second heating
step.
Xylene Cold Soluble (XCS) content
Xylene Cold Soluble fraction at room temperature (XCS, wt%) is determined at 25 °C
according to ISO 16152; 5th edition; 2005-07-01.
Tensile Modulus
Tensile modulus in machine and transverse direction were determined according to ISO 527-
3 at 23°C on the multilayer films as produced indicated below. Testing was performed at a

cross head speed of 1 mm/min.
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Dart drop strength (DDI)

Dart-drop is measured using ASTM D1709, method A (Alternative Testing Technique) from
the multilayer films as produced indicated below. A dart with a 38 mm diameter
hemispherical head is dropped from a height of 0.66 m onto a multilayer film clamped over a

5 hole. Successive sets of twenty specimens are tested. One weight is used for each set and the
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20
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30

weight is increased (or decreased) from set to set by uniform increments. The weight
resulting in failure of 50 % of the specimens is calculated and reported.

Haze and clarity

Haze and clarity were determined according to ASTM D 1003-00 on multilayer films as
produced indicated below.

Sealing initiation temperature (SIT)

The heat sealing initiation temperature (SIT) is the sealing temperature at which a sealing
strength of > 5 N is achieved.

The sealing range is determined on a J&B Universal Sealing Machine Type 3000 of the
multilayer films as produced indicated below with the following parameters:

Specimen width: 25.4 mm

Seal Pressure: 0.1 N/mm?

Seal Time: 0.1 sec

Cool time: 99 sec

Peel Speed: 10 mm/sec

Start temperature 80 °C

End temperature: 150 °C

Increments: 10 °C

specimen is sealed A to A at each seal bar temperature and seal strength (force) is
determined at each step.

The temperature is determined at which the seal strength reaches 5 N.

2. Examples

Preparation of the catalyst system for the inventive examples

The catalyst used in the inventive examples is prepared as described in detail in

WO 2015/011135 A1 (metallocene complex MC1 with methylaluminoxane (MAQO) and
borate resulting in Catalyst 3 described in WO 2015/011135 A1) with the proviso that the
surfactant is 2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)-1-propanol. The
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metallocene complex (MC1 in WO 2015/011135 A1) is prepared as described in

WO 2013/007650 Al (metallocene E2 in WO 2013/007650 A1l).

Polymerization and Pelletization

Polymers PH1 and PH2 are produced in a Borstar pilot plant comprising a prepolymerisation
reactor, a loop reactor and a gas phase reactor. The polymerisation conditions are indicated
in Table 1. PHI is the basis of Comparative Example CE2, PH2 is the basis of Inventive
Examples IE1.

Both polymers PH1 and PH2 were compounded in a co-rotating twin-screw extruder
Coperion ZSK 57 at 220 °C with 0.2 wt% of Irganox B225 (1:1-blend of Irganox 1010
(Pentaerythrityl-5 tetrakis(3-(3”,5’-di-tert.butyl-4-hydroxytoluyl)-propionate and tris (2,4-di-
t-butylphenyl) phosphate) phosphite) of BASF AG, Germany) and 0.1 wt% calcium stearate
followed by solidification of the resulting melt strands in a water bath and pelletization.
Compounding of material (M1) for the sealing layers (SL1) and (SL2)

Melt mixing was performed in a Thermo Fisher (PRISM) TSE 24 twin-screw extruder at 220
°C followed by solidification of the resulting melt strands in a water bath and pelletization.
90 wt.-% of the linear low density polyethylene “LLDPE” was mixed with 10 wt.-% of the
low density polyethylene “FT5230” of Borealis AG.

The linear low density polyethylene “LLDPE” is example IE1 of EP 3 257 895 Al having a
1-butene content of 0.3 mol.-%, a 1-hexene content of 2.6 mol.-%, density of 0.918 g/cm?
and a melt flow rate MFR, (190 °C, 2.16 kg) of 1.5 g/10min;

The low density polyethylene “FT5230” of Borealis AG has a density of 923 g/cm? and a
melt flow rate MFR, (190 °C, 2.16 kg) of 0.75 g/10min;
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Polymerization details of polymers PH1 and PH2

PH1 PH2
Prepolymerization
Temperature [°C] 20 20
Pressure [kPa] 5247 5238
Residence time [h] 0.4 0.4
Loop reactor
Temperature [°C] 70 70
Pressure [kPa] 5241 5292
H2/C3 ratio [mol/kmol] 0.1 0.08
C6/C3 ratio [mol/kmol] 7.2 7.8
Residence time [h] 0.4 0.4
C6 [wt%] 1.3 1.7
MFR [g/10min] 1.1 1.8
Split [wt%] 41 42
Gas phase reactor
Temperature [°C] 80 80
Pressure [kPa] 2500 2406
H2/C3 ratio [mol/kmol] 1.7 0.8
C6/C3 ratio [mol/kmol] 7.0 9.2
C6(GPR) [wt%] 4.5 7.9
MFR(GPR) [g/10min] 1.9 1.2
Residence time [h] 1.8 2.6
Split [wt%] 59 58
Product
C6 total [wt%] 3.2 5.3
XCS [wt%] 0.7 25.0
C6 of XCS [wt%] 4.3 7.2
2,1¢ [mol.-%] 0.47 0.47
MWD [-] 3.7 3.7
MFR [g/10min] 1.5 1.4
Tc [°C] 94 93
Tm [°C] 136 136

Three layer blown polymer films were produced on a three layer blown film line. The melt
temperature of the sealing layers (SL1) and (SL2) was 185°C to 195°C. The melt
5  temperature of the core layer (CL) was in the range of 205°C to 215°C. The throughput of

the extruders was in sum 80 kg/h. The film structure was SL1-CL-SL2 with a core layer of
25 pum (CL) and two sealing layers (SL1) and (SL2) of 12.5 pm. Layer thickness has been
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determined by Scanning Electron Microscopy. The material used for the layers multilayer

films is indicated in the table 2. The properties of the multilayer films are indicated in table

3.
Table 2: Layer structure of the multilayer films
Thickness | CE1 CE2 1E2
SL1 125pum | Ml Ml M1
CL 25 um FX P1 P2
SL2 125pum | Ml Ml M1

5  “FX” is the linear low density polyethylene “FX1001” of Borealis AG having a density of
0.933 g/cm?, a melting temperature of 127°C and a melt flow rate MFR;s (190 °C, 5 kg) of

0.85 g/10min.

Table 3: Properties of the multilayer films

CEl1 | CE2 | IE2
Haze* [%0] 693 | 4.11 | 3.62
Clarity* [%0] 956 | 99.6 | 99.6
TM/MD | [MPa] | 324 566 | 441
TM/TD | [MPa] | 396 595 | 462
DDI [g] 608 430 | 1020
SIT [°C] 87 84 86

* before sterilization
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CLAIMS

Multilayer film comprising at least three layers, one 1% sealing layer (SL1), one core

layer (CL) and one outer layer (OL), the stacking order of the at least three layers is
(SL1)/(CL)/(OL),

wherein

(2)

(b)

(©)

the 1 sealing layer (SL.1) comprises at least 90 wt.-%, based on the total
weight of the 1% sealing layer (SL1), of a 1* base polymer composition
(BC1), said 1%t base polymer composition (BC1) comprises at least 70 wt.-%,
based on the total weight of the 1% base polymer composition (BC1), of a 1%
linear low density polyethylene (LLDPE1), said 1*' linear low density
polyethylene (LLDPET1) has a density measured according to ISO 1183-187
in the range of 0.890 to 0.925 g/cm?;

the core layer (CL) comprises at least 90 wt.-%, based on the total weight of
the core layer (CL), of a 2"¢ base polymer composition (BC2), said 2" base
polymer composition (BC2) comprises at least 90 wt.-%, based on the total
weight of the 2™ base polymer composition (BC2), of a propylene 1-hexene
copolymer (PHC); and

the outer (OL) comprises at least 90 wt.-%, based on the total weight of the
outer (OL), of a 3" base polymer composition (BC3), said 3™ base polymer
composition (BC3) comprises at least 90 wt.-%, based on the total weight of
the 3™ base polymer composition (BC3), of a polyolefin;

wherein said propylene 1-hexene copolymer (PHC) of the 2 base polymer

composition (BC2) has

()

(ii)

an 1-hexene content in the range of 4.5 to 8.0 wt.-% based on the total
weight of the propylene 1-hexene copolymer (PHC); and

a xylene soluble fraction (XCS) determined at 25 °C according to ISO 16152
of more than 10.0 wt.-% based on the total weight of the xylene soluble

fraction (XCS) of the propylene 1-hexene copolymer (PHC).

Multilayer film according to claim 1, wherein the propylene 1-hexene copolymer

(PHC) has

(2)

a molecular weight distribution (Mw/Mn) in the range of 3.0 to 4.3;
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and/or
(b) 2,1 erythro regio defects in the range of 0.40 to 0.55 mol.-% determined by
13C NMR spectroscopy and optionally an isotactic triad concentration of

higher than 98 % determined by *C NMR spectroscopy.

Multilayer film according to claim 1 or 2, wherein the propylene 1-hexene

copolymer (PHC) has

(a) a melting temperature in the range of 133 to 140 °C;

and/or

(b) a melt flow rate MFR,; (230 °C / 2.16 kg) measured according to ISO 1133
in the range of 0.5 to 8.0 g/10min.

Multilayer film according to any one of the claims 1 to 3, wherein

(a)  the xylene soluble fraction (XCS) of the propylene 1-hexene copolymer
(PHC) has an 1-hexene content in the range of 5.0 to 12.0 wt.-%, based on the
total weight of the xylene soluble fraction (XCS) of the propylene 1-hexene
copolymer (PHC);

and/or

(b) the propylene 1-hexene copolymer (PHC) has a xylene soluble fraction (XCS)
determined at 25 °C according to ISO 16152 in the range of 21.0 to 30.0 wt.-
% based on the total weight of the xylene soluble fraction (XCS) of the 1-
hexene copolymer (PHC).

Multilayer film according to any one of the claims 1 to 4, wherein the propylene 1-

hexene copolymer (PHC) comprises

(a) a 1%t propylene 1-hexene copolymer (PHC-1) having an 1-hexene content in
the range of 0.8 to 3.0 wt.-% based on the total weight of the 1%t propylene 1-
hexene copolymer (PHC-1);

and

(b) optionally a 2™ propylene 1-hexene copolymer (PHC-2) having preferably
an 1-hexene content in the range of 6.9 to 11.0 wt.-% based on the total
weight of the 2™ propylene 1-hexene copolymer (PHC-2).
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6. Multilayer film according to claim 5, wherein the propylene 1-hexene copolymer
(PHC)
(a) fulfills the inequation (I)

€6 (PHC)
6.00 < <850

[PHC-1] =
C6 (PHC—].)* W

5 wherein

,»C6 (PHC-1)“ is the 1-hexene content of the 1% propylene 1-hexene
copolymer (PHC-1) based on the total weight of the 1% propylene 1-hexene
copolymer (PHC-1) [in wt.-%];
,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer

10 (PHC) based on the total weight of the propylene 1-hexene copolymer
(PHC) [in wt.-%];
“[PHC-1]/[PHC]” is the weight ratio between the 1% propylene 1-hexene
copolymer (PHC-1) and the propylene 1-hexene copolymer (PHC) [in g/g];

and
15 (b) optionally fulfills the inequation (II)

[PHC - 2]
C6 (PHC-2) = W

. < <0.
0.70 < C6 (PHO) <0.95

wherein

,»C6 (PHC-2)* is the 1-hexene content of the 2*¢ propylene 1-hexene

copolymer (PHC-2) based on the total weight of the 2°¢ propylene 1-hexene
20 copolymer (PHC-2) [in wt.-%];

,»C6 (PHC)“ is the 1-hexene content of the propylene 1-hexene copolymer

(PHC) based on the total weight of the propylene 1-hexene copolymer

(PHC) [in wt.-%];

“[PHC-2]/[PHC]” is the weight ratio between the 2°¢ propylene 1-hexene
25 copolymer (PHC-2) and the propylene 1-hexene copolymer (PHC) [in g/g].

7. Multilayer film according to claim 5 or 6, wherein
(a) the total amount of the 1% propylene 1-hexene copolymer (PHC-1) and the
27 propylene 1-hexene copolymer (PHC-2) together is at least 95 wt.-%
30 based on the total weight of the propylene 1-hexene copolymer (PHC);
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or
(b) the propylene 1-hexene copolymer (PHC) consists of the propylene 1-hexene
copolymers (PHC-1) and (PHC-2).

Multilayer film according to any one of the claims 5 to 7, wherein the weight ratio
[(PHC-1)/(PHC-2)] between the 15 propylene 1-hexene copolymer (PHC-1) and the
27 propylene 1-hexene copolymer (PHC-2) is in the range of 30/70 to 50/50.

Multilayer film according to any one of the claims 1 to 8, wherein

(a) the core layer (CL) comprises at least 90 wt.-%, based on the total weight of
the core layer (CL), of the 2™ base polymer composition (BC2) and the
remaining part up to 100 wt.-%, based on the total weight of the core layer
(CL), are additives (AD), preferably the additives (AD) are selected from the
group conistsing of antioxidants, light stabilizers, acid scavengers,
processing aids, anti-blocking aids, nucleating agents, slip agents and
mixtures thercof;

and

(b) optionally the 1! sealing layer (SL.1) comprises at least 90 wt.-%, based on
the total weight of the 1%t sealing layer (SL1), of the 15! base polymer
composition (BC1) and the remaining part up to 100 wt.-%, based on the
total weight of the 1*! sealing layer (SL1), are additives (AD), preferably the
additives (AD) are selected from the group conistsing of antioxidants, light
stabilizers, acid scavengers, processing aids, anti-blocking aids, nucleating
agents, slip agents and mixtures thereof;

and

(c) optionally the outer layer (OL) comprises at least 90 wt.-%, based on the
total weight of the outer layer (OL), of the 3™ base polymer composition
(BC3) and the remaining part up to 100 wt.-%, based on the total weight of
the outer layer (OL), are additives (AD), preferably the additives (AD) are
selected from the group conistsing of antioxidants, light stabilizers, acid
scavengers, processing aids, anti-blocking aids, nucleating agents, slip

agents and mixtures thereof.



WO 2020/064483

10

15

20

25

30

PCT/EP2019/075108

-50 -

10. Multilayer film according to any one of the claims 1 to 9, wherein the 2™ base

polymer composition (BC2) consists of the propylene 1-hexene copolymer (PHC).

11. Multilayer film according to any one of the claims 1 to 10, wherein the outer (OL) is

(2)

or

(b)

a heat shield layer (HSL) comprising at least 90 wt.-%, based on the total
weight of the heat shield layer (HSL), of a 3™ base polymer composition
(BC3B) and the remaining part up to 100 wt.-%, based on the total weight of
the heat shield layer (HSL), are additives (AD), preferably the additives
(AD) are selected from the group conistsing of antioxidants, light stabilizers,
acid scavengers, processing aids, anti-blocking aids, nucleating agents, slip
agents and mixtures thereof;
said 3 base polymer composition (BC3B) comprises at least 90 wt.-%,
based on the total weight of the 3 base polymer composition (BC3B), of a
polypropylene having a melting temperature of at least 150 °C, preferably
said polypropylene is
(al)  apropylene homopolymer (H-PP) having a melting temperature of at

least 158 °C;
or
(a2)  apropylene copolymer (R-PP) having

(1) a melting temperature of at least 150 °C and

(i1) a comonomer content, preferably ethylene content, of not

more than 3.5 wt.-%;

a 2" sealing layer (SL2), wherein said 2™ sealing layer (SL2) comprises at
least 90 wt.-%, based on the total weight of the 27 sealing layer (SL2), of a
3™ base polymer composition (BC3A) and the remaining part up to 100 wt.-
%, based on the total weight of the 27 sealing layer (SL2), are additives
(AD), preferably the additives (AD) are selected from the group conistsing
of antioxidants, light stabilizers, acid scavengers, processing aids, anti-
blocking aids, nucleating agents, slip agents and mixtures thereof;

said 3™ base polymer composition (BC3A) comprises at least 70 wt.-%,
based on the total weight of the 3™ base polymer composition (BC3A), of a
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27 linear low density polyethylene (LLDPE2), said 2™ linear low density
polyethylene (LLDPE2) has a density in the range of 0.890 to 0.925 g/cm?.

12. Multilayer film according to any one of the claims 1 to 11, wherein the 1% linear low
5 density polyethylene (LLDPE1) and the 2™ linear low density polyethylene

(LLDPE2) have

(a) amelt flow rate MFR, (190 °C / 2.16 kg) measured according to ISO 1133 in the
range of 0.5 to 8.0 g/10min;

and/or

10 (b) a comonomer content in the range of 1.5 to 5.0 mol.-%, the comonomers are

selected from the group consisting of 1-butene, 1-hexene, 1-octene and mixtures

thereof, preferably the comonomers are 1-butene and 1-hexene.

13. Multilayer film according to any one of the claims 1 to 12, wherein
15 (a) the 1% base polymer composition (BC1)
(al)  consists of the 1** linear low density polyethylene (LLDPE1),
or
(a2)  comprises 75 to 95 wt.-%, based on the total weight of the 1%t base
polymer composition (BC1), of the 1! linear low density
20 polyethylene (LLDPE1);
and
5 to 25 wt.-%, based on the total weight of the 15 base polymer
composition (BC1), of a 15 low density polyethylene (LDPEI)
having a density measured according to ISO 1183-187 in the range
25 of 0.915 t0 0.935 g/cm?, preferably said 15 low density polyethylene
having (LDPET1) has a melt flow rate MFR, (190 °C/2.16 kg) )
measured according to ISO 1133 in the range of 0.05 to 2.0 g/10min;
and/or
(b) the outer layer (OL) is the 27 sealing layer (SL2) as defined in claim 11 or
30 12, wherein further the 3" base polymer composition (BC3A)
(bl)  consists of the 2" linear low density polyethylene (LLDPE2),

or



WO 2020/064483

10

15

20

25

30

PCT/EP2019/075108

-5

(b2)  comprises 75 to 95 wt.-%, based on the total weight of the 3™ base
polymer composition (BC3A), of the 2™ linear low density
polyethylene (LLDPE2);
and
5 to 25 wt.-%, based on the total weight of the 3 base polymer
composition (BC3A), of a 1% low density polyethylene (LDPE2)
having a density measured according to ISO 1183-187 in the range
of 0.915 t0 0.935 g/cm?, preferably said 15 low density polyethylene
having (LDPE2) has a melt flow rate MFR, (190 °C / 2.16 kg)
measured according to ISO 1133 in the range of 0.05 to 2.0 g/10min.

14. Multilayer film according to any one of the claims 1 to 13, wherein

15.

16.

(2)

or

(©)

the 1% linear low density polyethylene (LLDPE1) and the 2™ linear low
density polyethylene (LLDPE?2) are identical

and

optionally the 1*t low density polyethylene having (LDPE1) and the 2"¢ low
density polyethylene having (LDPE?2) are identical;

the 1! base polymer composition (BC1) and the 3™ base polymer

composition (BC3A) are identical.

Multilayer film according to any one of the claims 1 to 14, wherein the film is a

multilayer blown film, wherein preferably said multilayer blown film consists of

(2)

or

(b)

the 1% sealing layer (SL1), the core layer (CL) and the 2™ sealing layer
(SL2), the stacking order of the three layers is (SL1)/(CL)/(SL2);

the 1%t sealing layer (SL1), the core layer (CL) and the heat shield layer
(HSL), the stacking order of the three layers is (SL.1)/(CL)/(HSL).

Propylene 1-hexene copolymer (PHC) comprising a 15 propylene 1-hexene

copolymer (PHC-1) and a 2™ propylene 1-hexene copolymer (PHC-2), wherein
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said propylene 1-hexene copolymer (PHC) has an 1-hexene content in the
range of 4.5 to 8.0 wt.-%, based on the total weight of the propylene 1-
hexene copolymer (PHC),

said 1%t propylene 1-hexene copolymer (PHC-1) has an 1-hexene content in
the range of 0.5 to 3.9 wt.-% based on the total weight of the 1%t propylene 1-
hexene copolymer (PHC-1);

said 2" propylene 1-hexene copolymer (PHC-2) has preferably an 1-hexene
content in the range of 6.9 to 11.0 wt.-% based on the total weight of the 2

propylene 1-hexene copolymer (PHC-2);

wherein further

(d)

(e)

&)

(2

the total amount of the 1% propylene 1-hexene copolymer (PHC-1) and the
27 propylene 1-hexene copolymer (PHC-2) together based on the total
weight of the propylene 1-hexene copolymer (PHC) is at least 95 wt.-%;

the weight ratio [(PHC-1)/(PHC-2)] between the 1% propylene 1-hexene
copolymer (PHC-1) and the 2™ propylene 1-hexene copolymer (PHC-2) is in
the range of 30/70 to 50/50;

the propylene 1-hexene copolymer (PHC) has a xylene soluble fraction
(XCS) determined at 25 °C according to I[SO 16152 of more than 18.0 wt.-
%; and

a melting temperature of in the range of 133 to 140 °C.

Propylene 1-hexene copolymer (PHC) according to claim 16, wherein the xylene

soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC) has an 1-hexene

content in the range of 5.0 to 12.0 wt.-%, based on the total weight of the xylene

soluble fraction (XCS) of the propylene 1-hexene copolymer (PHC).

Propylene 1-hexene copolymer (PHC) according to claim 16 or 17, wherein the

propylene 1-hexene copolymer (PHC) is further defined by the features of claim 2
and/or 6.
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