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A PAPER OR PAPERBOARD SUBSTRATE, A PROCESS FOR
PRODUCTION OF THE SUBSTRATE AND A PACKAGE FORMED OF THE
SUBSTRATE.

Field of the invention

The present invention relates to a paper or paperboard substrate
having barrier properties. The invention further relates to a process for the
production of said substrate and package formed of the substrate.

Background

Fiber based products used as packages must both be able to protect
the packed product from outer influences as well as withstand the influence of
the packed product. One way to achieve the desired protection is to provide
the package with a barrier.

In the case of perishable products, such as oxygen sensitive products,
oxygen barrier characteristics of the package are required to provide
extended shelf life for the packaged product. By limiting the exposure of
oxygen-sensitive products to oxygen, the quality and shelf life of many
products are maintained and enhanced. For instance, by limiting the oxygen
exposure of oxygen-sensitive food products in a packaging system, the
quality of the food product can be maintained and spoilage retarded. In
addition, such packaging also keeps the product in inventory longer, thereby
reducing costs incurred from waste and having to restock.

Barriers against for example liquids and/or grease can be used in order
to Increase the package's resistance of the packed product.

Barriers are normally created by coating the fiber based substrate with
a composition which gives the substrate barrier properties. Different coatings
can be applied depending on the needed properties of the barrier. The most
commonly used materials when forming a barrier on a fiber based product,
are polyethylene (PE), polypropylene (PP), polyethylene therephthalate
(PET), ethylene vinyl alcohol (EVOH) or ethylene vinyl acetate (EVA). EVOH
IS normally used in order to create oxygen barriers and PE or PET is normally
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used in order to create a liquid and/or vapor barrier. The polymers are normally either

laminated or extrusion coated to the fiber based product.

However, the thickness of a polymer layer which gives a product barrier properties

normally need to be very thick and it is quite costly to produce such barrier product.

Another commonly used material in order to produce a barrier is aluminum. A layer
comprising aluminum is above all used in order to improve the oxygen and light barrier of a
paper or paperboard product. The thickness of an aluminum layers is normally quite thin,
often around 7-9 um. Aluminum gives excellent barrier properties but it strongly increases the
carbon dioxide load of the product. Furthermore, aluminum decreases the possibility to
recycle the package. There is therefore a demand from both producers and end users to

avoid the use of aluminum layers in paper or paperboard products in order to decrease the

carbon dioxide load of a product.

There is still a need for an improved fiber based product with barrier properties which

is both more economical beneficial to produce and which can be produced at a low carbon

dioxide load.

Summary of the invention

It is an object of the present invention to provide an improved fiber based substrate

with barrier properties.

This object and other advantages are achieved by the substrate described herein.
The present invention relates to a paper or paperboard substrate having barrier properties

which substrate comprises a first fiber based layer, a second layer comprising microfibrillated

cellulose and a third layer comprising a polymer. It has been shown that the combination of a
layer comprising microfibrillated cellulose and a polymer layer gives excellent barrier

properties of the paper or paperboard substrate.

The second layer of the substrate is preferably attached to the first layer and the third
layer is preferably attached to the second layer of the paper or paperboard substrate. in this
way, the paper or paperboard substrate comprises three layers and the second layer
comprising microfibrillated celiulose is located in between the first fiber based layer and the

third polymer layer.
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The polymer of the third layer of the substrate is preferably polyethylene or
polyethylene terephthalate. These polymers will give the paper or paperboard substrate both
heat-sealing properties as well as, together with the second layer comprising microfibrillated

cellulose, the desired barrier properties.

The substrate may further comprise a fourth layer which is added by the aid of atomic
layer deposition (ALD). The fourth layer is preferably located in between the second and the

third layer. It is preferred that the fourth layer comprises aluminum.

The substrate preferably comprises a barrier against liquids, vapor, grease,

detergents, oxygen and/or other gases.

The present invention further relates to a process for the production of a paper or
paperboard substrate which substrate has barrier properties, wherein the process comprises
the steps of providing a first fiber based layer, adding a second layer comprising

microfibrillated cellulose and adding a third layer comprising a polymer.

The second layer is preferably added to the first layer by coating and the third layer is

preferably added to the second layer by lamination or extrusion coating.

The process may also comprise the addition of a fourth layer to the substrate. It is
oreferred that the fourth layer is added by use of atomic layer deposition (ALD). The fourth

layer is preferably added in between the second and the third layers of the substrate.

The invention further relates to a package produced from the paper or paperboard
substrate mentioned above wherein the package is used as a food or liquid package.

The invention further relates to a paper or paperboard substrate having barrier
properties which substrate comprises; a first fiber based layer, a second layer
comprising 0.1-10 g/m? dry microfibrillated cellulose with a length of 10-100 ym and a third

layer comprising a polymer.

The invention further relates to a procesé for the production of a paper or paperboard
substrate which has barrier properties, wherein the process comprises the steps of; providing
a first fiber based layer, adding a second layer comprising 0.1-10 g/m* dry microfibrillated
cellulose with a length of 10-100 um and adding a third layer comprising a polymer.
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Detailed description

The present invention relates to a paper or paperboard substrate
having barrier properties which substrate besides a first fiber based layer also
comprises a second layer comprising microfibrillated cellulose (MFC) and a
third layer comprising a polymer. It has been shown that the combination of a
layer comprising microfibrillated cellulose and a polymer layer gives excelient
barrier properties of the paper or paperboard product.

The addition of a layer comprising microfibrillated cellulose to a first
fiber based layer makes the surface of the first fiber based layer more dense,
..e. the small size of the microfibrillated cellulose makes it possible for the
MFC to cover the spaces between the fibers of the surface of the first fiber
based layer which both denses and smoothens the surface. The densification
and the improved smoothness improves the adhesion of a third layer
comprising polymer, which increases the smoothness of the polymer layer
which results in that less pin holes or other irregularities of the polymer layer,
especially during extrusion coating, will arise. Furthermore, the addition of
microfibrillated cellulose increases the surface energy of the surface of the
paper or paperboard substrate. Increased surface energy increases the ability
of the third layer comprising polymer to adhere to the surface. It may thus not
be necessary to treat the paper or paperboard substrate comprising the
second layer comprising MFC with, for example, a corona treatment, in order
for the third layer comprising polymer to adhere. Since both the adhesion of
the polymer layer and the smoothness of the surface is improved, the amount
of polymer, i.e. the thickness of the third layer comprising polymer, may be
decreased. The second layer comprising microfibrillated cellulose may be
added in an amount of 0.1-10 g/m2 (as dry) preferably in the range of 0.5-3
g/mZ2 (as dry). Higher thickness of the layer comprising MFC results in that
the elastic modulus of the surface of the paper or paperboard substrate
improves, and higher bending stiffness index is thus also achieved. The
thickness of the third layer comprising a polymer may be 5-50 gsm, preferably
between 9-25 gsm. However, the thickness depends on the desired final

properties of the paper or paperboard substrate.

The combination of the third layer comprising polymer and the second

layer comprising MFC has surprisingly been shown to give excellent oxygen
barrier properties. The combination of the densification of the surface of the
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first fiber based layer and the resistance which the polymer layer gives,
results in a paper or paperboard substrate with very good oxygen barrier
properties, even though each layer per se shows poor oxygen barrier
properties. Furthermore, the substrate also shows good barrier properties
against liquids and/or vapor which is are a result of the third layer comprising
a polymer. It i1s preferred that the third layer which comprises a polymer aiso
gives the paper or paperboard substrate heat-sealing properties, i.e. that it is
a heat-sealing polymer which makes it easy to form a package from the
produced paper or paperboard substrate. Furthermore, the addition of MFC
and a polymer layer to the substrate increases the flexibility and thus also the
strength during creasing and folding of the paper or paperboard substrate.

t Is also possible to modity the microfibrillated cellulose of the second
layer before addition to the first fiber based layer. In this way it is possible to
for example further increase the surface energy or alter the charge of the
surfaces of the MFC in order to improve the barrier properties as well as the
adhesion of the third polymer layer. How the modification is done depends on

the desired properties of the end product.

Microfibrillated cellulose (MFC) (also known as nanoceliulose) is a
material made from wood cellulose fibers, where the individual microfibrils
have been partly or totally detached from each other. MFC is normally very
thin (~20 nm) and the length is often between 100 nm to 10 um. However, the
microfibrils may also be longer, for example between 10-100 um but lengths
up to 200um can also be used. Fibers that has been fibrillated and which
have microfibrills on the surface and microfibrils that are separated and
located in a water phase of a slurry are included in the definition MFC.

MFC can be produced in a number of different ways. It is possible to
mechanically treat cellulosic fibers so that microfibrils are formed. The
production of nanocellulose or microfibrillated cellulose with bacteria is
another option. It is also possible to produce microfibrils from cellulose by the
ald of different chemicals and/or enzymes which will break or dissolve the

fibers.
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One example of production of MFC is shown in WO2007091942 which
describes production of MFC by the aid of refining in combination with
addition of an enzyme.

5 It Is preferred that the third layer comprises any of the following
polymers; polyethylene (PE), polyethylene terephthalate (PET), polyvinyi
alcohol (PVOH), polyviny| acetate (PVA), polypropylene (PP) and/or
polyamide (PA). The polymer will preferably give the substrate heat-sealing

properties which will improve the sealing of a package formed by the
10 produced paper or paperboard substrate. Furthermore, these mentioned

polymers will give the substrate increased barrier properties against liquids
and/or vapor. However, these polymers per se will only give the substrate
very little or even no resistance against gases, such as oxygen.

15 The paper or paperboard substrate according to the invention has
barrier properties which gives the substrate improved resistance against for
example, liquids, vapor, grease, detergents, oxygen or other gases. The
substrate according to the invention has been shown to have improved
resistance against both oxygen and vapor. The substrate may thus be

20  suitable for use as both food and/or liquid packages.

The substrate may further comprise a fourth layer which may be added
by the aid of atomic layer deposition (ALD). ALD is a well known technique for
depositing thin films on a surface. ALD is based on the sequential use of a

25  gas phase chemical process. It is common to use two chemicals, typically
called precursors which react with a surface one-at-a-time in a sequential
manner. By exposing the precursors to the growth surface repeatedly, a thin
film is deposited. In order for ALD to work properly it is necessary that the
surface in which the layer is added to is very smooth. The addition of the

30  second layer comprising microfibrillated cellulose results in increased
smoothness of the surface and it is thus possible to use ALD in order to form
a thin layer of the layer comprising microfibrillate cellulose.

The fourth layer may be located in between the second and the third
35  layers. It is preferred that the fourth layer comprises aluminum but other
components can also be used, for example titanium dioxide which also will
Increases the opacity of the paper or paperboard substrate. In this way, it is
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thus possible to produce a very thin layer of for example aluminum oxide,
preferably in the form of Al203, to the paper or paperboard substrate. The
aluminum oxide layer gives the paper or paperboard substrate even further
Improved oxygen as well as vapor resistance properties which is necessary
for some products. The thickness of the fourth layer is preferably in the range
of 0.1-100 nm. The possibility to decrease the thickness of the aluminum
layer will strongly decrease the carbon dioxide load of the substrate but still
produce a paper or paperboard substrate with superior barrier properties.

The present invention further relates to a process for the production of
a paper or paperboard substrate which substrate has barrier properties,
wherein the process comprises the steps of providing a first fiber based layer,
adding a second layer comprising microfibrillated cellulose and adding a third
layer comprising a polymer. The second layer is preferably added to the first
layer and the third layer is preferably added to the second layer.

it is preferred that the layer comprising MFC is coated, preferably wet
coated, to the fiber based layer by any conventional coating technique.
However, it is preferred to use film press or size press coating but other
coatings techniques such as curtain coating, rod coating, spray coating, blade
coating or dry coating can also be used. It is also possible to add the second
layer comprising MFC as a film to the first fiber based layer. The film
comprising MFC is then either laminated or extrusion coated onto the first

layer.

The first fiber based layer may be coated with conventional coating
color which preterably comprises minerals, such as clay, calcium carbonate
or any other known coatings, before or after the second layer comprising
MFC is added. The coating with conventional coating color can be done by
any known coating technique.

The third layer comprising polymer is preferably added as a film to the
paper or paperboard substrate. The film may be laminated or extrusion
coated to the paper or paperboard substrate.

A fourth layer may also be added to the substrate. It is preferred that
the forth layer is added by the use of atomic layer deposition (ALD). The
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fourth layer Is preferably added in between the second and the third layers of
the substrate.

It may also be possible to add additional layers to the paper or
paperboard substrate. For exampie, an additional polymer layer, a fifth layer,
can be added onto the third polymer layer. Another possibility is that a layer of
ethylene vinyl alcohol (EVOH) will be added to the substrate between the
second and third layer. This EVOH layer will preferably be thin. In this way, a
substrate with increased barrier properties against oxygen will be produced.

The invention also relates to a package which is formed by creasing
and folding the produced paper or paperboard substrate. The package will
have excellent resistance against liquids, vapor and oxygen and will thus be
suitable for forming a package for packaging foods and/or liquids.

As used herein, ‘polymer’ may be used to refer to homopolymers,
copolymers, interpolymers, terpolymers etc.

The first fiber based layer may comprise any kind of cellulosic fibers,
such as hardwood or softwood fibers which may be chemically, chemi-
mechanically and/or mechanically treated. The first layer may also comprise
common papermaking additives, such as fillers to increase for example
runnability and cost-efficiency of the process and the produced substrate.

The addition of the second, third and/or fourth layer can either be done
on-line in the paper or board machine or be done off-line.

The other surface of the first fiber based layer, i.e. the surface which is
not coated with a layer comprising MFC, may be coated with any suitable
coating or treated in any suitable way in order to achieve good surface
properties, especially good printing properties since this surface often will be
the outer surface of a formed package.

The substrate Is preferably a paper or board product. However, other
products such as textiles, plastics etc can also be used.
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Example

Sheets of Cupforma Classic 230gsm, which is a bleached SBS cup
board comprising three layers of bleached sulphate pulp was used as a fiber

based layer.

AN

One sheet was coated on the topside with two layers of microfibrillated
cellulose using a laboratory rod coater. The total amount of MFC coated onto
the paperboard was 1.2 gsm (as dry).

10
MFC was prepared from fully bleached sulphite softwood pulp with

high cellulose content which were carboxymethylated to a DS of 0.05 to 0.1
and then fluidized (Microfluidizer, Microfuidics corp.) by letting pulp of 3%
consistency pass through a 400um chamber followed by a 100um chamber

15 wherein the MFC used were formed.

The paperboard sheets, both coated with MFC and the one which is
untreated, were thereafter laminated with totally 24gsm PE (11+13gsm. Melt
temp 311/292°C. Speed 310m/min Borealis CA 7230) on the top side in a full

20  scale laminator by attaching the sheets to the web.

The oxygen transmission rate were thereafter measured according to ASTM
D3985-05 standard for both the sheet which was laminated with PE and sheet
which was coated with MFC and laminated with PE according to the

25 invention.

Table 1. Results of OTR

OTR mi/m2 24h

Reference (Board + PE) 3250
Board + MFC + PE 45

30 As can be seen from table 1, the oxygen transmission rate strongly decreases
which shows that the combination of coating with MFC and PE results in a

paperboard substrate with very good oxygen barrier properties.
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CLAIMS:

1. A paper or paperboard substrate having barrier properties which substrate
comprises;
- a first fiber based layer,
5 - a second layer comprising 0.1-10 g/m* dry microfibrillated cellulose with a
length of 10-100 pm and

- a third layer comprising a polymer.

2. The substrate according to claim 1 wherein the polymer is polyethylene or

polyethylene terephthalate.

10 3. The substrate according to claim 1 or 2 wherein the second layer is attached to the

first layer and wherein the third layer is attached to the second layer.

4. The substrate according to claim 1 or 2 wherein the substrate further comprises a

fourth layer added by the aid of atomic layer deposition.

5. The substrate according to claim 4 wherein the fourth layer is located in between the

15 second and the third layers.

6. The substrate according to claims 4 or 5 wherein the fourth layer comprises

aluminum.

7. The substrate according to any one of claims 1 to 6 wherein the substrate is a barrier
against liquids, vapor, grease, detergents, oxygen or other gases.

20 8. A process for the production of a paper or paperboard substrate which has barrier
properties, wherein the process comprises the steps of;
- providing a first fiber based layer,
- adding a second layer comprising 0.1-10 g/m? dry microfibrillated cellulose with
a length of 10-100 pm and

25 - adding a third layer comprising a polymer.
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9. The process according to claim 8 wherein the second layer is added to the first layer
by coating and that the third layer is added to the second layer by lamination or

extrusion coating.

10. The process according to claim 8 or 9 wherein a fourth layer is added to the
5 substrate.

11. The process according to claim 10 wherein the fourth layer is added by use of atomic
layer deposition (ALD).

12. The process according to any one of claims 8, 10, and 11 wherein the fourth layer is

added in between the second and the third layers.

10 13. A package produced from the paper or paperboard substrate according to any one of

claims 1 to 7 wherein the package is used as a food or liquid package.
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