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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a substrate containing refined natural fibers and nanofibrillar polysaccharide, the
substrate having barrier properties.

[0002] The field of use for the present invention relates in particular to agrifood-processing packaging, such as for example in
packages for agrifood, or pet agrifood bags.

[0003] This fibrous substrate may be used to package fatty substances such as butter, for example. It can also be used in the
field of specialty papers that require a certain barrier level to solvents or other organic compounds. As an example of such
organic compounds, that are coated with silicone to get release properties needed as for example in release papers for self-
adhesive labels may be mentioned. It may also be envisaged in filtration applications as a membrane or membrane substrate for
filtration.

PRIOR ART

[0004] Agrifood storage, transport, handling and lifecycle of packaging containing in particular fatty agrifoods such as butter or
pet agrifood generally require packaging, which have barrier properties against fatty substances in particular because of the
nature of the agrifoods, and adequate mechanical properties including tear resistance. Generally, these papers are treated
specifically to prevent any grease impregnation and diffusion within the packaging. Fatty substances can not only cause stains to
appear on the outside of the packaging but they can also alter the paper's mechanical strength.

[0005] To solve these problems, various solutions have been considered.

[0006] The first solution consists of treating the surfaces of papers, porous fibrous substrates or the fibrous bulk with fluorine so
as to obtain a surface energy lower than the surface tension of the grease. Consequently, the grease cannot "wet" these
fluorinated fibrous substrates. Further, the quantity of fluorine may be adjusted according to the final application considered.

[0007] For example, within the scope of pet agrifood bags, the quantity of fluorine may vary from 0.420 to 3.5 kg per ton of
cellulose fibers constituting the fibrous substrate.

[0008] A second solution consists in using greaseproof paper obtained by parchmentizing of cellulose fibers. However, this type
of substrate has low tear resistance, which makes it unsuitable for making bags. Indeed these kinds of bags often tear when they
fall during handling operations.

[0009] Other more costly options consist in coating, off-line, polymers on the surfaces of the cellulose substrate that are getting
in contact with the fatty substances in order to form a grease-barrier layer. These polymers are from the family of polyethylene
(PE), polypropylene (PP), polyethylene terephthalate (PET), ethylene vinyl alcohol (EVOH) and ethylene vinyl acetate (EVA) or
similar.

[0010] Document US 2002/136913 describes a fibrous product comprising a water vapor barrier, obtained by coating an
aqueous dispersion, on a paper machine.

[0011] Document WO 2011/056130 states that polymers used in surface treatment reduce the folding resistance necessary to
form a packaging. This document describes an alternative method, consisting of replacing between 0.5% and 20% by weight of
synthetic polymers or polysaccharides in an aqueous dispersion with microfibrillated cellulose. However, the grease-barrier
properties for this type of substrate are limited in time, 32 - 48 hours.

[0012] Document WO 2011/078770 describes a fibrous structure onto which two layers of 0.1 g to 10 g microfibrillated cellulose

are coated. This substrate is then coated with a double polyethylene coating for a total weight of 24 g/m2.

[0013] Document US 2011/0223401 describes a fibrous product coated with a biopolymer, and having a barrier layer obtained
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by vacuum metallization.

[0014] This type of surface layer generally has a weight of at least 10 grams, or even greater than 14 g/m2. To produce the
desired barrier properties, the substrate is devoid of holes and air bubbles. Consequently, this technique may be relatively
expensive because its result depends on the quality of the coating and the drying. Further, the obtained properties may be
insufficient because this treatment does not block grease migration at the edges of the packaging.

[0015] Consequently, the drawbacks related to this technique limit its implementation to very specific markets.
[0016] The prior art comprises other options that are particularly tricky to implement at industrial scale.

[0017] For example, documents WO 2011/147823 and WO 2011/14825 describe films of 100% nanofibrillated cellulose dried in
the open air for 24 hours. Such a step is difficult to implement for producing barrier materials on an industrial scale.

[0018] Document WO 2011/005181 describes a preparation process of barrier substrates including film preparation containing
various contents of monosaccharides, oligosaccharides and polysaccharides, which requires such preparations being coated on
a PET-38 p film, and dried by allowing slow evaporation of water at room temperature.

[0019] Other options propose adding microfibrillated cellulose to the bulk.

[0020] Regardless, these substrates have grease-barrier properties that are lower than those of fluorinated substrates. Either
the thickness of the layer of microfibrils is insufficient, or the morphology of nanofibrils is not suitable given the lack of fiber
refining in compositions to which these microfibrils are added.

[0021] Documents WO 2010/14825 and WO 2010/142846 describe fibrous substrates whose fiber contents do not exceed 30%.
These substrates comprise nanofibrillar cellulose (NFC) added at the wet end, whose content varies from 25% to 100%.

[0022] Further, the process described in these two documents is complex given that the substrate, when it is being dried,
contains between 50 and 100% organic solvent.

[0023] The other problems relating to the substrates in the prior art relate to:

» folding resistance. While these substrates are being used, many folds may be formed that weaken the barrier properties at
these folds;
¢ limitation for barrier applications that require tear resistance.

[0024] The Applicant has developed a substrate that solves the problems of the prior art, and in particular gives barrier
properties while ensuring folding resistance and tear resistance, and does this without requiring the use of fluorochemicals, a
parchmentizing or polymeric treatment.

DESCRIPTION OF THE INVENTION

[0025] The present invention relates to a substrate containing cellulose fibers having barrier properties to fatty substances and
being water-repellent. In an advantageous manner, this barrier substrate does not comprise fluorinated derivatives. It may in
particular be used in manufacturing agrifood processing packaging requiring a grease barrier. It may in particular relate to pet
agrifood storage, or storage of fatty substances such as butter.

[0026] More specifically, the present invention relates to a single-layerfibrous substrate comprising, by dry weight compared with
the dry weight of said substrate:

o between 39.9 and 87.9% of natural fibers refined to between 50 and °SR ;

e between 12 and 60% nanofibrillar polysaccharide having a diameter, or thickness, between 5 and 100 nanometers, and a
length less than 1 micrometer; and

e between 0.1 and 4% of at least one retention agent.
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[0027] The single-layer fibrous substrate identified in the invention advantageously presents a low bulk before calendering, i.e. a
thickness/basis weight ratio lower than 1.4, even more advantageously lower than 1.14. The bulk is the ratio between the
substrate thickness, expressed in micrometers, and the weight per unit of surface area, i.e. basis weight of the substrate,
expressed in grams per square meter.

[0028] Without wishing to be bound by any particular theory, the Applicant thinks that the grease-barrier properties result from
the density of the substrate. Using highly refined fibers does not deliver the density that gives the expected barrier properties. By
contrast, the refining/nanofibril combination makes the substrate denser to deliver a satisfactory thickness/basis weight ratio, i.e.
bulk.

[0029] In an advantageous manner, the thickness/basis weight ratio of the single-layer substrate identified in the invention
corresponds to a measurement made without having previously subjected said substrate to a pressing or supercalendering
process.

[0030] Although the calendering, or supercalendering operation generally improves the barrier properties, that is not the case
for products containing fluorinated treatments. Indeed, the grease barrier level of these substrates degrades after calendering
(see Tappi 1989, "Paper Sizang" page 98, "Effects of calendering, supercalendering").

[0031] In an advantageous manner, the single-layer fibrous substrate indicated in the invention has a weight (basis weight) of at

least 10 g/m2. It is advantageously between 20 and 1000, even more advantageously between 20 and 200 g/m2.

Natural fibers:

[0032] The term "natural fiber" is herein intended to include fibers from any plant and plant based material.

[0033] According to a preferred embodiment, the natural fibers are cellulose fibers, which can advantageously be from softwood
(bleached Kraft pulp from resinous - Arauco 90 pine radiata - Southern Bleached Softwood Kraft pulp), unbleached softwood
(ASPA UKP-E pine-spruce Unbleached Kraft Pulp). The natural fibers may also be obtained from hardwood, bleached Acacia
pulp, or bleached eucalyptus pulp (Fibrilla BEKP Bleached Eucalyptus Kraft pulp).

[0034] Generally, the cellulose fibers may be bleached or unbleached fibers. Bleached fibers mean that the suspension of fibers,
or pulp, has undergone a bleaching treatment according to techniques known to the person skilled in the art.

[0035] Further and as already indicated, the natural fibers are refined above 50 °SR. They may advantageously be refined
between 50 and 95 °SR, more preferably between 68 and 95 °SR, and most preferably between 88 and 92 °SR.

[0036] This refining measurement corresponds to a dewatering index, expressed in Schopper-Riegler degrees (°SR). The more
the pulp (suspension of natural fibers) is refined, the more water is retained. A paper whose pulp has been more refined shows a
decrease of air permeability, bulk, absorbency and opacity. Refining means the fibers fibrillate and branch.

[0037] Before refining, the wood fiber length is advantageously between 0.4 and 3 to 4 mm.

[0038] However, the natural fibers for the single-layer fibrous substrate generally have a diameter, or thickness, between 17 and
32 micrometers, even more advantageously between 19.6 and 32 micrometers. Further, the arithmetic average length for these
fibers is advantageously greater than 1 micrometer, more preferably between 400 and 3300 micrometers, most advantageously
between 1400 and 3300 micrometers.

Nanofibrillar polysaccharide:

[0039] Regarding nanofibrillar polysaccharide, this is nanofibers whose diameter, or thickness, is advantageously between 5 and
100 nanometers. Further, the length of the nanofibrils is less than 1 micrometer. It is advantageously between 400 and 500
nanometers.
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[0040] In an advantageous manner, the nanofibrillar polysaccharide is nanofibrillar cellulose (NFC) obtained from woodpulp
source (TURBAK & AL 1983).

[0041] Nanofibrils may in particular be prepared from a dissolving pulp made of softwood, long fibers (softwood cellulose pulp),
or from a mixture of pine and spruce.

[0042] This dissolving pulp may undergo the following treatment to produce nanofibrils:

e first refining to 25 °SR;

¢ enzymatic treatment at 50°C in the presence of endoglucanase;
¢ second refining to 80 °SR;

¢ several passes in a homogenizer.

[0043] The quantity of nanofibrils is preferably greater than 37.5%, in particular when the fibrillation level of fibers obtained after
treatment gives a Schopper-Riegler value between 50 and 70°.

[0044] The quantity of nanofibrils is preferably between 22.5 and 52.5% by weight in particular when the natural fibers are
refined to 90 °Schopper-Riegler, i.e. when the fibrillation level of fibers obtained after treatment has Schopper-Riegler value
equivalent to 90 °.

Retention agent:

[0045] As already stated, the single-layer fibrous substrate of the invention comprises natural fibers and nanofibrillar
polysaccharide. It further comprises at least one retention agent that, among other, enables the fibers to be retained when the
fibrous substrate is formed.

[0046] Generally, in paper manufacturing processes, the sheet is formed by depositing a suspension of natural fibers on a
forming wire whose porosity allows the resulting sheet to be dewatered. Bearing in mind their size, the nanofibrillar polysaccharide
may pass through this forming wire.

[0047] Within the scope of the invention, the nanofibrils are retained in particular because of the presence of a retention agent
without which more than 85% of the added nanofibrils are not retained in the substrate, regardless the refining level of the fibers
to which the NFC is added, including when the nanofibrils are added with the natural fibers before passing through the refiners.

[0048] The retention agent may in particular be chosen from the group comprising polyacrylamide polymers, BASF Percol 1830,
BASF Percol 3035 or similar giving high retention levels and/or no problems to release the sheet from the forming wire. A good
retention level with high nanofibrillar polysaccharide addition content (20% to 50%) means getting a substrate with a weight very
similar to the dry weight applied on the forming wire at the wet end and water under the forming wire, whose turbidity is less than
10 FAO units, corresponding to liquid clarity similar to that of deionized water.

[0049] The person skilled in the art will be able to effectively select the suitable retention agent depending on the nanofibers and
nanofibrils used.

Additives:

[0050] To improve its barrier properties and folding resistance, the single-layer fibrous substrate identified in the invention may
also comprise at least one additive that may in particular be chosen from the group comprising:

o paper wet strength agents, particularly a polyamide epichlorohydrin resin;

e sizing agents, particularly, an AKD (alkyl ketene dimer) or ASA (alkyl succinic anhydride) resin or a mixture of rosin and
AKD and aluminum sulfate;

¢ mineral salts, particularly aluminum sulfate, bicarbonate or carbonate salts;

e cationic and/or anionic polymers that increase the effect of the wet strength resin and/or to strengthen the dry properties,
particularly a Hercobond 2050P anionic polymer or similar, CMC (carboxy methyl cellulose).
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Additional fibrous layer(s) - multi-layer substrate:

[0051] According to a specific embodiment of the invention, the single-layer fibrous substrate of the invention may comprise at
least one extra layer so as to form a multi-layer substrate. This multi-layer fibrous substrate comprises the single-layer fibrous
substrate described previously and at least one extra layer. This extra layer may contain cellulose fibers (paper, board), or
synthetic fibers, preferably containing polylactic acid (PLA).

[0052] The extra layer may be a layer to increase mechanical strength.

[0053] It may in particular be an additional layer such as the layer constituting the single-layer fibrous substrate described
hereinbefore. Therefore it may comprise:

o between 39.9 and 87.9% natural fibers refined to above 50 °SR, advantageously between 47.5 and 77.5%;
* between 12 and 60% nanofibrillar polysaccharide, advantageously between 22.5 and 52.5%; and
¢ between 0.1 and 4% of at least one retention agent, advantageously between 0.2 and 0.4%.

[0054] It may also be an additional layer different to the layer constituting the single-layer fibrous substrate described
hereinbefore to strengthen the mechanical properties of the barrier substrate including tear resistance.

[0055] In particular, to give to the barrier substrate a tear resistance index of 44 mN.m2/g as required in parallel with barrier
properties.

[0056] In this case, the weight of this additional layer will preferably exceed 79 g/m2 to deliver a tear resistance of 3500 mN to
this variant of the single-layer product identified in the invention.

[0057] It may also be an additional layer different to the layer constituting the single-layer fibrous substrate described
hereinbefore to deliver the reverse effect to the desired one i.e. to absorb liquids.

[0058] In the fields of medical and packaging, the single-layer barrier layer identified in the invention may replace polypropylene
nonwovens obtained by melt routes, polyethylene films in particular when those are laminated with absorbent cellulosic
substrates.

[0059] The additional layer or layers may also be devoid of nanofibrils.

[0060] The person skilled in the art will therefore know how to adapt the nature of the additional layer or layers depending on the
application considered.

[0061] The single-layer fibrous substrate of the invention may thus be sandwiched between two additional layers, for example, so
as to form a multi-layer fibrous substrate.

[0062] These additional layers may comprise refined or unrefined natural fibers, nanofibrillar polysaccharide, retention agents,
and/or the previously cited additives. They may also comprise pressure and optionally temperature sensitive additives; natural
fibers; synthetic fibers; cellulose fiber having opacity, mechanical, clogging, barrier or absorption properties.

[0063] Generally, the fibrous substrate of the invention, and in particular the monolayer substrate, has an ash content of less
than 10% by weight, compared with the weight of said fibrous substrate, even more advantageously of less than 5%.

Propertie s/icharacteristics:

[0064] Without wishing to be bound by any particular theory, the Applicant considers that the nanofibrillar density in particular
gives the fibrous substrate of the invention lipophobic properties.
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[0065] Accordingly, the substrate identified in the invention having a weight of the order of 25 g/m2 may have barrier properties

equivalent to those of a fluorinated substrate of 70 g/m2 of the prior art.

[0066] Regarding grease resistance at folds, it may be improved by adding a paper wet strength agent, an anionic agent, or a
sizing agent, and/or optionally by a double layer comprising fibers from resinous pines and nanofibrillar polysaccharide.

[0067] According to a specific embodiment, the fibrous substrate identified in the invention is biodegradable. In other words, this
is a "substance that may, under the action of living organisms, decompose into various elements devoid of harmful effects on the
environment".

[0068] The substrate according to the invention may be foldable, in particular by steam. It may be printable and present a
suitable surface for sealing operations. Indeed, the optional presence of a layer comprising a thermofusible polymer such as PLA
may give it self-sealing properties.

[0069] The present invention may in particular find application in the manufacture of paper or cardboard to make packaging
materials, in particular for pet agrifood. It may also be applied to storing other fatty substances such as butter.

[0070] The fibrous substrate identified in the invention may have grease, water vapor, oxygen or solvents barrier properties. This
fibrous substrate of the invention may also be used in the field of specialty papers that require a certain barrier level to solvents
or other organic compounds. To illustrate the case of organic compounds, we can mention papers that are coated with silicone to
get release properties needed as for example in release papers for self -adhesive labels. Generally speaking no more than 1

g/m2 of silicone is coated at the surface of paper thus it is important that the silicone doesn't penetrate in the substrate but stays
at its surface. This barrier to silicone also named silicone hold out is measured with castor oil cobb absorption (ISO 535) - At this

test, the result of oil absorption is about 1,1 g/m2 for a paper (40 - 60gsm) intended to be siliconised

[0071] When the fibrous substrate comprises at least one additional layer, this layer can give enough mechanical strength to
form, for example, trays.

[0072] The optional biodegradable properties of the fibrous substrate identified in the invention and the nature of its constituents
allow the proposal of optionally biosourced alternatives to commonly used plastics and to fluorinated papers.

[0073] The work on paper sizing published in 1989 by Tappi (Technical Association of the Pulp and Paper Industry) gives
information on a series of tests to quickly check the grease barrier of fluorinated products. Certain of these tests use organic
solvents such as turpentine and mixtures of variable levels of heptane, toluene, castor oil that may range up to pure heptane.

[0074] Since the single-layer fibrous substrate of the invention has a kit test No. 12 (100% heptane) for a time greatly exceeding
the time of 15 s as stipulated in T559 pm-96 and exceeding the time of 1800 s as stipulated in T454 om-94, and therefore has a
solvent-barrier level greatly exceeding the time between applying a solvent varnish for pre-metallization and its drying, it became
necessary to check whether this type of substrate could after varnishing and metallization offer the metallization yield obtained
after calendering of a layer of clay coating applied to a paper, the layer of clay coating and the calendering thereby maintaining
the varnish on the surface of the paper.

[0075] Further, the single- or multi-layered fibrous substrate of the invention may also be used in the field of metallized papers.
The fibrous substrate identified in the invention may thereby present a metallic visual appearance, such as that of aluminum after
having been varnished and metallized without having been necessarily coated with a layer containing a binder and clay and
without necessarily having been calendered. Further, as already stated, it may have an ash content lower than 0.22% compared
to its weight.

[0076] By contrast, to give a metallic appearance and opacity properties to papers of the prior art, the latter are generally
covered with a clay-based layer, then calendered before being treated with a varnish. The ash content of these substrates in the
prior art is generally of the order of at least 15% given the presence of clay.

[0077] Accordingly, a fibrous substrate according to the invention at 25 g/m2 may have higher opacity after varnishing and

metallization than that of a plastic film at 75 g/m2.
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[0078] In view of the above discussed metallization it should be understood that the fibrous substrate of the invention, and in
particular the monolayer substrate, has an ash content of less than 10% by weight, compared with the weight of said fibrous
substrate, even more advantageously of less than 5%.

[0079] This substrate may thus be used in packaging of fatty substances such as butter.

[0080] It may also be used for applications requiring high barrier properties, in the medical field, for example.

Manufacturing process:

[0081] The present invention also relates to a manufacturing process of the single-layer fibrous substrate described
hereinbefore, according to the following steps:

e depositing , on a continuously moving forming wire of a paper machine a suspension comprising, by weight compared with
the dry weight of the suspension:
o between 39.9 and 87.9% natural fibers refined to between 50 and 95 °SR;
o between 12 and 60% nanofibrillar polysaccharide having a diameter, or thickness, between 5 and 100 nanometers,
and a length less than 1 micrometer; and
o between 0.1 and 4% of at least one retention agent;
to form a layer,
o dewatering the resulting layer to form a wet sheet;
o optionally, pressing the sheet; and
o drying the wet sheet.

[0082] According to a specific embodiment, the preparation process for the fibrous substrate identified in the invention may
further comprise the formation of additional layers according to the techniques that are known to the person skilled in the art.
Accordingly, a multi-layer fibrous substrate may be obtained by successive formation of several layers. The composition of these
layers may be of the same nature or not compared with the composition of the fibrous substrate identified in the invention.

[0083] All additional layers may be made sequentially or simultaneously by using one or more headboxes on a continuously
moving porous forming wire.

[0084] According to a specific embodiment, when the fibrous substrate comprises at least one additional layer, the process
comprises the following steps:

e depositing, on a continuously moving forming wire of a paper machine, a suspension comprising, by weight compared with
the dry weight of the suspension:
o between 39.9 and 87.9% natural fibers refined to between 50 and 95 °SR;
o between 12 and 60% nanofibrillar polysaccharide having a diameter, or thickness, between 5 and 100 nanometers,
and a length less than 1 micrometer; and
o between 0.1 and 4% of at least one retention agent,
to form a layer,

o dewatering the resulting layer to form a first wet sheet;

» applying onto the first wet sheet a second wet sheet obtained after dewatering a second suspension applied on a second
continuously moving forming wire and comprising a similar or different composition compared to that used for
manufacturing the first wet sheet;

¢ applying, optionally, onto the first and second wet sheets a third wet sheet comprising a similar or different composition
compared to those used for manufacturing the first and the second sheets;

¢ pressing the wet sheets together for forming a multi-layer substrate; and

¢ treating the resulting multi-layer substrate by drying.

[0085] According to another specific embodiment relating to manufacturing a multi-layer substrate, another alternative consists in
using a paper machine equipped with a headbox with several compartments. The process may thus comprise the following steps:
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¢ depositing simultaneously at least two layers on an inclined continuously moving forming wire of a paper machine equipped
with a headbox with several compartments, so as to form a sheet, at least one of these layers being composed of a
suspension comprising, by weight compared with the dry weight of the suspension:
o between 39.9 and 87.9% natural fibers refined to between 50 and 95 °SR;
o between 12 and 60% nanofibrillar polysaccharide having a diameter, or thickness, between 5 and 100 nanometers,
and a length less than 1 micrometer; and
o between 0.1 and 4% of at least one retention agent,
¢ dewatering, optionally, the resulting sheet, advantageously by pressing; and
e drying the sheet.

[0086] The presence of at least one retention agent in the suspension of natural fibers and nanofibrils leads to flock formation.
Consequently, generally, before entering into the headbox and therefore before being deposited on the forming wire, the solution
or suspension of fibers may be stirred until the flocks are broken. The resulting layer after the concentration step is relatively
homogeneous and devoid of flocks. The composition of the fibrous substrate identified in the invention is therefore
advantageously distributed homogeneously.

[0087] The techniques used to make the fibrous substrate of the invention are part of the general knowledge of the person
skilled in the art. It may thus be made on conventional paper machines. Consequently, according to the material used, it may be
obtained wet or totally dry.

[0088] The fibrous substrate, comprising additional layers or not, is generally formed and removed from the forming wire when it
is sufficiently dry or totally dry. It can be removed by direct contact or indirect contact between the fibrous substrate and a hot
non-adhesive surface such as a fluorinated substrate, for example Teflon. The temperature of the substrate is adjusted
depending on the production rate in particular, according to the knowledge of the person skilled in the art.

[0089] Once formed, the fibrous substrate of the invention may be pressed and/or calendered. However, bearing in mind the
properties of the substrate and in particular its thickness/basis weight ratio, the Applicant considers, without wishing to be bound
by any particular theory, that it is possible that the presence of nanofibrils contributes to making the substrate more dense, which
could make the pressing and/or calendering steps optional.

[0090] The calendering treatment may nevertheless increase the density of the fibrous substrate and the cohesive effect, in
particular by introducing additives having glass transition temperatures lower than those of the natural fibers and/or the
polysaccharide (230°C).

[0091] Further, the fibrous substrate may be subjected to a heat treatment in particular when it comprises at least one
thermoplastic additive or at least one additional layer comprising a thermoplastic.

[0092] The fibrous substrate may also be subjected to surface treatments such as size press, film press, coating with or without
contact with the coater (spray, curtain, etc.). These treatments may give a substrate its final folding, printability, or heat-sealing

functionalities via coating compounds (deposits greater than 2 g/m2).
[0093] Calendering may improve the lipophobic properties of the substrate and/or its metallic appearance.

[0094] The invention and the benefits it gives will be clearer upon reading the following examples, given to illustrate the invention
and not to limit it in any way.

EXAMPLES OF EMBODIMENTS OF THE INVENTION

[0095] Several fibrous substrates were prepared on a Model 22 dynamic sheet-former patented by the Technical Center for the
Cardboard, Paper and Cellulose Industry.

[0096] The dynamic sheet former is a laboratory equipment designed to produce a fibrous material using the wet laid technology
not limited to the web forming techniques described in the Papermaking Science & Technology publication (Chap 6 Web Forming
Papermaking Part 1, Stock Preparation and Wet End). The laboratory sheet is obtained by projecting a fibrous suspension
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through a nozze onto a vertical rotating wire preliminary covered by a thin film of water. The projection is made so to end up with
a defect free fibrous material showing same physical characteristics in any particular area. During sheet formation, the sheet is
continuously dewatered due to the centrifugal force and the possibility for the water to escape progressively. When the formation
is completed, a mobile bale located underneath the vertical rotating wire is progressively introduced into the vertical water volume
trapped in between the perforated frame holding the wire and the surface of the cylinder encapsulating the pre cited equipment.
The removal of such a water volume is creating a vacuum effect allowing to remove most of the residual water contained in the
few millimeters thick wet fibrous layer. At the end of the projection and drainage, the sheet obtained undergoes the necessary for
drying.

[0097] In the present case, the cellulose suspension has a concentration of 5 g/L comprising the appropriate quantities of

cellulose fibers, NFC and at least a retention agent. The formation wire has a textest air permeability of approximately 9501/m2/hr
and plated on the perforated cylinder rotating at 900 rpm.

[0098] Regarding the substrates according to the invention, it should be noted that because of the presence of the retention
agent, the turbidity level of the water obtained during the dewatering process does not generally exceed 5 FAU units (Formazn
Attenuation Unit specified by ISO 7027 for water treatment standards for turbidity measurements at 0°). In other words, the
nanofibrils present in the cellulose suspension are not passing through the forming wire when the fibrous substrate is formed as
retained in the fibrous substrate of the invention.

[0099] For more clarity, the quantity of fibers and NFC in the substrates described hereinafter is expressed compared to the total
quantity of fibers and NFC. Accordingly, the substrate according to example 4 (50% fibers + 50% NFC) comprises a 50/50 ratio of
fibers/NFC and 0.12% retention agent.

Examples 1, 2, 3: Fibrous substrates containing 100%natural fibers

[0100] The fiber from resinous Arauco 90 Radiata Pine was disintegrated according to I1SO standard 5263-1995E then refined
with a PFI refiner according to ISO standard 5294-2 to reach a dewatering index of 90 °Schopper-Riegler after 11,000 rotations in
the PFI refiner.

[0101] The concentration was brought to 5 g/L to make examples 1 - 3 with the dynamic sheet-former.

[0102] The sheets were dried in contact with a sheet of Teflon maintained at a temperature of 105°C. Adryer felt holds the sheet
in contact with the Teflon.

[0103] Aresistance test for fats as described hereinafter was conducted for 15 hours.

[0104] The grease-barrier level obtained is poor because the percentage of stained surface area greatly exceeds the minimum
threshold of 5%, regardless of the side of the sample tested, the wire side or the felt side.

[0105] Indication T: The grease-barrier property tests are conducted on the side of the substrate in contact with the Teflon
substrate.

[0106] Indication W: The grease-barrier property tests are conducted on the side of the substrate not in contact with the Teflon
substrate.

Examples 4, 5. 6: Fibrous substrates containing natural fibers and NFC (50/50 by weight)

[0107] These substrates were made in accordance with the substrates in examples 1 - 3 regarding the preparation of the
resinous fiber at 5 g/L previously refined to 90°SR.

[0108] However, 50% NFC was added.

[0109] Thus, 50% of refined fibers at SR°90 at a consistency of 5 g/L was mixed with 50% NFC at a consistency of 5 g/L and the
whole was homogenized at 30,000 rpm according to 1S05263-1995E.
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[0110] A retention agent such as Nalco 74524 was added at 0.12% compared with the total dry weight of fibers and NFC, and the
stirring time with the Nalco 74524 was 5 minutes before being added in the pulp chest of the dynamic sheet-former.

[0111] The sheets were dried in the same manner as for examples 1 - 3.
[0112] The side assessed to test grease resistance is the one used for examples 1 - 3.

[0113] The grease-barrier level obtained with samples 4 - 6 is satisfactory because the percentage of stained surface area is
low. It is comparable to that obtained by a fluorinated substrate (see table 1).

Example 7: Bilayer fibrous substrate containing natural fibers and NFC (50/50 by weight

[0114] This was prepared as for examples 4 - 6 apart from the bleached resinous fiber being replaced by ASPA UKP-E
unbleached fiber or similar.

[0115] Example 7 is also different from examples 4 - 6 in that it includes two identical layers, the second one having been
produced after the first one by projecting a second suspension onto that applied first onto the forming wire.

[0116] The grease-barrier level obtained from an unbleached refined fiber/NFC mixture is comparable to that obtained with the
bleached refined fiber/NFC mixture.

Example 8: Fibrous substrate containing natural fibers and NFC (50/50 by weight

[0117] This was prepared as for examples 4 - 6 apart from after having homogenized the 50% fibers refined to SR °90 + 50%

NFC mixture at 30,000 rotations according to 1S05263-1995E, additives were added to improve the folding resistance. We first
added 14 kg dry Kymene 617 per dry ton of refined fibers + NFC mixture, then 3.8 kg dry Hercobond 2050P per dry ton of refined
fibers + NFC mixture then 17 liters Flexize ED3025 as is (dry substance 25%) per dry ton of refined fibers + NFC mixture, then 8
liters of aluminum sulfate as it is (dry substance 8%) per dry ton of refined fibers +NFC mixture.

[0118] The grease-barrier level is slightly improved in the sense that the barrier difference became insignificant between sides T
and W.

Table 1: Grease resistance for fibrous substrates in the prior art (examples 1 - 3) and according to the invention (examples 4-8)

Arauco {Unbleached Aspa Additives (Kymene, Surface Resistance to
Example g/m2 radiata pine{ UKP-E 90°SR NFC { Hercobond, flexize, § exposed to o )
o . grease % stains
90°SR fiber aluminum sulfate) grease
T 50.6
1 22 100%
w 70.1
T 334
2 418 100%
W 66.2
T 29.6
3 414 100%
W 77.7
T 0.32
4 25 50% 50%
W 1.91
T 0.15
5 36 50% 50%
W 0.96
T 0.38
6 75 50% 50%
W 2.55
T 0.32
7 65.6 50% 50%
W 0.64
T 0.23

10
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Aratgco Unbleached Aspa o Additives (Kymene, Surface Resistance to
Exa?hple Sﬁn@ radiéga/‘pine UKP-E 90°SR ﬁﬁ}é Hercobohd:, flexize, § exposed to rease % stains
90°SR fiber aluminum sulfate) grease g ?
W 0.32
paper
treated with} 70 0.52
fluorine

Examples 9, 10, 11: Fibrous substrates without NFC

[0119] The resinous fiber Arauco 90 Radiata Pine was disintegrated according to ISO 5263-1995E then refined with a PFI refiner
according to ISO 5294-2 to reach three levels of refining i.e. 50 °Schopper Riegler (example 9), 70 °SR (example 10), 90 °SR
(example 11) to assess the effect of these refining levels without adding NFC. To make these sheets, the concentrations were
brought to 5 g/L. The sheets were dried in contact with a Teflon sheet maintained at 105°C to reach moisture below 4%. The
grease barrier was assessed for 70 hours according to the specified test. The results obtained indicate that refining fibers, alone,
does not improve grease resistance.

Examples 12 - 24: Fibrous substrates comprising NFC

[0120] To determine the percentage of NFC to add as a function of refining, and to compare these examples with examples 9 -
11 without NFC, different levels of NFC were added to fibers refined to 50 °SR, 70 °SR and 90 °SR.

[0121] The preparation protocol is identical to that used for examples 4 - 6 apart from the additives listed to make example 8
being used to optimize the fold resistance. Moreover, retention agent Nalco 79524 was replaced with 0.2% dry Percol 1830
compared with the dry weight of fibers and NFC contained in each preparation.

Table 2: Grease resistance for fibrous substrates in the prior art (examples 9 - 11 and according to the invention (examples 12 -

24)

Example Composition (%NFC + Basis weight to Grease resistance % Density Permeability
P resinous - °SR) thickness ratio surface stained g/cm3 PPS mL/min
9 0% NFC + 100% 2177 183 0.459 2467

resinous 50°SR

0% NFC + 100%
10 resinous 70°SR 1.94 183 0515 587

0% NFC + 100%
R resinous 90°SR 1.405 150 0.711 0.53

25% NFC + 75%
resinous 50°SR
25% NFC + 75%

13 resinous 70°SR 1.481 156.7 0.675 07

12 1.526 183 0.655 0.78

25% NFC + 75%
resinous 90°SR
37.5% NFC +62.5%

15 resinous 50°SR 1.293 49 0.773 0.58

14 1.185 0.95 0.843 0.47

37.5% NFC +62.5%
resinous 70°SR

37.5% NFC +62.5%
7 resinous 90°SR 1.115 07 0.896 0.51

50% NFC + 50%
18 resinous 50°SR 1.131 0.78 0.883 0.52

16 1.298 25 0.77 0.61

50% NFC + 50%

19 resinous 70°SR

1.161 0.75 0.861 0.47

11
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Example | Composition (%NFC + Basis weightto | Grease resistance % { Density | Permeability
P resinous - °SR) thickness ratio surface stained g/cm3 PPS mL/min
50% NFC + 50%
20 resinous 90°SR 1.116 0.79 0.895 05
21 12.5% NFC°+ 87.5% 1963 3439 0701 057
resinous 90°SR
18.5% NFC +81.5%
22 resinous 90°SR 1.265 5.15 0.789 0.64
22% NFC + 88%
23 resinous 90°SR 1.218 2.86 0.82 0.55
25% NFC + 75%
24 resinous 90°SR 1.209 1.91 0.826 05

[0122] The grease barrier level of the substrate according to example 20 of the invention has moreover been tested according to
the standard ASTM F119-82 referenced in patent WO 2011/056130. The Stora sample (containing less than or equal to 20%
MFC of lengths between 100 nm - 200 pym on the surface) was folded with a weight twice as low as that specified and its grease
barrier level is limited to 32 -48 hours whereas sample 20 folded with the weight described in F119-82 offers a grease barrier that
exceeds 15 days. Previously, the chicken fat evaporation level had been checked to identify whether any chicken fat had to be
added over time.

[0123] Moreover, the water-vapor barrier in non-calendered example 20 is from 97 - 112 g/m2/24 hours at 23°C 50% RH and it is
190 g/m2/24 hours in the MFC example in WO 2011/056130.

[0124] MFC are macrofibrils whose diameter may vary from 20 nanometers to 10 micrometers, with a few original fibers 20
micrometers in diameter. The length of the MFC may reach 200 micrometers.

Example 25: Fibrous substrate comprising NFC

[0125] This was made to check the effect of wet pressing and calendering on the grease barrier. The sample was made like the
examples in table 2 from example 14 apart from the sheet being dried on a steel plate heated to 105°C. The grease resistance
was assessed according to the method given in table 2, i.e. for 70 hours.

Table 3: Effects of wet pressing and calendering the fibrous substrate on grease-resistance properties

% resinous o . Grease Thickness/ Densi
Exampleresinous fibers Nlé)C rt\e/!:itn S?J?g;% Calendering resistance % basis / |:t3y
fibers { refining °SR P 9 surface stained { weight ratio giem
Steel
5 105°C NO 0.79 1.21 0.818
25 75 90 25 paSSGS St | 12 passages
3bar | ®=% 1230 KN95°C 10 0.06 078 | 1.271
105°C )
m/min
Teflon
14 75 90 25 NO 105°C NO 0.95 1.185 0.843

Examples 26, 27, 28: Multi-layer fibrous substrates comprising NFC

[0126] Some multi-layer substrates were made. In example 26, the barrier layer example 20 or similar containing 50% NFC and
50% fibers refined to 90 °SR was applied at 60 g/m2 on a layer of 20 g/m2 Arauco 90 fibers refined to 90 °Schopper-Riegler itself

applied to a fibrous layer having Textest porosity 520 L/m 2sec. In example 27, the barrier layer is constituted of 30 g NFC and
additives Kymene 617, Hercobond 2050P, Flexize ED3025, Al 5(SO4)3 and Percol 1830 at the levels described in example 8. In

this case, they were added compared with the dry weight of NFC.

12
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[0127] Example 28 is identical to example 27 apart from the weight of NFC being doubled. The grease resistance was assessed
according to the method shown in table 1, i.e. for 70 hours.

[0128] Example 26 demonstrates in particular that the grease-barrier level is better when a same quantity of NFC is comprised in
the highly refined fibers.
Table 4: Effect of the presence of highly refined fibers on the grease resistance of substrates

Example 3rd layer Grease resistance % surface
gim? Composition stained
50% NFC + 50% fibers refined to
2 00 90°SR 30
27 30 100% NFC 160
28 60 100% NFC 60

Example 29: Multi-layer fibrous substrates comprising NFC

[0129] A multi-layer was made with example 20 onto which a layer strengthening the mechanical tear characteristics was added.
The grease resistance was assessed according to the method shown in table 2, i.e. for 70 hours.

Table 5: Grease resistance of a single-layer fibrous substrate compared with a multi-layer fibrous substrate

Tear mN ) )
Example g/m2 Grease resistance % surface stained
Cross direction § Machine direction
20 68 266 231 0.77
29 148 3519 3486 0.18

Example 30: Multi-layer fibrous substrates comprising NFC

[0130] Before the successive deposits indicated in example 29, a deposit of 20 g fibers refined to 90 °SR was applied. The

barrier level of sample 30 remains unchanged compared with example 29 when it was dried compressed at 0.4 kg/cm2 pressure
between felts and steel taken to 180°C.

Examples 31, 32, 33: Fibrous substrate comprising a coating

[0131] Example 32, substrate of the invention, was coated with pre-metallization varnish [and] compared to a sulfurized
parchment paper (example 31) and a coated calendered paper for metallization (example 33).

[0132] Substrate 32 produces a good metallic yield without needing a coating of a pigment layer and the calendering operation.
The substrate identified in the invention meets the needs of applications that require the properties of metallic appearance, low
filler content (<10%), grease resistance and opacity (275%), which substrates 31 and 33 cannot guarantee.

[0133] The test method to check the grease-barrier properties was published in an article that appeared in Packaging
Technology and Science 2002; 15:65-74 "Novel method for testing the grease resistance of pet agrifood packaging"”. Before the

test, the 12 by 12 cm? sample to be tested is folded in the machine direction then in the cross direction to form a cross passing
through the center. Each fold is marked using back and forth passage of a 10 kg Cobb roll. The test consists in depositing the
folded sample on a steel square with the side to be tested on the outside. Aring having an inner diameter of 10 cm and being 5
cm high is placed in the center of the sample. 60 g dog kibble is poured into the ring. A 2 kg weight is put on the kibble. The
experiment is exposed to a climatic chamber set at 60°C and 65% relative humidity for 70 hours. At the end of the test, the sample

is placed on a light table to assess the percentage surface area stained. 100% indicates that the surface of 78.5 cm? contained

inside the ring is entirely stained, 183% indicates that the stained surface corresponds to the surface of the sample, i.e. 144 cm?.

13
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Table 6: Effects of a coating on a fibrous substrate
Example 31 32 33

Coated calendered

substrate type Parchment paper Invention substrate paper for metallization
g/m? 53 30 70
Refined 50% resinous fibers refined to Mixture resinous
Main fibrous composition hardwood under 90°SR + 50% NFC + deciduous refined under
50°SR additives example No. 149 50°SR
surface coating g/m2 dry no no 14s
calendering no no yes
PPS roughness pm 8.31 6.56 1.35
Grease resistance % surface stained
after 70 hours (60°C 65%RH) 66 0.7 183
% staining in packaged butter after 9 0
months
DIN 53146 Qpaqty before 35 31 81
metallization
Din Opacity after metallization 80 81 90
Ash content 900°C 0 0.24 19.8
Gloss 60° after coating of 1.5 g pre- 73 129 59

metallization solvent varnish (%)

Gloss 60° after extra coating of 1.5 g
aqueous pre-metallization solvent 116 22
varnish (%)

Metallic gloss 60° after aqueous pre-

metallization varnish coating (%) 467
Metallic gloss 60° after aqueous pre- 99 212
metallization varnish coating (%)
Metallic appearance Insufficient Acceptable Excellent

[0134] The research that produced these results was financed by the European Union via the Seventh Framework Program for
Technological Research and Development (2007-2013).
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PATENTKRAV

1. Enkeltlagsfibersubstrat, der efter tarvaegt i forhold til substratets vaegt

omfatter:

- mellem 39,9 og 87,9 % naturlige fibre forfinet til mellem 50 og 95 °SR;
— mellem 12 og 60 % nanofibrillaert polysaccharid med en diameter eller
tykkelse pa mellem 5 og 100 nanometer og en laengde p& mindre end 1
mikrometer; og

- mellem 0,1 og 4 % af mindst ét retentionsmiddel.

2. Fibersubstrat ifalge krav 1, hvilket fibersubstrat er kendetegnet ved, at
fibersubstratet har en vaegt pa mindst 10 g/m?.

3. Fibersubstrat ifolge et hvilket som helst af de foregéende krav, hvilket
fibersubstrat er kendetegnet ved, at de naturlige fibre er cellulosefibre, og at det
nanofibrillaere polysaccharid er nanofibrilleer cellulose.

4. Fibersubstrat ifglge et hvilket som helst af de foregéende krav, hvilket
fibersubstrat er kendetegnet ved, at det yderligere omfatter mindst ét
tilseetningsstof, der er valgt fra gruppen bestaende af papirvadstyrkemidler,

limningsmidler og uorganiske salte.

5. Flerlagsfibersubstrat, der omfatter enkeltlagsfibersubstratet ifalge et af

de foregaende krav og mindst ét ekstra lag.

6. Flerlagsfibersubstrat ifalge krav 5, hvilket flerlagsfibersubstrat er
kendetegnet ved, at mindst ét ekstra lag er til mekanisk forstaerkning.

7. Fremgangsmade til fremstilling af enkeltlagsfibersubstratet ifelge et af

kravene 1 til 4, hvilken fremgangsmade omfatter fglgende trin:

— afsaetning pa en kontinuerligt bevaegende formningsvire i en papirmaskine

af en suspension, der efter vaegt i forhold til suspensionens tarvaegt omfatter:
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. mellem 39,9 og 87,9 % naturlige fibre forfinet til mellem 50 og 95 °SR;
. mellem 12 og 60 % nanofibrillaert polysaccharid med en diameter eller
tykkelse pa mellem 5 og 100 nanometer og en laengde pa mindre end 1
mikrometer; og

. mellem 0,1 og 4 % af mindst ét retentionsmiddel

til dannelse af et lag
— afvanding af laget til dannelse af et vadark; og

- tarring af vadarket.

8. Fremgangsmade til fremstilling af flerlagsfibersubstratet ifglge krav 5
eller 6, hvilket flerlagsfibersubstrat omfatter folgende trin:

- afsaetning pa en kontinuerligt bevaegende formningsvire i en papirmaskine

af en suspension, der efter vaegt i forhold til suspensionens tarveegt omfatter:

. mellem 39,9 og 87,9 % naturlige fibre forfinet til mellem 50 og 95 °SR;
. mellem 12 0g 60 % nanofibrilleert polysaccharid med en diameter eller
tykkelse pa mellem 5 og 100 nanometer og en leengde p& mindre end 1
mikrometer; og

. mellem 0,1 og 4 % af mindst ét retentionsmiddel

til dannelse af et lag,
- afvanding af laget til dannelse af et forste vadark;
- pafaring pa det forste vadark af en andet vadark, der er opnaet efter
afvanding af en anden suspension, der er pafart pa en anden kontinuerligt
bevaegende formningsvire, og som omfatter en tilsvarende eller forskellig
sammenseetning i forhold til den, der blev anvendt til fremstilling af det forste ark;
— valgfri pafgring pa det forste og andet vadark af et tredje vadark, der
omfatter en tilsvarende eller forskellig sammensaetning i forhold til dem, der blev
anvendt til fremstilling af det forste og det andet ark;
- sammenpresning af de to eller tre vadark til dannelse af et
flerlagssubstrat; og
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3

- behandling af flerlagssubstratet, idet det bliver tarret.

9. Fremgangsmade til fremstilling af flerlagsfibersubstratet ifelge krav 5

eller 6, hvilket flerlagsfibersubstrat omfatter felgende trin:

- samtidig afsaetning af mindst to lag pa en skratstillet kontinuerligt beveegende
formningsvire i en papirmaskine, der er forsynet med en indlgbskasse med adskillige

rum med henblik pa dannelse af et ark, idet mindst ét af disse lag er sammensat af en
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suspension, der efter veegt i forhold til suspensionens tarvaegt omfatter:

. mellem 39,9 og 87,9 % naturlige fibre forfinet til mellem 50 og 95 °SR;
. mellem 12 0g 60 % nanofibrilleert polysaccharid med en diameter eller
tykkelse pa mellem 5 og 100 nanometer og en leengde pa mindre end 1
mikrometer; og

. mellem 0,1 0og 4 % af mindst ét retentionsmiddel;

— valgfri afvanding af det resulterende ark, med fordel ved presning; og

— torring af arket.

10. Anvendelse af substratet ifglge et hvilket som helst af kravene 1 til 6 i

forbindelse med landbrugsfedevarer.

11. Anvendelse af substratet ifalge et hvilket som helst af kravene 1 til 6 ved

emballering af landbrugsfodevarer til kaeledyr.

12. Anvendelse af substratet ifalge et hvilket som helst af kravene 1 til 6 som

membran eller membransubstrat til filtrering.

13. Anvendelse af substratet ifalge et hvilket som helst af kravene 1 til 6 som

substrat til metallisering.

14. Anvendelse af substratet ifglge et hvilket som helst af kravene 1 til 6 i
release-papir.
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