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Tiivistelma - Sammandrag - Abstract

Kuvataan koekstrudoitu monikerroksinen selluloosapohjainen kalvo, joka kasittaa ainakin ensimmaisen kalvokerroksen A, joka kasittaa ainakin
yhden ensimmaisen selluloosapohjaisen polymeerin ja vahintaan yhden toisen polymeerin. Kalvo kasittaa lisaksi ainakin yhden
tiivistekerroksen B, joka on mainitun kalvon ulkokerros ja / tai keskikerros, ja ainakin yhden liukasteen lisdaineen. Kalvo on valmistettu
kalvoekstruusioprosessilla. Kuvataan myos pakkausmateriaaleja, jotka kasittavat kalvon, seka kalvoon liittyvan menetelman.

Disclosed is a co-extruded multi-layered cellulose-based film, which comprises at least a first film layer A comprising at least one first cellulose-
based polymer and at least one second polymer. The film further comprises at least one sealing layer B being an outer layer and/or a middle layer
of said film, and at least one slip additive. Further, the film is produced by a film extrusion process. Disclosed is also concerns packaging materials
comprising the film and a method related thereto.
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CO-EXTRUDED MULTI-LAYERED CELLULOSE-BASED FIILM AND A
METHOD FOR ITS MANUFACTURE

TECHNICAL FIELD

The present disclosure relates to a co-extruded
multi-layered cellulose-based film, wherein the film
comprises at least a first film layer A, and at least
one sealing layer B. Disclosed are also packaging
material comprising the co-extruded multi-layered
cellulose-based film and a manufacturing method related
thereto.

BACKGROUND

There are various methods for producing cellu-
lose-based films. Films can be made from cellulose es-
ters and aliphatic or aromatic polyesters or copolyes-
ters. However, materials with a high cellulose content
are lacking 1in properties. For these materials to be
produced 1n industrial scale and usable for wvarious
packaging applications, several requirements must be
met. The existing solutions are unable to meet these
requirements.

Thus, the inventors have discovered a need to
develop higher quality materials to meet the demand for
more applications. Especially there is a need to develop

higher quality multi-layered cellulose-based films.

SUMMARY

This Summary 1is provided to introduce a
selection of concepts 1in a simplified form that are
further described below in the Detailed Description.
This Summary is not intended to identify key features
or essential features of the claimed subject matter, nor
is it intended to be used to limit the scope of the

claimed subject-matter.
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Described 1is a co-extruded multi-layered cellulose-
based film. The film comprises a first film layer A
comprising at least one first cellulose-based polymer
which is a cellulose ester and at least one second
polymer. The film further comprises at least one
sealing layer B being an outer layer and/or a middle
layer of said film. The first layer A comprises
- sald at least one first cellulose-based
polymer in an amount of 55 to 95 wt.%, and
- said at least one second polymer in an amount

of 5 to 45 wt.% based on the total weight of

sald first layer A,
at least one sealing layer B being an outer layer
and/or a middle layer of said film, wherein the
sealing layer B comprise a first cellulose-based
polymer being cellulose acetate propionate (CAP) and
at least one second polymer co-extruded in the
sealing layer B and the second polymer co-extruded in
the sealing layer is polybutylene succinate (PBS),
and that the second polymer co-extruded in the sealing
layer is fed as 5 to 40 wt.% of the total weight of
the sealing layer and the total amount of said first
and said second polymer is at least 80 wt.% based on
the total weight of said sealing layer B,
at least one outer layer of the co-extruded multi-
layered film comprises at least one slip additive in
an amount of 1 to 5 wt.% based on the total weight of
sald layer, wherein the slip additive is selected
from the group consisting of migrating slip
additives, nonmigrating slip additives, inorganic
slip additives, organic slip additives and
masterbatch slip additives, or any combination or
mixture thereof, and that
sald film is produced by a film extrusion process. In
addition, the film comprises at least one slip
additive. The co-extruded multi-layered film 1is

produced by a film extrusion process.
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Further, described is a method for
manufacturing a co-extruded mnulti-layered cellulose-
based film.

Described are also packaging materials
comprising a co-extruded multi-layered cellulose-based
film.

DETAILED DESCRIPTION

The present disclosure concerns a co-extruded
multi-layered cellulose-based film, wherein said film
comprises

- a first film layer A comprising at least one first
cellulose-based polymer which is a cellulose ester
and at least one second polymer, wherein the first
layer A comprises

- sald at least one first cellulose-based

polymer in an amount of 55 to 95 wt.%, and

- said at least one second polymer in an amount

of 5 to 45 wt.% based on the total weight of
sald first layer A

- at least one sealing layer B being an outer
layer and/or a middle layer of said film wherein the
sealing layer B comprise a first cellulose-based polymer
being cellulose acetate propionate (CAP) and at least
one second polymer co-extruded in the sealing layer B
and the second polymer co-extruded in the sealing layer
is polybutylene succinate (PBS), and that the second
polymer co-extruded in the sealing layer is fed as 5 to
40 wt.% of the total weight of the sealing layer and the
total amount of said first and said second polymer is
at least 80 wt.% based on the total weight of said
sealing layer B,

- at least one outer layer of the co-extruded
multi-layered film comprises at least one slip additive
in an amount of 1 to 5 wt.% based on the total weight
of said layer, wherein the slip additive 1is selected

from the group consisting of migrating slip additives,
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nonmigrating slip additives, 1inorganic slip additives,
organic slip additives and masterbatch slip additives,
or any combination or mixture thereof, and

wherein said film is produced by a film

extrusion process.

Further disclosed 1s a packaging material
comprising the described co-extruded multi-layered

cellulose-based film.

Disclosed 1is also a method for manufacturing a
co-extruded multi-layered cellulose-based film, wherein
the method comprises the steps of;

i. providing a first polymer composition
for forming a first film layer A, comprising at least
one first cellulose-based polymer, which is a cellulose
ester and at least one second polymer, wherein the first
layer A comprises said at least one first cellulose-
based polymer in an amount of 55 to 95 wt.%, and said
at least one second polymer in an amount of 5 to 45 wt.%
based on the total weight of said first layer A,

ii. providing a sealing polymer
composition for forming at least one sealing film layer
B, and

iii. forming a co-extruded multi-layered
film comprising said first film layer A and said sealing
film layer B through a film extrusion process,

wherein at least one outer layer of the co-
extruded multi-layered film comprises at least a one
slip additive in an amount of 1 to 5 wt.% based on the
total weight of said layer, wherein the slip additive
is selected from the group consisting of migrating slip
additives, nonmigrating slip additives, inorganic slip
additives, organic slip additives and masterbatch slip
additives, or any combination or mixture thereof, and
wherein the sealing layer B comprise a first cellulose-

based polymer being cellulose acetate propionate (CAP)
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and at least one second polymer co-extruded in the
sealing layer B and the second polymer co-extruded in
the sealing layer 1is polybutylene succinate (PBS) and
that the second polymer co-extruded in the sealing layer
is fed as 5 to 40 wt.% of the total weight of the sealing
layer and the total amount of said first and said second
polymer is at least 80 wt.% based on the total weight
of said sealing layer B.

The method for manufacturing a co-extruded
multi-layered cellulose-based film may be used for
producing any of the co—-extruded multi-layered

cellulose-based films described herein.

According to one embodiment, the co-extruded
multi-layered cellulose-based film has a cellulose
content of at least 20 wt.%. The cellulose content may
typically be in the range of 20 to 60 wt.%, or 30 to 60
wt.%, or 35 to 55 wt.%, or 40 to 45 wt.% based on the
total weight of the film. The cellulose content may also
be at least 25 wt.%, or at least 30 wt.%, or at least
35 wt.%, or at least 40 wt.%. The wt.% 1is based on the
total weight of the film. Preferably, the cellulose
content is in the range of 30 to 50 wt.%, or 35 to 45
wt.

oo

By the expression “cellulose content” should
be understood in this specification, unless otherwise
stated, the cellulose content that is calculated based
on the cellulose polymer present in the composition. For
example, the cellulose polymer derivative used in the
composition can be in the form of a cellulose ester, and
in this «case the amount (wt.%) of cellulose 1is
calculated as without the ester groups covalently bound
to the cellulose polymer. Thus, the cellulose content
does not equal the weight of the cellulose derivative
content. Since the cellulose-based polymer derivative

usually is in the form of an ester, or other otherwise
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substituted, the cellulose content of the film is
typically not above 55 wt.%.

By the expression “cellulose-based film” etc.
should be understood 1in this specification, unless
otherwise stated, a film where a considerable part of
the raw material 1is based on cellulose polymer or
cellulose polymer derivative. The cellulose content of
the cellulose-based film may typically be at least 20
wt.%. The cellulose polymer can be chemically modified
to obtain, for instance, thermoplastic properties.

By the expression “co-extruded multi-layered”
or “co-extruded multi-layered film” should be understood
in this specification, wunless otherwise stated, a
material or film manufactured through co-extrusion. Co-
extrusion 1s a manufacturing process, which involves
pressing two or more materials together through the same
die to produce a single piece. When multiple films or
materials are combined through co-extrusion, the result
can yield properties distinct from those of a single
film or material. A co-extruded multi-layered film is
typically produced by a technique that simultaneously
extrudes thermoplastic resin with multiple extruders and
passes them through a single die to build up layers of
melted resin both on the inside and outside of a film.

This disclosure describes co-extruded multi-
layered cellulose-based films. The films are suitable
for various packaging solutions.

In many packaging solutions, 1t is of high
importance that a packaging film can be sealed. To
obtain this, good sealing properties are required. There
are many sealing techniques, of which the most common
is heat-sealing. The novel co-extruded multi-layered
cellulose-based films described herein have excellent
sealing properties, especially heat-sealing properties,
provided by the defined co-extruded multi-layered

structure.
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By the expression “sealabilty” or “sealing”
should be understood 1in this specification, unless
otherwise the ability to attach two or more separate
films to each other by introducing heat.

Films produced with extrusion processes can
have layered structures. The structures are typically
produced 1n the extrusion process by having several
feeding screws, or extruders. As the film line can have
for example one, three, five or seven extruders, the
resulting film can also contain as many layers.

The layered structure technique of the film
extrusion process can be used for producing multi-
layered films, which provides several advantages since
the separate layers may have different properties.
However, the technique has previously not been utilized
for cellulose-based raw materials in the way described
herein. Cellulose-based films, as described herein, have
not Dbeen produced with industrial film extrusion
processes for manufacturing co-extruded multi-layered
films.

In this disclosure several film structures are
described. The structure can be A-B, where A and B
represent film layers that are different from each
other. The film structure can also be for example A-B-
A, where the middle film layer B differs from the outer
film layers A. The film structure can also be A-B-C or
for instance A-B-C-B-A, where three different layers are
being used in wvarious configurations. This can be
further elaborated to A-B-C-D-C-B-A etc.

As stated, in many applications it is important
that a film meant for packaging applications can be
sealed. Otherwise, the film cannot be used at all in
many packaging applications. Typically, when adding
heat-sealing properties to traditional cellulose-based
films, polyvinylidene dichloride (PVDC) 1s being used
as a coating. PVCD provides heat-sealing properties, but

it is a chlorinated polymer. Thus, the use of PVCD for
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coating makes the entire packaging unfit for recycling
of even incineration. The co-extruded mnulti-layered
cellulose-based films described herein do not require
the use of a PVDC coating.

Further, the inventors recognized that it is
of high importance that a film intended for a packaging
application can be produced efficiently. The commonly
used techniques for film production are different
extrusion processes, such as blown film extrusion and
cast film extrusion processes. There are cellulose-based
film products on the market, which are produced with
solvent casting methods or through viscose processes.
These traditional cellulose-based films are typically
acetate and cellophane type products and are not
thermally processable due to their poor or non-existing
thermal resistance. Thus, solvent casting methods or
viscose processes require proprietary machinery and
technology and are therefore very expensive and hard to
scale up.

The novel films described herein provide a
scalable production method, wherein the granulate used
for the film production is processable with high outputs
and processing efficiency. The composition for the films
has high thermal resistance. These are advantages,
because a high processing efficiency 1is typically
difficult to provide for new materials and new biobased
plastics.

A packaging film should preferably be clear,
transparent, and glossy so that the product packed
inside the packaging looks appealing. A packaging film
should also preferably have sufficient rigidity and
puncture resistance to protect the packed product. The
described co-extruded multi-layered films provides
these properties to the packaging material manufactured
thereof. The novel films may be clear, transparent and
glossy as well as rigid and with high puncture

resistance.
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Traditionally, the aim in the production of
multi-layered films is to obtain a film with optimal
properties for the intended application. Properties such
as grease, oxygen or vapor barriers, mechanical
resistance, UV protection, sealing, chemical resistance
and so on, can be introduced to the final film structure
by the multi-layered film technique.

As multi-layering is practical for obtaining
good properties for various film applications, it is
detrimental for recycling. Multi-layered films are known
to be a challenge for the plastic recycling processes.
Typically, multi-layered films can be recycled merely
as energy via incineration, or possibly as feedstock for
some chemical recycling processes where the resulting
yields are low. Mechanical plastics recycling is not
practical as the layers cannot be separated from each
other during the recycling process.

The co-extruded multi-layered cellulose-based
films described herein provide a sustainable alternative
to multi-layered films, where cellulose-based raw-
material is manufactured into a film structure with an
industrial scale extrusion process. A heat-sealing layer
is introduced into the extrusion process as a film layer
B in a layer structure comprising a film layer structure
of e.g. A-B, A-A-B, A-B-C or A-B-A. The co-extruded
multi-layered structures of this disclosure, including
the sealing layer, can be recycled with mechanical
plastics recycling. The sealing agents used may be
easily recycled together with the film and the resulting
recycled material has very high-quality properties.

Apart from good processability and heat-
sealing properties, the films are clear and transparent,
as well as glossy. Thus, they are very well suited for
packaging material films.

In this invention, film structures comprising
layers, such as A-B, A-A-B, A-B-C and A-B-A are being

introduced. Naturally, the films can also be produced
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with many other layered structures depending on the
configuration of the film extrusion line.

According to one embodiment, the process
temperature of the film extrusion process 1s 1in the
range of 200 to 240°C. The temperature may also be in
the range of 210 to 230°C. Other suitable ranges are for
example 205 to 235°C, or 215 to 225°C. The most suitable
temperature range depends on the composition and number
of layers.

At least one outer layer of the co-extruded
multi-layered film may comprise at least one slip
additive in an amount of 0.5 to 5 wt.%. The slip additive
amount may typically be 1 to 3 wt.%, or for example 1.5
to 4.5 wt.%, or 2 to 4 wt.%. The amount is based on the
total weight of said layer. These amounts of slip
additive have shown to provide the necessary
processability to produce smooth and clear films, easy
reeling into a film roll, without damaging the heat-
sealing properties to the films of this disclosure.

Typically, slip additives (or slip agents) are
divided in two classes, migrating and nonmigrating slip
additives. Slip additives may be inorganic compounds,
such as silica or talc. Slip additives may also be
organic compounds, such as fatty acid amides (for
example erucamide and oleamide), fatty acid esters,
metallic stearates, or waxes. Often combinations of
several slip additives are used. Slip additives are
often 1in the form of masterbatches. Often the
formulations contain both slip additives and antiblock
additives.

The slip additive is selected from the group
consisting of migrating slip additives, nonmigrating
slip additives, inorganic slip additives, organic slip
additives and masterbatch slip additives, or any
combination or mixture thereof. The masterbatch type
slip additive usually includes a carrier material, such

as a polymer, and an active material.
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According to one embodiment, the co-extruded
multi-layered cellulose-based film is produced by a film
extrusion process with an output of 200 - 500 kg/h. The
slip additive in the amounts mentioned above have shown
to provide the ability to give outputs in this range.
Output refers to the processing speeds. Cellulose-based
films with high cellulose content (such as cellophanes
and acetates) often require proprietary technology for
their production. However, by far the most common
production method for a flexible or a rigid packaging
is film extrusion, such as blown film extrusion and cast
film extrusion processes. It 1s an advantage that the
cellulose-based film products can be manufactured with
these film extrusion methods, which is possible for the
co-extruded multi-layered cellulose-based films of this
disclosure.

According to one embodiment, the film extrusion
process 1is blown film extrusion process or cast film
extrusion process.

By the expression “recycling” or “recycled”
should be understood 1in this specification, unless
otherwise stated, the process, or obtained by the
process, of reprocessing and reusing a material so that
the molecules in the material are obtained back in reuse
either as polymers, monomers or smaller chemical
building blocks. Recyclability refers to the ability to
recycle a material for re-use. Preferably, plastic
packaging films and materials should be recyclable with
either mechanical recycling or chemical recycling to
enable re-use of the molecular material. This is clearly
stated in the European Commission reports (Plastics
Strategy 2018) as well as in the basic principles of
Circular Economy. Films with high cellulose content are
not known to be recyclable for re-use. Films with high
cellulose content are composed of cellulose acetates or
regenerated celluloses and these types of films do not

undergo mechanical recycling due to the lacking on
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thermal properties. Also, when PVDC is being used as a
sealing layer the recyclability is lost. Even when the
plastic film material can be reprocessed into a new
pellet, it is not evident that the resulting pellets are
fit for the production for a new film. However, the co-
extruded multi-layered cellulose-based films of this
disclosure may be recyclable both chemically and
mechanically.

“Mechanical recycling” 1s for example the
process of taking a plastic film roll and feeding it
into a shredder, melting it, compounding it into a
strand, and then pelletizing the strand. These recycled
pellets can then be made into a new film product.

“Chemical recycling” is for example the process
of taking a plastic film roll and processing the
material into small chemical components, for instance
syngas, the mixture of hydrogen, H,, and carbon
monoxide, CO. These chemical building blocks can then
be used directly in the making of new monomers for the
new plastic product.

Different parts of the polymers can be recycled
in different way. Cellulose derivatives can undergo
chemical recycling. Further, many types of organic
polymers can be used as feedstocks for chemical
recycling. Traditional cellulose-based polymers and
films, such as cellophanes, cellulose acetates and other
esters, are usable feedstocks for chemical recycling.
Typically, the outcome of the chemical recycling process
is for example syngas, a combination of hydrogen H, and
carbon monoxide CO gases.

Re-producing the cellulose polymer structure
itself as the outcome of chemical recycling is however
currently not done. However, the chemicals used in the
modification of the cellulose can be produced from
chemically recycled feedstocks. For instance, the

acetate groups in cellulose acetate, or the propionic
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ester groups 1in cellulose acetate propionate can be
produced from the chemically recycled feedstocks.

Furthermore, several polymers, such as
polyesters, can be used as feedstocks for chemical
recycling. The outcomes of their recycling process can
vary depending on the process that 1is being used.
Polyesters can be either hydrolyzed to the oligomers,
dimers, or monomers. Also, the polymer can be rebuilt
by using an esterification process. Polyesters can also
be used in thermal chemical recycling processes to
produce for instance syngas. This mixture can then be
further wused to build monomers, or other chemical
building blocks. Therefore, polymers like polyesters can
be used as feedstock in chemical recycling processes.
In addition, polymers like polyesters can be
manufactured from the materials which are the outcome
of chemical recycling processes.

According to one embodiment, the co-extruded
multi-layered cellulose-based film comprises chemically
recycled content.

According to one embodiment, the co-extruded
multi-layered cellulose-based film contains 5 to 80
wt.%, or 20 to 70 wt.%, or 30 to ©0 wt.%, or 40 to 50
wt.%, chemically recycled content based on the total
weight of the film. The amount may be for example 10 to
80 wt.%, or 30 to 50 wt.% chemically recycled content
based on the total weight of the film. The amount of
chemically recycled content may also be for example 40
to 80 wt.%, or 50 to 70 wt.%, or 60 to 75 wt.%.
Preferably, the amount of chemically recycled content
is 5 to 40 wt.%.

Currently, a cellulose polymer derivative
cannot be entirely made with chemically recycled
content. Typically, the ester moieties in the cellulose
acetate, cellulose acetate propionate or cellulose
acetate butyrate can be made from chemically recycled

content. In practice, the maximum chemically recycled
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content in the cellulose derivative therefore is defined
by the wt.% of the ester moieties to the total weight
of the cellulose polymer derivative. This may typically
vary from 20 wt.% to 55 wt.% depending on the ester
moiety and the degree of substitution. This is the range
for the maximum chemically recycled content 1in the
cellulose polymer derivative as wt.% of the total weight
of the cellulose polymer derivative.

For other polymers, such as aliphatic
polyesters, the polyester part can be entirely made with
chemically recycled feedstocks. Therefore, the maximum
chemically recycled content for e.g. polyester is 100
wt.

When the films according to this description are

oo

produced, the chemically recycled content may typically
vary from 50 wt.% to up to 80 wt.% if all ester groups
in the cellulose-based polymer, such as a cellulose
polymer derivative, and the second polymer, such as a
polyester, are made from chemically recycled materials.

According to one very specific embodiment, the
chemically recycled content in the co-extruded multi-
layered cellulose-based film is introduced within the
cellulose-based polymer. Preferably, the polymer 1is
cellulose acetate propionate. The propionate obtained
via chemical recycling is more environmentally friendly
than the alternative known methods.

According to one embodiment, the co-extruded
multi-layered cellulose-based film comprises
mechanically recycled cellulose-based blend.

According to one embodiment, the co-extruded
multi-layered cellulose-based film contains 5 to 100
wt.% mechanically recycled content based on the total
weight of the film. The amount of the mechanically
recycled content may also be for example 10 to 95 wt.%,
or 15 to 90 wt.%, or 20 to 85 wt.%, or 25 to 80 wt.§%,

or 30 to 75 wt.%. The mechanically recycled films have
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shown to show a good enough puncture resistance, which
make them suitable for packaging applications.

According to one embodiment, the co-extruded
multi-layered cellulose-based film contains both
mechanically and chemically recycled content.

According to one embodiment, the sealing layer
B is at least one middle layer of the film.

According to one embodiment, the sealing layer
B is at least one outer layer of the film.

According to one embodiment, the co-extruded
multi-layered cellulose-based film comprises at least
one sealing layer B, which is at least one of a middle
layer and/or an outer layer of said co-extruded multi-
layered film, and the said sealing layer B is introduced
during the film extrusion process. This provides an
efficient process for manufacturing cellulose-based
films, which can be then produced in industrial scale.

According to one embodiment, the co-extruded
multi-layered cellulose-based film comprises a film
layer structure selected from the group consisting of
A-B, A-B-A, A-B-C, A-C-B and A-A-B. The expression “film
layer structure” refers to the order of which layers are
placed and extruded to each other.

According to one embodiment, the sealing layer
B comprises at least one polymer with heat-sealing
property. The polymer with a heat-sealing sealing
property may be called a heat-sealing polymer in this
description. Thus, the sealing layer may provide the
required sealing properties to the co-extruded multi-
layered cellulose-based film of this disclosure. A
suitable heat-sealing polymer is a polymer or blend with
a relatively 1low melting point. According to one
embodiment, the sealing layer B comprises at least one
polymer with a heat-sealing property, wherein the
melting point of the polymer with a heat-sealing
property is between 50°C and 210°C, or between 60°C and
200°C, or between 70°C and 190°C, or between 80°C and
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180°C. For example, the polymer with heat-sealing
property may be polybutylene succinate (PBS),
polybutylene adipate terephthalate (PBAT) and/or
polylactic acid (PLA). Preferably, the polymer with
heat-sealing property 1s PBS. The polymer with heat-
sealing property may also be a hotmelt adhesive.

The sealing layer B may comprise at least one
polymer co-extruded in the sealing layer B. The co-
extruded polymer may be an aliphatic and/or aliphatic-
aromatic polyester or 1s made by ring-opening of a
lactone. Using an aliphatic and/or aliphatic-aromatic
polyester in the sealing layer B has shown to give good
sealing properties.

The polymer co-extruded in the sealing layer
may be an aliphatic polyester.

The polymer co-extruded in the sealing layer
may be selected from the group consisting of
polypropylene succinate (PPS), polybutylene succinate
adipate (PBSA), polybutylene adipate terephthalate
(PBAT), polylactic acid (PLA), polycaprolactone (PCL),
polybutylene adipate (PBA), polyhydroxyalkanoate (PHA),
polvhydroxybutyrate (PHB) , polyethylene furanoate
(PEF), polybutylene terephthalate (PBT), polybutylene
succinate terephthalate (PBST), and any polyester
containing sebacic and/or azelaic acid and/or
dodecanedioic acid as dicarboxylic acid alone or in
combination with terephthalic acid, and any combination
of these.

The polymer co-extruded in the sealing layer
is polybutylene succinate.

According to one embodiment, the polymer co-
extruded in the sealing layer B constitutes 10 to 30
wt.%, of the total weight of the sealing layer B.

According to one embodiment, the co-extruded
multi-layered cellulose-based film 1s heat-sealable,
and the film is coated with a sealing coating, such as

a dispersion coating or adhesive coating.
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According to one embodiment, the co-extruded
multi-layered cellulose-based film 1s coated with a
coating selected from at least one of a barrier coating,
a sol-gel coating, or a heat resistant coating.

According to one embodiment, the co-extruded
multi-layered cellulose-based film 1s treated with
plasma or corona treatment prior to the coating is
applied.

According to one embodiment, the first layer A
comprises a first cellulose-based polymer Dbeing
cellulose acetate propionate (CAP) and/or cellulose
acetate butyrate (CAB), and a second polymer selected
from the group consisting of polybutylene succinate
(PBS), ©polypropylene succinate (PPS), polybutylene
succinate adipate (PBSA), polybutylene adipate
terephthalate (PBAT) , polylactic acid (PLA),
polycaprolactone (PCL), polybutylene adipate (PBA),
polyhydroxyalkanoate (PHA), polyhydroxybutyrate (PHB),
polyethylene furanoate (PEF) , polybutylene
terephthalate (PBT) , polybutylene succinate
terephthalate (PBST), and any polyester containing
sebacic and/or azelaic acid and/or dodecanedioic acid
as dicarboxylic acid alone or in combination with
terephthalic acid, and any combination of these), and
the total amount of said first and said second polymer
is at least 80 wt.% based on the total weight of said
first layer A. According to one very specific
embodiment, the first cellulose-based polymer is
cellulose acetate propionate (CAP) and/or cellulose
acetate butyrate (CAB). Preferably, the cellulose-based
polymer 1is cellulose acetate propionate. According to
one very specific embodiment, the second polymer is
polybutylene succinate (PBS), polypropylene succinate
(PPS) and/or polybutylene succinate adipate (PBSA).

The sealing layer B may comprise a first
cellulose-based polymer being cellulose acetate

butyrate (CAB), and a second polymer selected from the



20205967 PrH 20 -12- 2024

10

15

20

25

30

35

18

group consisting of polypropylene succinate (PPS),
polybutylene succinate adipate (PBSA), polybutylene
adipate terephthalate (PBAT), polylactic acid (PLA),
polycaprolactone (PCL), polybutylene adipate (PBA),
polyhydroxyalkanoate (PHA), polyhydroxybutyrate (PHB),
polyethylene furanoate (PEF) , polybutylene
terephthalate (PBT) , polybutylene succinate
terephthalate (PBST), and any polyester containing
sebacic and/or azelaic acid and/or dodecanedioic acid
as dicarboxylic acid alone or in combination with
terephthalic acid, and any combination of these), and
the total amount of said first and said second polymer
is at least 80 wt.% based on the total weight of said
sealing layer B. The sealing layer comprises cellulose
acetate propionate and polybutylene succinate.

According to one very specific embodiment, the
sealing layer B consists of only the polymer with heat-
sealing property. According to one very specific
embodiment, the sealing layer B consists of polybutylene
succinate (PRS).

The first layer A comprises at least one first
cellulose-based polymer in an amount of 55 to 95 wt.%,
and at least one second polymer in an amount of 5 to 45
wt.% based on the total weight of said first layer A.
The amount of the first cellulose-based polymer may also
be 60 to 90 wt.%, or 65 to 85 wt.%, or 70 to 80 wt.%.
The amount of the second polymer may also be 10 to 40
wt.%, or 15 to 35 wt.%, or 20 to 30 wt.%.

According to one embodiment, in the first layer
A the total amount of said first cellulose-based polymer
and said second polymer is at least 80 wt.%, or at least
90 wt.%, or at least 95 wt.%, based on the total weight
of the first layer A, the rest being other polymers
and/or additives such as slip additives, softeners,
pigments, stabilizers or other additives for use in

plastic compositions.
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According to one embodiment, the packaging
material comprises co-extruded multi-layered cellulose-
based film.

According to one embodiment, the packaging
material is selected from the group consisting of a bag,
a conical bag, a bag with perforations, a bag with a
tearing element, a pouch, a sachet, a Tlowpack
packaging, a packaging with thin seals, a packaging with
wide seals, a sealable packaging, a resealable
packaging, a bag with wide side seals, a bag with
laminated side seals, any kind of flexible packaging,
semi-rigid or rigid packagings, thermoformed products,
such as a tray or a tray and top-layer, a clamshell
packaging, a Dblister packaging, a cardboard-plastic
combination packaging, a protective packaging, a barrier
packaging, a laminating film, an agricultural film, such
as greenhouse film, crop forcing film, silage film, or
silage stretch film, a protective film, and a cushioning
film.

The films may be used for packaging materials
for semi-rigid or rigid packagings, in thermoforming
applications, such as tray, tray and top-layer,
clamshell packaging, blister packaging, packaging made
with a combination of cardboard and plastic, protective
packaging, barrier packaging etc.

The films may be used for the packaging of for
example fresh food, perishable food, dry food,
cosmetics, electronics, hygiene products, cleaning
products, tools, toys, medical products other household
goods, consumer goods and industrial products.

The films may also be used as laminating film,
such as laminating on paper, paperboard cardboard,
aluminum, composite, or plastic.

Further, the films may be used for agricultural
film, such as greenhouse film, crop forcing film, silage

film, silage stretch film etc.
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A further possible use is as protective films,
cushioning films, such as bubble wrap, bubble packing
etc.

According to one embodiment, the packaging
material is selected from the group consisting of a bag,
pouch or a sachet with thin seals. In addition, the film

comprises the film layer structure A-B-A.
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EXAMPLES

Reference will now be made in detail to various
embodiments, examples of the described co-extruded
multi-layered films of this disclosure.

The description below discloses some
embodiments in such a detail that a person skilled in
the art is able to utilize the embodiments based on the
disclosure. Not all steps or features of the embodiments
are discussed in detail, as many of the steps or features
will be obvious for the person skilled in the art based

on this specification.
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Materials used in the examples:

CAB is Cellulose acetate butyrate grades CAB-381-20
(Eastman), Product Number 419044 (Sigma Aldrich)

TOFA methyl ester is Tall oil fatty acid methyl ester
(various suppliers)

CAP is Cellulose acetate propionate from Eastman,
grades CAP-482-20, Treva Engineering Bioplastic GC6011
clear, Treva Engineering Bioplastic TR6012FPNAT Natu-
ral

GS Pla is GS Pla AZ91T polymer from Mitsubishi
TEC is triethyl citrate (various suppliers)
FZ91 is BioPRS FZ921PM from PTT MCC Biochem
FDO2PM is BioPBS FD92PM from PTT MCC Biochem
S723 is SUKANO PBS ao S723

S724 is SUKANO PBS dc S724

IM100 is Croda IncroMax 100 as 5% masterbatch in FZ9l
polymer

S547 is SUKANO PLA uv 5547

IncroMold S is IncroMold™ S polymer additive from
Croda

Incroslip SL 1is Incroslip™ SL polymer additive from
Croda

Incromax PS is IncroMax PS from Croda as 5% mas-—
terbatch in FZ91 polymer

S511 is SUKANO PLA dc Sb51ll

ESO01G is Origo-Bi ES01G from Novamont

4060D is Ingeo Biopolymer 4060D Heat-seal Layer
Biomelt 2K is Kiilto Biomelt 2K from Kiilto Oy

Carbobond 1995 is Carbobond 1995 Acrylic co-polymer
from Lubrizol

Carbobond 3005 is Carbobond 3005 Acrylic co-polymer
from Lubrizol



20205967 PrH 20 -12- 2024

10

23

Hycar 26084 is Hycar 26084 Carboxy-Modified, Reactive
Acrylic Latex from Lubrizol

Hycar 26288 1s Hycar 26288 Acrylic co-polymer from
Lubrizol

Hycar 26349 is Hycar 26349 Acrylic co-polymer from
Lubrizol

Hycar 26548 1is Hycar 26548 Acrylic co-polymer from
Lubrizol
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Example 1 - reference examples
Cellulose-based blends and film compositions

Table 1. Reference blends
Blend | Cellu- Second | Third | Addi- Addi- Compounding Film extru- Film
lose- poly- poly- | tive 1 | tive temperature sion tempera- | property
based mer mer ture
poly-
mer
1 CAB TOFA 140-170 °C 140-170 °C Clear
70% methyl and
ester elastic
30%
2 CAB TOFA 170 °cC 170 °cC Clear
60% methyl and
ester elastic
40%
3 CAP GS Pla TOFA TEC 210 °cC 210-215 °cC Clear
55.8% 37.2% methyl | 2.3% and
ester elastic
4.7%
4 CAP GS Pla TOFA TEC 210 °cC 210-215 °cC Clear
55.6% 37.0% methyl 1.9% and
ester elastic
5.5%
5 CAP FzZ91 210 °cC 210-215 °cC Clear
60% 40% and
elastic
6 CAP FzZ91 210 °cC 210-215 °cC Clear
70% 30% and
rigid
7 CAP FzZ91 210 °cC 210-215 °cC Clear
72.5% 27.5% and
rigid
8 CAP FzZ91 210 °cC 220-230 °C Clear
80% 20% and
rigid
9 CAP FzZ91 210 °cC 220-230 °C Clear
85% 15% and
rigid
10 CAP FzZ91 210 °cC 220-230 °C Clear
90% 10% and
rigid
11 CAP FzZ91 210 °cC 220-230 °C Clear
95% 5% and
rigid
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The blends in Table 1 were produced with a melt mixing
process at the indicated temperature.

The films made with blends 5-11 in Table 1 were clear
and transparent, as well as glossy. The rigidity of
the film increased with the increasing CAP content.

The films made with blends 1-8 were particularly suit-
able for blown film extrusion process at laboratory or
pilot scale.

The films made with blends 7-11 were particularly
suilitable for cast film extrusion process with labora-
tory or pilot scale.

However, none of the blends in Table 1 were suitable
for industrial production at high outputs and process
efficiency. The films made with blends in Table 1 had
high friction and this property made them unqualified
for industrial scale processing.

With blown film extrusion process at over 20 kg / hour
production, the bubble was unstable, and the film
rolls were uneven due to the high friction levels and
tackiness. Similar problems were encountered with cast
film extrusion process at over 50 kg / hour produc-
tion, as the film could not be rolled evenly due to
the high friction levels and tackiness.
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Example 2
Cellulose-based compositions and films with additives

Table 2. Blends

Blend | Cellu- Second | Third | Addi- Addi- Com— Film Film prop-
lose- poly- poly—- | tive 1 | tive 2 pounding | extru- erty
based mer mer tempera- | sion
poly- ture temper-
mer ature
7 CAP FZ91 210 °cC 210-215 | Clear film,
72.5% 27.5% °c High fric-
tion
12 CAP FZ91 S724 8723 1% | 210 °C 210-220 | Clear film,
72.5% 25.5% 13 °c Medium fric-
tion
13 CAP FZ91 S724 8723 2% | 210 °C 210-220 | Clear film,
72.5% 22.5% 3% °c Medium fric-
tion
14 CAP FZ91 S724 210 °cC 210-220 | Clear film,
72.5% 26.5% 13 °c Medium fric-
tion
15 CAP FZ91 S724 210 °cC 210-220 | Clear film,
72.5% 24.5% 3% °c Low friction
le CAP FZ91 5547 210 °cC 210-220
72.5% 25.5% 2% °c
17 CAP FZ91 5547 210 °cC 210-220
72.5% 23.5% 4% °c
18 CAP FZ91 IM100 210 °cC 210-220 | Clear film,
72.5% 23.5% % °c High fric-
tion
19 CAP FZ91 IM100 210 °cC 210-220 | Clear film,
72.5% 21.5% 63 °c High fric-
tion
20 CAP FZ91 S511 210 °cC 210-220 | Clear film,
72.5% 24.5% 3% °c High fric-
tion
21 CAP Fz91 $547 In- 210 °c
72.5% 24.5% 2% cromold
S 1%
22 CAP Fz91 $547 In- 210 °c
72.5% 24.5% % croslip
SL 1%
23 CAP FZ91 In- 210 °cC 210-220 | Cloudy film
66.5% 28.5% cromax °c
PS 5%
24 CAP FZ91 Silica 210 °cC 210-220 | Cloudy film
66.5% 28.5% °c

20205967 PrH 20 -12- 2024
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The blends in Table 2 were produced with a melt mixing
process at the indicated temperature. The films made
with the blends in Table 2 were produced with a cast
film extrusion line at the indicated temperature.

When friction is defined as High, this means the film
cannot be produced efficiently as the static friction
is over 1.8 and dynamic friction is over 0.6 which
were too high for film production. When friction is
defined as Medium, this means the film was processable
to certain applications as the static friction is be-
tween 0.6-1.8 and dynamic friction is 0.3-0.6. When
friction is defined as Low, this means the film was
easy to process to various applications as the static
friction is under 0.6 and dynamic friction is under
0.3.

Different additives, antifriction additives, slip ad-
ditives and antiblock additives were tested with the
cellulose-based film production. Many of the additives
failed to improve the friction properties of the
blend. Also, many of the additives reduce the trans-
parency of the film to an unacceptable level. Some of
the additives improve the friction level without af-
fecting the transparency.

Industrial production of a cellulose-based film:

To a blown film extrusion process of three extruders
was fed in the inmost layer and outmost layer a pre-
compounded blend 6. To this was co-fed 1-5 wt.% of
S724. In the middle layer was fed a pre-compounded
blend 6. The film was produced with an output of 200-
400 kg/ hour. Thus, the processability at industrial
scale was very good. The resulting film was transpar-
ent and clear and easy to process.
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Cellulose-based blends and films with heat-sealing

polymers

Table 3. Blends

Blend | Cellu- Second Third Addi- Addi- Com-— Film ex- Film
lose- polymer | polymer | tive 1 | tive 2 | pounding trusion property
based tempera- tempera-
poly- ture ture
mer

25 CAP Fz91 ESOLlG 220-230 210-230 °C | Opaque
56% 24% 20% °c and

rigid

26 CAP Fz91 4060D 220-230 210-230 °C | Opaque
56% 24% 20% °c and

rigid

27 CAP Fz91 Biomelt 220-230 210-230 °C | Clear
©63% 27% 2K 10% °c and

rigid

28 CAP Fz91 FD92PM 220-230 210-230 °C | Clear
56% 24% 20% °c and

elastic

29 CAP Fz91 Fz91 220-230 210-230 °C | Clear
56% 24% 20% °c and

elastic
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The blends in Table 3 were produced with melt mixing
process at the indicated temperature. The films made
with the blends in Table 3 were produced with a cast
film extrusion line at the indicated temperature.

Different heat-sealing polymers were added to the cel-
lulose-based blends to improve the heat-sealing prop-
erties. Blends 28 to 29 gave the best results.

Industrial production of a cellulose-based film with
heat-sealing property: Film structure A-B-A

To a blown film extrusion process of three extruders
was fed in the inmost layer and outmost layer a pre-
compounded blend 6. To this was co-fed 1-5% of 5724.
In the middle layer was fed a pre-compounded blend 6
and co-fed 10-30 % of FD92PM or FZ91. The film was
produced with an output of 200-400 kg/ hour. Thus, the
processability at industrial scale was very good. The
resulting film was transparent and clear and easy to
process.

The resulting film has very good heat-sealing proper-
ties for thin hot cut seals of bags and sachets as
shown in Table 4. The film can be produced with 20 -
150 pm thickness.
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Table 4. Strength tests of seal

Sample Strength Strain at Strength Stress at
at yield yield (%) at break break (%)
(N/mm) (N/mm)

No sealing | 1.15+0.08 2.8+1.9 1.15+£0.08 3.0£1.9

layer

Film 0.923+£0.07 | 16+6.4 0.915+£0.07 | 161+6.4

structure

A-B-A

Film 0.986+£0.08 | 15%6.7 0.985+£0.08 | 15%6.7

structure

A-B-A

Film 0.864+£0.34 | 7.0+£2.5 0.866x0.34 | 7.1£2.5

structure

A-B-A

The films of structure A-B-A have excellent puncture
resistance as shown in Table 5.

Table 5. Puncture resistance

Puncture re-
sistance (mJ)

Sample Force (N)

Film structure A- 4.1740.31

B-A 40pm thickness

4.5210.20

Industrial production of a cellulose-based film with
10 heat-sealing property: Film structure A-B

To a blown film extrusion process of three extruders
was fed in the outmost layer a pre-compounded blend 6.
To this was co-fed 1-5 wt.% of S724. In the middle

15 layer was fed a pre-compounded blend 6. In the inmost
layer was fed a pre-compounded blend 6 and co-fed 10-
30 wt.% of FD92PM or FZ91 with 1-5 wt.% of S724. The
film was produced with an output of 200-400 kg/ hour.
Thus, the processability at industrial scale was very

20 good. The resulting film was transparent and clear and
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easy to process. The resulting film has very good
heat-sealing properties for flowpack sealing with wide
seals and as a laminating film for carboard and paper.
The film can be produced with 20 - 150 um thickness
with blown film extrusion process.

The film structures A-B and A-B-A can also be produced
with cast film extrusion process to produce thicker
films, such as 100 - 1000 pm.
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Example 4
Cellulose-based films with coatings

Coatings, such as dispersion coatings, adhesive coat-
ings, sol-gel coatings, heat-resistance coatings, bar-
rier coatings or mattifying coatings and so on can be
used for achieving desired properties for the films.
For sustainability and recyclability, it is of high
importance that the coating layer is thin and contains
only organic or inorganic components which do not pre-
vent the further recycling processes. Various coatings
were tested. The films can be pre-treated with plasma
or corona treatments prior to the coating layer is ap-
plied.

Film made from Blend 6 was coated with heat-sealing
dispersion coatings according to Table 6.

Table 6

Film Coating

Blend © Carbobond 1995
Blend © Carbobond 3005
Blend © Hycar 26084
Blend © Hycar 26288
Blend © Hycar 26349
Blend © Hycar 26548

Film made from Blend 6 was coated with sol-gel coat-
ings to obtain good barrier properties

Film made from Blend 6 was coated with barrier coat-
ings for high water vapor barrier.

Film made from Blend 6 was coated with barrier coating
for high chemical resistance.

Film made from Blend 6 was coated with heat resistant
coating for better heat resistance.

Film made from Blend 6 was coated with mattifying
coating to obtain a matte effect on the film.
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Example 5
Production of recycled cellulose-based film

Mixed film waste containing blends 6 and 8 with addi-
tives was fed into a shredder, then melted and further
extruded into a strand and pelletized. The granulate
obtained was clear and transparent. This recycled
granulate was made into a new film product with a cast
film extrusion line. The film obtained was clear and
transparent and films with a thickness from 20 pm to
300 um were successfully prepared. No holes were de-
tected in the recycled films indicating good recycla-
bility and extruding properties for the recycled
blends.

The recycled film had excellent puncture resistance as
shown in Table 7.

Table 7. Puncture resistance.

Sample Film 100% | Puncture Force (N)
mechanically re- | strength (mJ)
cycled content

20 pm 0.85+£0.18 0.98£0.15
50 pm 1.9940.35 2.1320.26
70 pm 3.8910.26 3.9610.20
250 pm 13.0+1.12 14.5+0.67

The recycled blend can be mixed with virgin cellulose-
based blend. The fraction of mechanically recycled
content can vary for example from 5 wt.% to 100 wt.%
of the cellulose-based film. The recycled blend can be
mixed with virgin cellulose-based blend.
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Example 6
NIR separation of the cellulose-based film

Film made with blend 6 with additives was thermoformed
into clamshell packaging. These packaging items were
analyzed for their NIR spectrum for plastic waste
sorting. The samples showed a clearly identifiable
spectral curve and could be identified and sorted in a
plastics waste sorting system.

Example 7
Cellulose-based film with chemically recycled content

A cellulose ester polymer or a polyester polymer suit-
able for co-extruded multi-layered cellulose-based can
contain chemically recycled content.

The ester moieties in the cellulose-based polymers,
such as CAP and CAB, can be partly or entirely made
with chemically recycled feedstocks.

Also, the other polymers used in the blends such as
FDO92PM or FZ91 can be partly or entirely made with
chemically recycled molecules. The fraction of chemi-
cally recycled content can vary for example from 10
wt.% to 80 wt.% of the cellulose-based film.

* Kk k% %

It is obvious to a person skilled in the art
that with the advancement of technology, the basic idea
may be implemented in various ways. The embodiments are
thus not limited to the examples described above;
instead they may vary within the scope of the claims.

The embodiments described hereinbefore may be
used in any combination with each other. Several of the
embodiments may be combined to form a further
embodiment. A product, a system, a method, or a use,
disclosed herein, may comprise at least one of the
embodiments described hereinbefore. It will be

understood that the benefits and advantages described
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above may relate to one embodiment or may relate to
several embodiments. The embodiments are not limited
to those that solve any or all of the stated problems
or those that have any or all of the stated benefits and
advantages. It will further be understood that reference
to “an” item refers to one or more of those items. The
term “comprising” is used in this specification to mean
including the feature(s) or act(s) followed thereafter,
without excluding the presence of one or more additional

features or acts.
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CLAIMS

1. A co-extruded multi-layered cellulose-based film,
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characterized in that said film comprises
a first film layer A comprising at least one first
cellulose-based polymer, which is a cellulose ester,
and at least one second polymer, wherein the first
layer A comprises
- sald at least one first cellulose-based
polymer in an amount of 55 to 95 wt.%, and
- said at least one second polymer in an amount

of 5 to 45 wt.% based on the total weight of

sald first layer A,
at least one sealing layer B being an outer layer
and/or a middle layer of said film, wherein the
sealing layer B comprise a first cellulose-based
polymer being cellulose acetate propionate (CAP) and
at least one second polymer co-extruded in the
sealing layer B and the second polymer co-extruded in
the sealing layer is polybutylene succinate (PBS),
and that the second polymer co-extruded in the sealing
layer is fed as 5 to 40 wt.% of the total weight of
the sealing layer and the total amount of said first
and said second polymer is at least 80 wt.% based on
the total weight of said sealing layer B,
at least one outer layer of the co-extruded multi-
layered film comprises at least one slip additive in
an amount of 1 to 5 wt.% based on the total weight of
sald layer, wherein the slip additive is selected
from the group consisting of migrating slip
additives, nonmigrating slip additives, inorganic
slip additives, organic slip additives and
masterbatch slip additives, or any combination or
mixture thereof, and that

said film is produced by a film extrusion process.
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. The co-extruded multi-layered cellulose-based film

according to claim 1, characterized in that said film
has a cellulose content of at least 20 wt.%, or 30 to
60 wt.%, or 35 to 55 wt.%, or 40 to 45 wt.% based on
the total weight of the film.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that the process temperature of the
film extrusion process is in the range of 200 to 240
°C, or in the range of 210 to 230°C.

. The co-extruded multi-layered cellulose-based film

according to claim 4, characterized in that said film
is produced by a film extrusion process with an output
of 200 - 500 kg/h.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that the film extrusion process is
blown film extrusion process or cast film extrusion

process.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that said film comprises chemically

recycled content.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,

oo

characterized in that the film contains 5 to 80 wt.
or 20 to 70 wt.%, or 30 to 60 wt.%, or 40 to 50 wt.
or 5 to 40 wt.% chemically recycled content based on
the total weight of the film.

4

oo

4

. The co-extruded multi-layered cellulose-based film

according to any one of the claims 7-8, characterized
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in that the chemically recycled content is introduced
within the cellulose-based ©polymer, preferably

cellulose acetate propionate.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that said film comprises

mechanically recycled content.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that said film contains 5 to 100

wt.% mechanically recycled content based on the total
weight of the film.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the film contains ©both

mechanically and chemically recycled content.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the film comprises at least one
sealing layer B, which is at least one of a middle
layer and/or an outer layer of said co-extruded multi-
layered film, and wherein said sealing layer B 1is

introduced during the film extrusion process.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the film comprises a film layer
structure selected from the group consisting of A-R,
A-B-A, A-B-C, A-C-B and A-A-B.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the sealing layer B comprises

at least one polymer with heat-sealing property.
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. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that the sealing layer B comprises
at least one polymer with a heat-sealing property,
wherein the melting point of the polymer with a heat-
sealing property is between 50°C and 210°C, or between
60°C and 200°C, or between 70°C and 190°C, or between
80°C and 180°C.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the polymer co-extruded in the
sealing layer 1is fed as 10 to 30 wt.%, of the total
weight of the sealing layer.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized 1in that it 1is Theat-sealable, and
wherein the film is coated with a sealing coating,

such as a dispersion coating or adhesive coating.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that the film is coated with a
coating selected from at least one of a barrier
coating, a sol-gel coating, or a heat resistant

coating.

. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,
characterized in that the film is treated with plasma

or corona treatment prior to the coating is applied.

20. The co-extruded multi-layered cellulose-based film

according to any one of the preceding claims,

characterized in that the first layer A comprises a
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first cellulose-based polymer being cellulose acetate
propionate (CAP) and/or cellulose acetate butyrate
(CAB), and a second polymer selected from the group
consisting of polybutylene succinate (PRS),
polypropylene succinate (PPS), polybutylene succinate
adipate (PBSA), polybutylene adipate terephthalate
(PBAT) , polylactic acid (PLA), polycaprolactone
(PCL), polybutylene adipate (PRA) ,
polyhydroxyalkanoate (PHA) , polyhydroxybutyrate
(PHB), polyethylene furanoate (PEF), polybutylene
terephthalate (PBT) , polybutylene succinate
terephthalate (PBST), and any polyester containing
sebacic and/or azelaic acid and/or dodecanedioic acid
as dicarboxylic acid alone or in combination with
terephthalic acid, and any combination of these), and
the total amount of said first and said second polymer
is at least 80 wt.% based on the total weight of said
first layer A.

The co-extruded multi-layered cellulose-based film
according to any one of the preceding claims,
characterized in that in the first layer A the total
amount of said first cellulose-based polymer and said
second polymer is at least 80 wt.%, or at least 90
wt.%, or at least 95 wt.%, based on the total weight
of the first layer A, the rest being other polymers
and/or additives such as slip additives, softeners,
pigments, stabilizers or other additives for use in

plastic compositions.

. A packaging material comprising the co-extruded

multi-layered cellulose-based film according to any

one of the claims 1 to 21.

. The packaging material according to claim 22, which

is selected from the group consisting of a bag, a

conical bag, a bag with perforations, a bag with a
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tearing element, a pouch, a sachet, a flowpack
packaging, a packaging with thin seals, a packaging
with wide seals, a sealable packaging, a resealable
packaging, a bag with wide side seals, a bag with
laminated side seals, any kind of flexible packaging,
semi-rigid or rigid packagings, thermoformed
products, such as a tray or a tray and top-layer, a
clamshell packaging, a blister packaging, a
cardboard-plastic combination packaging, a protective
packaging, a barrier packaging, a laminating film, an
agricultural film, such as greenhouse film, crop
forcing film, silage film, or silage stretch film, a
protective film, and a cushioning film, such as bubble

wrap or bubble packing.

A method for manufacturing a co-extruded multi-
layered cellulose-based film, characterized in that

the method comprises the steps of;

i. providing a first polymer composition for
forming at least one first film layer A,
comprising at least one first cellulose-based
polymer, which is a cellulose ester, and at least
one second polymer, wherein the first layer A
comprises salid at least one first cellulose-
based polymer in an amount of 55 to 95 wt.%, and
said at least one second polymer in an amount of
5 to 45 wt.% based on the total weight of said
first layer A

ii. providing a sealing polymer composition for
forming at least one sealing film layer B, and

ii. forming a co-extruded multi-layered film
comprising said first film layer A and said
sealing film layer B through a film extrusion
process,

wherein at least one outer layer of the co-extruded

multi-layered film comprises at least a one slip

additive in an amount of 1 to 5 wt.% based on the
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total weight of said layer, wherein the slip additive
is selected from the group consisting of migrating
slip additives, nonmigrating slip additives,
inorganic slip additives, organic slip additives and
masterbatch slip additives, or any combination or
mixture thereof, and wherein the sealing layer B
comprise a first «cellulose-based polymer Dbeing
cellulose acetate propionate (CAP) and at least one
second polymer co-extruded in the sealing layer B and
the second polymer co-extruded in the sealing layer
is polybutylene succinate (PBS) and that the second
polymer co-extruded in the sealing layer is fed as 5
to 40 wt.% of the total weight of the sealing layer
and the total amount of said first and said second
polymer is at least 80 wt.% based on the total weight

of said sealing layer B.

25. The method according to claim 24, wherein the co-

extruded multi-layered cellulose-based film is the

film defined in any one of the claims 1 to 21.
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PATENTTIVAATIMUKSET

1. Koekstrudoitu monikerroksinen selluloosapohjainen

kalvo, tunnettu siitad, ettd mainittu kalvo kasittaa
ensimmaisen kalvokerroksen A, Jjoka kasittaa ainakin
vhden ensimmdisen sellulocosapohjaisen polymeerin,
joka on selluloosaesteri, Jja ainakin vhden toisen
polymeerin, Jjolloin ensimmainen kerros A kasittaa
- mainittua ainakin vhta ensimmaista
selluloosapohjaista polymeerid maaran, joka
on 55 - 95 paino-%, ja
- mainittua ainakin vyhtad toista polymeeria

maaran, Joka on 5 - 45 paino-% mainitun

ensimmaisen kerroksen A kokonaispainoon

perustuen,
jolloin mainittu ainakin vyksi tiivistekerros B on
mainitun kalvon ulkokerros Ja/tai keskikerros,
Jjolloin tiivistekerros B kasittaa ensimmaista
selluloosapohjaista polymeeria, Jjoka on selluloosa-
asetaattipropionaatti (CAP), Jja ainakin yhtd toista
polymeeria koekstrudoituna tiivistekerrokseen B, ja
toinen polymeeri, Jjoka on koekstrudoitu
tiivistekerrokseen, on polybutyleenisukkinaatti
(PRS), Ja etta toista polymeeria, Jjoka on
koekstrudoitu tiivistekerrokseen, sydtetdan 5 - 40
paino-% tiivistekerroksen kokonaispainosta, Ja
mainitun ensimmdisen ja mainitun toisen polymeerin
kokonaismaara on ainakin 80 paino-% mainitun
tiivistekerroksen B kokonaispainoon perustuen,
koekstrudoidun monikerroksisen kalvon ainakin yksi
ulkokerros kasittaa ainakin yvhtad liukuainetta m&aran,
Jjoka on 1 - 5 paino-% mainitun kerroksen
kokonaispainoon perustuen, jolloin mainittu liukuaine
on valittu ryhmasta, joka koostuu seuraavista:
kulkeutuvat liukuaineet, kulkeutumattomat
liukuaineet, epdorgaaniset liukuaineet, orgaaniset
liukuaineet Jja masterbatchliukuaineet, tai naiden

mitd tahansa vhdistelmaa tai sekoitusta, ja etta
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mainittu kalvo tuotetaan kalvoekstruusioprosessilla.

. Patenttivaatimuksen 1 mukainen koekstrudoitu

monikerroksinen selluloosapohjainen kalvo, tunnettu

siitd, ettd mainitun kalvon selluloosapitoisuus on

ainakin 20 paino-% tai 30 - 60 paino-% tai 35 - 55
paino-% tai 40 - 45 paino-% kalvon kokonaispainoon
perustuen.

. Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitd, etta kalvoekstruusioprosessin
prosessilampotila on alueella 200 - 240 °C tai
alueella 210 - 230 °C.

. Patenttivaatimuksen 4 mukainen koekstrudoitu

monikerroksinen selluloosapohjainen kalvo, tunnettu

siita, etta mainittu kalvo tuotetaan
kalvoekstruusioprosessilla tuotoksella 200 - 500
kg/h.

. Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, etta kalvoekstruusioprosessi
on puhalluskalvoekstruusioprosessi tai valukalvo-

ekstruusioprosessi.

. Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitad, ettd mainittu kalvo kasittaa

kemiallisesti kierratettya sisaltoa.

. Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, etta kalvo sisaltaa 5 - 80
paino-% tai 20 - 70 paino-% tai 30 - 60 paino-% tai

40 - 50 paino-% tai 5 - 40 paino-% kemiallisesti
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kierratettya sisaltoa kalvon kokonaispainoon
perustuen.
. Jonkin patenttivaatimuksista 7 - 8 mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitd, ettd kemiallisesti kierratetty
sisalto sisallytetaan selluloosapohjaisessa
polymeerissa, edullisesti selluloosa-

asetaattipropionaatissa.

. Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitd, ettd mainittu kalvo kasittaa

mekaanisesti kierradtettya sisaltoa.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitd, ettd mainittu kalvo kasittaa
5 - 100 paino-% mekaanisesti kierratettyad sisaltoa

kalvon kokonaispainoon perustuen.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu =siitda, etta kalvo sisaltaa seka
mekaanisesti etta kemiallisesti kierratettya

sisaltoa.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, etta kalvo kasittaa ainakin
yvhden tiivistekerroksen B, Jjoka on ainakin vyksi
mainitun koekstrudoidun monikerroksisen
selluloosapohjaisen kalvon keskikerroksesta Jja/tai
ulkokerroksesta, ja jolloin mainittu tiivistekerros

B sisdllytetadan kalvoekstruusioprosessin aikana.

Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
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kalvo, tunnettu siitd, ettd kalvo kasittaa kalvon
kerrosrakenteen, Jjoka on valittu ryhmasta, Jjoka
koostuu seuraavista: A-B, A-B-A, A-B-C, A-C-B ja A-
A-B.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, etta tiivistekerros B kasittaa
ainakin yhden polymeerin, Jjolla on

kuumasaumausominaisuus.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, etta tiivistekerros B kasittaa
ainakin yhden polymeerin, Jjolla on
kuumasaumausominaisuus, jolloin polymeerin, Jjolla on
kuumasaumausominaisuus, sulamispiste on 50 °C - 210
°C tai 60 °C - 200 °C tai 70 °C - 190 °C tai 80 °C -
180 °cC.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitsa, etta tiivistekerrokseen
koekstrudoitua polymeeria sydotetdaadan 10 - 30 paino-%

tiivistekerroksen kokonaispainosta.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, ettd se on kuumasaumattava, Jja
jolloin kalvo on paallystetty saumauspaallysteellsd,

kuten dispersiopadllysteelld tai liimapdallysteella.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siitd, ettd kalvo on paallystetty

paallysteells, joka on wvalittu ainakin vyhdesta
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seuraavista: sulkupinnoite, sooli-geelipinnoite tai

lammdbnkestava paallyste.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen

kalvo, tunnettu siita, etta kalvo on késitelty

plasma- tai koronakasittelylld ennen paallysteen
levittamista.
Jonkin edeltavista patenttivaatimuksista mukainen

koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, ettda ensimmdinen kerros A
kasittad ensimmaista selluloosapohjaista polymeeriéd,
joka on selluloosa-asetaattipropionaatti (CAP) ja/tai
selluloosa-asetaattibutyraatti (CAB), Ja toista
polymeeria, joka on wvalittu ryhméasta, Jjoka koostuu
seuraavista: polybutyleenisukkinaatti (PBS)

polypropyleeni-sukkinaatti (PPS)

polybutyleenisukkinaattiadipaatti (PBSA),
polybutyleeniadipaattitereftalaatti (PBAT)

polymaitohappo (PLA), polykaprolaktoni (PCL)

polybutyleeniadipaatti (PRA) , polyhydroksi-
alkanoaatti (PHA) , polvhydroksibutyraatti (PHB) ,
polyetyleenifuranocaatti (PEF), polybutyleeni-
tereftalaatti (PBT), polybutyleenisukkinaatti-
tereftalaatti (PBST) tai mik& tahansa polyesteri,
joka sisaltaa sebasiini- Jja/tai atselaiinihappoa
ja/tai dodekaanidihappoa dikarboksyylihappona
vksindaan tail yhdistelm&ssa tereftaalihapon kanssa,
tai nédiden mita tahansa vhdistelmda, Ja mainitun
ensimmaisen Ja toisen polymeerin kokonaismaara on
ainakin 80 paino-% mainitun ensimmd&isen kerroksen A

kokonaispainoon perustuen.

Jonkin edeltavista patenttivaatimuksista mukainen
koekstrudoitu monikerroksinen selluloosapohjainen
kalvo, tunnettu siita, ettd ensimméisessa kerroksessa

A mainitun ensimmaisen selluloosapohjaisen polymeerin
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jJa mainitun toisen polymeerin kokonaismaara on
ainakin 80 paino-% tail ainakin 90 paino-% tai ainakin
95 paino-% ensimmd@isen kerroksen A kokonaispainoon
perustuen, Jjolloin loppu on muita polymeereja ja/tai
lisdaineita, kuten liukuaineita, pehmentimia,
pigmentteja, stabilointiaineita tai muita
lisdaineita, jotka on tarkoitettu kaytettaviksi

muovikoostumuksissa.

. Pakkausmateriaali, Jjoka kasittaa Jjonkin

patenttivaatimuksista 1 - 21 mukaisen koekstrudoidun

monikerroksisen selluloosapohjaisen kalvon.

Patenttivaatimuksen 22 mukainen pakkausmateriaali,
joka on valittu ryhmasta, joka kooostuu seuraavista:
pussi, kartiopussi, rei’ itetty pussi,
repaisyelementilla varustettu pussi, pikkupussi,
minipussi, flowpack-pakkaus, pakkaus, jossa on ohuet
saumat, pakkaus, Jjossa on leveadt saumat, saumattava
pakkaus, uudelleensuljettava pakkaus, pussi, jossa on
leveat sivusaumat, pussi, jossa on laminoidut
sivusaumat, millainen tahansa Jjoustava, puolijavykka
tai Jjavkka pakkaus, lampomuovatut tuotteet, kuten
pakkausalusta tai pakkausalusta p&aallikerroksella,
kahdesta puolikkaasta koostuva pakkaus,

lapipainopakkaus, pahvin ja muovin yhdistelmapakkaus,

suojapakkaus, sulkupakkaus, laminointikalvo,
maatalouskalvo, kuten kasvihuonekalvo,
kasvinsuojakalvo, sailorehukalvo tai Jjoustava

saildrehukalvo, suojakalvo tai pehmustekalvo, kuten

kuplamuovi tai kuplamuovipakkaus.

Menetelma koekstrudoidun monikerroksisen
selluloosapohjaisen kalvon valmistamiseksi, tunnettu

siitd, ettd menetelmid kasittaa vaiheet, joissa

i. Jjarjestetaan kayttoon ensimmainen

polymeerikoostumus ainakin vyhden ensimm&isen
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kalvokerroksen A, Jjoka ké&sittad ainakin yhta
ensimmaista selluloosapohijaista polymeeria,
joka on selluloosaesteri, ja ainakin yhta toista
polymeeria, muodostamiseksi, jolloin
ensimméinen kerros A kasittdad mainittua ainakin
vhtd ensimmé&ista selluloosapohjaista polymeeria
maaran, Jjoka on 55 - 95 paino-%, Jja mainittua
ainakin yhtad toista polymeerid maaran, Jjoka on
5 - 45 paino-% mailnitun ensimmaisen kerroksen A
kokonaispainoon perustuen,

ii. Jjarjestetaan kayttoon
tiivistyspolymeerikoostumus ainakin yvhden

tiivistyskalvokerroksen B muodostamiseksi, ja

iii. muodostetaan koekstrudoitu monikerroksinen
kalvo, Jjoka  kadsittdd mainitun ensimmidisen
kalvokerroksen A Ja mainitun
tiivistyskalvokerroksen B, kalvoekstruusio-
prosessilla,

-jolloin koekstrudoidun monikerroksisen kalvon

ainakin vyksi ulkokerros kasittaa ainakin vyhta
liukuainetta maarén, Jjoka on 1 - 5 paino-% mainitun

kerroksen kokonaispainoon perustuen, jolloin mainittu

liukuaine on valittu ryhmasta, Jjoka koostuu
seuraavista: kulkeutuvat liukuaineet,
kulkeutumattomat liukuaineet, epaorgaaniset
liukuaineet, orgaaniset liukuaineet Ja

masterbatchliukuaineet, tal naiden mita tahansa
vhdistelm&aa tai sekoitusta, ja jolloin tiivistekerros
B kasittaa ensimmaista selluloosapohijaista
polymeerid, joka on selluloosa-asetaattipropionaatti
(CAP), Ja ainakin vhta toista polymeeria
koekstrudoituna tiivistekerrokseen B, Ja toinen
polymeeri, Jjoka on koekstrudoitu tiivistekerrokseen,
on polybutyleenisukkinaatti (PBS), Jja ettada toista
polymeerid, joka on koekstrudoitu tiivistekerrokseen,
syotetaan 5 - 40 paino-% tiivistekerroksen

kokonaispainosta, ja mainitun ensimmdisen ja mainitun
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o3

perustuen.

25. Patenttivaatimuksen 24 mukainen menetelmi,

5 mainitun tiivistekerroksen B kokonaispainoon

jossa

koekstrudoitu monikerroksinen selluloosapohjainen

kalvo on Jjonkin ©patenttivaatimuksista 1

mukainen.

- 21
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