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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention is directed to a process for producing microfibrillated cellulose with paper burst strength enhanced attributes for the production of a paper product.

BACKROUND OF THE INVENTION

[0002] In the manufacture of paper, mineral fillers are commonly added. Whilst this may in some circumstances reduce the mechanical strength of the paper, i.e., relative to a
paper made purely from a fibrous pulp, this is tolerated because the mechanical strength (albeit reduced) is still acceptable and there is a cost, quality and environmental benefit
in being able to reduce the amount of fibre in the paper. Acommon property for assessing mechanical strength of paper is paper burst strength. Typically, a paper made purely
from a fibrous pulp will have a higher paper burst strength than a comparable paper in which a portion of the fibrous pulp has been replaced by a mineral filler. The paper burst
strength of the filled paper can be expressed as a percentage of the paper burst strength of the unfilled paper.

[0003] WO-A-2010/131016 discloses a process for preparing microfibrillated cellulose comprising microfibrillating, e.g., by grinding, a fibrous material comprising cellulose,
optionally in the presence of grinding medium and inorganic particulate material. When used as a filler in paper, for example, as a replacement or partial replacement for a
conventional mineral filler, the microfibrillated cellulose obtained by said process, optionally in combination with inorganic particulate material, was unexpectedly found to
improve the burst strength properties of the paper. That is, relative to a paper filled with exclusively mineral filler, paper filled with the microfibrillated cellulose was found to have
improved burst strength. In other words, the microfibrillated cellulose filler was found to have paper burst strength enhancing attributes. In one particularly advantageous
embodiment of that invention, the fibrous material comprising cellulose was ground in the presence of a grinding medium, optionally in combination with inorganic particulate
material, to obtain microfibrillated cellulose having a fibre steepness of from 20 to about 50.

[0004] Whilst the microfibrillated cellulose obtainable by the processes described in WO-A-2010/131016 has been shown to have advantageous paper burst strength enhancing
attributes, it would be desirable to be able to medify, for example, further improve, one or more paper property enhancing attributes of microfibrillated cellulose, for example, the
paper burst strength enhancing attributes of microfibrillated cellulose.

SUMMARY OF THE INVENTION

[0005] The invention provides a method for producing microfibrillated cellulose with paper burst strength enhanced attributes for the production of a paper product, comprising:

. (@) processing at a first location an aqueous composition of microfibrillated cellulose into a first processed microfibrillated cellulose product, characterized by a fibre
steepness of from 20 to 50, and/or (ii) a fibre d50 of at least about 50 um

(b) dewatering the first processed microfibrillated cellulose;

. (¢) transporting the dewatered processed microfibrillated cellulose, and optionally inorganic particulate material, to a second location; and

(d) further processing at the second location the first processed microfibrillated cellulose, and optional inorganic particulate material, by subjecting an aqueous suspension
comprising the microfibrillated cellulose and optionally inorganic particulate material to high shear, wherein the high shear is generated, at least in part, by a moving
shearing element, to improve the attributes of the microfibrillated cellulose for the production of paper, and wherein the term “high shear" means a shear rate of from
about 20,000 s-1 to about 120,000 s-1;

e N

wherein the first processed microfibrillated cellulose product is obtained by a process comprising microfibrillating a fibrous substrate comprising cellulose in an aqueous
environment in the presence of a grinding medium, and optionally in the presence of inorganic material, selected from an alkaline earth metal carbonate or sulphate, such as
calcium carbonate, for example, natural calcium carbonate and/or precipitated calcium carbonate, magnesium carbonate, dolomite, gypsum, a hydrous kandite clay such as
kaolin, halloysite or ball clay, an anhydrous (calcined) kandite clay such as metakaolin or fully calcined kaolin, talc, mica, perlite and diatomaceous earth, and magnesium
hydroxide, and aluminium trihydrate, and combinations thereof.

[0008] The invention is further set out in the appended set of claims.

[0007] According to a first embodiment, there is provided a process for treating microfibrillated cellulose, said process comprising subjecting an aqueous suspension comprising
microfibrillated cellulose and optionally inorganic particulate material to high shear, wherein the high shear is generated, at least in part, by a moving shearing element, as
further defined in the accompanying claims. The treatment advantageously modifies, for example, improves, a paper property enhancing attribute of the microfibrillated
cellulose, for example, the paper burst strength enhancing attributes of the microfibrillated cellulose.

[0008] According to a second embodiment, the process of the first embodiment further comprises preparing a papermaking composition comprising microfibrillated cellulose,
and optionally inorganic particulate material, obtainable by the process of the first embodiment, as further defined in the accompanying claims.

[0009] According to a third embodiment, the process of the second embodiment further comprises preparing a paper product from the papermaking composition, as further
defined in the accompanying claims.

[0010] In embodiments that are not part of the invention, there is provided a paper product obtainable by the process of the third embodiment of the present invention, wherein
the paper product has a first paper property (e.g., burst strength) which is greater than a second paper property (e.g., burst strength) of a comparable paper product comprising
an equivalent amount of microfibrillated cellulose prior to high shear, as further defined in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]
Figure 1 is a schematic depiction, in plan view, of a rotor/stator configuration suitable for use in the present invention.
Figure 2 is a schematic depiction, in plan view, of another rotor/stator configuration suitable for use in the present invention.

Figure 3 is a schematic diagram of an integrated process for preparing microfibrillated cellulose having modified, for example, improved, paper burst strength enhancing
attributes.

DETAILED DESCRIPTION OF THE INVENTION
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[0012] The process for treating microfibrillated cellulose comprises subjecting an aqueous suspension comprising microfibrillated cellulose and optionally inorganic particulate
material to high shear, wherein the high shear is generated, at least in part, by a moving shearing element. The treatment advantageously improves the paper burst strength
paper property enhancing attribute of the microfibrillated cellulose.

[0013] The process is for improving the paper burst strength enhancing attributes of microfibrillated cellulose and comprises subjecting the aqueous suspension comprising
microfibrillated cellulose and optionally inorganic particulate material to high shear, wherein the high shear is generated, at least in part, by a moving shearing element, to modify
the paper burst strength enhancing attributes of the microfibrillated cellulose.

[0014] As used herein, the term 'high shear' means the aqueous suspension comprising microfibrillated cellulose is subjected to shear which is sufficient to treat the
microfibrillated cellulose in order to modify, for example, improve, a paper property enhancing attribute of the microfibrillated cellulose. In certain embodiments, the
microfibrillated cellulose is subject to high shear which is sufficient to modify, for example, to improve, the paper burst strength enhancing attributes of the microfibrillated
cellulose. Advantageously, the aqueous suspension comprising microfibrillated cellulose is subjected to shear which is sufficient to improve a paper property enhancing attribute
of the microfibrillated cellulose, for example, the paper burst strength enhancing attributes of the microfibrillated cellulose. A person of ordinary skill in the art will be able to
determine the shear which is sufficient to improve a paper property enhancing attribute of the microfibrillated cellulose, e.g., the paper burst strength enhancing attributes of the
microfibrillated cellulose, by routine methods, e.g., by comparing, in a suitably controlled manner, the paper property enhancing attributes of the microfibrillated cellulose (e.g.,
the paper burst strength attributes of the microfibrillated cellulose) prior to shear treatment and the paper property enhancing attributes of the microfibrillated cellulose (e.g., the
paper burst strength attributes of the microfibrillated cellulose) after shear treatment. Further details of such analysis is provided below in the Examples.

[0015] A moving shearing element is a part or component which generates, at least in part, mechanical shear. As used herein, 'mechanical shear' means shear generated by
the action of a moving mechanical part or component on the material being subjected to shear and, further, shear which is generated in the substantial absence of a pressure
drop. An example of an apparatus relying on shear generated by a pressure drop is a homogenizer. Typically, in such an apparatus, the feed material passes from a high
pressure zone to a low pressure zone through a valve with an adjustable, but fixed, gap, sometimes referred to as a homogenizing valve. In a homogenizer, therefore, there is
no moving shearing element that directly applies shear to the material.

[0018] In certain embodiments, shear is generated by the action of a moving mechanical part or component with a complimentary fixed, i.e., stationary, part or component,
wherein either or both of the moving mechanical part or component and the complimentary fixed part or component has more than one aperture, for example, more than 100
apertures, or more than 1000 apertures. In certain embodiments, at least the complimentary fixed part or component has more than one aperture, for example, more than 100
apertures, or more than 1000 apertures.

[0017] The term "high shear" means a shear rate of from about 20,000 s™' to about 120,000 s™, or from about 40,000 s™' to about 110,000 s, or from about 60,000 s™ to
about 100,000 5™, or from about 70,000 s to about 90,000 s, or from about 75,000 s™ to about 85,000 7.

[0018] In certain embodiments, the moving shear element is a part or component of a high shear mixing apparatus. The moving shear element is housed within the high shear
mixing apparatus and directly applies shear to the microfibrillated cellulose. In certain embodiments, the moving shear element is a rotor having mixing means at one end which
is housed within, or positioned proximate to, a fixed, non-moving component or compartment, such as a stator, and the mixing means rotates about a central axis within the
fixed component or compartment and directly applies shear to the microfibrillated cellulose. The speed of rotation of the rotor and, thus, the mixing means, is sufficient to
generate high shear. The mixing means may be of any suitable form including, for example, a plurality of teeth, or an impeller, or blades, and the like, arranged about the central
axis of the rotor.

[0019] In certain embodiments, the fixed component or compartment is a stator of cylindrical shape which has a diameter greater than the radial extent of the mixing means
such that as the mixing means rotates about a central axis of the rotor there is a gap between the extremity of the mixing means and inner surface of the stator, sometimes
referred to as a close-clearance gap. With reference to Figure 1, which is a schematic depiction (in plan view) of an exemplary rotor/stator configuration, the radius, R4, of the
stator (1) is greater than the radial extent of the rotor blades (3) placed about a central axis of rotation (5) of the rotor (7), creating a gap (9). The gap is sufficiently small such
that a high shear zone is formed in which microfibrillated cellulose is subjected to further shear which is sufficiently high to modify, for example, to improve, the paper burst
strength enhancing attributes of the microfibrillated cellulose. In certain embodiments, the gap is less than about 1 mm, for, example, less than about 0.9 mm, or less than about
0.8 mm, or less than about 0.7 mm, or less than about 0.6 mm, or less than about 0.5 mm. The gap may be greater than about 0.1 mm. Shear is the speed difference between
the stator and rotor divided by the size of the gap between the stator and rotor.

[0020] Thus, the process for improving the paper burst strength enhancing attributes of microfibrillated cellulose comprises subjecting said aqueous suspension comprising
microfibrillated cellulose and optionally inorganic particulate material to high (mechanical) shear in a high shear mixing apparatus in which the shear is generated, at least in
part, by said moving shearing element to modify the paper burst strength enhancing attributes of the microfibrillated cellulose. In certain embodiments, the high shear mixing
apparatus is a high shear rotor/stator mixing apparatus.

[0021] In certain embodiments, a further shearing event is created by use of a stator having a series of perforations, e.g., machined holes, slots or notches, about its cylindrical
extent, through which the aqueous suspension comprising microfibrillated cellulose is forced by the action of the rotor and mixing means. Another rotor/stator arrangement is
depicted (in plan view) in Figure 2. In this configuration, the rotor (17) has as mixing means a plurality of teeth (13) arranged about the central axis (15) of the rotor. The stator
(11) has a series of notches (21) about it cylindrical extent. Again, the radial extent, R4, of the stator (11) is greater than the radial extent of the plurality of teeth (13), creating a

9ap (19).

[0022] Suitable high shear mixing apparatus are many and various, including, but not limited to, batch high shear mixers, inline high shear mixers, and ultra-high-shear inline
mixers. An exemplary high shear mixing apparatus is a Silverson (RTM) High Shear In-Line Mixer, manufactured by Silverson (RTM). Other exemplary rotor/stator
configurations include those manufactured by Kinematica (RTM) AG, such as those marketed under the MEGATRON (RTM) brand, and a Kady mill, manufactured by Kady
International. Yet another exemplary high shear mixing apparatus is a supermasscolloider that has a moving mechanical part with a complimentary fixed part to generate shear,
wherein either the moving mechanical part or the complimentary fixed part has only one aperture.

[0023] In certain embodiments, the high speed rotation of the rotor exerts a powerful suction, which draws the feed aqueous suspension comprising microfibrillated cellulose into
the fixed compartment, e.g., stator. As the sheared material is withdrawn from the stator, for example, forced out through the holes, slots or notches about the cylindrical extent
of the stator, fresh feed material is drawn up, optionally continually, into the stator, maintaining the mixing cycle.

[0024] The aqueous suspension comprising microfibrillated cellulose may be subjected to high shear for a period of time and/or total energy input sufficient to modify, for
example, improve, the paper burst strength enhancing attributes of the microfibrillated cellulose, or any other of the paper property enhancing attributes described herein. In
certain embodiments, the period of time is from about 30 seconds to about 10, for example, from about 30 seconds to about 8 hours, or from about 30 seconds to about 5
hours, or from about 30 seconds to about 4 hours, or from about 30 seconds to about 3 hours, or from about 30 seconds to about 2 hours, or from about 1 minute to about 2
hours, or from about 5 minutes to about 2 hours, or from about 10 minutes to about 2 hours, or from about 15 minutes to about 2 hours, or from about 20 minutes to about 100
minutes, or from about 25 minutes to about 90 minutes, or from about 30 minutes to about 90 minutes, or from about 35 minutes to about 90 minutes, or from about 40 minutes
to about 90 minutes, or from about 45 minutes to about 90 minutes.

[0025] In certain embodiments, the total energy input is from about 1 kWh/tonne (kWh/t) to about 10,000 kWh/t, based on the total dry weight of cellulosic material in the
aqueous suspension comprising microfibrillated cellulose and optional inorganic particulate material, for example, from about 50 kWh/ to about 2,000 kWh/t, or from about 100
kWh/t to about 8,000 kWh/t, or from about 100 kWh/t to about 8,000 kWh/t, or from about 100 kWh/t to about 7,000 kWh#, or from about 100 kWh/t to about 6,000 kWhtt, or
from about 500 kWh/t to about 5,000 kWh/t, or from about 1000 kWh/t to about 5,000 kWh/t, or from about 1500 kWh/t to about 5,000 kWh#, or from about 2000 kWh/t to about
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5,000 kWht.
[00286] In certain embodiments the total energy input is from about 100 kWh/t to about 5,000 kWh/t.

[0027] The total energy input during the high shear process E, may be calculated as:

E=PW I

wherein E is the total energy input per tonne (kWh/t) of cellulosic material in the aqueous suspension comprising microfibrillated cellulose, P is the total energy input (kwh) and
W is the total dry weight of cellulosic material (in tonnes).

[0028] In certain embodiments, the microfibrillated cellulose is subjected to high shear in more than one stage, e.g., in multiple (i.e., two or more) passes through the high shear
mixing apparatus. For example, the aqueous suspension may be subjected to high shear in accordance with the process described above for a first period of time, passed to an
intermediate zone, such as a mixing tank, operating under conditions in which the microfibrillated cellulose is not subjected to shear, and then subjected to high shear for a
second period of time, and so on. In certain embodiments, the process is a continuous process in which a feed of said aqueous suspension comprising microfibrillated cellulose
is continually fed, e.g., from a mixing tank, to a high shear mixing apparatus, subjected to high shear, drawn from the high shear mixing apparatus and recycled back to the
mixing tank, and then recirculated to the high shear mixing apparatus, and so on. A product comprising microfibrillated cellulose having modified, for example, improved, paper
burst strength enhancing attributes, may be withdrawn from the process at any stage, for example, via a product withdrawal point, such as, for example, a drain valve located
between the mixing tank and high shear mixing apparatus. Typically, the aqueous suspension comprising microfibrillated cellulose is circulated at a constant flow, and the
product is withdrawn periodically, for example, at a time of internal of 5 minutes, and/or 10, minutes, and/or 15 minutes, and/or 20 minutes, and/or 25 minutes, and/or 30
minutes, and/or 35 minutes, and/or 40 minutes, and/or 45 minutes, and/or 50 minutes, and/or 55 minutes, and/or 60 minutes, and/or 65 minutes, and/or 70 minutes, and/or 75
minutes, and/or 80 minutes, and/or 90 minutes, and/or 100 minutes, and/or 110 minutes, and/or 120 minutes.

[0029] In certain embodiments, the high shear treatment may be performed in a cascade of high shear devices, for example, a cascade of high shear rotor/stator mixing
apparatus, for example, two or three or four or five or six or seven or eight or nine or ten high shear rotor/stator mixing apparatus, operatively inked in series or parallel or a
combination of series and parallel. The output from and/or the input to one or more of the high shear vessels in the cascade may be subjected to one or more screening steps
and/or one or more classification steps.

[0030] In certain embodiments, the high shear treatment may be performed in a single high shear device, for example, a single high shear rotor/stator mixing apparatus having
a plurality, i.e. at least two, of operatively distinct high shear zones. For example, an suitable high shear rotor/stator mixing apparatus may have a plurality of high shear zones
each having its own rotor/stator.

[0031] In certain embodiments, the aqueous suspension comprising microfibrillated cellulose and optional inorganic particulate material has a solids content of no greater than
about 25 wt. %, based on the total weight of the aqueous suspension, for example, a solids content of from about 0.1 to about 20 wt. %, or from about 0.1 to about 18 wt. %, or
from about 2 to about 16 wt. %, or from about 2 to about 14 wt. % solids, or from about 4 to about 12 wt. %, or from about 4 to about 10 wt. %, or from about 5 to about 10 wt.
%, or from about 5 to about 9 wt. %, or from about 5 to about 8.5 wt. %. At any stage of the process, additional water may be added to modify the solids content of the aqueous
suspension comprising microfibrillated cellulose and option inorganic particulate material.

[0032] In certain embodiments, the aqueous suspension comprising microfibrillated cellulose has a fibre solids content of no greater than about 8 wt. %.

[0033] The microfibrillated cellulose may be derived from any suitable source. In certain embodiments, the composition comprising microfibrillated cellulose is obtainable by a
process comprising microfibrillating a fibrous substrate comprising cellulose in the presence of a grinding medium. The process is advantageously conducted in an aqueous
environment.

[0034] In certain embodiments, the aqueous suspension comprising microfibrillated cellulose and optional inorganic particulate material is obtainable by a process comprising
grinding a fibrous substrate comprising cellulose in the presence of a grinding medium and optionally said inorganic particulate material. In certain embodiments, the aqueous
suspension comprises microfibrillated cellulose and inorganic particulate material, and the aqueous suspension is obtainable by a process comprising grinding a fibrous
substrate comprising cellulose in the presence of a grinding medium and inorganic particulate material. A suitable process is described in WO-A-2010/131016, the entire
contents of which are hereby incorporated by reference.

[0035] By "microfibrillating" is meant a process in which microfibrils of cellulose are liberated or partially liberated as individual species or as small aggregates as compared to
the fibres of the pre-microfibrillated pup. Typical cellulose fibres (i.e., pre-microfibrillated pulp) suitable for use in papermaking include larger aggregates of hundreds or
thousands of individual cellulose fibrils. By microfibrillating the cellulose, particular characteristics and properties, including the characteristics and properties described herein,
are imparted to the microfibrillated cellulose and the compositions comprising the microfibrillated cellulose.

[00386] In certain embodiments, the microfibrillating is carried out in the presence of grinding medium which acts to promote microfibrillation of the pre-microfibrillated cellulose.
In addition, when present, the inorganic particulate material may act as a microfibrillating agent, i.e., the cellulose starting material can be microfibrillated at relatively lower
energy input when it is co-processed, e.g., co-ground, in the presence of an inorganic particulate material. In certain embodiments, the microfibrillating is carried out by other
processes known in the art, including processes that are not carried out in the presence of grinding medium.

[0037] The fibrous substrate comprising cellulose may be derived from any suitable source, such as wood, grasses (e.g., sugarcane, bamboo) or rags (e.g., textile waste,
cotton, hemp or flax). The fibrous substrate comprising cellulose may be in the form of a pulp (i.e., a suspension of cellulose fibres in water), which may be prepared by any
suitable chemical or mechanical treatment, or combination thereof. For example, the pulp may be a chemical pulp, or a chemithermomechanical pulp, or a mechanical pulp, or a
recycled pulp, or a papermill broke, or a papermill waste stream, or waste from a papermill, or a combination thereof. The cellulose pulp may be beaten (for example in a Valley
beater) and/or otherwise refined (for example, processing in a conical or plate refiner) to any predetermined freeness, reported in the art as Canadian standard freeness (CSF)
in cm®. CSF means a value for the freeness or drainage rate of pulp measured by the rate that a suspension of pulp may be drained. For example, the cellulose pulp may have
a Canadian standard freeness of about 10 cm?® or greater prior to being microfibrillated. The cellulose pulp may have a CSF of about 700 cm?® or less, for example, equal to or
less than about 650 cm3, or equal to or less than about 600 cm3, or equal to or less than about 550 cm?3, or equal to or less than about 500 cm3, or equal to or less than about
450 cm3, or equal to or less than about 400 cm3, or equal to or less than about 350 cm3, or equal to or less than about 300 cm3, or equal to or less than about 250 cm3, or equal
to or less than about 200 cm3, or equal to or less than about 150 ecm?3, or equal to or less than about 100 cm?, or equal to or less than about 50 cm3. The cellulose pulp may
then be dewatered by methods well known in the art, for example, the pulp may be filtered through a screen in order to obtain a wet sheet comprising at least about 10% solids,
for example at least about 15% solids, or at least about 20% solids, or at least about 30% solids, or at least about 40% solids. The pulp may be utilised in an unrefined state, that
is to say without being beaten or dewatered, or otherwise refined.

[0038] The fibrous substrate comprising cellulose may be added to a grinding vessel in a dry state. For example, a dry paper broke may be added directly to the grinder vessel.
The aqueous environment in the grinder vessel will then facilitate the formation of a pulp.

[0039] The step of microfibrillating may be carried out in any suitable apparatus, including but not limited to a refiner. In one embodiment, the microfibrillating step is conducted
in a grinding vessel under wet-grinding conditions. In another embodiment, the microfibrillating step is carried out in a homogenizer.

o wel-grinding
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[0040] The grinding is an attrition grinding process in the presence of a particulate grinding medium. By grinding medium is meant a medium other than the inorganic particulate
material which is optionally co-ground with the fibrous substrate comprising cellulose. It will be understood that the grinding medium is removed after the completion of grinding.

[0041] In certain embodiments, the microfibrillating process, e.g., grinding, is carried out in the absence of grindable inorganic particulate material.

[0042] The particulate grinding medium may be of a natural or a synthetic material. The grinding medium may, for example, comprise balls, beads or pellets of any hard mineral,
ceramic or metallic material. Such materials may include, for example, alumina, zirconia, zirconium silicate, aluminium silicate, mullite, or the mullite-rich material which is
produced by calcining kaolinitic clay at a temperature in the range of from about 1300°C to about 1800°C.

[0043] In certain embodiment, the particulate grinding medium comprises particles having an average diameter in the range of from about 0.1 mm to about 6.0 mm and, more
preferably, in the range of from about 0.2 mm to about 4.0mm. The grinding medium (or media) may be present in an amount up to about 70% by volume of the charge. The
grinding media may be present in amount of at least about 10% by volume of the charge, for example, at least about 20 % by volume of the charge, or at least about 30% by
volume of the charge, or at least about 40 % by volume of the charge, or at least about 50% by volume of the charge, or at least about 60 % by volume of the charge. In certain
embodiments, the grinding medium is present in an amount from about 30 to about 70 % by volume of the charged, for example, from about 40 to about 60 % by volume of the
charge, for example, from about 45 to about 55 % by volume of the charge.

[0044] By ‘charge’ is meant the composition which is the feed fed to the grinder vessel. The charge includes water, grinding media, fibrous substrate comprising cellulose and
inorganic particulate material, and any other optional additives as described herein.

[0045] In certain embodiments, the grinding medium is a media comprising particles having an average diameter in the range of from about 0.5 mm to about 12 mm, for
example, from about 1 to about @ mm, or from about 1 mm to about 6 mm, or about 1 mm, or about 2 mm, or about 3 mm, or about 4 mm, or about 5 mm.

[00486] The grinding media may have a specific gravity of at least about 2.5, for example, at least about 3, or at least about 3.5, or at least about 4.0, or at least about 4.5, or
least about 5.0, or at least about 5.5, or at least about 6.0.

[0047] In certain embodiments, the grinding media comprises particles having an average diameter in the range of from about 1 mm to about 6 mm and has a specific gravity of
at least about 2.5.

[0048] In certain embodiments, the grinding media comprises particles having an average diameter of about 3 mm.

[0049] In one embodiment, the mean particle size (dsg) of the inorganic particulate material is reduced during the co-grinding process. For example, the dsq of the inorganic
particulate material may be reduced by at least about 10% (as measured by the well known conventional method employed in the art of laser light scattering, using a Malvern
Mastersizer S machine), for example, the dsq of the inorganic particulate material may be reduced by at least about 20%, or reduced by at least about 30%, or reduced by at
least about 50%, or reduced by at least about 50%, or reduced by at least about 60%, or reduced by at least about 70%, or reduced by at least about 80%, or reduced by at
least about 90%. For example, an inorganic particulate material having a dsg of 2.5 ym prior to co-grinding and a dsg of 1.5 pm post co-grinding will have been subject to a 40%
reduction in particle size. In certain embodiments, the mean particle size of the inorganic particulate material is not significantly reduced during the co-grinding process. By 'not
significantly reduced' is meant that the dsg of the inorganic particulate material is reduced by less than about 10%, for example, the dsg of the inorganic particulate material is

reduced by less than about 5% during the co-grinding process.

[0050] The fibrous substrate comprising cellulose may be microfibrillated to obtain microfibrillated cellulose having a dsg ranging from about 5 to ym about 500 ym, as measured
by laser light scattering. The fibrous substrate comprising cellulose may be microfibrillated to obtain microfibrillated cellulose having a dsg of equal to or less than about 400 ym,
for example equal to or less than about 300 um, or equal to or less than about 200 ym, or equal to or less than about 150 ym, or equal to or less than about 125 ym, or equal to
or less than about 100 um, or equal to or less than about 90 ym, or equal to or less than about 80 um, or equal to or less than about 70 um, or equal to or less than about 60
um, or equal to or less than about 50 um, or equal to or less than about 40 ym, or equal to or less than about 30 um, or equal to or less than about 20 ym, or equal to or less
than about 10 um.

[0051] In certain embodiments, the microfibrillated cellulose of the aqueous suspension has, prior to being subjected to high shear, a fibre dsg of at least about 50 um, for
example, at least about 75 pm, or at least about 100 um, or at least about 110 ym, or at least about 120 ym, or at least about 130 pm, or at least about 140 um, or at least about
150 um. In certain embodiments, the microfibrillated cellulose of the aqueous suspension has, prior to being subjected to high shear, a fibre dsg of from about 100 ym to about
160 um, for example, from about 120 um to about 160 ym. Generally, during the high shear process, the fibre dsg of the microfibrillated cellulose will decrease, for example,

decrease by at least about 1 %, or at least about 5 %, or at least about 10 %, or at least about 20 %, or at least about 30 %, or at least about 40 %, or at least about 50 %. For
example, microfibrillated cellulose having a fibre dsg of 120 um prior to high shear and a fibre dsg of 108 um following high shear would be said to have been subject to a 10 %

reduction in fibre dsg.
[0052] The fibrous substrate comprising cellulose may be microfibrillated in the presence of an inorganic particulate material to obtain microfibrillated cellulose having a fibre

steepness equal to or greater than about 10, as measured by Malvern. Fibre steepness (i.e., the steepness of the particle size distribution of the fibres) is determined by the

following formula:
Steepness = 100 X (dso/d7)

[0053] The microfibrillated cellulose may have a fibre steepness equal to or less than about 100. The microfibrillated cellulose may have a fibre steepness equal to or less than
about 75, or equal to or less than about 50, or equal to or less than about 40, or equal to or less than about 30. The microfibrillated cellulose may have a fibre steepness from
about 20 to about 50, or from about 25 to about 40, or from about 25 to about 35, or from about 30 to about 40.

[0054] In certain embodiments, the microfibrillated cellulose of the aqueous suspension comprising has a fibre steepness of from about 20 to about 50.

[0055] Procedures to determine the particle size distributions of minerals and microfibrillated cellulose are described in WO-A-2010/131016. Specifically, suitable procedures are
described at page 40. line 32 to page 41, line 34 of WO-A-2010/131016.

[0056] The grinding may be performed in a vertical mill or a horizontal mill.

[0057] In certain embodiments, the grinding is performed in a grinding vessel, such as a tumbling mill (e.g., rod, ball and autogenous), a stirred mill (e.g., SAM or IsaMill), a
tower mill, a stirred media detritor (SMD), or a grinding vessel comprising rotating parallel grinding plates between which the feed to be ground is fed.

[0058] In one embodiment, the grinding vessel is a vertical mill, for example, a stirred mill, or a stirred media detritor, or a tower mill.
[0059] The vertical mill may comprise a screen above one or more grind zones. In an embodiment, a screen is located adjacent to a quiescent zone and/or a classifier. The
screen may be sized to separate grinding media from the product aqueous suspension comprising microfibrillated cellulose and inorganic particulate material and to enhance

grinding media sedimentation.

[0060] In another embodiment, the grinding is performed in a screened grinder, for example, a stirred media detritor. The screened grinder may comprise one or more
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screen(s) sized to separate grinding media from the product aqueous suspension comprising microfibrillated cellulose and inorganic particulate material.

[0061] In certain embodiments, the fibrous substrate comprising cellulose and inorganic particulate material are present in the aqueous environment at an initial solids content of
at least about 4 wt %, of which at least about 2 % by weight is fibrous substrate comprising cellulose. The initial solids content may be at least about 10 wt%, or at least about 20
wt %, or at least about 30 wt %, or at least about at least 40 wt %. At least about 5 % by weight of the initial solids content may be fibrous substrate comprising cellulose, for
example, at least about 10 %, or at least about 15 %, or at least about 20 % by weight of the initial solids content may be fibrous substrate comprising cellulose. Generally, the
relative amounts of fibrous substrate comprising cellulose and inorganic particulate material are selected in order to obtain a composition comprising microfibrillated cellulose
and inorganic particulate according to the first embodiment of the invention.

[0062] The grinding process may include a pre-grinding step in which coarse inorganic particulate is ground in a grinder vessel to a predetermined particle size distribution, after
which fibrous material comprising cellulose is combined with the pre-ground inorganic particulate material and the grinding continued in the same or different grinding vessel
until the desired level of microfibrillation has been obtained.

[0063] As the suspension of material to be ground may be of a relatively high viscosity, a suitable dispersing agent may be added to the suspension prior to or during grinding.
The dispersing agent may be, for example, a water soluble condensed phosphate, polysilicic acid or a salt thereof, or a polyelectrolyte, for example a water soluble salt of a
poly(acrylic acid) or of a poly(methacrylic acid) having a number average molecular weight not greater than 80,000. The amount of the dispersing agent used would generally be
in the range of from 0.1 to 2.0% by weight, based on the weight of the dry inorganic particulate solid material. The suspension may suitably be ground at a temperature in the
range of from 4°C to 100°C.

[0064] Other additives which may be included during the microfibrillation step include: carboxymethyl cellulose, amphoteric carboxymethyl cellulose, oxidising agents, 2,2,6,6-
Tetramethylpiperidine-1-oxyl (TEMPO), TEMPO derivatives, and wood degrading enzymes.

[0065] When present, the amount of inorganic particulate material and cellulose pulp in the mixture to be co-ground may vary in a ratio of from about ©9.5:0.5 to about 0.5:99.5,
based on the dry weight of inorganic particulate material and the amount of dry fibre in the pulp, for example, a ratio of from about 99.5:0.5 to about 50:50 based on the dry
weight of inorganic particulate material and the amount of dry fibre in the pulp. For example, the ratio of the amount of inorganic particulate material and dry fibre may be from
about 99.5:0.5 to about 70:30. In certain embodiments, the weight ratio of inorganic particulate material to dry fibre is about 95:5. In another embodiment, the weight ratio of
inorganic particulate material to dry fibre is about 90:10. In another embodiment, the weight ratio of inorganic particulate material to dry fibre is about 85:15. In another
embodiment, the weight ratio of inorganic particulate material to dry fibre is about 80:20.

[00686] In an exemplary microfibrillation process, the total energy input per tonne of dry fibre in the fibrous substrate comprising cellulose will be less than about 10,000 kwht,
for example, less than about 9000 kWht!, or less than about 8000 kWht, or less than about 7000 kWht™!, or less than about 6000 kWht!, or less than about 5000 kWwht, for
example less than about 4000 kWht-1, less than about 3000 kWht™!, less than about 2000 kWht-, less than about 1500 kWht", less than about 1200 kWht1, less than about

1000 kWht™, or less than about 800 kwht™!. The total energy input varies depending on the amount of dry fibre in the fibrous substrate being microfibrillated, and optionally the
speed of grind and the duration of grind.

[0067] In certain embodiment, the grinding is performed in a cascade of grinding vessels, one or more of which may comprise one or more grinding zones. For example, the
fibrous substrate comprising cellulose may be ground in a cascade of two or more grinding vessels, for example, a cascade of three or more grinding vessels, or a cascade of
four or more grinding vessels, or a cascade of five or more grinding vessels, or a cascade of six or more grinding vessels, or a cascade of seven or more grinding vessels, or a
cascade of eight or more grinding vessels, or a cascade of nine or more grinding vessels in series, or a cascade comprising up to ten grinding vessels. The cascade of grinding
vessels may be operatively inked in series or parallel or a combination of series and parallel. The output from and/or the input to one or more of the grinding vessels in the
cascade may be subjected to one or more screening steps and/or one or more classification steps.

[0068] In certain embodiments, for example, embodiments in which a steep particle size distribution of the microfibrillated cellulose is produced by microfibrillation of the fibrous
substrate comprising cellulose (optionally in the presence of the inorganic particulate material) in a batch process, the resulting (optionally co-processed) microfibrillated
cellulose (and optional inorganic particulate material) composition (i.e., microfibrillated cellulose-containing product) having the desired microfibrillated cellulose steepness may
be washed out of the microfibrillation apparatus, e.g., grinding vessel, with water or any other suitable liquid.

[0069] The inorganic particulate material may, for example, be an alkaline earth metal carbonate or sulphate, such as calcium carbonate, for example, natural calcium
carbonate and/or precipitated calcium carbonate, magnesium carbonate, dolomite, gypsum, a hydrous kandite clay such as kaolin, halloysite or ball clay, an anhydrous
(calcined) kandite clay such as metakaolin or fully calcined kaolin, talc, mica, perlite or diatomaceous earth, or magnesium hydroxide, or aluminium trihydrate, or combinations
thereof.

[0070] In certain embodiments, the inorganic particulate material comprises or is calcium carbonate. Hereafter, the invention may tend to be discussed in terms of calcium
carbonate, and in relation to embodiments where the calcium carbonate is processed and/or treated. The invention should not be construed as being limited to such
embodiments.

[0071] The particulate calcium carbonate used in the present invention may be obtained from a natural source by grinding. Ground calcium carbonate (GCC) is typically
obtained by crushing and then grinding a mineral source such as chalk, marble or limestone, which may be followed by a particle size classification step, in order to obtain a
product having the desired degree of fineness. Other techniques such as bleaching, flotation and magnetic separation may also be used to obtain a product having the desired
degree of fineness and/or colour. The particulate solid material may be ground autogenously, i.e. by attrition between the particles of the solid material themselves, or,
alternatively, in the presence of a particulate grinding medium comprising particles of a different material from the calcium carbonate to be ground. These processes may be
carried out with or without the presence of a dispersant and biocides, which may be added at any stage of the process.

[0072] Precipitated calcium carbonate (PCC) may be used as the source of particulate calcium carbonate in the present invention, and may be produced by any of the known
methods available in the art. TAPPI Monograph Series No 30, "Paper Coating Pigments", pages 34-35 describes the three main commercial processes for preparing precipitated
calcium carbonate which is suitable for use in preparing products for use in the paper industry, but may also be used in the practice of the present invention. In all three
processes, a calcium carbonate feed material, such as limestone, is first calcined to produce quicklime, and the quicklime is then slaked in water to yield calcium hydroxide or
milk of lime. In the first process, the milk of lime is directly carbonated with carbon dioxide gas. This process has the advantage that no by-product is formed, and it is relatively
easy to control the properties and purity of the calcium carbonate product. In the second process the milk of lime is contacted with soda ash to produce, by double
decomposition, a precipitate of calcium carbonate and a solution of sodium hydroxide. The sodium hydroxide may be substantially completely separated from the calcium
carbonate if this process is used commercially. In the third main commercial process the milk of lime is first contacted with ammonium chloride to give a calcium chloride solution
and ammonia gas. The calcium chloride solution is then contacted with soda ash to produce by double decomposition precipitated calcium carbonate and a solution of sodium
chloride. The crystals can be produced in a variety of different shapes and sizes, depending on the specific reaction process that is used. The three main forms of PCC crystals
are aragonite, rhombohedral and scalenohedral, all of which are suitable for use in the present invention, including mixtures thereof.

[0073] Wet grinding of calcium carbonate involves the formation of an aqueous suspension of the calcium carbonate which may then be ground, optionally in the presence of a
suitable dispersing agent. Reference may be made to, for example, EP-A-614948 (the contents of which are incorporated by reference in their entirety) for more information
regarding the wet grinding of calcium carbonate.

[0074] In some circumstances, minor additions of other minerals may be included, for example, one or more of kaolin, calcined kaolin, wollastonite, bauxite, talc or mica, could
also be present.



DK/EP 3418447 T3

[0075] When the inorganic particulate material is obtained from naturally occurring sources, it may be that some mineral impurities will contaminate the ground material. For
example, naturally occurring calcium carbonate can be present in association with other minerals. Thus, in some embodiments, the inorganic particulate material includes an
amount of impurities. In general, however, the inorganic particulate material used in the invention will contain less than about 5% by weight, preferably less than about 1% by
weight, of other mineral impurities.

[0076] The inorganic particulate material may have a particle size distribution such that at least about 10% by weight, for example at least about 20% by weight, for example at
least about 30% by weight, for example at least about 40% by weight, for example at least about 50% by weight, for example at least about 60% by weight, for example at least
about 70% by weight, for example at least about 80% by weight, for example at least about 90% by weight, for example at least about 95% by weight, or for example about
100% of the particles have an e.s.d of less than 2pm.

[0077] In certain embodiments, at least about 50 % by weight of the particles have an e.s.d of less than 2 ym, for example, at least about 55 % by weight of the particles have
an e.s.d of less than 2 um, or at least about 60 % by weight of the particles have an e.s.d of less than 2 um.

[0078] Unless otherwise stated, particle size properties referred to herein for the inorganic particulate materials are as measured in a well known manner by sedimentation of
the particulate material in a fully dispersed condition in an aqueous medium using a Sedigraph 5100 machine as supplied by Micromeritics Instruments Corporation, Norcross,
Georgia, USA (web-site: www.micromeritics.com), referred to herein as a "Micromeritics Sedigraph 5100 unit". Such a machine provides measurements and a plot of the
cumulative percentage by weight of particles having a size, referred to in the art as the 'equivalent spherical diameter' (e.s.d), less than given e.s.d values. The mean particle
size dsg is the value determined in this way of the particle e.s.d at which there are 50% by weight of the particles which have an equivalent spherical diameter less than that dsg

value.

[0079] Alternatively, where stated, the particle size properties referred to herein for the inorganic particulate materials are as measured by the well known conventional method
employed in the art of laser light scattering, using a Malvern Mastersizer S machine as supplied by Malvern Instruments Ltd (or by other methods which give essentially the
same result). In the laser light scattering technique, the size of particles in powders, suspensions and emulsions may be measured using the diffraction of a laser beam, based
on an application of Mie theory. Such a machine provides measurements and a plot of the cumulative percentage by volume of particles having a size, referred to in the art as
the 'equivalent spherical diameter' (e.s.d), less than given e.s.d values. The mean particle size dsq is the value determined in this way of the particle e.s.d at which there are 50%
by volume of the particles which have an equivalent spherical diameter less than that dsg value.

[0080] Thus, in another embodiment, the inorganic particulate material may have a particle size distribution, as measured by the well known conventional method employed in
the art of laser light scattering, such that at least about 10% by volume, for example at least about 20% by volume, for example at least about 30% by volume, for example at
least about 40% by volume, for example at least about 50% by volume, for example at least about 60% by volume, for example at least about 70% by volume, for example at
least about 80% by volume, for example at least about 90% by volume, for example at least about 95% by volume, or for example about 100% by volume of the particles have
an e.s.d of less than 2um.

[0081] In certain embodiments, at least about 50 % by volume of the particles have an e.s.d of less than 2 ym, for example, at least about 55 % by volume of the particles have
an e.s.d of less than 2 ym, or at least about 60 % by volume of the particles have an e.s.d of less than 2 um

[0082] Details of the procedure that may be used to characterise the particle size distributions of mixtures of inorganic particle material and microfibrillated cellulose using the
well known conventional method employed in the art of laser light scattering are discussed above.

[0083] In certain embodiments, the inorganic particulate material is kaolin clay. Hereafter, this section of the specification may tend to be discussed in terms of kaolin, and in
relation to embodiments where the kaolin is processed and/or treated. The invention should not be construed as being limited to such embodiments. Thus, in some
embodiments, kaolin is used in an unprocessed form.

[0084] Kaolin clay used in this invention may be a processed material derived from a natural source, namely raw natural kaolin clay mineral. The processed kaolin clay may
typically contain at least about 50% by weight kaolinite. For example, most commercially processed kaolin clays contain greater than about 75% by weight kaolinite and may
contain greater than about 90%, in some cases greater than about 95% by weight of kaolinite.

[0085] Kaolin clay used in the present invention may be prepared from the raw natural kaolin clay mineral by one or more other processes which are well known to those skilled
in the art, for example by known refining or beneficiation steps.

[00886] For example, the clay mineral may be bleached with a reductive bleaching agent, such as sodium hydrosulfite. If sodium hydrosulfite is used, the bleached clay mineral
may optionally be dewatered, and optionally washed and again optionally dewatered, after the sodium hydrosulfite bleaching step.

[0087] The clay mineral may be treated to remove impurities, e. g. by flocculation, flotation, or magnetic separation techniques well known in the art. Alternatively the clay
mineral used in the first embodiment of the invention may be untreated in the form of a solid or as an aqueous suspension.

[0088] The process for preparing the particulate kaolin clay used in the present invention may also include one or more comminution steps, e.g., grinding or milling. Light
comminution of a coarse kaolin is used to give suitable delamination thereof. The comminution may be carried out by use of beads or granules of a plastic (e. g. nylon), sand or
ceramic grinding or milling aid. The coarse kaolin may be refined to remove impurities and improve physical properties using well known procedures. The kaolin clay may be
treated by a known particle size classification procedure, e.g., screening and centrifuging (or both), to obtain particles having a desired dsq value or particle size distribution.

[0089] In certain embodiments, the product withdrawn from the high shear process is treated to remove at least a portion or substantially all of the water to form a partially dried
or essentially completely dried product. For example, at least about 10 % by volume, for example, at least about 20% by volume, or at least about 30% by volume, or least about
40% by volume, or at least about 50% by volume, or at least about 60% by volume, or at least about 70% by volume or at least about 80 % by volume or at least about 90% by
volume, or at least about 100% by volume of water in product of the co-grinding process may be removed. Any suitable technique can be used to remove water from the product
including, for example, by gravity or vacuum-assisted drainage, with or without pressing, or by evaporation, or by filtration, or by a combination of these techniques. The partially
dried or essentially completely dried product will comprise microfibrillated cellulose and, when present, inorganic particulate material and any other optional additives that may
have been added prior to drying. The partially dried or essentially completely dried product may be optionally re-hydrated and incorporated in papermaking compositions and
paper products, as described herein.

[0090] As discussed above, the microfibrillated cellulose obtained by the process according to WO-A-2010/131016 has been found to have advantageous paper burst strength
enhancing attributes. However, the present inventors have found that paper burst strength enhancing attributes of microfibrillated cellulose can not be further improved by
further grinding alone. In this respect, and not wishing to be bound by theory, it appears an equilibrium point is reached in the grinding process beyond which, regardless of the
amount of additional energy applied through grinding, the paper burst strength enhancing attributes of the microfibrillated cellulose can not be further improved. The present
inventors have unexpectedly found, however, that by subjecting microfibrillated cellulose, such as that obtained by the grinding process described in WO-A-2010/131016, to a
high shear treatment, in accordance with the first embodiment described above, on or more paper property enhancing attributes of the microfibrillated cellulose, e.g., the paper
burst strength enhancing attributes of the microfibrillated cellulose, may be improved. In other words, paper comprising the microfibrillated cellulose obtainable by the high shear
process described herein has been found to have an improved paper property or properties (e.g., burst strength) relative to a paper comprising an equivalent amount of the
microfibrillated cellulose, which has not been subjected to the high shear process described herein, such as the microfibrillated cellulose obtained by the grinding process
described in WO-A-2010/131016.
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[0091] Paper burst strength may be determined using a Messemer Buchnel burst tester according to SCAN P24. Further details are provided in the Examples below.

[0092] As described above, a paper made purely from a fibrous pulp will have a higher paper burst strength than a comparable paper in which a portion of the fibrous pulp has
been replaced by a filler, for example, a mineral filler. Thus, the paper burst strength of a filled paper is usually expressed as a percentage of the paper burst strength of the
unfilled paper. When used as a filler in paper, for example, as a replacement or partial replacement for a conventional mineral filler, the microfibrillated cellulose obtained by the
process described in WO-A-2010/1310186, optionally in combination with inorganic particulate material, was unexpectedly found to improve the burst strength properties of the
paper. That is, relative to a paper filled with exclusively mineral filler, paper filled with the microfibrillated cellulose was found to have improved burst strength. In other words, the
microfibrillated cellulose filler was found to have paper burst strength enhancing attributes.

[0093] In certain embodiments, the paper burst strength enhancing attributes of the microfibrillated cellulose obtained by the high shear process described herein is increased
by at least about 1%, for example, at least about 5 %, or at least about 10% compared to the paper burst strength enhancing attributes of the microfibrillated cellulose prior to
the high shear treatment. In other words, in certain embodiments, paper comprising the microfibrillated cellulose obtainable by the high shear process described herein has a
paper burst strength which is greater than the paper burst strength of a comparable paper comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated
cellulose obtained by the grinding process described in WO-A-2010/131016, which has not been subjected to the high shear process described herein, for example, a paper
burst strength which is at least about 1 % greater, or at least about 5 % greater, or at least about 10% greater.

[0094] In certain embodiments, a paper product comprising the microfibrillated cellulose obtained by the high shear process described herein additionally exhibits one or more
advantageous properties other than improved paper burst strength. For example, paper comprising the microfibrillated cellulose obtained by the high shear process described
herein may exhibit improved burst index, or improved tensile strength (e.g., machine direction tensile index), or improved tear strength (e.g., cross direction tear index), or
improved z-direction (internal bond) strength (also known as Scott bond strength), or improved (reduced) porosity (e.g., Bendtsen porosity), or improved smoothness (e.g.,
Bendtsen smoothness), or improved opacity, or any combination thereof.

[0095] In an embodiment, burst index is determined using an L&W Bursting Strength tester based upon TAPPI method T 403 om-21. In certain embodiments, a paper product
comprising the microfibrillated cellulose obtainable by the high shear process described herein has a burst index which is greater than the burst index of a comparable paper
comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process described in WO-A-2010/131016, which has not
been subjected to the high shear process described herein, for example, a burst index which is at least about 1 % greater, or at least about 5 % greater, or at least about 10%
greater. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process described herein has a burst index of at least
about 1.25 kPa m2 g-1, for example, at least about 1.30 kPa m2 g-1, or at least about 1.32 kPa m2g-", or at least about 1.34 kPa m2g-", or at least about 1.36 kPa m2 g-1, for
example, from about 1.25 kPa m2 g™! to about 1.50 kPa m2 g™, or from about 1.25 kPa m2 g™ to about 1.45 kPa m2 g™', or from about 1.25 kPa m? g”' to about 1.40 kPa m2 g™,
or from about 1.30 kPa m2 g1 to about 1.40 kPa m2g-", or from about 1.32 kPa m2 g~ to about 1.40 kPa m2g-1, or from about 1.34 kPa m2 g-1 to about 1.38 kPa m2 g-1.

[00986] In an embodiment, tensile strength (e.g., machine direction tensile index)_is determined using a Testometrics tensile tester according to SCAN P16. In certain
embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process described herein has a tensile strength which is greater than the
tensile strength of a comparable paper comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process
described in WO-A-2010/131016, which has not been subjected to the high shear process described herein, for example, a tensile strength which is at least about 1 % greater,
or at least about 5 % greater, or at least about 10% greater. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear
process described herein has a machine direction tensile index of at least about 31.5 Nm g'1, for example, at least about 32.0 Nm g'1, or at least about 32.5 Nm g'1, or at least
about 33.0 Nm g™, or from about 32.0 Nm g™! to about 50.0 Nm g-", or from about 32.0 Nm g™' to about 45 Nm g™', or from about 32.0 Nm g”" to about 45 Nm g™', or from about
32.0 Nm g-! to about 40 Nm g1, or from about 32.0 Nm g1 to about 35 Nm g1, or from about 33.0 Nm g-! to about 35 Nm g-'.

[0097] In an embodiment, cross direction tear strength index is determined in accordance with TAPPI method T 414 om-04 (Internal tearing resistance of paper (Elmendorf-type
method). In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process described herein has a tear strength index
which is greater than the tear strength index of a comparable paper comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by
the grinding process described in WO-A-2010/131016, which has not been subjected to the high shear process described herein, for example, a tear strength index which is at
least about 1 % greater, or at least about 5 % greater, or at least about 10% greater. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable
by the high shear process described herein has a tear strength index of at least about 5.45 mN m?2 g'1, for example, at least about 5.50 mN m?2 g'1, or at least about 5.60 mN m?2
g™, or at least about 5.70 mN m2g", or at least about 5.80 mN m2 g™, for example, from about 5.45 mN m2 g™" to about 6.50 mN m2 g™, or from about 5.45 mN m? g™' to about
6.25 mN m2 g1, or from about 5.45 mN m2 g1 to about 6.00 mN m2 g-1, or from about 5.55 mN m2 g to about 6.00 mN m2 g1, or from about 5.65 mN m2 g-! to about 6.00 mN

m2 g1, or from about 5.75 mN m2 g-" to about 6.50 mN m2g-", or from about 5.80 mN m2 g-! to about 6.00 mN m2 g-1.

[0098] In an embodiment, z-direction (internal bond) strength is determined using a Scott bond tester according to TAPPI T569. In certain embodiments, a paper product
comprising the microfibrillated cellulose obtainable by the high shear process described herein has a z-direction (internal (Scott) bond) strength which is greater than the z-
direction (internal (Scott) bond) strength of a comparable paper comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the
grinding process described in WO-A-2010/131016, which has not been subjected to the high shear process described herein, for example, a z-direction (internal (Scott) bond)
strength which is at least about 1 % greater, or at least about 5 % greater, or at least about 10% greater, or at least about 20 % greater, or at least about 30 % greater, or at
least about 40 % greater, or at least about 50 % greater. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process
described herein has a z-direction (internal (Scott) bond) strength of at least about 130.0 J m2, for example, at least about 150.0 J m2, or at least about 170.0 J m2, or at least
about 180.0 J m2, or at least about 190.0 J m2, for example, from about 130.0 J m2 to about 250.0 J m2, or from about 130.0 J m2 to about 230.0 J m, or from about 150.0
J m2, to about 210.0 J m™2, or from about 170.0 J m2to about 210 J m, or from about 180.0 J m2, to about 210.0 J m2, or from about 190.0 J m2, to about 200.0 J m2.

[0099] In an embodiment, porosity is determined using a Bendtsen Model 5 porosity tester in accordance with SCAN P21, SCAN P60, BS 4420 and TAPPI UM 535. In certain
embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process described herein has a porosity which is lower than the porosity of
a comparable paper comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process described in WO-A-
2010/131016, which has not been subjected to the high shear process described herein, for example, a porosity which is at least about 1 % lower, or at least about 5 % lower, or
at least about 10% lower, or at least about 20 % lower, or at least about 30 % lower, or at least about 40 % lower, or at least about 40 % lower, or at least about 60 % lower, or at
least about 70 % lower, or at least about 80 % lower. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process
described herein has a Bendtsen porosity which is less than about 1000 cm? min-1, for example, less than about 950 cm® min-!, or less than about 900 cm® min-1, or less than
about 875 cm® min™!, or less than about 850 cm® min™", or less than about 825 cm® min™", or less than about 815 cm® min™!, or less than about 805 em® min™!, for example, from
about 700 cm?® min~! to about 1000 cm? min~!, or from about 750 cm® min~" to about 950 cm® min~", or from about 750 ¢m? min~! to about 900 cm® min™!, or from about 750 cm?

minto less than about 850 em® min'.

[0100] In an embodiment, Bendtsen smoothness is determined in accordance with SCAN P 21:67. In certain embodiments, a paper product comprising the microfibrillated
cellulose obtainable by the high shear process described herein has a smoothness which is greater than the smoothness of a comparable paper comprising an equivalent
amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process described in WO-A-2010/131016, which has not been subjected to the
high shear process described herein, for example, a smoothness which is at least about 1 % greater, or at least about 5 % greater, or at least about 10% greater, or at least
about 20 % greater, or at least about 30 % greater. In certain embodiments, a paper product comprising the microfibrillated cellulose obtainable by the high shear process
described herein has a Bendtsen smoothness of at least about 560 cm® min™', for example, at least about 580 cm® min™', or at least about 600 em® min™, or at least about 620

em?® min™!, or at least about 640 cm® min™!, or at least about 660 cm® min™!, or at least about 680 em® min™!, for example, from about 560 em® min™ to about 800 cm® min™!, or
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from about 600 cm? min~! to about 750 cm® min~!, or from about 840 cm® min~ to about 725 cm® min™1, or from about 660 ¢cm? min~! to about 705 cm® min~!.

[0101] In an embodiment, opacity of sample of paper (80 gm'z) is measured by means of an Elrepho Datacolor 3300 spectro-photometer using a wavelength appropriate to
opacity measurement. The standard test method is 1ISO 2471. First, a measurement of the percentage of the incident light reflected is made with a stack of at least ten sheets of
paper over a black cavity (Rinfinity). The stack of sheets is then replaced with a single sheet of paper, and a second measurement of the percentage reflectance of the single
sheet on the black cover is made (R). The percentage opacity is then calculated from the formula: Percentage opacity = 100 x R/Rinfinity. In certain embodiments, a paper
product comprising the microfibrillated cellulose obtainable by the high shear process described herein has an opacity which is greater than the opacity of a comparable paper
comprising an equivalent amount of microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process described in WO-A-2010/131016, which has not
been subjected to the high shear process described herein, for example, an opacity which is at least about 0.10 % greater, or at least about 0.15 % greater, or at least about
0.20 % greater, or at least about 0.25 % greater, or at least about 0.30 % greater.

[0102] The, post-high shear product comprising microfibrillated cellulose will typically have a viscosity which is greater than the viscosity of the microfibrillated cellulose prior to
high shear treatment. In certain embodiments, the post-high shear product comprising microfibrillated cellulose and optional inorganic particulate material may has a Brookfield
viscosity (Spindle No. 4, at 10 rpm, and a fibre content of 1.5 wt. %) of at least about 2,000 MPa.s, for example, of from about 2,500 to about 13,000 MPa.s, or from about 2,500
to about 11,000 MPa.s, or from about 3,000 to about 9,000 MPa.s, or from about 3,000 to about 7,000 MPa.s, or from about 3,500 to about 6,000 MPa.s, or from about 4,000 to
about 6,000 MPa.s. Brookfield viscosity is determined in accordance with the following procedure. A sample of the composition, e.g., the post-high shear product is diluted with
sufficient water to give a fibre content of 1.5 wt. %. The diluted sample is then mixed well and its viscosity measured using a Brookfield R.V. viscometer (spindle No 4) at 10 rpm.
The reading is taken after 15 seconds to allow the sample to stabilise.

[0103] An integrated process for the preparation of microfibrillated cellulose is summarized in Figure 3. Water (2), fibre pulp (4), and optional inorganic particulate (6) is fed to a
grinding vessel (8), for example, a tower mill or a stirred media detritor, containing a suitable grinding medium (not shown). The fibre pulp is ground in the presence of the
grinding medium and optional inorganic particulate material in accordance with the process described below and/or in accordance with the process for preparing microfibrillated
cellulose as disclosed in WO-A-2010/131016. The resulting agueous suspension comprising microfibrillated cellulose (10) and optional inorganic particulate material is then fed
to an in-line high shear mixer (12). The grinder is fitted with an appropriately sized screen or screens (not shown) to separate grinding media from the aqueous suspension
comprising microfibrillated cellulose and optional inorganic particulate material. Optionally, the aqueous suspension, or a portion thereof, may be fed to a mixing tank (14) and
combined with additional water (16) to reduce its solids content, producing an aqueous suspension of reduced solids content (18), and then fed to the in-line high shear mixer
(12). For example, if the solids content of the aqueous suspension withdrawn from the grinder is greater than about 10 % then it may be directed to the mixing tank in order to
reduce the solids content to less than 10 %. The aqueous suspension comprising microfibrillated cellulose and optional inorganic particulate material is subjected to high shear
in the in-line high shear mixer. Periodically, post-high sheared product (20) may be re-circulated to mixing tank (14) for further mixing and optional further dilution. A final post-
high sheared product (22) is withdrawn from the in-line high shear mixer (12) and passed to a further processing zone (24). The further processing zone (24) may comprise
means (not shown) for incorporating the post-high shear product into a papermaking composition, and means (not shown) for making a paper product from the papermaking
composition. The further processing zone (24) may also comprise means (not shown) for coating the paper product.

[0104] The microfibrillated cellulose, prior to high shear treatment, is prepared in a first location and subjected to high shear in a second location separate, e.g., distant, from the
first location. The microfibrillated cellulose prepared in the first location may be transported to the second location by road, rail, ship or air, or piped, or any combination thereof.
In certain embodiments, the microfibrillated cellulose prepared in the first location is treated to reduce its water content and optionally combined with further additives, e.g.,
flocculants, preservatives and/or biocides, and then transported to the second location, where it may be made down to a suitable solids content and subjected to high shear
treatment. Further additives include, for example, one or more high molecular mass cationically modified polyacrylamide flocculants, and/or one or more BIT (2-
Benzisothiazoline-3-one), CMIT (5-chloro-2-methyl-4-isothiazolin-3-one) and MIT (Methylisothiazolinone) biocides (available from The Dow Chemical Company), DBNPA biocide
(available from The Dow Chemical Company), hydrogen peroxide, glutaraldehyde and/or THPS (Tetrakis(hydroxymethyl)phosphonium sulfate). Blends of BIT, MIT and CMIT
may be added, e.g., a blend of BIT and MIT, or a blend of CMIT and MIT. For transportation, the microfibrillated cellulose may be in the form of a partially dried or essentially
dried product, as described herein. Any suitable technique can be used to remove water from the microfibrillated cellulose product, for example, by gravity or vacuum-assisted
drainage, with or without pressing, or by pressing, or by evaporation, or by filtration, or by a combination of these techniques. For example, at the first location, the water content
of the microfibrillated cellulose may be reduced to less than about 80 % by volume, or less than about 70 % by volume, or less than about 60 % by volume, or less than about 50
% by volume, or less than about 40 % by volume, or less than about 30 % by volume, or less than about 20 % by volume, or less than about 15 % by volume, or less than 10 %
by volume, or less than about 5 % by volume, or less than about 2 % by volume, or less than about 1 % by volume, based on the total volume of water in the microfibrillated
cellulose product prior to removal of water, before being transported to the second location. The distance, determined by the mode and route of transport, between the first
location and second location may be between about 100 metres and about 10,000 km, for example, between about 1 km and about 7, 500 km, or between about 1 km and
about 5,000 km, or at least about 10 km, or at least about 50 km, or at least about 100 km, or at least about 250 km, or at least about 500 km, or at least about 750 km, or at
least about 1,000 km.

Paper producits and papermaking compositions

[0105] The term “"paper product", as used in connection with the present invention, should be understood to mean all forms of paper, including board such as, for example,
white-lined board and linerboard, cardboard, paperboard, coated board, and the like. There are numerous types of paper, coated or uncoated, which may be made according to
the present invention, including paper suitable for books, magazines, newspapers and the like, and office papers. The paper may be calendered or supercalendered as
appropriate; for example super calendered magazine paper for rotogravure and offset printing may be made according to the present methods. Paper suitable for light weight
coating (LWC), medium weight coating (MWC) or machine finished pigmentisation (MFP) may also be made according to the present methods. Coated paper and board having
barrier properties suitable for food packaging and the like may also be made according to the present methods.

[0108] In certain embodiments, the paper product comprises from about 0.1 to about 10 wt. % of microfibrillated cellulose which has been subjected to high shear in accordance
with the processes described herein, for example, from about 0.1 to about 8.0 wt. % microfibrillated cellulose, or from about 0.1 to about 7.0 wt. % microfibrillated cellulose, or
from about 0.1 to about 6.0 wt % microfibrillated cellulose, or from about 0.25 to about 6.0 wt. % microfibrillated cellulose, or from about 0.5 to about 6.0 wt. % microfibrillated
cellulose, or from about 1.0 to about 6.0 wt. % microfibrillated cellulose, or from about 1.5 to about 6.0 wt. % microfibrillated cellulose, or from about 2.0 to about 6.0 wt. %
microfibrillated cellulose, or from about 2.5 to about 5.5 wt. % microfibrillated cellulose, or from about 2.5 to about 5.0 wt. % microfibrillated cellulose.

[0107] In certain embodiments, the paper product comprises from about 1 to about 50 % by weight inorganic particulate material, for example, from about 5 to about 45 % by
weight inorganic particulate material, or from about 10 to about 45 % by weight inorganic particulate material, or from about 15 to about 45 % by weight inorganic particulate
material, or from about 20 to about 45 % by weight inorganic particulate material, or from about 25 to about 45 % by weight inorganic particulate material, or from about 30 to
about 45 % by weight inorganic particulate material, or from about 35 to about 45 % by weight inorganic particulate material or from about 20 to about 40 % by weight inorganic
particulate material, or from about 30 to about 50 % by weight inorganic particulate material, or from about 30 to about 40 % by weight inorganic particulate material, or from
about 40 to about 50 % by weight inorganic particulate material.

[0108] The paper product may comprise other optional additives including, but not limited to, dispersant, biocide, suspending aids, salt(s) and other additives, for example,
starch or carboxy methyl cellulose or polymers, which may facilitate the interaction of mineral particles and fibres.

[0109] In certain embodiments, the paper product has a paper burst strength which is improved relative to a comparable paper product comprising an equivalent amount of
microfibrillated cellulose, such as microfibrillated cellulose obtained by the grinding process described in WO-A-2010/131016, which has not been subjected to the high shear
process described herein.
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[0110] In certain embodiments, the paper product has a burst strength of at least about 85 as determined using a Messemer Buchnel burst tester according to SCAN P24, for
example, at least about 86, or at least about 87, or at least about 88, or at least about 89, or at least about 90, or at least about 91, or at least about 92, or at least about 93, or
at least about 94, or at least about 95.

[0111] Also provided is a papermaking composition which can be used to prepare the paper products.

[0112] In a typical papermaking process, a cellulose-containing pulp is prepared by any suitable chemical or mechanical treatment, or combination thereof, which are well known
in the art. The pulp may be derived from any suitable source such as wood, grasses (e.g., sugarcane, bamboo) or rags (e.g., textile waste, cotton, hemp or flax). The pulp may
be bleached in accordance with processes which are well known to those skilled in the art and those processes suitable for use in the present invention will be readily evident.

The bleached cellulose pulp may be beaten, refined, or both, to a predetermined freeness (reported in the art as Canadian standard freeness (CSF) in cm3). A suitable paper
stock is then prepared from the bleached and beaten pulp.

[0113] The papermaking composition comprises suitable amounts of pulp, optional inorganic particulate material, and optional other conventional additives known in the art, to
obtain a paper product according to the invention therefrom.

[0114] The papermaking composition may also contain a non-ionic, cationic or an anionic retention aid or microparticle retention system in an amount in the range from about
0.01 to 2% by weight, based on the weight of the paper product. Generally, the greater the amount of inorganic particulate material, the greater the amount of retention aid. It
may also contain a sizing agent which may be, for example, a long chain alkylketene dimer, a wax emulsion or a succinic acid derivative. The papermaking composition may
also contain dye and/or an optical brightening agent. The papermaking composition may also comprise dry and wet strength aids such as, for example, starch or epichlorhydrin
copolymers.

[0115] In certain embodiments, the paper product may be coated with a coating composition.

[01186] The coating composition may be a composition which imparts certain qualities to the paper, including weight, surface gloss, smoothness or reduced ink absorbency. For
example, a kaolin- or calcium carbonate-containing composition may be used to coat the paper product paper. A coating composition may include binder, for example,
styrenebutadiene latexes and natural organic binders such as starch. T he coating formulation may also contain other known additives for coating compositions. Exemplary
additive are described in WO-A-2010/131016 from page 21, line 15 to page 24, line 2.

[0117] In certain embodiments, the coating composition may comprise microfibrillated cellulose obtained by the processes described herein, for example, microfibrillated
cellulose obtainable by the process according to the first embodiment of the present invention and/or microfibrillated cellulose obtainable by the processes described in WO-A-
2010/131016.

[0118] Methods of coating paper and other sheet materials, and apparatus for performing the methods, are widely published and well known. Such known methods and
apparatus may conveniently be used for preparing coated paper. For example, there is a review of such methods published in Pulp and Paper International, May 1994, page 18
et seq. Sheets may be coated on the sheet forming machine, i.e., "on-machine," or "off-machine" on a coater or coating machine. Use of high solids compositions is desirable in
the coating method because it leaves less water to evaporate subsequently. However, as is well known in the art, the solids level should not be so high that high viscosity and
leveling problems are introduced. The methods of coating may be performed using an apparatus comprising (i) an application for applying the coating composition to the
material to be coated and (ii) a metering device for ensuring that a correct level of coating composition is applied. When an excess of coating composition is applied to the
applicator, the metering device is downstream of it. Alternatively, the correct amount of coating composition may be applied to the applicator by the metering device, e.g., as a
film press. At the points of coating application and metering, the paper web support ranges from a backing roll, e.g., via one or two applicators, to nothing (i.e., just tension). The
time the coating is in contact with the paper before the excess is finally removed is the dwell time - and this may be short, long or variable.

[0119] The coating is usually added by a coating head at a coating station. According to the quality desired, paper grades are uncoated, single-coated, double-coated and even
triple-coated. When providing more than one coat, the initial coat (precoat) may have a cheaper formulation and optionally coarser pigment in the coating composition. A coater
that is applying coating on each side of the paper will have two or four coating heads, depending on the number of coating layers applied on each side. Most coating heads coat
only one side at a time, but some roll coaters (e.g., film presses, gate rolls, and size presses) coat both sides in one pass.

[0120] Examples of known coaters which may be employed include, without limitation, air knife coaters, blade coaters, rod coaters, bar coaters, multi-head coaters, roll coaters,
roll or blade coaters, cast coaters, laboratory coaters, gravure coaters, kisscoaters, liquid application systems, reverse roll coaters, curtain coaters, spray coaters and extrusion
coaters.

[0121] Water may be added to the solids comprising the coating composition to give a concentration of solids which is preferably such that, when the composition is coated onto
a sheet to a desired target coating weight, the composition has a rheology which is suitable to enable the composition to be coated with a pressure (i.e., a blade pressure) of
between 1 and 1.5 bar.

[0122] Calendering is a well known process in which paper smoothness and gloss is improved and bulk is reduced by passing a coated paper sheet between calender nips or
rollers one or more times. Usually, elastomer-coated rolls are employed to give pressing of high solids compositions. An elevated temperature may be applied. One or more
(e.g., up to about 12, or sometimes higher) passes through the nips may be applied. Supercalendering is a paper finishing operation consisting of an additional degree of
calendaring. Like calendaring, supercalendering is a well known process. The supercalender gives the paper product a high-gloss finish, the extent of supercalendering
determining the extent of the gloss. A typical supercalender machine comprises a vertical alternating stack of hard polished steel and soft cotton (or other resilient material) rolls,
for example, elastomer-coated rolls. The hard roll is pressed heavily against the soft roll, compressing the material. As the paper web passes through this nip, the force
generated as the soft roll struggles to return to its original dimensions "buffs" the paper, generating the additional luster and enamel-like finish typical of supercalendered paper.

[0123] The steps in the formation of a final paper product from a papermaking composition are conventional and well know in the art and generally comprise the formation of
paper sheets having a targeted basis weight, depending on the type of paper being made.

EXAMPLES

Materials

[0124]
Wood pulp: Northern bleached softwood kraft pulp (Botnia RM@0 from MetsaBotnia, soaked for 4 hours)
Inorganic particulate:

1. (1) ground calcium carbonate having a particle size distribution such that about 60 wt. % of the particles have an e.s.d. of less than 2 ym
2. (2) kaolin particulate having a particle size distribution such that about 50 wt. % of the particles have an e.s.d. of less than 2 ym
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pp and experil procedures

- tower mill production

[0125] The tower mill used was a 15 kW vertical mill comprised of a vertical column with an inner diameter of 250 mm and a vertical impeller shaft having a circular cross section
and a diameter of 220 cm. The feed which consisted of 6.4% of inorganic particulate (1) or (2) and 1.6% fiber content (correspond to the total dry weight of fibre in the wood
pulp) was prepared in a mixing tank prior to the grinding process. The grinding process was performed at 500 rpm shaft speed using 3 mm zirconia grinding media with the pulp
and filler mixture being fed from the bottom of the grinder. The samples were ground to an energy inputs over the range of 0 - 5000 kWhtt of fiber by adjusting the federate of
the pulp mixture.

- Stirred Media Detritor (SMD) grinder production

[0126] The SMD grinder used was a 185 kW Bottom Screened Detritor. The impellers have a cylindrical cross section.

[0127] For each experiment, the grinder was charged with grinding media, pulp, inorganic particulate (1) and water. The grind was stopped when it reached a pre-determined
energy set point. To collect the product, water was added into the grinder to dilute the product before being be discharged into storage tanks.

[0128] The diluted product was stored in storage tanks to allow gravity thickening for approximately 1-2 days. The clear supernatant was then removed so that the final product
had a total solids content of ~8.0 %.

- High solids cake production

[0129] For high solids cake sample preparation, the diluted product before the gravity thickening stage was dewatered using a lab scale centrifuge decanter (Sharples P600).
Prior to the dewatering stage, the centrifuge was configured by adjusting the pond depth to a medium setting and limiting the differential speed (difference between the bowl and
scroll speed). This differential speed was set at 10 rpm whilst maintaining a maximum bowl speed of 2500 rpm.

- In-line high shear treatment

[0130] For each experiment, approximately 100 L of 8 % solids (water was added if solids was >8%) of grinder product was measured into a mixing tank and homogenously
mixed for at least 1 minute. The mixed product was then passed through an in-line Silverson mixer, where the high shearing action took place, and recycled back to the mixing
tank. The product was re-circulated at constant flow and 500 ml of sample was collected from the drain valve at a time interval of 5, 10, 15, 20, 25, 30, 40, 50, 60, 90 minutes.
The energy input, E, by the Silverson mixer was calculated as,
P
T
where E is total energy input per tonne of fibre (kWh/t), P is the total energy input (kWh) and MFC is the total weight of fibre in the product (tonne).

- Viscosity test

[0131] Samples of grinder product were diluted with sufficient water to give a fibre content of 1.5 wt %. The diluted samples were mixed well and their viscosity measured using
a Brookfield R.V. viscometer (Spindle No 4) at 10 rpm. For each sample the reading was taken after 15 seconds to allow it to stabilise.

- Particle size distribution measurement

[0132] Prior to the test, a dispersant solution was mixed into the sample (5 ml of 1.5 % sodium polyacrylate per 3 g dry product) and the mixture was topped up to 80 ml using
deionized water. The particle size distribution of all the samples were then measured using a MasterSizer 'S' (Malvern, UK).

- Rapid handsheet test

[0133] The products prepared according to the above procedures were evaluated as fillers in handsheets. Generally, a batch of bleached chemical pulp comprising 70 parts

eucalyptus and 30 parts northern bleached softwood pulp was beaten in a valley beater to give a CSF of 520cm3. After disintegration and dilution to 2% thick stock, the fibre was
diluted to 0.3 wt.% consistency for sheet making.

[0134] Filler slurry (comprising the post-high sheared microfibrillated cellulose and inorganic particulate) was added together with retention aid (Ciba, Percol 292, 0.02wt.% on

furnish). Handsheets were made to a basis weight of 80 gm‘2 using a British handsheet mold according to standard methods (e.g. SCAN C 26:76 (M 5:76). Sheets were
prepared at approximately 15 and 25 parts inorganic particulate loading and the burst strength value at 20% inorganic particulate loading interpolated from these data. The burst
at 20% loaded was expressed as a percentage of the unfilled value.

[0135] Paper burst strength was determined using a Messemer Buchnel burst tester according to SCAN P24.

Experiment 1 - SMD sample

[01386] The SMD grinder product for Experiment 1 consisted of a total solids of 10 % and a fibre solids content of 2 %.

[0137] The SMD grinder product was then high shear treated at an energy input over a range of 0-1000 kWh/t fibre. Results are summarized in Table 1.
Table 1.

Sample Energy input (kWh/t) Burst strength (% of unfilled at 20% filler Improvement (% of increases relative to sample
loading) SMD/0)
SMD/0 o] 84 -

SMD/5 100 86 270
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Sample Energy input (kWh/t) Burst strength (% of unfilled at 20% filler Improvement (% of increases relative to sample
loading) SMD/0)

SMD/10 200 88 4.53

SMD/15 300 9N 7.86

SMD/20 400 90 6.68

SMD/30 600 89 5.90

SMD/40 800 92 10.06

SMD/60 1000 93 11.00

[0138] 'SMD/20", for example, means the SMD grinder product which is withdrawn from the in-line high shear treatment at a time interval of 20 minutes.

[0139] The burst strength follows an increasing trend when the specific input energy during the high shear treatment increases.

[0140] For example, sample the burst strength of the sample has an improvement as high as 11 % compared to un-treated sample at 1000 kWh/t of fibre. In other words, the
paper burst strength enhancing attributes of the post-high shear microfibrillated cellulose are improved by up to 11 %.

Experiment 2 - SMD ‘high solids’ sample

[0141] The total solids of the decanted SMD grinder product was 30 % and the fibre solids was 6 %.

[0142] Prior to the high shear treatment, the high solids cake was made down to 8.5 % solids by mixing in water in a mixing tank.

[0143] The grinder product was high shear treated at an energy input over a range of 0-3000kWh/t fibre. Results are summarized in Table 2.

Table 2.

Sample Energy input {Brookfield viscosity @ 1.5% Malvern 'S’ fibre {Burst strength (% of unfilled {Improvement (% of increases

(kWht) fibre solid 10 rpm (mPa.s) dgg (um) at 20% filler loading) relative to original sample)

ST/High o] 4600 122.6 81 -
Solid/A

ST/High 100 5600 124.9 84 3.7
Solid/B

ST/High 200 5600 120.6 85 4.9
Solid/C

ST/High 300 5400 117.0 86 6.2
Solid/D

ST/High 500 4200 120.9 85 4.9
Solid/E

ST/High 700 5600 116.5 90 1.1
Solid/F

ST/High 1000 5800 114.4 87 7.4
Solid/G

ST/High 1250 5200 120.3 90 1.1
Solid/H

ST/High 1500 5400 1123 90 1.1
Solid/l

[0144] Again, the burst strength of the high shear treated samples increases with the increasing energy input.

Experiment 3 - Tower mill sample

[0145] The tower mill product had a total solids content of 8 % and the fibre content was 1.6 %.

[01486] The tower mill product was high shear treated at an energy input over a range of 0 - 2500 kWh/t fibre. Results are summarized in Table 3.

Table 3.

Sample Energy input }Brookfield viscosity @ Malvern 'S’ fibre }Burst strength (% of Improvement (% of increases
(kWht) 1.5% fibre solid 10 rpm dgo (M) unfilled at 20% filler relative to original sample)

(mPa.s) loading)

ST/HKU/A o] 3220 160.3 70 -

ST/HKU/B 250 5000 161.0 71 14

ST/HKU/C 500 3640 153.4 72 29

ST/HKU/D 800 4000 146.9 75 71

ST/HKU/E 1000 3580 151.3 75 71

ST/HKU/F 1300 4200 141.9 75 71

S THK U/G 1600 5200 143.2 74 57

ST/HKU/H 2500 5200 140.9 73 43

[0147] The paper burst strength of the high shear treated samples increase as the specific input energy increases.

Experiment 4 - Tower mill sample - higher energy input

[0148] The tower mill product had a total solids content of 8 % and the fibre content was 1.6 %.
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[0149] The tower mill product was high shear treated at an energy input over a range of 0 - 4000 kWh/t fibre. Results are summarized in Table 4.
Table 4.

Sample Energy input jBrookfield viscosity @ 1.5% Malvern 'S’ fibre iBurst strength (% of Improvement (% of increases

(kWht) fibre solid 10 rpm (mPa.s) dsq (Hm) unfilled at 20% filler relative to original sample)
loading)

ST/HKA/A o] 4200 151.0 68 -

ST/HKA/B 1000 4200 129.9 72 5.9

ST/HKA/C 1500 4800 1311 73 7.4

ST/HKA/D 2000 5800 126.4 74 8.8

ST/HKA/E 2500 6000 124.0 75 10.3

ST/HKA/F 3000 5600 117.6 77 13.2

ST/HKA/G 3500 5800 116.5 78 14.7

ST/HKA/H 4000 5400 118.1 79 16.2

[0150] The paper burst strength of the high shear treated samples increase as the specific input energy increases.

Experiment 5 - Tower mill sample - inorganic particulate (2)

[0151] The tower mill product had a total solids content of 8 % and the fibre content was 1.6 %.

[0152] The tower mill product was high shear treated at an energy input over a range of 0 - 3250 kWh/t fibre. Results are summarized in Table 5.
Table 5.

Sample Energy input on Brookfield viscosity @ 1.5% {Malvern 'S’ fibre iBurst strength (% of Improvement (% of increases

actual POP (kWht) ifibre solid 10 rpm (mPa.s) dgg (M) unfilled at 20% filler relative to original sample)
loading)

ST/HKQ/A o] 3660 140.9 67 -

ST/HKQ/B 100 3780 124.0 72 75

ST/HKQ/C 300 4200 126.1 71 6.0

ST/HKQ/D 500 4200 123.2 72 75

ST/HKQ/E 750 3940 117.0 75 11.9

ST/HKQ/F 1000 4800 115.1 76 13.4

ST/HKQ/G 2000 4600 1041 76 13.4

ST/HKQ/H 3250 5400 1023 78 16.4

[0153] The paper burst strength of the high shear treated samples increase as the specific input energy increases.

Example 6

[0154] A batch of co-ground microfibrillated cellulose and ground calcium carbonate filler was prepared in accordance with the procedures described above (using an SMD). A
portion of the co-ground material was subjected to high shear treatment; approximately 100 L of 8 % solids (water was added if solids was >8%) of grinder product was
measured into a mixing tank and homogenously mixed for at least 1 minute. The mixed product was then passed through an in-line Silverson mixer, where the high shearing
action took place.

[0155] Properties of the as-prepared co-ground material and high shear treated material are summarized in Table 6.

Table 6.
Sample Solids % POP % Brookfield viscosity at 1.5% fibre solids, mPa.s

10 rpm 20 rpm 50 rpm 100 rpm
Co-ground MFC 8.7 20.0 4200 2500 1240 940
High shear-treated co-ground MFCp 8.0 20.0 6200 3500 1760 1140
Papermaking

[0156] A blend of 70% by weight of eucalyptus pulp and 30% Botnia RMA 90 softwood kraft pulp was prepared at 3 % solids in water using a pilot scale hydrapulper and refined
to a freeness of 30° SR using a pilot scale refiner.

[0157] This pulp blend was used to make a continuous reel of paper using a pilot scale Fourdrinier machine running at 12 m min™'. The target grammage of the paper was 80 *

5 gm2. The papermachine drainage water was recirculated to ensure full retention of all the added components.

[0158] Blends of each sample were made with additional ground calcium carbonate (of the type described above) using a low shear mixer in order to provide a range of four
POP (Percentage Of Pulp - percentage of the filler dry weight that is pulp) levels from 3, 5, 7 and 9 % for each filler. These were then mixed with the previously prepared pulp in
the papermachine to make paper sheets with a filler loading of 30% and a range of MFC values from 1 - 3% in the finished sheet. Paper comprising a control GCC filler (i.e., the
calcium carbonate as described above) was also prepared having a GCC filler loading of 20% without microfibrillated cellulose. A cationic polymeric retention aid (Percol E622,

BASF) was added at doses of 200 g t1 and 250 g t1. The paper was dried using heated cylinders.

Paper properties

[0159] Sheets of the finished paper were conditioned in a controlled atmosphere (23°C and 50% RH) overnight before testing for the following:



» Paper strength (burst, MD tensile, CD tear, Scott bond)

= Porosity (Bendtsen)
« Smoothness (Bendtsen)
» Opacity

[0160] Each test was conducted in accordance with the methodology described above.
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[0161] Results were plotted for a mineral loading of 30% and interpolated to a MFC level of 2% in the sheet. These were compared to the control filler at 20% loading. Table 7

below summarises the results.

Table 7.

Test Control GCC Co-ground MFC High shear treated co-ground MFC
Burst index, kPam? g1 1.07 1.23 1.36

Machine direction tensile index, Nm g™! 311 31.2 33.3

Cross direction tear index, mN m2 g™ 5.34 5.42 5.88

Internal (Scotf) bond strength, J m2 79 129 192

Bendtsen porosity, cm® min™! 3750 1050 800

Bendtsen smoothness, cm3 min’! 720 555 695

Opacity, 80 gm?2, % 86.9 88.9 89.1
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Patentkrav

Fremgangsmade til fremstilling af mikrofibrilleret cellulose med papirbrudstyrkeforagende

egenskaber til fremstilling af et papirprodukt, omfattende:

(a) forarbejdning pa et farste sted af en vandig sammensezetning af mikrofibrilleret
cellulose til et farste forarbejdet, mikrofibrilleret celluloseprodukt, kendetegnet ved en
fiberstejlhed pa fra 20 til 50, og/eller (ii) en fiber-dso pa mindst ca. 50 um;

(b) afvandingaf den forst forarbejdede, mikrofibrillerede cellulose;

(c) transport af den afvandende, forarbejdede mikrofibrillerede cellulose, og
eventuelt det uorganiske partikelmateriale, til et andet sted; og

(d) yderligere forarbejdning pa det andet sted af den farst forarbejdede, mikrofibrillerede
cellulose, og eventuelt det uorganiske partikelmateriale, ved udsaettelse af en vanding
suspension omfattende den mikrofibrillerede cellulose og eventuelt det uorganiske
partikelmateriale for hgj forskydningskraft, hvor den hgje forskydningskraft genereres,
mindst delvist, af et bevaegeligt forskydningselement, for at forbedre egenskaberne
ved den mikrofibrillerede cellulose til papirfremstillingen, og hvor begrebet "hgj
forskydningskraft" betyder en forskydningshastighed pa fra ca. 20.000 s til ca.
120.000 s;

hvor det forst forarbejdede, mikrofibrillerede celluloseprodukt opnas ved en

fremgangsmade, der omfatter mikrofibrillering af et fibrast substrat omfattende cellulose i

et vandigt miljo i tilstedeveerelse af et formalingsmedium, og eventuelt i tilstedeveerelse af

uorganisk materiale, valgt blandt et jordalkalimetalcarbonat eller -sulfat, sasom
calciumcarbonat, for eksempel naturligt calciumcarbonat og/eller udfaeldet
calciumcarbonat, magnesiumcarbonat, dolomit, gips, et vandholdigt kandit-ler, sdsom
kaolin, halloysit eller plastisk ler, et vandfrit (calcineret) kandit-ler, sdsom metakaolin eller
fuldt calcineret kaolin, talkum, glimmer, perlit og diatoméjord, og magnesiumhydroxid og

aluminiumtrihydrat, og kombinationer deraf.

Fremgangsmade ifglge krav 1, hvor afvandingstrinnet (b) omfatter ét eller flere trin til
fiernelse af vand valgt blandt tyngdekraft, vakuumassisteret draening med eller uden
presning, presning, fordampning, filtrering eller ved en kombination af disse trin.

Fremgangsmade ifalge krav 1 eller 2, hvor den afvandede, mikrofibrillerede cellulose
og eventuelt det uorganiske partikelmateriale kombineres med ét eller flere additiver
valgt blandt flokkulanter, konserveringsmidler og biocider.

Fremgangsmade ifglge krav 3, hvor det ene eller flere additiver vaelges blandt ét eller flere
kationisk modificerede polyacrylamidflokkulanter med hgj molekylmasse, og/eller ét eller
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flere BIT (2-benzisothiazolin-3-on)-, OMIT (5-chlor-2-methyl-4-isothiazolin-3-on)- og MIT
(methylisothiazolinon)-biocider, DBNPA-biocid, hydrogenperoxid, glutaraldehyd og/eller
THPS (tetrakis(hydroxymethyl)phosphoniumsulfat) eller kombinationer deraf.

Fremgangsmade ifalge et hvilket som helst foregadende krav, hvor den farst forarbejdede,
mikrofibrillerede cellulose, og eventuelt det uorganiske partikelmateriale, kan vaere i form
af et delvist tarret eller et i det vaesentlige tarret produkt.

Fremgangsmade ifglge krav 5, hvor den mikrofibrillerede cellulose udsat for hgj
forskydningskraft, og eventuelt det uorganiske partikelmateriale, behandles for at fierne
mindst 50 volumen-% vand i trin (b), fortrinsvis mindst 60 volumen-%, mere fortrinsvis
mindst 70 volumen-%, mest fortrinsvis mindst 80 volumen-%, og navnlig fortrinsvis, mindst

90 volumen-%, for eksempel mindst ca. 100 volumen-% vand i produktet fra trin (b).

Fremgangsmade ifolge krav 5, hvor vandindholdet i den forst forarbejdede,
mikrofibrillerede cellulose, og eventuelt det uorganiske partikelmateriale, reduceres til
mindre end 10 volumen-%, fortrinsvis reduceres til mindre end 5 volumen-%, mere
fortrinsvis til mindre end 2 volumen-%, eller mest fortrinsvis til mindre end 1 volumen-
%, baseret pa det totale vandvolumen i den mikrofibrillerede cellulose, og eventuelt
det uorganiske partikelmateriale, for det transporteres til det andet sted.

Fremgangsmade ifalge et hvilket som helst foregaende krav, hvor den mikrofibrillerede
cellulose udsat for hgj forskydningskraft, og eventuelt det det uorganiske partikelmateriale,
kan inkorporeres i papirfremstillingssammensaetninger og papirprodukter.

Fremgangsmade ifalge krav 1, hvor papirproduktet fremstillet af den mikrofibrillerede
cellulose, og eventuelt uorganisk partikelstof, fra fremgangsmaden endvidere har (i) et
forbedret spraengindeks, (ii) en forbedret brudstyrke, (iii) en forbedret rivestyrke, (iv)
en forbedret styrke i z-retning, (y) en reduceret porgsitet, (vi) en forbedret glathed, (vii)
en forbedret uigennemsigtighed eller en hvilken som helst kombination deraf.

Fremgangsmade ifalge et hvilket som helst foregaende krav, hvor, nar det er til stede,
det uorganiske partikelmateriale er (i) det uorganiske partikelmateriale er
calciumcarbonat, eventuelt hvor mindst ca. 50 vaegt-% af calciumcarbonatet har en
e.s.d. pa mindre end ca. 2 um, eller (ii) det uorganiske partikelmateriale er kaolin,

eventuelt hvor mindst ca. 50 vaegt-% kaolinet har en e.s.d. pa mindre end ca. 2 um.

Fremgangsmade ifglge et hvilket som helst foregdende krav, hvor den mikrofibrillerede

2.
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celluloses fiber-dso, efter hgj forskydningskraft, er reduceret, for eksempel reduceret
med mindst ca. 1 %, eller mindst ca. 5 %, eller mindst ca. 10 % eller mindst ca. 50 %.

Fremgangsmade ifglge et hvilket som helst foregdende krav, hvor den vandige
suspension omfattende mikrofibrilleret cellulose omreres i en blandetank for hgj

forskydningskraft og/eller under fremgangsmaden.
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DRAWINGS

FIG. 1
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