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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention Is directed to paper or paperboard products, comprising a
substrate and at least one top ply comprising a composite of microfibrillated cellulose and at
least one Inorganic particulate material in an amount that i1s suitable for imparting improved
optical, surface and/or mechanical properties to such paper or paperboard products to render
them suitable for printing and other end-use demands, to methods of making paper or
paperboard products by a process of applying a composite of microfibrillated cellulose and at
least one Inorganic particulate material on to the wet substrate on the wire at the wet end of a
papermaking machine, and to associated uses of such paper or paperboard products.

BACKGROUND OF THE INVENTION

[0002] Paper and paperboard products are many and various. There I1s an ongoing need to
make quality improvements in paper and paperboard products having optical, surface and/or
mechanical properties, which render them suitable for printing and other end-use demands,
and to improve the methods for making such paper and paperboard products having improved
printability and surface properties, e.g., by reducing cost, making the process more energy
efficient and environmentally friendly, and/or improving recyclability of the paper product.

[0003] White top linerboard Is conventionally made on a multiformer paper machine. The top
layer of a white top linerboard frequently comprises a lightly refined bleached hardwood Kraft
(short) fibre, which may contain filler in an amount up to about 20 wt. %. The top layer Is
conventionally applied to cover the base with a layer to improve the optical appearance of the
inerboard and to achieve a surface of high brightness suitable for printing or as a base for
coating. A pulp-based layer is conventionally used because the base layer normally comprises
either unbleached Kraft pulp or recycled paperboard ("OCC," old corrugated containers), and
IS thus very rough and unsuitable for coating with conventional equipment. White top
linerboards are most often printed flexographically, although some offset printing Is used, and
Inkjet techniques are growing In significance.

[0004] With the decline In traditional printing and writing grades, many mills have been looking
to convert their graphic paper machines to make linerboard or other packaging products.
Conversion of a single layer machine to a multiformer requires a major rebuild and investment,
and without this the machine would be Iimited to making simple linerboard grades. Application
of a suitable coating composite to produce a white top linerboard product through a suitable
coating apparatus operating at the wet end of the paper machine would provide simple and low
cost possibility for the machine to produce economically white top linerboard products.
Applying low solids content slurry of microfibrillated cellulose and organic particulate material to
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the surface of a linerboard substrate at this point in the linerboard production process would
allow the white top linerboard to be drained using existing drainage elements and the resulting
white top linerboard to be pressed and dried as a conventional sheet.

[0005] Coating onto a wet, freshly-formed substrate presents challenges. Among these
challenges, Is the fact that the surface of a wet substrate will be much rougher than a pressed
and dried sheet. For this reason, the top ply slurry of the composite of microfibrillated cellulose
and organic particulate material must create a uniform flow or curtain of the composite material
at a suitable flowrate. Moreover, the top ply slurry must be introduced onto the wet web evenly
to obtain a contour coat. Once pressed and dried, the top ply must present a surface which is

suitable either for printing directly or for single coating. Low porosity and good surface strength
are therefore very important properties for the finished white top linerboard.

SUMMARY OF THE INVENTION

[0006] According to a first aspect of the present invention, there Is provided a paper or
paperboard product comprising:

1. (1) a cellulose-containing substrate; and

2. (1) a top ply comprising an inorganic particulate material and at least about 5 wt. % to 30
wt% microfibrillated cellulose, based on the total weight of the top ply; wherein the
Inorganic particulate material content is 67 wt. % to 92 wt. % based on the total weight of
the top ply, wherein the microfibrillated cellulose has a dso ranging from 5 um to 500 um,
as measured by laser light scattering and wherein the inorganic particulate material has
a particle size distribution in which at least 20% to at least 95% by weight of the particles

have an e.s.d. of less than 2 uym, and further wherein the brightness measured
(according to |SO Standard 11475 (F8; D65 - 400 nm)) on the top ply 1s at least 65%;

and wherein the top ply has a grammage of 15 g/m< to 40 g/m?.

[0007] In certain embodiments the paperboard products are a white top paperboard or a white
top linerboard.

[0008] In certain embodiments of the first aspect, the top ply I1s present in the product in an

amount ranging from about 20 g/m< to about 30 g/m?, particularly at least about 30 g/m<.

[0009] In certain embodiments of the first and second aspect, the brightness measured
(according to ISO Standard 11475 (F8; D65 - 400 nm)) on the top ply Is iIncreased compared to
the brightness measured on the substrate on a surface opposite the top ply.

[0010] Advantageously, in certain embodiments the top ply provides good optical and physical
coverage over a dark substrate, for example, a substrate of a brightness of 15-25, with the
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potential to yield an improved brightness of at least about 65%, at least about 70%, or at least

about 80% at a coating weight of about 30 g/m<.

[0011] In certain embodiments the product comprises or is a paperboard product, and in some
embodiments the product i1s a white top paperboard, containerboard or linerboard product. In
addition, improvements in brightness can be made utilizing the first and second aspects at

coverages of about 30 g/m? to reach brightness levels of 80% or more compared to

conventional white top coatings typically requiring 50-60 g/m# at lower filler loadings of typically
5-15 wt.%.

[0012] According to a second aspect, there iIs provided a paper or paperboard product
comprising:

1. (1) a cellulose-containing substrate; and

2. () a top ply comprising inorganic particulate material in the range of about 67 wt.% to
about 92 wt.% and microfibrillated cellulose in a range of 5 wt.% to about 30 wt.% based
on the total weight of the top ply.

[0013] In certain embodiments the weight ratio of inorganic particulate to microfibrillated

cellulose in the top ply i1s from about, 8:1 to about 1:1, or from about 6:1 to about 3:1, or from
about 5:1 to about 2:1, or from about 5:1 to about 3:1, or about 4:1 to about 3:1,

[0014] According to a third aspect of the present invention, there is provided a method of
making a paper or paperboard product, the method comprising: (a) providing a wet web of
pulp; (b) providing a top ply slurry onto the wet web of pulp, wherein: (1) the top slurry iIs

provided in an amount ranging from 15 g/m? to 40 g/m? and (ii) the top ply slurry comprises a
sufficient amount of microfibrillated cellulose to obtain a product having a top ply comprising at
least about 5 wt. % microfibrillated cellulose based on the total weight of top ply; (i) and the
top slurry comprises inorganic particulate material and microfibrillated cellulose. In additional
embodiments, the top ply comprises at least about 10 wt. %, at least about 20 wt. %, or up to
about 30 wt. %, based on the total weight of the top ply.

[0015] According to a particular aspect of the present invention, there is provided a method of
making a paper or paperboard product, the method comprising: (a) providing a wet web of
pulp; (b) providing a top ply slurry onto the wet web of pulp using an applicator suitable to form
a film through a non-pressurized or pressurized slot opening on top of a wet substrate on the
wire of the wet end of a paper machine, wherein (i) the top ply slurry i1s provided in an amount

ranging from 15 g/m? to 40 g/m?; (ii) the top ply slurry comprises a sufficient amount of
microfibrillated cellulose to obtain a product having a top ply comprising at least 5 wt.% to 30
wt.% microfibrillated cellulose, based on the total weight of the top ply, wherein the
microfibrillated cellulose has a dso ranging from 5 ym to 500 um, as measured by laser light
scattering; and (i) the top ply slurry comprises a sufficient amount of inorganic particulate



DK/EP 3440259 T3

material to obtain a product having a top ply comprising at least 67 wt.% inorganic particulate
material, based on the total weight of the top ply, wherein the inorganic particulate material has
a particle size distribution in which at least 20% to at least 95% by weight of the particles have
an e.s.d. of less than 2 um.

[0016] According to a fourth aspect, the present invention is directed to the use of a top ply
comprising at least about 20 wt. % microfibrillated cellulose, based on the total weight of the
top ply, as a white top layer on a paperboard substrate. In additional embodiments, the present
iInvention Is directed to the use of a top ply comprising up to about 30 wt. % microfibrillated
cellulose, based on the total weight of the top ply, as a white top layer on a paperboard
substrate. In certain embodiments the present invention Is directed to the use of a top ply
comprising inorganic particulate material in the range of about 67 wt. % to about 92 wt. % and
microfibrillated cellulose Iin a range of about 5 wt. % to about 30 wt. % based on the total
weight of the top ply.

[0017] According to a fifth aspect, the present invention Is directed to forming a curtain or film
through a non-pressurized or pressurized slot opening on top of a wet substrate on the wire of
the wet end of a paper machine to apply a top ply to a substrate to manufacture a paper or
paperboard product of the first to third aspects.

[0018] In certain additional embodiments, the composite of microfibrillated cellulose and
Inorganic particulate materials may be applied as a white top layer or other top layer.
Advantageously, the process may be performed utilizing low cost equipment for application
such as a curtain coater, a pressurized extrusion coater, secondary headbox or pressurize or
unpressurized slot coater compared to applying a conventional secondary fibre layer or coating
to a dry or semi-dry paper or paperboard product. Moreover, the existing drainage elements
and press section of a paper machine such as the drainage table of a Fourdrinier machine
may be utilized for water removal. The top ply of microfibrillated cellulose and Inorganic
particulate material has the ability to stay on top of the substrate and to provide good optical
and physical coverage at a low basis weight of the paper or paperboard product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 shows the formation of sheets produced at varying grammage according to Example 1.

Fig. 2 1s a graph summarizing the brightness of sheets produced at varying grammage
according to Example 1.

Fig. 3 1s a graph summarizing PPS Roughness of sheets produced at varying grammage
according to Example 1.

Fig. 4 I1s a plot of brightness versus coating weight levels for Trials 1-4 of Example 2.
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Fig. 5 is a scanning electron microscope image of a substrate coated with a 35 g/m? top ply
comprising 20 wt. % microfibrillated cellulose and 80 wt. % ground calcium carbonate applied

to a 85 g/m? substrate at trial point T2.

Fig. 6 is a scanning electron microscopic image of a substrate coated with a 48 g/m< of a top
ply comprising 20% wt. % microfibrillated cellulose, 20 wt. % ground calcium carbonate and 60

wt. % talc applied to a 85 g/m< substrate at trial point T4.

Fig. 7 presents a cross-section of a Flexography printed sample.

DETAILED DESCRIPTION OF THE INVENTION

[0020] It has surprisingly been found that a ply comprising a composite of inorganic particulate
material and microfibrillated cellulose can be added onto a paper web In the wet-end of a
paper machine (such as a Fourdrinier machine), immediately after the wet line forms and,
where the web Is still less than 10-15 wt. % solids. The top ply paper or paper board made by
the disclosed process provides advantageous optical properties (e.g., brightness) as well as
ight-weighting and/or surface improvement (e.g., smoothness and low porosity, while
maintaining suitable mechanical properties (e.g., strength for end-use applications.

[0021] By "top” ply i1Is meant that a top ply is applied on or to the substrate, which substrate
may have intermediary plies or layers below the top ply. In certain embodiments, the top ply iIs
an outer ply, 1.e., does not have another ply atop. In certain embodiments, the top ply has a

grammage of at least about 15 g/m< to about 40 g/m<.

[0022] By "microfibrillated cellulose” is meant a cellulose composition in which microfibrils of
cellulose are liberated or partially liberated as individual species or as smaller aggregates as
compared to the fibres of a pre-microfibrillated cellulose. The microfibrillated cellulose may be
obtained by microfibrillating cellulose, including but not limited to the processes described
herein. Typical cellulose fibres (i.e., pre-microfibrillated pulp or pulp not yet fibrillated) suitable
for use In papermaking include larger aggregates of hundreds or thousands of individual
cellulose microfibrils. By microfibrillating the cellulose, particular characteristics and properties,
Including but not limited to the characteristics and properties described herein, are imparted to
the microfibrillated cellulose and the compositions including the microfibrillated cellulose.

[0023] There are numerous types of paper or paperboard possible to be made with the
disclosed compositions of microfibrillated cellulose and inorganic particulate materials and by
the manufacturing processes described herein. There Is no clear demarcation between paper
and paperboard products. The latter tend to be thicker paper-based materials with increased
grammages. Paperboard may be a single ply, to which the top ply of a composite of
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microfibrillated cellulose and inorganic particulate material can be applied, or the paperboard
may be a multi-ply substrate. The present invention Is directed to numerous forms of
paperboard, Including, by way of example and not limitation, boxboard or cartonboard,
Including folding cartons and rigid set-up boxes and folding boxboard; e.g. a liquid packaging
board. The paperboard may be chipboard or white lined chipboard. The paperboard may be a
Kraft board, laminated board. The paperboard may be a solid bleached board or a solid
unbleached board. Various forms of containerboard are subsumed within the paperboard
products of the present invention such as corrugated fibreboard (which 1s a building material
and not a paper or paperboard product per se), linerboard or a binder's board. The
paperboard described herein may be suitable for wrapping and packaging a variety of end-
products, including for example foods.

[0024] In certain embodiments, the product is or comprises containerboard, and the substrate
and top ply are suitable for use in or as containerboard. In certain embodiments, the product is
or comprises one of brown Kraft liner, white top Kraft liner, test liner, white top test liner, brown
light weight recycled liner, mottled test liner, and white top recycled liner.

[0025] In certain embodiments, the product is or comprises cartonboard.
[0026] In certain embodiments, the product is or comprises Kraft paper.

[0027] In certain embodiments, the substrate comprises a paperboard product or I1s suitable
for use In or as a paperboard product. In certain embodiments, the substrate is suitable for use
In a white top paperboard product, for example, as linerboard. In certain embodiments, the
product comprises or Is a paperboard product, for example, linerboard. In certain
embodiments, the product comprises or Is a white top paperboard product, for example,
inerboard. In such embodiments, the paperboard product may be corrugated board, for
example, having the product comprising substrate and top ply as linerboard. In certain
embodiments, the paperboard product is single face, single wall, double wall or triple wall
corrugated.

[0028] Unless otherwise stated, amounts are based on the total dry weight of the top ply
and/or substrate.

[0029] 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
(telephone: +1 770 662 3620; 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 dso
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 dso value.
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[0030] 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 dso 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 dso value.

[0031] Unless otherwise stated, particle size properties of the microfibrillated cellulose
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).

[0032] Detalls of the procedure used to characterise the particle size distributions of mixtures
of Inorganic particle material and microfibrillated cellulose using a Malvern Mastersizer S
machine are provided below.

Top ply

[0033] In certain embodiments, the top ply comprises at least about 5 wt. % microfibrillated
cellulose, based on the total weight of the top ply. In certain embodiments, the top ply
comprises from about 5 wt. % to about 30 wt. % microfibrillated cellulose, for example, 5 wt. %
to about 25 wt. %, or from about 10 wt. % to about 25 wt. %, or from about 15 wt. % to about
25 wt. %, or from about 17.5 wt. % to about 22.5 wt. % microfibrillated cellulose, based on the
total weight of the top ply.

[0034] In certain embodiments, the top ply comprises at least about 67 wt. % Inorganic
particulate material, or at least about 70 wt. % Inorganic particulate material, or at least about
15 wt. % Inorganic particulate material, or at least about 80 wt. % Inorganic particulate material,
or at least about 85 wt. % Inorganic particulate material, or at least about 90 wt. % Inorganic

particulate material, based on the total weight of the top ply, and, optionally, from 0 to 3 wt. %
of other additives.

[0035] In certain embodiments, the microfibrillated cellulose and inorganic particulate material

provide a top ply grammage of from about 15 g/m?¢ to about 40 g/m2. In this and other
embodiments, the weight ratio of inorganic particulate to microfibrillated cellulose in the top ply
IS from about 20:1, or about 10:1, or about 5:1, or about 4:1, or about 3:1 or about 2:1.
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[0036] In certain embodiments, the top ply comprises from about 70 wt. % to about 90 wt. %
Inorganic particulate material and from about 10 wt. % to about 30 wt. % microfibrillated
cellulose, based on the total weight of the top ply, and optionally up to 3 wt. % of other
additives.

[0037] In certain embodiments, the top ply I1s optionally may contain additional organic
compound, I.e., organic compound other than microfibrillated cellulose.

[0038] In certain embodiments, the top ply Is optionally may contain cationic polymer, anionic
polymer, and/or polysaccharide hydrocolloid.

[0039] In certain embodiments, the top ply I1s optionally may contain wax, polyolefins, and/or
silicone.

[0040] In certain embodiments, the top ply is devoid of an optical brightening agent.

[0041] In certain embodiments, the top ply consists essentially of inorganic particulate material
and microfibrillated cellulose, and as such comprises no more than about 3 wt. %, for example,
no more than about 2 wt. %, or no more than about 1 wt. %, or no more than about 0.5 wt. %
of additives other than inorganic particulate material and microfibrillated cellulose. In such
embodiments, the top ply may comprise up to about 3 wt. % of additives selected from
flocculant, formation/drainage aid (e.g., poly(acrylamide-co-diallyldimethylammonium chloride,
Polydadmac®), water soluble thickener, starch (e.g., cationic starch), sizing agent, e.g., rosin,
alkylketene dimer ("AKD"), alkenylsuccinic anhydride ("ASA") or similar materials and
combinations thereof, for example, up to about 2 wt. % of such additives, or up to about 1 wt.
% of such additives, or up to about 0.5 wt. % of such additives.

[0042] In certain embodiments, we have found that adding small amounts of
retention/drainage aids, such as poly(acrylamide-co-diallyldimethylammonium chloride)
solution (Polydadmac®), as opposed to much greater amounts used in normal papermaking,
the lowered amount of retention aid provides microscale flocculation with no visible negative
Impact on formation of the substrate, but results in positive impacts on dewatering. This results
In significant improvements in dewatering speed.

[0043] In certain embodiments, the top ply consists of inorganic particulate material and
microfibrillated cellulose, and as such comprises less than about 0.25 wt. %, for example, less
than about 0.1 wt. %, or 1s free of additives other than Inorganic particulate material and
microfibrillated cellulose, I1.e., additives selected from flocculant, formation/drainage aid
(e.g.,poly(acrylamide-co-diallyldimethylammoniumchloride) solution (Polydadmac®)), water
soluble thickener, starch (e.g., cationic starch) and combinations thereof.

[0044] The microfibrillated cellulose may be derived from any suitable source.

[0045] In certain embodiments, the microfibrillated cellulose has a dso ranging from about 5
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um to about 500 um, as measured by laser light scattering. In certain embodiments, the
microfibrillated cellulose has a dso of equal to or less than about 400 um, for example equal to
or less than about 300 uym, or equal to or less than about 200 um, or equal to or less than
about 150 um, or equal to or less than about 125 um, or equal to or less than about 100 um, or
equal to or less than about 90 um, 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 um, or equal to or less than about 30 um, or equal to or less
than about 20 um, or equal to or less than about 10 um.

[0046] In certain embodiments, the microfibrillated cellulose has a modal fibre particle size
ranging from about 0.1-500 um. In certain embodiments, the microfibrillated cellulose has a
modal fibre particle size of at least about 0.5 um, for example at least about 10 um, or at least
about 50 um, or at least about 100 uym, or at least about 150 ym, or at least about 200 um, or
at least about 300 um, or at least about 400 um.

[0047] Additionally or alternatively, the microfibrillated cellulose may have a fibre steepness
equal to or greater than about 10, as measured by Malvern. Fibre steepness (l.e., the

steepness of the particle size distribution of the fibres) is determined by the following formula:
Steepness = 100 x (dso/d70)

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.

[0048] The Inorganic particulate material may, for example, be an alkaline earth metal
carbonate or sulphate, such as 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, huntite, hydromagnesite, ground
glass, perlite or diatomaceous earth, or wollastonite, or titanium dioxide, or magnesium
hydroxide, or aluminium trihydrate, lime, graphite, or combinations thereof.

[0049] In certain embodiments, the Inorganic particulate material comprises or I1s calcium
carbonate, magnesium carbonate, dolomite, gypsum, an anhydrous kandite clay, perlite,
diatomaceous earth, wollastonite, magnesium hydroxide, or aluminium trihydrate, titanium
dioxide or combinations thereof.

[0050] An exemplary inorganic particulate material for use in the present invention is calcium
carbonate. Hereafter, the invention may tend to be discussed in terms of calcium carbonate,
and In relation to aspects where the calcium carbonate Is processed and/or treated. The
Invention should not be construed as being limited to such embodiments.

[0051] 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
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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.

[0052] 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
avallable 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 Iime. In the first process, the milk of [Ime 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 1s 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 i1s used commercially. In the third main commercial process the milk of
lime 1s first contacted with ammonium chloride to give a calcium chloride solution and ammonia
gas. The calcium chloride solution I1s 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, rnombohedral and
scalenohedral (e.g., calcite), all of which are suitable for use in the present invention, including
mixtures thereof.

[0053] In certain embodiments, the PCC may be formed during the process of producing
microfibrillated cellulose.

[0054] 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.

[0055] When the Inorganic particulate material of the present invention 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
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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
iInvention will contain less than about 5% by weight, or less than about 1% by weight, of other
mineral impurities.

[0056] The inorganic particulate material may have a particle size distribution in which at least
about 10% by weight of the particles have an e.s.d of less than 2 ym, for example, at least
about 20% by weight, or at least about 30% by weight, or at least about 40% by weight, or at
least about 50% by weight, or at least about 60% by weight, or at least about 70% by weight, or
at least about 80% by weight, or at least about 90% by weight, or at least about 95% by weight,
or about 100% of the particles have an e.s.d of less than 2 um.

[0057] In another embodiment, the Inorganic particulate material has a particle size
distribution, as measured using a Malvern Mastersizer S machine, in which at least about 10%
by volume of the particles have an e.s.d of less than 2 um, for example, at least about 20% by
volume, or at least about 30% by volume, or at 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 95% by volume, or
about 100% of the particles by volume have an e.s.d of less than 2 um.

[0058] Detalls of the procedure used to characterise the particle size distributions of mixtures
of Inorganic particle material and microfibrillated cellulose using a Malvern Mastersizer S
machine are provided below.

[0059] 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
aspects where the kaolin 1s processed and/or treated. The invention should not be construed
as being limited to such embodiments. Thus, iIn some embodiments, kaolin I1s used In an
unprocessed form.

[0060] 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.

[0061] 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.

[0062] For example, the clay mineral may be bleached with a reductive bleaching agent, such
as sodium hydrosulfite. If sodium hydrosulfite i1s used, the bleached clay mineral may optionally
be dewatered, and optionally washed and again optionally dewatered, after the sodium
hydrosulfite bleaching step.
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[0063] 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 aspect of the Iinvention may be untreated in the form of a solid or as an aqueous
suspension.

[0064] 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 i1s 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
ald. 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 dso value or particle size distribution.

The substrate

[0065] The substrate (and the microfibrillated cellulose) may be derived from a cellulose-
containing pulp, which may have been prepared by any suitable chemical or mechanical
treatment, or combination thereof, which is 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. In certain embodiments, the pulp Is unbleached. The
bleached or unbleached cellulose pulp may be beaten, refined, or both, to a predetermined

freeness (reported in the art as Canadian standard freeness (CSF) in cm?®). A suitable stock is
then prepared from the bleached or unbleached and beaten pulp.

[0066] In certain embodiments, the substrate comprises or Is derived from a Kraft pulp, which
IS naturally (i.e., unbleached) coloured. In certain embodiments, the substrate comprises or Is
derived from dark Kraft pulp, recycled pulp, or combinations thereof. In certain embodiments,
the substrate comprises or is derived from recycled pulp.

[0067] The stock from which the substrate is prepared may contain other additives known In
the art. For example, the stock contains a non-ionic, cationic or an anionic retention aid or
microparticle retention system. It may also contain a sizing agent which may be, for example, a
long chain alkylketene dimer ("AKD"), a wax emulsion or a succinic acid derivative, e.g.,
alkenylsuccinic anhydride ("ASA")., rosin plus alum or cationic rosin emulsions. The stock for
the substrate composition may also contain dye and/or an optical brightening agent. The stock
may also comprise dry and wet strength aids such as, for example, starch or epichlorhydrin
copolymers.

The product
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[0068] In certain embodiments, the substrate has a grammage which i1s suitable for use in or
as a containerboard product, for example, a grammage ranging from about 50 g/m? to about
500 g/m?. In this and other embodiments, the top ply may have a grammage ranging from
about 10 g/m? to about 50 g/m?, particularly about 15 g/m? to 40 g/m?, and more particularly
about 20 g/m< to 30 g/m?.

[0069] In certain embodiments, the substrate has a grammage of from about 75 g/m? to about
400 g/m?, for example, from about 100 g/m? to about 375 g/m?, or from about 100 g/m? to
about 350 g/m?, or from about 100 g/m? to about 300 g/m?, or from about 100 g/m? to about
275 g/m?, or from about 100 g/m? to about 250 g/m?, or from about 100 g/m? to about 225
g/m?, or from about 100 g/m? to about 200 g/m<. In this and other embodiments, the top ply
may have a grammage ranging from about 15 g/m< to 40 g/m?, or from about 25 g/m? to 35

g/m?.

[0070] In certain embodiments, the top ply has a grammage which 1s equal to or less than 40
g/m?, or equal to or less than about 35 g/m?, or equal to or less than about 30 g/m?, or equal
to or less than 25 g/m?, or equal to or less than 22.5 g/m?, or equal to or less than 20 g/m?, or

equal to or less than 18 g/m?, or equal to or less than 15 g/m=?.

[0071] In certain embodiments, the top ply has a grammage which is equal to or less than 40
g/m?, or equal to or less than about 35 g/m?, or equal to or less than about 30 g/m?, or equal
to or less than 25 g/m?, or equal to or less than 22.5 g/m?, or equal to or less than 20 g/m?, or

equal to or less than 18 g/m?, or equal to or less than 15 g/m=?.

[0072] Advantageously, the application of a top ply comprising inorganic particulate material
and microfibrillated cellulose enables manufacture of a product, for example, paperboard or
containerboard, having a combination of desirable optical, surface and mechanical properties,
which are obtainable while utilising relatively low amounts of a top ply having a high filler
content, thereby offering light-weighting of the product compared to conventional top
ply/substrate configurations. Further, any reduction in mechanical properties which may occur
following application of the top ply may be offset by increasing the grammage of the substrate,
which is a relatively cheaper material.

[0073] Therefore, In certain embodiments, the product has one or more of the following:

1. (1) a brightness measured (according to |1SO Standard 11475 (F8; D65 - 400 nm)) on the
top ply which iIs increased compared to the substrate absent of the top ply or measured
on the substrate on a surface opposite the top ply and/or a brighthness measured on the
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top ply of a least about 60.0 % according to ISO Standard 11475 (F8; D65 - 400 nm);

2. () a PPS roughness (@1000 kPa) measured on the top ply of no more than about 6.0
um and/or a PPS roughness (@1000 kPa) measured on the top ply which is at least 2.0
um less than the PPS roughness of the substrate absent the top ply.

[0074] In certain embodiments, a brightness measured on the top ply is at least about 70.0 %,
for example, at least about 75.0 %, or at least about 80.0 %, or at least about 81.0 %, or at
least about 82.0 %, or at least about 83.0 %, or at least about 84.0 %, or at least about 85.0 %.

Brightness may be measured using an Elrepho spectrophotometer.

[0075] In certain embodiments, the product has a PPS roughness (@1000 kPa) measured on
the top ply of less than about 5.9 um, for example, less than about 5.8 um, or less than about
5.7 um, or less than about 5.6 um, or less than about 5.5 ym. In certain embodiments, the PPS
roughness is from about 5.0 ym to about 6.0 um, for example, from about 5.2 um to about 6.0
um, or from about 5.2 ym to about 5.8 ym, or from about 5.2 ym to about 5.6 um.

[0076] In certain embodiments, the top ply has a grammage of from about 30 to 50 g/m?, a
brightness of at least about 65.0 %, and, optionally, a PPS roughness of less than about 5.6
um.

[0077] In certain embodiments, the product comprises a further layer or ply, or further layers or
plies, on the ply comprising at least about 50 wt. % microfibrillated cellulose. For example, one
or more layers or plies, or at least two further layers or plies, or up to about five further layers
or plies, or up to about four further layers or plies, or up to about three further layers or plies.

[0078] In certain embodiments, one of, or at least one of the further layers or plies is a barrier
layer or ply, or wax layer or ply, or silicon layer or ply, or a combination of two or three of such
layers.

[0079] Another advantageous feature of the disclosed top ply coated substrates comprising
microfibrillated cellulose and inorganic particulate material is improved printing on the top ply. A
conventional white top liner typically has a white surface consisting of a white paper with
relatively low filler content, typically in the 5-15% filler range. As a result, such white top liners
tend to be quite rough and open with a coarse pore structure. This Is not ideal for receiving
printing Ink.

[0080] Fig. 6 below lillustrates the printing iImprovements realized by application of the top ply
of the present invention comprising microfibrillated cellulose and organic particulate material.

Overall, the use of such a ply may provide a 'greener packaging product because the low

porosity of the ply may allow for improved properties in barrier applications that enable non-
recyclable wax, PE and silicon, etc., coatings to be replaced by recyclable formulations, to

obtain an overall equal or improved performance from the non-recyclable counterparts.
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Methods of manufacture

[0081] A method of making a paper product is provided. It comprises:

1. (a) providing a wet web of pulp; and
2. (b) providing a top ply slurry onto the wet web of pulp.

[0082] The top ply slurry (i) is provided in an amount ranging from 15 g/m< to 40 g/m%; and (ii)
the top ply slurry comprises a sufficient amount of microfibrillated cellulose to obtain a product
having a top ply comprising at least about 5 wt. % microfibrillated cellulose and (i)

the top ply slurry comprises at least about 67 wt. % Inorganic particulate material.

[0083] This method is a 'wet on wet' method which is different than conventional paper coating
methods in which an agqueous coating Is applied to a substantially dry paper product (i.e., 'wet
on dry').

[0084] In certain embodiments, the top slurry is provided in an amount ranging from 15 g/m? to

40 g/m?Z.

[0085] In certain embodiments, the top ply slurry comprises a sufficient amount of
microfibrillated cellulose to obtain a product having the strength properties required for meeting
end-use demands. Typically this would mean a top ply comprising at least about 5 wt. %
microfibrillated cellulose, based on the total weight of top ply (i.e., the total dry weight of the top
ply of the paper product).

[0086] Examples of known applicators 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, slot die
applicators (including, e.g. non-contact metering slot die applicators jet coaters, liquid
application systems, reverse roll coaters, headbox, secondary headbox, curtain coaters, spray
coaters and extrusion coaters.

[0087] In certain embodiments, the top ply slurry i1s applied using a curtain coater. Further, In
certain embodiments in which the top ply slurry i1s applied as white top liner layer, the use of a
curtain coater may eliminate the need for a twin headbox paper machine and the associated
cost and energy.

[0088] In certain embodiments, the top ply slurry is applied by spraying, e.g., using a spray
coater.
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[0089] Use of high solids compositions Is desirable in the method because it leaves less water
to drain. However, as Is well known In the art, the solids level should not be so high that high
viscosity and leveling problems are introduced.

[0090] The methods of application may be performed using a suitable applicator such as an air
knife coater, blade coater, rod coater, bar coater, multi-head coater, roll coater, roll or blade
coater, cast coater, laboratory coater, gravure coater, kisscoater, slot die applicator (including,
e.g. a non-contact metering slot die applicator and a non-pressurized or pressurized slot
applicator), jet coater, liquid application system, reverse roll coater, headbox, secondary
headbox, curtain coater, spray coater or an extrusion coater, to apply the top ply slurry to the
substrate.

[0091] In an embodiment, the top ply slurry i1s applied a coating to the substrate by a non-
pressurized or pressurized slot opening on top of the wet substrate on the wire of the wet end
of a paper machine, for example a Fourdrinier machine.

[0092] In certain embodiments, the wet web of pulp comprises greater than about 50 wt. % of
water, based on the total weight of the wet web of pulp, for example, at least about 60 wt. %, or
at least about 70 wt. %, or at least about 80 wt. %, or at least about 90 wt. % of water, based
on the total weight of the wet web of pulp. Typically, the wet web of pulp comprises about 85-
95 wt. % water.

[0093] In certain embodiments, the top ply slurry comprises inorganic particulate material and
a sufficient amount of microfibrillated cellulose to obtain a paper product having a top ply
comprising at least about 5 wt. % microfibrillated cellulose, based on the total weight of the top
ply and such that the paper product has sufficient microfibrillated cellulose to obtain a paper
product with the strength properties needed for its end-use application. In such embodiments
the objective Is to Incorporate as little microfibrillated cellulose with as much Inorganic
particulate material as possible on the surface of the substrate material as a top layer.
Accordingly, ratios of 4:1 or greater of inorganic particulate material to microfibrillated cellulose
In the top ply are preferred.

[0094] In certain embodiments, the top ply slurry has a total solids content of up to about 20
wt. %, for example, up to about 15 wt. %, or up to 12 wt. %, or up to about 10 wt. %, or from
about 1 wt. % to about 10 wt. %, or from about 2 wt. % to 12 wt. %, or from about 5 wt. % to
about 10 wt. %, or from about 1 wt. % to about 20 wt. %, or from about 2 wt. % to about 12 wt.
%. The relative amounts of inorganic particulate material and microfibrillated cellulose may be
varied depending on the amount of each component required in the final product.

[0095] Following application of the top ply slurry and appropriate dwell time, the paper product
IS pressed and dried using any suitable method.

Methods of manufacturing microfibrillated cellulose and inorganic particulate material
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[0096] In certain embodiments, the microfibrillated cellulose may be prepared in the presence
of or in the absence of the inorganic particulate material.

[0097] The microfibrillated cellulose is derived from fibrous substrate comprising cellulose. 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
fiborous 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 chemi-
thermomechanical 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 dissolving pulp, kenaf pulp, market
pulp, partially carboxymethylated pulp, abaca pulp, hemlock pulp, birch pulp, grass pulp,
bamboo pulp, palm pulp, peanut shell, 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 cm?, or equal to or less than about 600 cm?, or equal to or less
than about 550 cm®, or equal to or less than about 500 cm®, or equal to or less than about 450

3

cm?, or equal to or less than about 400 cm?, or equal to or less than about 350 cm?, or equal

to or less than about 300 cm3, or equal to or less than about 250 cm?, or equal to or less than
about 200 cm?, or equal to or less than about 150 cm?, or equal to or less than about 100 cms,

or equal to or less than about 50 cm?.

[0098] 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, which is to say without being beaten or dewatered, or otherwise refined.

[0099] In certain embodiments, the pulp may be beaten In the presence of an Inorganic
particulate material, such as calcium carbonate.

[0100] For preparation of microfibrillated cellulose, the fibrous substrate comprising cellulose
may be added to a grinding vessel or homogenizer in a dry state. For example, a dry paper
broke may be added directly to a grinder vessel. The aqueous environment In the grinder
vessel will then facilitate the formation of a pulp.

[0101] The step of microfibrillating may be carried out in any suitable apparatus, including but
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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 iIs
carried out in a homogenizer. Each of these embodiments Is described Iin greater detail below.

 wet-grinding

[0102] The grinding Is suitably performed in a conventional manner. The grinding may be an
attrition grinding process In the presence of a particulate grinding medium, or may be an
autogenous grinding process, 1.e., one In the absence of a grinding medium. By grinding
medium Is meant to be a medium other than the inorganic particulate material which in certain
embodiments may be co-ground with the fibrous substrate comprising cellulose.

[0103] The particulate grinding medium, when present, 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 Iinclude, for example, alumina,
zirconia, zirconium silicate, aluminium silicate 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.

[0104] For example, In some embodiments a Carbolite® grinding media Is used. Alternatively,
particles of natural sand of a suitable particle size may be used.

[0105] In other embodiments, hardwood grinding media (e.g., wood flour) may be used.

[0106] Generally, the type of and particle size of grinding medium to be selected for use In the
Invention may be dependent on the properties, such as, e.g., the particle size of, and the
chemical composition of, the feed suspension of material to be ground. In some embodiments,
the particulate grinding medium comprises particles having an average diameter in the range
of from about 0.1 mm to about 6.0 mm, for example, in the range of from about 0.2 mm to
about 4.0 mm. 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.

[0107] The grinding may be carried out in one or more stages. For example, a coarse
Inorganic particulate material may be ground in the grinder vessel to a predetermined particle
size distribution, after which the fibrous material comprising cellulose is added and the grinding
continued until the desired level of microfibrillation has been obtained.

[0108] The Inorganic particulate material may be wet or dry ground in the absence or
presence of a grinding medium. In the case of a wet grinding stage, the coarse inorganic
particulate material is ground in an aqueous suspension In the presence of a grinding medium.
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[0109] In one embodiment, the mean particle size (dso) of the inorganic particulate material is
reduced during the co-grinding process. For example, the dso of the Inorganic particulate
material may be reduced by at least about 10% (as measured by a Malvern Mastersizer S
machine), for example, the dso 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 dso of 2.5 um prior to co-grinding and a dso of 1.5 ym post co-
grinding will have been subject to a 40% reduction in particle size.

[0110] In certain embodiments, the mean particle size of the inorganic particulate material i1s
not significantly reduced during the co-grinding process. By 'not significantly reduced' is meant
that the dso of the Inorganic particulate material i1s reduced by less than about 10%, for
example, the dso of the inorganic particulate material is reduced by less than about 5%.

[0111] The fibrous substrate comprising cellulose may be microfibrillated, optionally in the
presence of an inorganic particulate material, to obtain microfibrillated cellulose having a dso
ranging from about 5 to uym about 500 ym, as measured by laser light scattering. The fibrous
substrate comprising cellulose may be microfibrillated, optionally in the presence of an
Inorganic particulate material, to obtain microfibrillated cellulose having a dso of equal to or
less than about 400 um, for example equal to or less than about 300 um, or equal to or less
than about 200 um, or equal to or less than about 150 ym, or equal to or less than about 125
um, or equal to or less than about 100 um, or equal to or less than about 90 um, 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 um, or equal to or
less than about 30 um, or equal to or less than about 20 um, or equal to or less than about 10
um.

[0112] The fibrous substrate comprising cellulose may be microfibrillated, optionally in the
presence of an inorganic particulate material, to obtain microfibrillated cellulose having a modal
fibre particle size ranging from about 0.1-500 um and a modal inorganic particulate material
particle size ranging from 0.25-20 ym. The fibrous substrate comprising cellulose may be
microfibrillated, optionally In the presence of an inorganic particulate material to obtain
microfibrillated cellulose having a modal fibre particle size of at least about 0.5 um, for example
at least about 10 ym, or at least about 50 um, or at least about 100 um, or at least about 150
um, or at least about 200 um, or at least about 300 um, or at least about 400 um.

[0113] The fibrous substrate comprising cellulose may be microfibrillated, optionally in the
presence of an inorganic particulate material, to obtain microfibrillated cellulose having a fibre
steepness, as described above.

[0114] The grinding may be performed In a grinding vessel, such as a tumbling mill (e.g., rod,
ball and autogenous), a stirred mill (e.g., SAM or Isa Mill), a tower mill, a stirred media detritor
(SMD), or a grinding vessel comprising rotating parallel grinding plates between which the feed
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to be ground is fed.

[0115] In one embodiment, the grinding vessel i1s a tower mill. The tower mill may comprise a
quiescent zone above one or more grinding zones. A quiescent zone Is a region located
towards the top of the interior of tower mill in which minimal or no grinding takes place and
comprises microfibrillated cellulose and optional inorganic particulate material. The quiescent
zone 1s a region In which particles of the grinding medium sediment down into the one or more
grinding zones of the tower mill.

[0116] The tower mill may comprise a classifier above one or more grinding zones. In an
embodiment, the classifier is top mounted and located adjacent to a quiescent zone. The
classifier may be a hydrocyclone.

[0117] The tower 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 optional inorganic particulate material and to enhance grinding
media sedimentation.

[0118] In an embodiment, the grinding I1s performed under plug flow conditions. Under plug
flow conditions the flow through the tower is such that there is limited mixing of the grinding
materials through the tower. This means that at different points along the length of the tower
mill the viscosity of the aqueous environment will vary as the fineness of the microfibrillated
cellulose increases. Thus, In effect, the grinding region in the tower mill can be considered to
comprise one or more grinding zones which have a characteristic viscosity. A skilled person In
the art will understand that there is no sharp boundary between adjacent grinding zones with
respect to viscosity.

[0119] In an embodiment, water is added at the top of the mill proximate to the quiescent zone
or the classifier or the screen above one or more grinding zones to reduce the viscosity of the
aqueous suspension comprising microfibrillated cellulose and optional inorganic particulate
material at those zones in the mill. By diluting the product microfibrillated cellulose and optional
Inorganic particulate material at this point in the mill it has been found that the prevention of
grinding media carry over to the quiescent zone and/or the classifier and/or the screen iIs
improved. Further, the limited mixing through the tower allows for processing at higher solids
lower down the tower and dilute at the top with limited backflow of the dilution water back down
the tower into the one or more grinding zones. Any suitable amount of water which Is effective
to dilute the viscosity of the product aqueous suspension comprising microfibrillated cellulose
and optional Inorganic particulate material may be added. The water may be added
continuously during the grinding process, or at regular intervals, or at irregular intervals.

[0120] In another embodiment, water may be added to one or more grinding zones via one or
more water injection points positioned along the length of the tower mill, or each water injection
point being located at a position which corresponds to the one or more grinding zones.
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Advantageously, the ability to add water at various points along the tower allows for further
adjustment of the grinding conditions at any or all positions along the mill.

[0121] The tower mill may comprise a vertical impeller shaft equipped with a series of impeller
rotor disks throughout its length. The action of the impeller rotor disks creates a series of
discrete grinding zones throughout the mill.

[0122] In another embodiment, the grinding 1s performed In a screened grinder, such as a
stirred media detritor. The screened grinder may comprise one or more screen(s) having a
nominal aperture size of at least about 250 um, for example, the one or more screens may
have a nominal aperture size of at least about 300 um, or at least about 350 uym, or at least
about 400 um, or at least about 450 uym, or at least about 500 um, or at least about 550 um, or
at least about 600 um, or at least about 650 um, or at least about 700 um, or at least about
750 um, or at least about 800 um, or at least about 850 um, or at or least about 900 ym, or at
least about 1000 um.

[0123] The screen sizes noted Immediately above are applicable to the tower mill
embodiments described above.

[0124] As noted above, the grinding may be performed In the presence of a grinding medium.
In an embodiment, the grinding medium Is a coarse media comprising particles having an
average diameter in the range of from about 1 mm to about 6 mm, for example about 2 mm, or
about 3 mm, or about 4 mm, or about 5 mm.

[0125] In another embodiment, the grinding media has 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.

[0126] In another embodiment, 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.

[0127] In another embodiment, the grinding media comprises particles having an average
diameter of about 3 mm and specific gravity of about 2.7.

[0128] As described above, the grinding medium (or media) may present in an amount up to
about /0% 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.

[0129] In one embodiment, the grinding medium is present in amount of about 50% by volume
of the charge.
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[0130] The term 'charge’ iIs meant to be the composition which is the feed fed to the grinder
vessel. The charge includes of water, grinding media, fibrous substrate comprising cellulose
and optional inorganic particulate material, and any other optional additives as described
herein.

[0131] The use of a relatively coarse and/or dense media has the advantage of improved (i.e.,
faster) sediment rates and reduced media carry over through the quiescent zone and/or
classifier and/or screen(s).

[0132] A further advantage In using relatively coarse grinding media is that the mean particle
size (dso) of the Inorganic particulate material may not be significantly reduced during the
grinding process such that the energy imparted to the grinding system is primarily expended In
microfibrillating the fibrous substrate comprising cellulose.

[0133] A further advantage In using relatively coarse screens iIs that a relatively coarse or
dense grinding media can be used In the microfibrillating step. In addition, the use of relatively
coarse screens (l.e., having a nominal aperture of least about 250 um) allows a relatively high
solids product to be processed and removed from the grinder, which allows a relatively high
solids feed (comprising fibrous substrate comprising cellulose and Inorganic particulate
material) to be processed in an economically viable process. As discussed below, It has been
found that a feed having high initial solids content is desirable in terms of energy sufficiency.
Further, it has also been found that product produced (at a given energy) at lower solids has a
coarser particle size distribution.

[0134] The grinding may be 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 and the Iinorganic particulate material may be ground Iin 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 linked 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.

[0135] The circuit may comprise a combination of one or more grinding vessels and
homogenizer.

[0136] In an embodiment the grinding Is performed in a closed circuit. In another embodiment,
the grinding 1s performed In an open circuit. The grinding may be performed in batch mode.

The grinding may be performed in a re-circulating batch mode.

[0137] As described above, the grinding circuit may include a pre-grinding step in which coarse
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Inorganic particulate 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.

[0138] 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 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.

[0139] 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.

[0140] The pH of the suspension of material to be ground may be about 7 or greater than
about 7 (i.e., basic), for example, the pH of the suspension may be about 8, or about 9, or
about 10, or about 11. The pH of the suspension of material to be ground may be less than
about 7 (l.e., acidic), for example, the pH of the suspension may be about 6, or about 5, or
about 4, or about 3. The pH of the suspension of material to be ground may be adjusted by
addition of an appropriate amount of acid or base. Suitable bases Included alkali metal
hydroxides, such as, for example, NaOH. Other suitable bases are sodium carbonate and
ammonia. Suitable acids included inorganic acids, such as hydrochloric and sulphuric acid, or
organic acids. An exemplary acid i1s orthophosphoric acid.

[0141] The amount of inorganic particulate material, when present, and cellulose pulp in the
mixture to be co-ground may be varied in order to produce a slurry which is suitable for use as
the top ply slurry, or ply slurry, or which may be further modified, e.g., with additional of further
Inorganic particulate material, to produce a slurry which is suitable for use as the top ply slurry,

or ply slurry.

« homogenizing

[0142] Microfibrillation of the fibrous substrate comprising cellulose may be effected under wet
conditions, optionally, in the presence of the Inorganic particulate material, by a method In
which the mixture of cellulose pulp and optional inorganic particulate material is pressurized
(for example, to a pressure of about 500 bar) and then passed to a zone of lower pressure.
The rate at which the mixture 1s passed to the low pressure zone Is sufficiently high and the
pressure of the low pressure zone Is sufficiently low as to cause microfibrillation of the cellulose
fibres. For example, the pressure drop may be effected by forcing the mixture through an
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annular opening that has a narrow entrance orifice with a much larger exit orifice. The drastic
decrease In pressure as the mixture accelerates into a larger volume (i.e., a lower pressure
zone) Induces cavitation which causes microfibrillation. In an embodiment, microfibrillation of
the fibrous substrate comprising cellulose may be effected In a homogenizer under wet
conditions, optionally in the presence of the inorganic particulate material. In the homogenizer,
the cellulose pulp and optional inorganic particulate material is pressurized (for example, to a
pressure of about 500 bar), and forced through a small nozzle or orifice. The mixture may be
pressurized to a pressure of from about 100 to about 1000 bar, for example to a pressure of
equal to or greater than 300 bar, or equal to or greater than about 500, or equal to or greater
than about 200 bar, or equal to or greater than about 700 bar. The homogenization subjects
the fibres to high shear forces such that as the pressurized cellulose pulp exits the nozzle or
orifice, cavitation causes microfibrillation of the cellulose fibres in the pulp. Additional water
may be added to improve flowability of the suspension through the homogenizer. The resulting
agueous suspension comprising microfibrillated cellulose and optional inorganic particulate
material may be fed back into the inlet of the homogenizer for multiple passes through the
homogenizer. When present, and when the Inorganic particulate material is a naturally platy
mineral, such as kaolin, homogenization not only facilitates microfibrillation of the cellulose
pulp, but may also facilitate delamination of the platy particulate material.

[0143] An exemplary homogenizer is a Manton Gaulin (APV) homogenizer.

[0144] After the microfibrillation step has been carried out, the aqueous suspension comprising
microfibrillated cellulose and optional inorganic particulate material may be screened to
remove fibre above a certain size and to remove any grinding medium. For example, the
suspension can be subjected to screening using a sieve having a selected nominal aperture
size In order to remove fibres which do not pass through the sieve. Nominal aperture size
means the nominal central separation of opposite sides of a square aperture or the nominal
diameter of a round aperture. The sieve may be a BSS sieve (In accordance with BS 1/796)
having a nominal aperture size of 150um, for example, a nominal aperture size 125 ym , or
106 uym, or 90 um, or 74 ym, or 63 um, or 53 um, 45 um, or 38 um. In one embodiment, the
agueous suspension Is screened using a BSS sieve having a nominal aperture of 125 uym. The
agueous suspension may then be optionally dewatered.

[0145] It will be understood therefore that amount (i.e., % by weight) of microfibrillated
cellulose In the aqueous suspension after grinding or homogenizing may be less than the
amount of dry fibre in the pulp if the ground or homogenized suspension is treated to remove
fiores above a selected size. Thus, the relative amounts of pulp and optional Inorganic
particulate material fed to the grinder or homogenizer can be adjusted depending on the
amount of microfibrillated cellulose that iIs required In the aqueous suspension after fibres
above a selected size are removed.

[0146] In certain embodiments, the microfibrillated cellulose may be prepared by a method
comprising a step of microfibrillating the fibrous substrate comprising cellulose In an aqueous
environment by grinding in the presence of a grinding medium (as described herein), wherein
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the grinding 1s carried out In the absence of inorganic particulate material. In certain
embodiments, inorganic particulate material may be added after grinding to produce the top

ply slurry, or ply slurry.
[0147] In certain embodiments, the grinding medium is removed after grinding.

[0148] In other embodiments, the grinding medium is retained after grinding and may serve as
the Inorganic particulate material, or at least a portion thereof. In certain embodiments,
additional inorganic particulate may be added after grinding to produce the top ply slurry, or ply
slurry:.

[0149] The following procedure may be used to characterise the particle size distributions of
mixtures of inorganic particulate material (e.g., GCC or kaolin) and microfibrillated cellulose
pulp fibres.

- calcium carbonate

[0150] A sample of co-ground slurry sufficient to give 3 g dry material is weighed into a beaker,

diluted to 60 g with deionised water, and mixed with 5 cm?® of a solution of sodium polyacrylate
of 1.5 w/v % active. Further deionised water i1s added with stirring to a final slurry weight of 80

d.

- kaolin

[0151] A sample of co-ground slurry sufficient to give 5 g dry material is weighed into a beaker,

diluted to 60 g with deionised water, and mixed with 5 cm3 of a solution of 1.0 wt. % sodium
carbonate and 0.5 wt. % sodium hexametaphosphate. Further deionised water I1s added with
stirring to a final slurry weight of 80 g.

[0152] The slurry is then added in 1 cm?® aliquots to water in the sample preparation unit
attached to the Mastersizer S until the optimum level of obscuration is displayed (normally 10 -

15%). The light scattering analysis procedure Is then carried out. The Iinstrument range
selected was 300RF : 0.05-900, and the beam length set to 2.4 mm.

[0153] For co-ground samples containing calcium carbonate and fibre the refractive index for

calcium carbonate (1.596) 1s used. For co-ground samples of kaolin and fibre the Rl for kaolin
(1.5299%) I1s used.

[0154] The particle size distribution 1s calculated from Mie theory and gives the output as a
differential volume based distribution. The presence of two distinct peaks Is Interpreted as
arising from the mineral (finer peak) and fibre (coarser peak).
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[0155] The finer mineral peak Is fitted to the measured data points and subtracted
mathematically from the distribution to leave the fibre peak, which is converted to a cumulative
distribution. Similarly, the fibre peak Is subtracted mathematically from the original distribution
to leave the mineral peak, which i1s also converted to a cumulative distribution. Both these
cumulative curves may then be used to calculate the mean particle size (dso) and the
steepness of the distribution (d3p/d7g X 100). The differential curve may be used to find the

modal particle size for both the mineral and fibre fractions.

EXAMPLES

Example 1

[0156]

1.1. A 150 g/m? brown sheet was produced in a handsheet former. Percol (RTM) 292 was
used as retention aid at 600 ppm based on the total solids of the final handsheets.

2. 2. Once the brown sheet was formed some of the retained water was removed by
manually pressing the sheet with three Dblotted papers. No adhesion was observed
between the blotters and the sheet.

3. 3. The brown base sheet was then turned upside down In order for the smoother side of
it to be on the top.

4. 4. A specific amount of microfibrillated Botnia Pine and Bleached Kraft Pulp and calcium
carbonate (Intracarb 60) at total solids content of 7.88 wt. % (18 % microfibrillated

cellulose) was measured in order to get the desired grammage for the white top layer

(sheets were prepared at 20 g/m?, 25 g/m?, 30 g/m?, 40 g/m? and 50 g/m?4). The
microfibrillated cellulose/calcium carbonate sample was then diluted to a final volume of
300 ml using tap water.

5. 5. The sample was poured on the brown sheet and a vacuum was applied. Polydadmac
(1 ml of a 0.2% solution) was used to aid the formation of the white top layer.

6. 6. The discarded water was then collected and added back to the formed sheet where
vacuum was applied for 1 minute.

/. 7. The two ply sheet was transferred to the Rapid Kothen dryer (~89°C, 1 bar) for 15
minutes.

3. 8. The sample that remained In the residue water (see step 6) was collected on a filter
paper and used to calculate the actual grammage of the white top layer for each
Individual sheet.

9. 9. Each sheet was then left overnight in a conditioned lab before testing.

Results:
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[0157] The formation of the sheets produced at varying grammage iIs shown in Figure 1. The
pictures were obtained with reflectance scanning using a regular scanner under the same
conditions so they can be directly compared to each other.

[0158] The brightness of the sheets produced i1s shown In Figure 2. Brightness increased with

increasing g/m< of the white top liner. Brightness measurement of the brown side of the two ply
sheets Indicated that no penetration of the white top layer through the brown sheet had
occurred.

[0159] PPS Roughness decreased with higher grammages of the white top layer (see Figure
3). The roughness value for the brown sheet alone was 7.9 um. This shows that the surface
gets smoother with increased grammage of the top layer.

Example 2

Tnals 1-4

[0160] The Fourdrinier machine was run at 60 ft/min (18 m/min). A 'secondary headbox' was
used to apply the coating. This was a custom-made device In which the furnish flows into a
series of '‘ponds’ and then over a weir and onto the web. The custom secondary headbox does
not require as high a flowrate as a GL& V Hydrasizer in order to form a curtain, and so it was
possible to increase the microfibrillated cellulose and inorganic particulate material solids used
and still achieve the target coat weights. Working at higher solids meant that the secondary
headbox could be positioned further from the main headbox, at a position where the sheet was
more consolidated, and yet the microfibrillated cellulose and Inorganic particulate material
slurry applied as a top ply could still be adequately dewatered before the press.

[0161] With the secondary headbox in place a short distance after the wet-line a 1:1 ratio of
microfibrillated cellulose to organic particulate material was applied In order to explore
boundaries of the process. It was apparent that the 1:1 ratio of microfibrillated cellulose to
organic particulate material slurry drained faster than the 1:4 ratio of microfibrillated cellulose
to organic particulate material, even though the grammage of the microfibrillated cellulose

being applied to the substrate was higher. The coating was applied initially at 15 g/m?, then

gradually increased to 30 g/m? without problems. Although the coverage was good, at 1:1 ratio
of microfibrillated cellulose to organic particulate material, the filler content was not high
enough to yield the desired brightness.

[0162] The calculation of top layer g/m? from sheet weight and ash content was done in the
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following manner.
W=weight, A=ash content

Subscripts t=top layer, b=bottom layer, s= two-layer sheet.

[0163] The total ash of the sheet i1s the sum of the products of ash content and weight of each

layer, divided by the overall sheet weight.
We X 4, + W, X A

X

A =

The ash content of the bottom layer iIs measured on the uncoated control sheet, and the ash
content of the top layer 1s directly related to the wt. % of the microfibrillated and inorganic
particulate matter slurry. Because observation of the sheet and the SEM cross sections show
that no penetration of the top ply slurry composite of microfibrillated and inorganic particulate
matter into the base occurs that 100% retention I1s achieved. The weight of the bottom layer

can be eliminated from the above equation because
W, = W, - W,
and, thus, it can be re-arranged to give the weight of the top layer in terms of known quantities.

Wy = W, % (4; — 4y)

Tnals 1-4

[0164] A series of additional trials were run with the set-up used Iin Trial 1. The Fourdrinier
paper machine was utilized with different coat weights on top of a 100% softwood unbleached
kraft base refined to about 500 ml CSF. Top ply consisting of 20% microfibrillated cellulose,
80% mineral and a small amount of flocculant.

Results:

[0165] The results are reported in Table 1. The following abbreviations are utilized in Table 1.

BP: Base paper without coating

T1: Ca 28 g/m? composite top coating, 20% microfibrillated cellulose, 80% GCC.
T2: Ca 35 g/m? composite top coating, 20% microfibrillated cellulose, 80% GCC.
T3: Ca 42 g/m? composite top coating, 20% microfibrillated cellulose, 80% GCC.

T4: Ca 48 g/m? composite top coating, 20% microfibrillated cellulose, 20% GCC, 60% talc.
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Table 1

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Scott Bond J/m

‘N-‘

I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e ) 300000000000000000000000000\00000000000000000000000000000000000000000000000000\ 0000000000000000000000000000000000000000000000000000

Tensile Index MD (Nm/g) 79,5 60,7 63,7 59,0 58,2

et e e e e e SRR SR LLLLELLLLL L AL NLL LA SRR ELLLLLLLLLLLLE L LA SRR ELLLLLLLLLLLLE L LA SRR ELLLLLLLLLLLLE L LA SRR ELLLLLLLLLLLLE L LA

[0166] The trials show that the results on brightness, porosity and smoothness at various coat

weights ranging from 28 g/m? to 48 g/m?2. There was no impact on Scott Bond as the break in
the z-directional strength test always occurred in the base sheet, i1.e., the top ply was stronger
than the base. Brightness vs. coat weight is plotted in FIG. 4.

[0167] Scanning electronic microscopic Imaging of a coated substrate at point T2 is depicted In
FIG. 5. The top ply was applied at 35 g/m< consisting of 20% wt. % microfibrillated cellulose

and 80 wt. % ground calcium carbonate applied to a 85 g/m? substrate. It is evident in FIG. 5
that the top ply formed as a distinct top layer without [penetration Iinto the base substrate]. In

FIG. 6, an SEM image at trial point 4 is depicted. The coating was applied at 48 g/m? and the
top ply comprises 20 wt.% microfibrillated cellulose and 20 wt.% ground calcium carbonate and
60 wt.% talc (I.e., a ratio of 1:4 of microfibrillated cellulose and inorganic particulate material)

applied to an 85 g/m? substrate. FIG. 6 clearly indicates that the top ply is applied to desirably
stay as a layer on the surface of the substrate.

Comparative Trial:

[0168] Table 2 below presents data on a conventional white top linerboard produced on a
similar paper machine but utiizing a conventional top ply applied to a base substrate of 82

g/m?. The base was made from unbleached softwood Kraft fibre, and the white top layer was
made with bleached hardwood (birch) Kraft fibre, within the typical range of filler loadings up to

20%. The base was targeted at 80 g/m? and the white layer was targeted at 60 g/m<. Table 2
shows a typical result without microfibrillated cellulose, In which a 15 wt. % loading of a
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scalenohedral PCC (Optical HB) was used In the white layer. The base was rather stronger
than for the Trials 1-4 above, but it can be seen that the drop in mechanical property indices
from the addition of the top layer is also quite large. Given that the Trial 1-4 top ply layer can
reach target brightness at a lower grammage than the conventional white top substrate, for a
fixed total grammage the use of FiberLean should allow the board maker to use a higher
proportion of unbleached long fibre in the product and thus achieve a stronger, stiffer product.

[0169] Table 2 below presents typical paper properties of various conventional linerboard

grades.
Table 2

Typical paper properties of linerboard grades

White White Top Coated White
Top Test Kraftliner {Top Test liner
liner

Coated White
Top Kraft liner

ca. 120 glm2
Indicative
properties
Bulk
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[0170] To demonstrate the printing properties of the white top linerboards of the present
Invention. FIG. 7 presents a cross-section of a Flexography printed sample. The Ink is at the
top of the top ply, as it should.

Example 3.

[0171] In accordance with the set-up and parameters set forth in Examples 1 and 2, the
continuous production of coated substrates with different coat weights and base substrates
were studied. Trials 5-7 utilized a base paper (BP) made of /0% hardwood and 30% softwood,
refined together to ca. 400 ml CSF, with a target grammage of 70 g/m2. The coatings applied
to the BP In Trials 5-7 are identified as:

T5, ca. 20 g/m? composite coating (20% MFC, 80% GCC, no additives) on base paper BP

T6, ca. 30 g/m? composite coating (20% MFC, 80% GCC, no additives) on base paper BP
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17, ca. 40 g/m2 composite coating (20% MFC, 80% GCC, no additives) on base paper BP

[0172] Table 3 presents the data obtained in Trials 5-7.
Table 3

005005CQQH050050050050050050050050050050050050050050050050050050050050050050050050050.5005005005005005005005005005CQQC‘QCQQCQQC050QQHCQ‘CQQC\ 0000000000000000000000000000000000000000000000000000000000000000000000000

F8 Brlghtness % 39 0 65 O 81 38

QQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQ.CQQCQQCQQCQQCQQCQQCQQCQQCQQCQQCQ‘CQQCQQCQQCHCQ'CQ'CQ'CQ'CQ\ QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

300

[0173] It Is evident from the data presented in Table 4 that the target brightness of the top ply
coated onto the dark substrate was achieved in all of the Trial 5-7 runs.

Example 4

[0174] Table 4 presents data on printing performance of top ply coated linerboard substrates.
Comparative References 1 and 2 comprise commercial coated inkjet paper and commercial
uncoated inkjet paper respectively. The Print Sample 1s comprised of:

30 g/m? composite coating (20% MFC, 80% GCC) on porous base (70% hardwood and 30%

softwood, ca. 400 ml CSF, 70 g/m?). Paper obtained in a continuous production process. The
Print Sample was made In accordance with Example 3. The roll-to-roll inkjet printing as applied
at 50 m/min.

[0175] Table 4 presents the printing result of the Comparative Reference Samples 1 (Specialty
Inkjet paper, coated and calendared) and 2 (uncoated paper suitable for inkjet) versus the Print

Sample an embodiment of the present invention.
Table 4
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form part of the European patent document. Even though great care has been taken In

compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EHMRT14AN48A [UB54]

Non-patent literature cited in the description

o Paper Coating PigmentsTAPP| Monograph Series No 30, 34-35 {3854}
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Patentkrav

1.

Papir- eller papprodukt, som omfatter:

(i)  etcelluloseholdigt substrat; og

(iy et toplag, som omfatter et uorganisk partikelformet materiale og 5 vaegt-%
til 30 vaegt-% mikrofibrilleret cellulose baseret pa toplagets samlede vagt,
hvor det uorganiske partikelformede materiales indhold er 67 vaegt-% til 92
vaegt-% baseret pa toplagets samlede vagt, hvor den mikrofibrillerede
cellulose har en dso 1 omradet fra 5 um til 500 pum, malt via
laserlysspredning, og hvor det uorganiske partikelformede materiale har en
partikelstgrrelsesfordeling, hvor mindst 20 vaegt-% til mindst 95 vaegt-% af
partiklerne har en e.s.d. pa mindre end 2 um, og endvidere hvor den malte
lysstyrke (ifglge ISO-standard 11475 (F8; D65 - 400 nm)) pa toplaget er
mindst 65%; og hvor toplaget har en gramvagt pa 15 g/m~ til 40 g/m”.

Produkt ifglge krav 1, hvor produktet omfatter eller er et bglgepaprapapirprodukt
med hvid top.

Produkt 1fglge krav 2, hvor substratet har en gramvagt, der er egnet til anvendelse
i et bglgepapprodukt, og som omfatter en gramvagt i omradet fra 50 g/m” til 500

g/m”.

Produkt 1fglge krav 1, hvor substratet omfatter genbrugsmasse, mgrkt kraftpapir

eller kombinationer deratf.

Produkt 1ifglge krav 1, hvor det uworganiske partikelformede materiale og den
mikrofibrillerede cellulose omfatter mere end 95 vagt-% af toplaget, baseret pa

toplagets samlede vagt.

Produkt 1fglge krav 1, hvor toplaget omfatter mindst 70 vaegt-% af et uorganisk

partikelformet materiale, baseret pa toplagets samlede vagt.



10

15

20

23

30

10.

11.
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13.

14.

15.

DK/EP 3440259 T3

Produkt ifglge krav 1, hvor toplaget omfatter mindst ca. 80 vagt-% af et

uorganisk partikelformet materiale, baseret pa toplagets samlede vagt.

Produkt ifglge krav 1, hvor toplaget omfatter mindst 10 vaegt-% til 20 vagt-%

mikrofibrilleret cellulose, baseret pa toplagets samlede vagt.

Produkt ifglge krav 1, hvor toplaget omfatter mindst et norganisk partikelformet
materiale valgt fra gruppen bestaende af:

calciumcarbonat, magnesiumcarbonat, dolomit, gips, vandirit kanditler,
kaolin, perlit, diatoméjord, wollastonit, talkum, magnesiumhydroxid, titandioxid

eller aluminiumtrihydrat, eller kombinationer deratf.

Produkt ifglge krav 9, hvor det uorganiske partikelformede materiale omfatter

eller er calciumcarbonat.

Produkt ifglge krav 1, hvor produktet har en PPS-ruhed (@1000 kPa) malt pa
toplaget pa ikke mere end ca. 6,0 um og/eller en PPS-ruhed (@ 1000 kPa) malt pa
toplaget, der er mindst 2,0 um mindre end PPS-ruheden af substratet uden

toplaget.
Produkt 1fglge krav 1, hvor toplaget omfatter op til 2 vaegt-%, 1 alt, af additiver
valgt fra gruppen bestaende af:

flokkuleringsmiddel, dannelses-/dreningshjelpemiddel, vandoplgseligt
fortykningsmiddel, stivelse, fastholdelseshjelpemiddel og kombinationer deraf.

Produkt ifglge krav 1, hvor toplaget er blottet for ekstra organisk forbindelse.

Produkt ifglge krav 13, hvor toplaget er blottet for kationisk polymer, anionisk
polymer eller polysaccharid-hydrocolloid.

Produkt ifglge krav 1, hvor toplaget er et udvendigt lag.
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Produkt ifglge krav 1, hvor toplaget er blottet for voks, polyolefiner og silikone.

Produkt 1fglge krav 12, hvor substratet omfatter op til 1 vagt-%

fastholdelseshjelpemiddel, baseret pa substratets samlede vagt.

Produkt ifglge krav 1, hvor toplaget 1 det vasentlige bestar eller bestar af

uorganisk partikelformet og mikrofibrilleret cellulose.

Fremgangsmade til fremstilling af et papir- eller papprodukt, hvilken

fremgangsmade omfatter:

(a) tilvejebringelse af en vad papirmassebane;

(b) tilvejebringelse af en toplagsopslemning pa den vade papirmassebane ved
anvendelse af en applikator, der er egnet til at danne en film gennem en
ikke-trykbelastet eller en trykbelastet slidsabning oven pa et vadt substrat pa
sien 1 den vade ende af en papirmaskine, hvor:

(i)  toplagsopslemningen er tilvejebragt i omradet fra 15 g/m” til 40 g/m”;

(1) toplagsopslemningen  omfatter en  tilstr&kkelig = mangde
mikrofibrilleret cellulose til at opna et produkt med et toplag, der
omfatter mindst 5 vaegt-% tl 30 vaegt-% mikrofibrilleret cellulose,
baseret pa toplagets samlede vagt, hvor den mikrofibrillerede
cellulose har en dsp 1 omradet fra 5 um til 500 um, malt via
laserlysspredning; og

(111) toplagsopslemningen omfatter en tilstrekkelig mangde uworganisk
partikelformet materiale til at opna et produkt med et toplag, der
omfatter mindst 67 vagt-% uvorganisk partikelformet materiale,
baseret pa toplagets samlede vagt, hvor det uorganiske
partikelformede materiale har en partikelstgrrelsestordeling, hvor
mindst 20 vaegt-% til mindst 95 vaegt-% af partiklerne har en e.s.d. pa

mindre end 2 pm.

Fremgangsmade ifglge krav 19, hvor den vade papirmassebane omfatter mere end

50 vaegt-% vand, baseret pa den vade papirmassebanes samlede vaegt.
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Fremgangsmade ifglge krav 19, hvor den vade papirmassebane omfatter op til 1
vaegt-% fastholdelseshjelpemiddel, baseret pa den vade papirmassebanes samlede

vaegt.

Fremgangsmade ifglge krav 19, hvor toplagsopslemningen omfatter uorganisk
partikelformet materiale og en tilstrekkelig maengde mikrofibrilleret cellulose til
at opna et papirprodukt med et toplag, der omfatter mindst 15 vagt-%

mikrofibrilleret cellulose, baseret pa toplagets samlede vagt.

Fremgangsmade ifglge krav 19, hvor toplagsopslemningen pafgres via en
trykbelastet slidsabning 1 toppen af et vadt substrat pa sien 1 den vade ende af en

papirmaskine.

Fremgangsmade ifglge krav 19, hvor toplagsopslemningen pafgres ved hjalp af

en gardin-coater.

Fremgangsmade ifglge krav 19, der endvidere omfatter pafgring af et yderligere
lag eller belegning, eller yderligere lag eller bele&gninger, pa toplaget, som

omfatter mikrofibrilleret cellulose og uorganisk partikelformet materiale.

Fremgangsmade ifglge krav 25, hvor mindst et af de yderligere lag eller
belegninger er et barrierelag eller -belegning, eller vokslag eller -belegning, eller

silikonelag eller -belegning.
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