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A METHOD FOR PRODUCING A FILM HAVING GOOD BARRIER
PROPERTIES AND A FILM HAVING GOOD BARRIER PROPERTIES

Technical field

The present invention relates to a barrier film having a good and stable
oxygen transmission rate (OTR) even at high relative humidity’s (RH). More
particularly, the present invention relates to a method of manufacturing such a
film and a film produced.

Background
Today, films comprising microfibrillated cellulose (MFC), have proven

to give excellent barrier properties (see e.g. Aulin et al., Oxygen and oil
barrier properties of microfibrillated cellulose films and coatings, Cellulose
(2010) 17:559-574, Lavoine et al., Microfibrillated cellulose — Its barrier
properties and applications in cellulosic materials: A review, Carbohydrate
polymers 90 (2012) 735-764, Kumar et al., Comparison of nano- and
microfibrillated cellulose films, Cellulose (2014) 21:3443-3456), whereas the
gas barrier properties are very dependent on the moisture or the relative
humidity in the surrounding environment. Therefore, it is quite common that
MFC films have to be coated with a polymer film to prevent moisture or water
vapor to swell and disrupt the MFC film.

The lack of gas barrier properties such as oxygen or air, at high relative
humidity has been investigated and described but most of the suggested
solutions are expensive and difficult to implement in industrial scale. One
route is to modify the MFC or nanocellulose such as disclosed in
EP2554589A1 where MFC dispersion was modified with silane coupling
agent. The EP2551104A1 teaches the use of MFC and polyvinyl alcohol
(PVOH) and/or polyuronic acid with improved barrier properties at higher
relative humidity (RH). Another solution is to coat the film with a film having
good barrier properties at high RH and/or low water vapor transmission rate.
The JP2000303386A discloses e.g. latex coated on MFC film, while
US2012094047A teaches the use of wood hydrolysates mixed with
polysaccharides such as MFC that can be coated with a polyolefin layer. In
addition to this chemical modification, the possibility of cross-linking fibrils or
fibrils and copolymers has been investigated. This improves water fastness of
the films but also water vapor transmission rates. EP2371892A1,
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EP2371893A1, claims cross-linking MFC with metal ions, glyoxal,
glutaraldehyde and/or citric acid, respectively.

There are also challenges with production of a MFC film with good
barrier properties. It is especially challenge to dewater the film at high
production speeds due to the characteristics properties of microfibrillated
cellulose. When MFC films are used as barriers, it is crucial that the films
don’t have any pinholes or other defects that negatively would affect the
barrier properties. Thus, it is important that the surface of the MFC film is
smooth making the dewatering even more challenging since wire markings or
other surface defects will negatively affect the barrier properties of the film.

There is thus a need to find a simple solution for producing films having
good barrier properties even at high humidity and at high production speed.

Summary
It is an object of the present invention, to provide a film comprising

microfibrillated cellulose, which has improved barrier properties even at
higher relative humidity in the surroundings.

It is an object of the present invention to provide a film comprising
microfibrillated cellulose that can be produced at higher production speeds.
The invention is defined by the appended independent claims.
Embodiments are set forth in the appended dependent claims and in the

following description and drawings.

The present invention relates to a method for manufacturing a film
wherein the method comprises the steps of; providing a suspension
comprising a microfibrillated cellulose, adding an enzyme to the suspension,
mixing the enzyme with the suspension to form a mixture, applying said
mixture to a wire to form a fibrous web and drying said web to form said film.
With the addition of an enzyme to the suspension comprising microfibrillated
cellulose it was surprisingly found that the dewatering of the formed fibrous
web was improved. Even more surprising was that the barrier properties of
the formed film was remained or even improved, even at high humidity.

The enzyme is preferably an enzyme decomposing cellulose and/or
hemicellulose such as cellulase, xylanase and/or mannanase.

The enzyme may be cellulase with an activity above 20 0000 CMU/g
and/or xylanase with an activity above 20 0000 nkat/ml.
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The microfibrillated cellulose is preferably native, i.e. it is a chemically
unmodified microfibrillated cellulose.

The temperature of the suspension when the enzyme is added is
preferably between 30-70°C. By increasing the temperature of the suspension
the microfibrillated cellulose material is more accessible for the enzyme.

The mixture is preferably stored for a period of at least 5 minutes,
preferably at least 15 minutes or even more preferably at least 30 minutes
before being applied to said wire. The storage time needs to be sufficient in
order to make sure that the enzyme has enough time to decompose the
material needed.

The dry content of the mixture is preferably between 0.01-0.5% by
weight. The dry content before addition of the enzymes needs to low enough
so the enzymes can be evenly mixed in the suspension.

The method may further comprise the step of mechanical treating the
suspension comprising microfibrillated cellulose prior to the addition of the
enzyme. In this way the MFC will be more reactive to the enzymatic
treatment.

The wire is preferably part of a paper or board machine making it
possible to produce the film at high production speeds.

The fibrous web is preferably dewatered on the wire. The dewatering
rate on the wire is improved with the present invention.

The production speed on the wire is preferably between 150-1500
m/min. It has been found possible to be able to produce a film comprising
MFC and even very high amounts of MFC at a high production speed.

The dry content of the fibrous web before drying is preferably between
20-50% by weight. By the present invention it is possible to increase the dry
content before drying due to the improved dewatering properties of the MFC
used. Thus, the demand of the subsequent drying step is reduced and the
drying can then be done at a lower energy demand or at shorter time.

The drying is preferably done at a temperature between 100-150°C.
During drying it is important that the barrier properties of the film is not
destroyed.

The mixture may further comprise any one of a starch, carboxymethyl
cellulose, afiller, retention chemicals, flocculation additives, deflocculating
additives, dry strength additives, wet strength additives, softeners, surface
active agents or mixtures thereof. It may be possible to add additives that will
improve different properties of the mixture and/or the produced film. It has
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been found that the retention of chemicals in the web or film is improved.
Therefore, the amount of chemicals can be reduced without reducing their
effects.

The film preferably has an oxygen transmission rate in the range of
from 0.1 to 300 cc/m?/24h according to ASTM D-3985, at a relative humidity
of 50 % at 23°C and/or at a relative humidity of 85% at 38°C.

The suspension preferably comprises between 50-100 wt-% of
microfibrillated cellulose by total amount of organic material in the
suspension.

The present invention further relates to a film produced according to
the method described above wherein said film comprises microfibrillated
cellulose and has an oxygen transmission rate in the range of from 0.1 to 300
cc/m?/24h measured according to ASTM D-3985, at a relative humidity of 50
% at 23°C and/or at a relative humidity of 85% at 38 °C. By the present
invention it is possible to produce a film that has very good oxygen barrier
properties at high humidity.

The film preferably has a basis weight of less than 100 g/m?, preferably
between 10-100 g/m?. Since the dewatering properties of the film is improved
it is possible to produce a film with higher basis weight at good production
speed.

The film is preferably a multilayer film comprising more than one layer.

The film preferably comprises between 50-100 wt-% of microfibrillated
cellulose by total amount of organic material of the film.

Detailed description

The method according to the present invention relates to a method for
manufacturing a film wherein the method comprises the steps of: providing a
suspension comprising a microfibrillated cellulose, adding an enzyme to the
suspension, mixing the enzyme with the suspension to form a mixture,
applying said mixture to a wire to form a fibrous web and drying said web to
form said film. With the addition of an enzyme to the suspension comprising
microfibrillated cellulose it was surprisingly found that the dewatering of the
formed fibrous web was improved. Even more surprising was that the barrier
properties of the formed film was remained or even improved, even at high
humidity. The oxygen barrier properties of the film was shown to improve.
Also, the grease and aroma barrier properties of the film was improved. By
addition of a cellulose decomposing enzyme to the suspension comprising
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microfibrillated cellulose the enzyme will decompose or “eat’ the
microfibrillated cellulose. The enzyme will attach to accessible surface areas
of the fibrils and decompose it to even smaller fibrils or dissolve it by
decomposing the MFC to mono- oligo- or polysaccharides. It was found that
the smallest MFC materials have the largest number of accessible surface
areas, leading to that the enzymes attaches and decomposes the finer
material to a larger extent compared to the coarser MFC material present.
During dewatering of the fibrous web the decomposed or dissolved fine
material will be removed, i.e. the retention of the finest material is reduced,
leading to that the dewatering of the produced MFC film is strongly improved.
Due to the removal of the finer material the barrier properties of the film were
expected to be deteriorated. Surprisingly, it was the other way around. The
barrier properties were shown to be improved. Apparently, the addition of the
enzyme also resulted in a narrower fibril size distribution meaning that more
of the finest material is removed as discussed above but also that the
coarsest material are decomposed forming a finer material. The largest or
most coarse fibrils will give the film improved strength but too much coarse
material will strongly decrease the barrier properties of the film.

Even more surprisingly was that the barrier properties at high humidity
of the film were improved. Apparently, the enzymatic treatment of the MFC
material will affect the moisture absorption properties of the film. The enzyme
will decompose the MFC material in such a way that the moisture absorption
properties of the material is reduced leading to that the MFC film will be more
resistant against high humidity.

Another theory to the improved barrier and dewatering properties of the
film is that the retention of additives added to the mixture is improved. Thus,
the presence of e.g. retention chemicals or strength chemicals is increased
which also leads to improved dewatering and improved physical properties of
the film. Thus, another advantage with the present invention is that the
amount of chemicals added can be reduced since the retention of the
chemicals is improved.

The enzyme added to the suspension is preferably an enzyme that
decomposes cellulose and/or hemicellulose, such as cellulase, xylanase
and/or mannanse. Depending on the type of the microfibrillated cellulose it is
possible to tailor made the enzymatic composition to either comprise only one
kind of enzyme or to use mixture of different enzymes. The enzyme may be
cellulase with an activity above 20 0000 CMU/g which activity may be
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determined on a CMC substrate at 60°C and pH 4.8. The enzyme may also
be xylanase with an activity above 20 0000 nkat/ml when measured against
birch xylan at pH 5, 50°C and a 50mM Na-citrate as pH buffer. It may be
preferred to use a mixture of both cellulase and xylanase.

The microfibrillated cellulose is preferably native, i.e. it is a chemically
unmodified microfibrillated cellulose. Native microfibrillated cellulose
comprises both cellulose and hemicellulose and a mixture of cellulase and
xylanase may then be preferred to use.

The temperature of the suspension comprising MFC is preferably
between 30-70°C, even more preferably between 40-60°C, before the
enzyme is added to the suspension. By increasing the temperature of the
suspension, the microfibrillated cellulose material in the suspension is more
accessible for the enzyme. It is thus possible to add less enzymes or to
decrease the storage time for the mixture. The temperature range chosen is
dependent on the enzyme used and on the optimal working conditions for that
specific enzyme or mixture of enzymes.

The pH value of the suspension comprising MFC is preferably between
4-8, even more preferably between 5-7, before the enzyme is added to the
suspension. It is important that the pH value of the suspension is within the
mentioned range so the climate for the enzyme is as beneficial as possible.
Too high or too low pH will either decrease the activity of the enzyme or even
deactivate it.

The enzyme is added to the suspension in any suitable way. If the
production of the film is done on a paper or paperboard machine it is possible
to add the enzyme to the white water being recovered from the dewatering of
the mixture on the wire. The white water comprising the enzyme is thereafter
added to the suspension. The enzyme may also be added during production
of the MFC, preferably to the last mechanical treatment stage of the fibers to
produce MFC. However, it is important that the addition of the enzymes is not
done too soon if added during MFC production. It is important that the
suspension comprises a substantially amount of MFC in order for the
treatment with enzymes to efficient.

The suspension and the enzyme is mixed to form a mixture and it is
important that the mixing is thorough making the enzyme to be in contact with
all the fines and fibrils in the suspension. The mixing may be done in any
conventional way. It might for example be possible to mix the enzyme with the
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suspension by using a high shear mixing device or by pumping the
suspension and the enzyme.

After the enzyme and suspension is mixed the mixture need to be
stored for a certain period of time to make sure that the enzyme has enough
time to decompose the material. It is preferred that the mixture is stored for a
period of at least 5 minutes, preferably at least 15 minutes or even more
preferably at least 30 minutes before being applied to said wire.

By measuring for example the viscosity, the water retention value, the
amount of sugars or by measuring the dewatering rate of the mixture it is
possible to determine when the enzymatic treatment is sufficient, i.e. how
long time is needed, which enzyme to use, how much enzyme to dose and
which activity of the enzyme that is needed. Parameters that can affect the
enzymatic activity and which needs to be optimized are e.g. time,
temperature, pH value of the mixture and the amount and activity of the
enzyme. The present invention improves the dewatering of a suspension
comprising microfibrillated cellulose and it is well known for a person skilled in
the art to know when a good or adequate dewatering is achieved. Thus, it is
obvious for a person skilled in the art to optimize the enzymatic treatment so
that good dewatering properties of the suspension comprising microfibrillated
cellulose is achieved.

It is possible that the suspension is a suspension which is a fraction of
a first suspension. The method according to the invention may then comprise
the steps of: providing a first suspension comprising microfibrillated cellulose,
fractionate the first suspension into a suspension and a second suspension,
adding enzyme to the suspension, mixing the enzyme with the suspension to
form a mixture, optionally mixing the mixture with the second suspension to
form a second mixture, applying said mixture or optional second mixture to a
wire to form a fibrous web and drying said web to form said film.

The second suspension may also be treated with enzymes before
being mixed with the mixture. The fraction of the second suspension is
preferably the reject, i.e. comprising a larger MFC material. One advantage
with fractionating the first suspension is that the enzymatic treatment can be
more tailor made since the material of each fraction will be homogenous and
the optimal enzymatic treatment can then easier be applied.

The method may further comprise the step of mechanical treating the
suspension comprising microfibrillated cellulose prior to the addition of the
enzyme. In this way, the active surfaces of the microfibrillated cellulose is
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increased making the MFC more reactive to the enzymatic treatment. The
mechanical treatment may be done in any conventional way, e.g. by refining
or homogenization.

The film is thereafter produced by applying said mixture or second
mixture to a wire to form a fibrous web and drying said web to form at least
one layer of said film. The dry content of the at least one layer of the film after
drying is preferably above 95% by weight.

The drying is preferably done by increasing the temperatures.
Temperatures used during drying may be between 50-200°C, preferably
between 100-150°C. The drying may be done in any conventional equipment.
During drying the enzymes is killed leaving no residual enzyme activity in the
final product, which is important if the film should be used in e.g. food contact
applications. Thus, it is important that the temperature during drying is high
enough to kill the enzymes. Also, since the dry content of the film is
increased, preferably to above 95% by weight, the activity of the enzymes is
terminated at such high dry contents. It is also possible to kill the enzymes by
other methods than applying heat, e.g. by radiation or addition of chemicals. It
is important that the produced film has no residual enzyme activity if to be
used for sensitive end uses e.g. in food applications.

The wire is preferably a wire of a paper making machine, i.e. any kind
of paper making machine known to a person skilled in the art used for making
paper, paperboard, tissue or any similar products. The mixture is the applied
onto the wire and the fibrous web formed on the wire is then dewatered. The
dewatered fibrous web is thereafter dried by increasing the temperature of the
web to form the film.

It may also be possible that the mixture is applied onto a fibrous web
on a wire, to produce a paper or paperboard product to which the mixture is
applied to form a coated product.

The production speed for the production of the film on a wire is
preferably between 150-1500 m/min, preferably between 200-1200 m/min
and even more preferred between 300-1000 m/min. It has been found
possible to be able to produce a MFC film having good barrier properties at
an increased production speed due to the improved dewatering properties of
the MFC used.

The microfibrillated cellulose of the suspension is produced from
mechanical, thermomechanical or chemical pulp. The microfibrillated
cellulose is preferably produced from kraft pulp. The microfibrillated cellulose
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preferably has a Schopper Riegler value (SR°) of more than 80, preferably
more than 90, even more preferred more than 93 or even more preferred
more than 95. The Schopper-Riegler value can be obtained through the
standard method defined in EN ISO 5267-1. This high SR value is
determined for a pulp, with or without additional chemicals, thus the fibers
have not consolidated into a film or started e.g. hornification. The dry solid
content of this kind of web, before disintegrated and measuring SR, is less
than 50 % (w/w). To determine the Schopper Riegler value it is preferable to
take a sample just after the wire section or from the headbox where the wet
web consistency is relatively low. The skilled person understands that paper
making chemicals, such as retention agents or dewatering agents, have an
impact on the SR value. The SR value specified herein, is to be understood
as an indication but not a limitation, to reflect the characteristics of the MFC
material itself. The microfibrillated cellulose is preferably produced from never
dried pulp since it was found that never dried MFC has much higher
accessibility for enzymes compared to MFC produced from dried pulp. It is
also preferred that the microfibrillated cellulose has a very low lignin content
since lignin could negatively affect the enzymatic activity.

The mixture may further comprise additives, preferably any one of a
starch, carboxymethyl cellulose, a filler, retention chemicals, flocculation
additives, deflocculating additives, dry strength additives, wet strength
additives, softeners, surface active agents, or mixtures thereof. It may be
possible to add additives that will improve different properties of the mixture
and/or the produced film.

The present invention also relates to a film, comprising microfibrillated
cellulose, which film has an oxygen transmission rate in the range of from 0.1
to 300 cc/m?/24h measured according to the standard ASTM D-3985, at a
relative humidity of 50 % at 23°C and/or at a relative humidity of 85% at 38
°C.

The amount of microfibrillated cellulose in the produced film and thus
also in the suspension is preferably between 50-100 wt-% by total dry weight
of the film, preferably between 60-100wt-% by total dry weight of the film and
even more preferred between 70-100% by total dry weight of the film. Thus,
the film or suspension may also comprises longer or normal cellulosic fibers
as well, preferably chemical, mechanical or thermomechanical pulp fibers.
The fibers may be produced from hardwood or softwood fibers.
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According to one embodiment the film may have a basis weight of less
than 100 g/m?, or less than 70 g/ m?, or less than 50 g/m?, or less than 40
g/m?, or less than 30g/m?. The basis weight is preferably at least 10 g/m?,
preferably between 10-100 g/m?, even more preferred between 10-70 g/m?,
more preferred between 10-50 g/m? and most preferred between 10-30 g/m?.

Microfibrillated cellulose (MFC) shall in the context of the patent
application mean a nano scale cellulose particle fiber or fibril with at least one
dimension less than 100 nm. MFC comprises partly or totally fibrillated
cellulose or lignocellulose fibers. The liberated fibrils have a diameter less
than 100 nm, whereas the actual fibril diameter or particle size distribution
and/or aspect ratio (length/width) depends on the source and the
manufacturing methods. The smallest fibril is called elementary fibril and has
a diameter of approximately 2-4 nm (see e.g. Chinga-Carrasco, G., Cellulose
fibres, nanofibrils and microfibrils,: The morphological sequence of MFC
components from a plant physiology and fibre technology point of view,
Nanoscale research letters 2011, 6:417), while it is common that the
aggregated form of the elementary fibrils, also defined as microfibril (Fengel,
D., Ultrastructural behavior of cell wall polysaccharides, Tappi J., March 1970,
Vol 53, No. 3.), is the main product that is obtained when making MFC e.g. by
using an extended refining process or pressure-drop disintegration
process. Depending on the source and the manufacturing process, the length
of the fibrils can vary from around 1 to more than 10 micrometers. A coarse
MFC grade might contain a substantial fraction of fibrillated fibers, i.e.
protruding fibrils from the tracheid (cellulose fiber), and with a certain amount
of fibrils liberated from the tracheid (cellulose fiber).

There are different acronyms for MFC such as cellulose microfibrils,
fibrillated cellulose, nanofibrillated cellulose, fibril aggregates, nanoscale
cellulose fibrils, cellulose nanofibers, cellulose nanofibrils, cellulose
microfibers, cellulose fibrils, microfibrillar cellulose, microfibril aggregrates and
cellulose microfibril aggregates. MFC can also be characterized by various
physical or physical-chemical properties such as large surface area or its
ability to form a gel-like material at low solids (1-5 wt%) when dispersed in
water. The cellulose fiber is preferably fibrillated to such an extent that the
final specific surface area of the formed MFC is from about 1 to about 200
m2/g, or more preferably 50-200 m2/g when determined for a freeze-dried
material with the BET method.
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Various methods exist to make MFC, such as single or multiple pass
refining, pre-hydrolysis followed by refining or high shear disintegration or
liberation of fibrils. One or several pre-treatment step is usually required in
order to make MFC manufacturing both energy efficient and sustainable. The
cellulose fibers of the pulp to be supplied may thus be pre-treated
enzymatically or chemically, for example to hydrolyse or swell fiber or reduce
the quantity of hemicellulose or lignin.

The nanofibrillar cellulose may contain some hemicelluloses; the
amount is dependent on the plant source. Mechanical disintegration of the
pre-treated fibersis carried out with suitable equipment such as a refiner,
grinder, homogenizer, colloider, friction grinder, ultrasound sonicator, fluidizer
such as microfluidizer, macrofluidizer or fluidizer-type homogenizer.
Depending on the MFC manufacturing method, the product might also contain
fines, or nanocrystalline cellulose or e.g. other chemicals present in wood
fibers or in papermaking process. The product might also contain various
amounts of micron size fiber particles that have not been efficiently fibrillated.
MFC is produced from wood cellulose fibers, both from hardwood or softwood
fibers. It can also be made from microbial sources, agricultural fibers such as
wheat straw pulp, bamboo, bagasse, or other non-wood fiber sources. It is
preferably made from pulp including pulp from virgin fiber, e.g. mechanical,
chemical and/or thermomechanical pulps. It can also be made from broke or
recycled paper.

The above described definition of MFC includes, but is not limited to,
the new proposed TAPPI standard W13021 on cellulose nanofibril (CNF)
defining a cellulose nanofiber material containing multiple elementary fibrils
with both crystalline and amorphous regions, having a high aspect ratio with
width of 5-30nm and aspect ratio usually greater than 50.

Examples
Example 1

Trials were conducted on a pilot paper machine to produce a MFC film. In
addition to a microfibrillated (MFC) suspension, a retention system comprising
wet-end starch, cationic polysaccharide, retention chemical and wet-strength
chemical were used, (reference test point KP4.1). In addition, enzymes in the
form of cellulase 5kg/t or xylanase 10 kg/t were dosed to the paper machine
circulation waters in KP5 and KP6, respectively.
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The addition of enzymes improved the dewatering on the wire section, which
was noticed as the water line on the Fourdnier wire was closer to the
headbox. The first value of the water line in the table below represents at
which suction box the line appears. Lower number is closer to the headbox
meaning that dewatering is improved. Furthermore, each suction box has
been divided into five different areas. The second number represents which
area of respectively suction box the water line appears to give an even more
precise value.

The activity of the enzyme used in KP5 was 96 400 CMU/g and the activity of
the enzyme used in KP6 was 63 300 nkat/ml.

The test points having enzyme dosing (KP5 and KP6) in the wet-end had
improved oxygen barrier properties compared to reference test point KP 4.1
showing as the oxygen transmission rate (OTR) was substantially lower with
the test points KP5 and KP6. Furthermore, the dewatering rate of the films
according to the invention (KP5 and KP6) was improved.

KP 4.1 KP5 KP6
.......... Fiber source,%  MFC 100 MFC 100 MFC 100
Enzyme - Cellulase Xylanase
.......................................................................................................................... Skatt . HC10kght
Water line 3/0 2/3 2/3
Grammage, g/m* . 313 M8 309
OTR 23°C / 50% RH, 707 11 12
eom2day T
Example 2

The MFC films KP 4.1, KP5 and KP6 produced in the same was as in
Example 1 were extrusion polyethylene-coated with 25 g/m? of low-density
polyethylene (LDPE).

The oxygen transmission rate (OTR) of the PE-coated MFC films was
measured in 38 °C and 85% relative humidity (RH) conditions, i.e. tropical
conditions. Also, the OTR was measured after storing the PE-coated films in
38 °C and 85% RH for 3 weeks.
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The results in Table 2 show that the oxygen transmission rate (OTR) in
tropical conditions were lower for the films KP5 and KP6, both before and
after conditioning the films in 38 °C and 85% RH for 3 weeks. Thus, the
oxygen barrier properties of the films according to the invention were
improved.

Table 2: Results for the PE-coated test points

i KP4.1 KP5 KP6
OTR 38°C / 85% RH, 77 69 56
ceim2day I N ——
OTR 23°C/ 50% RH, 86 81 78
cc/m2*day, after 3 |
weeks storage e

Example 3

The oil and grease resistance of the MFC films KP 4.1, KP5 and KP6
were tested according to the modified ASTM F119-82 method. Chicken fat
was used as grease and the test was performed in an oven at 60°C.

The results from the test are presented in Table 3. It can be seen from
the results that the oil and grease resistance of the MFC films is slightly
improved when enzymes were dosed to paper machine circulation waters
(KP5 and KP6). Consequently, the film produced according to the present
invention also have good grease barrier properties.

Table 3. Results from oil and grease resistance testing

-3 H -2 -3 -3 - i - & -3 B3 R I
mdn|  mdn]|  mgn|  hoor| bouss] beuss] howsy howes| bowes| howses| howes| hoses| hoas
Flag (= L
- b L
KP41
=g |z L
& L
Fiat |a - - - - - - - - - - L
BPS -
c=¥ - L
Fisi |a - - - - - - - - - - - L
- & L
KPé¢
=¥ |2 L

L = Break-through time period = visually noticeable fat spot/spots on the TLC plate placed under the
material, actual penetration of the fat through the material.
c+f= Sample has been creased and folded before testing
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In view of the above detailed description of the present invention, other
modifications and variations will become apparent to those skilled in the art.
However, it should be apparent that such other modifications and variations

may be effected without departing from the spirit and scope of the invention.
5
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CLAIMS

1. A method for manufacturing a film wherein the method comprises
the steps of:

- providing a suspension comprising a microfibrillated cellulose,

- adding an enzyme to the suspension,

- mixing the enzyme with the suspension to form a mixture,

- applying said mixture to a wire to form a fibrous web and

- drying said web to form said film.

2. The method according to claim 1 wherein the enzyme is an enzyme
decomposing cellulose and/or hemicellulose such as cellulase, xylanase
and/or mannanase.

3. The method according to any of the preceding claims wherein the
enzyme is cellulase with an activity of more than 20 000 CMU/g and/or
xylanase with an activity of more than 20 000 nkat/ml.

4. The method according to any of the preceding claims wherein the
microfibrillated cellulose is native.

5. The method according to any of the preceding claims wherein the
temperature of the suspension when the enzyme is added is between 30-
70°C.

6. The method according to any of the preceding claims wherein
mixture is stored for a period of at least 5 minutes, preferably at least 15
minutes or even more preferably at least 30 minutes before being applied to
said wire.

7. The method according to any of the preceding claims wherein the
dry content of the mixture is between 0.01-0.5% by weight.

8. The method according to any of the preceding claims wherein the
method further comprises the step of mechanical treating the suspension
comprising microfibrillated cellulose prior to the addition of the enzyme.
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9. The method according to any of the preceding claims wherein the
fibrous web is dewatered on the wire.

10. The method according to any of the preceding claims wherein the
production speed on the wire is between 150-1500 m/min.

11. The method according to any of the preceding claims wherein the
dry content of the fibrous web before drying is between 20-50% by weight.

12. The method according to any of the preceding claims, wherein the
drying is done at a temperature between 100-150°C.

13. The method according to any of the preceding claims, wherein said
mixture further comprises any one of a starch, carboxymethyl cellulose, a
filler, retention chemicals, flocculation additives, deflocculating additives, dry
strength additives, wet strength additives, softeners, surface active agents or
mixtures thereof.

14. The method according to any of the preceding claims wherein the
film has an oxygen transmission rate in the range of from 0.1 to 300
cc/m?/24h according to ASTM D-3985, at a relative humidity of 50 % at 23°C
and/or at a relative humidity of 85% at 38°C.

15. The method according to any of the preceding claims wherein the
suspension comprises between 50-100 wt-% of microfibrillated cellulose by
total amount of organic material in the suspension.

16. A film produced according to any of the preceding claims wherein
said film comprises microfibrillated cellulose and has an oxygen transmission
rate in the range of from 0.1 to 300 cc/m?/24h measured according to ASTM
D-3985, at a relative humidity of 50 % at 23°C and/or at a relative humidity of
85% at 38 °C.

17. The film as claimed in claim 16, wherein the film has a basis weight
of less than 100 g/m?, preferably between 10-100 g/m?.
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18. The film as claimed in any one of the claims 16 or 17, wherein said
film is a multilayer film comprising more than one layer.

19. The film as claimed in any of the claims 16-18 wherein said film
5 comprises between 50-100 wt-% of microfibrillated cellulose by total organic
material content of the film.



INTERNATIONAL SEARCH REPORT

International application No.

PCT/IB2018/058043

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: C08J, C12N, D21H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, BIOSIS, CHEM ABS Data, COMPENDEX, PUBCHEM

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

6

(2017-10-05); page 3, line 22 - page
- page 7, line 20

[0066]-[0067], [0089], [0093]-[0094],

JP 2009298972 A (KAO CORP), 24 December 2009 (2009-
12-24); paragraphs [0006], [0008], [0049], [0061]-[0065]; claim

WO 2017168353 A1 (STORA ENSO OYJ), 5 October 2017

WO 2012043103 A1 (JUJO PAPER CO LTD ET AL), 5 April
2012 (2012-04-05); paragraphs [0009], [0013], [0032]-[0036],

1-19

3, line 32; page 7, line 16

[0098]; Table 2

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«pA” document defining the general state of the art which is not
considered to be of particular relevance

“E”  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

S-102 42 STOCKHOLM
Facsimile No. + 46 8 666 02 86

14-12-2018 17-12-2018

Name and mailing address of the ISA/SE Authorized officer
Patent- och registreringsverket . .
Box 5055 Adrian Celsi

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/IB2018/058043

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Wang, Wangxia, et al. "Endoglucanase post-milling treatment
for producing cellulose nanofibers from bleached eucalyptus
fibers by a supermasscolloider." Cellulose 23.3 (2016): 1859-
1870.; page 1861, column 1; page 1861, column 2 - page
1862, column 1; page 1863, column 2; page 1869, column 1 -
page 1869, column 2

WO 2014181560 A1 (JUJO PAPER CO LTD), 13 November
2014 (2014-11-13); paragraph [0094]

Kristensen, Jan B., Claus Felby, and Henning Jargensen.
"Yield-determining factors in high-solids enzymatic hydrolysis
of lignocellulose." Biotechnology for Biofuels 2.1 (2009): 11.;
page 3, column 1

JP 2013110987 A (NAT INST OF ADVANCED IND SCIEN),
10 June 2013 (2013-06-10); paragraph [0055]

WO 2011004301 A1 (STORA ENSO OYJ ET AL), 13 January
2011 (2011-01-13); page 4, line 6 - page 5, line 4; page 5, line
14 - page 5, line 23; page 5, line 29 - page 4, line 36; page 6,
line 4 - page 6, line 8

1-19

10

1-19

1-19

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/IB2018/058043

Continuation of: second sheet
International Patent Classification (IPC)

C08J 5/18 (2006.01)
D21H 11/18 (2006.01)
D21H 11/20 (2006.01)
D21H 17/00 (2006.01)
C12N 9/24 (2006.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/IB2018/058043
JPo 2000298972 A 24/12/2009 NONE
WO 2017168353 A1 05/10/2017 CA 3016868 A1  05/10/2017
CN 108884639 A 23/11/2018
SE 539833 C2  12/12/2017
e SE 1650437 A1__02/10/2017 _
wo 2012043103 A1 05/04/2012 JP 2013256546 A 26/12/2013
WO 2014181560 A1 13/11/2014 JP W02014181560 A1 23/02/2017
P 6313705 B2 18/04/2018
JPo 2013110987 A 10/06/2013 JP 5880827 B2  09/03/2016
WO 2011004301 A1 13/01/2011 AU 2010269913 B2  26/11/2015
BR 112012000144 A2  15/03/2016
CA 2767067 A1 13/01/2011
CN 102472015 B 21/10/2015
EP 2452015 A1 16/05/2012
JP 2012533001 A 20/12/2012
JP 5656993 B2  21/01/2015
KR 20120048587 A 15/05/2012
KR 101721275 B1  29/03/2017
RU 2535685 C2  20/12/2014
RU 2012103987 A 20/08/2013
SE 533509 C2  12/10/2010
SE 0950535 A1 12/10/2010
us 8647468 B2  11/02/2014
us 20120135506 A1 31/05/2012
ZA 201200328 B 26/09/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

