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COMPOSITIONS

Field of the Invention

The present invention relates to compositions, such as filled and coated papers,
comprising microfibrillated cellulose and inorganic particulate material.

Background of the Invention

Inorganic particulate materials, for example an alkaline earth metal carbonate (e.g.
calcium carbonate) or kaolin, are used widely in a number of applications. These
include the production of mineral containing compositions which may be used in
paper manufacture, paper coating, or polymer composite production. In paper and
polymer products such fillers are typically added to replace a portion of other more
expensive components of the paper or polymer product. Fillers may also be added
with an aim of modifying the physical, mechanical, and/or optical requirements of
paper and polymer products. Clearly, the greater the amount of filler that can be
included, the greater potential for cost savings. However, the amount of filler added
and the associated cost saving must be balanced against the physical, mechanical
and optical requirements of the final paper or polymer product. Thus, there is a
continuing need for the development of fillers for paper or polymers which can be
used at a high loading level without adversely effecting the physical, mechanical
and/or optical requirements of paper products. There is also a need for the
development of methods for preparing such fillers economically.

The present invention seeks to provide alternative and/or improved fillers for paper or
polymer products which may be incorporated in the paper or polymer product at
relatively high loading levels whilst maintaining or even improving the physical,
mechanical and/or optical properties of the paper or polymer product. The present
invention also seeks to provide an economical method for preparing such fillers. As
such, the present inventors have surprisingly found that a filler comprising
microfibrillated cellulose and an inorganic particulate material can be prepared by
economical methods and can be loaded in paper or polymer products at relatively
high levels whilst maintaining or even improving the physical, mechanical and/or

optical properties of the final paper or polymer product.
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Further, the present invention seeks to address the problem of preparing
microfibrillated cellulose economically on an industrial scale. Current methods of
microfibrillating cellulosic material require relatively high amounts of energy owing in
part to the relatively high viscosity of the starting material and the microfibrillated
product, and a commercially viable process for preparing microfibrillated cellulose on
an industrial scale has hitherto before proved elusive.

Summary of the Invention

According to a first aspect, the present invention is directed to an article comprising a
paper product comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition and one or more functional coatings on the paper

product.

According to a second aspect, the present invention is direct to a paper product
comprising a co-processed microfibrillated cellulose and inorganic particulate material
composition, wherein the paper product has: (i) a first tensile strength greater than a
second tensile strength of the paper product devoid of the co-processed
microfibrillated cellulose and inorganic particulate material composition; (ii) a first tear
strength greater than a second tear strength of the paper product devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition;
and/or iii)a first burst strength greater than a second burst strength of the paper
product devoid of the co-processed microfibrillated cellulose and inorganic particulate
material composition; and/or iv) a first sheet light scattering coefficient greater than a
second sheet light scattering coefficient of the paper product devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition;
and/or v) a first porosity less than a second porosity of the paper product devoid of
the co-processed microfibrillated cellulose and inorganic particulate material
composition; and/or vi) a first z-direction (internal bond) strength greater than a
second z-direction (internal bond) strength of the paper product devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition.

According to a third aspect, the present invention is directed to a coated paper
product, wherein the coating comprises a co-processed microfibrillated cellulose and

inorganic particulate material composition, and wherein the coated paper product has:
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i. a first gloss greater than a second gloss of the coated paper product comprising a
coating composition devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition; and/or ii. a first stiffness greater than a
second stiffness of the coated paper product comprising a coating composition devoid
of the co-processed microfibrillated cellulose and inorganic particulate material
composition; and/or iii. a first barrier property which is improved compared to a
second barrier property of the coated paper product comprising a coating composition
devoid of the co-processed microfibrillated cellulose and inorganic particulate material

composition.

According to a fourth aspect, the present invention is directed to a polymer
composition comprising a co-processed microfibrillated cellulose and inorganic

particulate material composition.

According to a fifth aspect, the present invention is directed to a papermaking
composition comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition, wherein the papermaking composition has a first
cationic demand lower than a second cationic demand of the papermaking
composition devoid of the co-processed microfibrillated cellulose and inorganic

particulate material composition.

According to a sixth aspect, the present invention is directed to a papermaking
composition comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition, wherein the papermaking composition is

substantially devoid of retention aids.

According to a seventh aspect, the present invention is directed to a paper product
comprising a co-processed microfibrillated cellulose and inorganic particulate material
composition, wherein the paper product has a first formation index lower than a
second formation index of the paper product devoid of the co-processed
microfibrillated cellulose and inorganic particulate material composition.

Detailed Description of the Invention
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As used herein, “co-processed microfibrillated cellulose and inorganic particulate
material composition” refers to compositions produced by the processes for
microfibrillating fibrous substrates comprising cellulose in the presence of an

inorganic particulate material as described herein.

Unless otherwise stated, “functional coating” refers to a coating or coatings applied to
the surface of a paper product to modify, enhance, upgrade and/or optimize one or
more non-graphical properties of said paper product (i.e., properties primarily
unrelated to the graphical properties of the paper). In embodiments, the functional
coating is not one which comprises a co-processed microfibrillated cellulose and
inorganic particulate material composition. For example, the functional coating may
be a polymer, a metal, an aqueous composition, a liquid barrier layer or a printed
electronics layer.

Paper Products

In certain embodiments, the paper products comprise a co-processed microfibrillated
cellulose and inorganic particulate material composition incorporated into the paper
pulp (e.g., in the paper base as a filler composition). For example, the paper products
may comprise at least about 0.5 wt. %, at least about 5 wt. %, at least about 10 wt. %,
at least about 15 wt. %, at least about 20 wt. %, at least about 25 wt. %, at least
about 30 wt. %, or at least about 35 wt. % of a co-processed microfibrillated cellulose
and inorganic particulate material composition, based on the total weight of the paper
product. Generally, the paper products will comprise no more than about 50 wt. %,
for example, no more than about 45 wt. %, or no more than about 40 wt. % of a co-
processed microfibrillated cellulose and inorganic particulate material composition. In
a particular embodiment, the paper product comprises from about 25% to about 35%
wt. % of a co-processed microfibrillated cellulose and inorganic particulate material
composition. The fibre content of the co-processed microfibrillated cellulose and
inorganic particulate material composition may be at least about 2 wt. %, at least
about 3 wt. %, at least about 4 wt. %, at least about 5 wt. %, at least about 6 wt. %, at
least about 7 wt. %, at least about 8 wt. %, at least about 10 wt. %, at least about 11
wt. %, at least about 12 wt. %, at least about 13 wt. %, at least about 14 wt. % or at
least about 15. wt. %. Generally, the fibre content of the co-processed microfibrillated
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cellulose and inorganic particulate material composition will be less than about 25 wt.
%, for example, less than about 20 wt. %.

After co-processing to form the co-processed microfibrillated cellulose and inorganic
particulate material composition, additional inorganic particulate may be added (e.g.,
by blending or mixing) to reduce the fibre content of the co-processed microfibrillated

cellulose and inorganic particulate material composition.

In particular embodiments, the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have a lower
porosity as compared to the paper products produced without (i.e., devoid of) the co-
processed microfibrillated cellulose and inorganic particulate material composition.
For instance, the porosity of the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may have a
porosity about 10% less porous, about 20% less porous, about 30% less porous,
about 40% less porous, or about 50% less porous than a porosity of the paper
products devoid of the co-processed microfibrillated cellulose and inorganic
particulate material composition. Such a reduction in porosity may provide improved
coating hold-out for coated paper products comprising a co-processed microfibrillated
cellulose and inorganic particulate material. Such a reduction in porosity may enable
a reduction in coat weight for coated paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material without compromising the
physical and/or mechanical properties of the coated paper product.

In an embodiment, porosity is determined using a Bendtsen Model 5 porosity tester in
accordance with SCAN P21, SCAN P60, BS 4420 and Tappi UM 535.

In other embodiments, the paper products comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition have a tensile strength about
2% greater, about 5% greater, about 10% greater, about 15% greater, about 20 %
greater, or about 25% greater than a tensile strength of the paper products devoid of
a co-processed microfibrillated cellulose and inorganic particulate material

composition (e.g., the paper product has the same filler loading).
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In further embodiments, the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have a tear
strength about 2% greater, about 5% greater, about 10% greater, about 15% greater,
about 20 % greater, or about 25% greater than a tear strength of the paper products
devoid of a co-processed microfibrillated cellulose and inorganic particulate material
composition (e.g., the paper product has the same filler loading). Such low porosity,
strong paper products may comprise functional papers such as gaskets, grease proof
papers, linerboard for plasterboard, flame retardant papers, wall papers, laminates, or
other functional paper products.

In an embodiment, tensile strength is determined using a Testometrics tensile tester
according to SCAN P16.

In further embodiments, the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have a z-
direction (internal bond) strength about 2% greater, about 5% greater, about 10%
greater, about 15% greater, about 20 % greater, or about 25% greater than a z-
direction (internal bond) strength of the paper products devoid of a co-processed
microfibrillated cellulose and inorganic particulate material composition (e.g., the

paper product has the same filler loading).

In an embodiment, z-direction (internal bond) strength is determined using a Scott
bond tester according to TAPPI T569.

In certain embodiments, the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may be
coated. Particular embodiments of the coated paper products comprising a co-
processed microfibrillated cellulose and inorganic particulate material composition
may have an increased gloss as compared to the coated paper product devoid of the
co-processed microfibrillated cellulose and inorganic particulate material composition.
For example, the coated paper products comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition may have a gloss about 5%
greater, about 10% greater, or about 20% greater than the coated paper products
devoid of the co-processed microfibrillated cellulose and inorganic particulate material

composition.
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In an embodiment, gloss is determined in accordance with TAPPI method T 480 om-
05 (Specular gloss of paper and paperboard at 75 degrees).

In other embodiments, the coated paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may have
improved print properties such as print gloss, snap, print density, picking speed or

percent missing dots.

In other embodiments, the coated paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may have a
lower moisture vapour transmission rate (MVTR, tested in accordance with a modified
version of TAPPI T448 using silica gel as the desiccant and a relative humidity of
50%) as compared to the coated paper product devoid of the co-processed
microfibrillated cellulose and inorganic particulate material composition. For example,
the coated paper products comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a MVTR about 2% less, about
4% less, about 6% less, about 8% less, about 10% less, about 12% less, about 15%
less, or about 20% less than the coated paper products devoid of the co-processed
microfibrillated cellulose and inorganic particulate material composition (e.g., the

coated paper product has the same filler loading).

In certain embodiments, the paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may serve as
a base for functional coatings such as coatings for liquid packaging, barrier coatings,
and coatings for printed electronics. The paper products comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition provide a
smooth surface for the functional coatings to be applied on. For example, the paper
products may include a barrier coating comprising a polymer, a metal, an aqueous

composition (e.g., a water-based barrier layer), or a combination thereof.

The aqueous composition may comprise one or more of the inorganic particulate
materials described herein. For example, the aqueous composition may comprise
kaolin, such as platy kaolin or hyper-platy kaolin. By ‘platy’ kaolin is meant kaolin a
kaolin product having a high shape factor. A platy kaolin has a shape factor from

about 20 to less than about 60. A hyper-platy kaolin has a shape factor from about
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60 to 100 or even greater than 100. “Shape factor”, as used herein, is a measure of
the ratio of particle diameter to particle thickness for a population of particles of
varying size and shape as measured using the electrical conductivity methods,
apparatuses, and equations described in U.S. Patent No. 5,576,617, which is
incorporated herein by reference. As the technique for determining shape factor is
further described in the ‘617 patent, the electrical conductivity of a composition of an
aqueous suspension of orientated particles under test is measured as the
composition flows through a vessel. Measurements of the electrical conductivity are
taken along one direction of the vessel and along another direction of the vessel
transverse to the first direction. Using the difference between the two conductivity

measurements, the shape factor of the particulate material under test is determined..

In some embodiments, the paper products comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition provide a low permeability
surface for application of the functional coatings such that there is little or no
penetration of the functional coating into the paper product. Thus, thinner, fewer,
and/or non-polymeric functional coatings might be used to achieve a desired function
(e.g., barrier function). In certain embodiments, the coated papers products
comprising a co-processed microfibrillated cellulose and inorganic particulate material
composition may have improved oil resistance (as measured using an oil based-
solution of Sudan Red IV in dibutyl phthalate using an IGT printing unit) as compared
to the coated paper product devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition. For example, the coated paper products
comprising a co-processed microfibrillated cellulose and inorganic particulate material
composition may have an oil resistance which is about 2% greater, about 4% greater,
about 6% greater, about 8% greater, or about 10% greater than the coated paper
products devoid of the co-processed microfibrillated cellulose and inorganic
particulate material composition (e.g., the coated paper product has the same filler

loading).

Improved Paper Making and Sheet Properties

In some embodiments, the paper products comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition allow for improved processes

for making such paper products. For instance, by including a co-processed
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microfibrillated cellulose and inorganic particulate material composition in the paper
furnish, the wet end processing of the paper base may not require pre-treatment (e.g.,
addition of cationic polymers). In addition, as compared to a paper furnish including
microfibrillated cellulose, a paper furnish including a co-processed microfibrillated
cellulose and inorganic particulate material composition has lower or no change in
cationic demand, improved retention, and improved formation. In some embodiments
in which retention is improved by the co-processed microfibrillated cellulose and
inorganic particulate material composition used in the paper product, use of retention
aids may be reduced or eliminated and damage to the paper products resulting from

the retention aids may be avoided.

Cationic demand of a sample of papermaking furnish is indicated by the amount of
highly charged cationic polymer required to neutralize its surface. A streaming
current test may be used to determine cationic demand, based on the amount of
cationic titrant (e.g., poly-DADMAC) required to reach a zero signal. Another way to
determine the endpoint is by evaluating the zeta potential after each incremental
addition of titrant. Another strategy for determining cationic demand is to mix the
sample with a known excess of cationic titrant, filter to remove the solids, and then
back-titrate to a color endpoint (colloidal titration). In embodiments, the cationic
demand of a papermaking furnish comprising the co-processed microfibrillated
cellulose and inorganic particulate material composition is comparable to or less than
the cationic demand of a papermaking furnish devoid of the co-processed
microfibrillated cellulose and inorganic particulate material composition (e.g., the

paper furnish has the same filler loading).

In an embodiment, cationic demand (also known as ‘anionic charge’) is measured
using a Mutek PCD 03 Titrator in accordance with the method described below in the

‘Examples’.

Retention is a general term for the process of keeping fine particles and fibre fines
within the web of paper as it is being formed. First-pass retention gives a practical
indication of the efficiency by which these fine materials are retained in the web of
paper as it is being formed. In certain embodiments, the first-pass retention of a
paper furnish comprising the co-processed microfibrillated cellulose and inorganic

particulate material composition is greater, for example, at least about 2% greater,



10

15

20

25

30

35

WO 2012/066308 PCT/GB2011/052181

10

about 5% greater, or about 10% greater than a paper furnish devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition
(e.g., the paper furnish has the same filler loading).

In an embodiment, first-pass retention is determined on the basis of the solids
measurement in the headbox (HD) and in the white water (WW) tray and is calculated
according to the following formula:

Retention = [(HBsoiigs ~WWsojigs)/HBsoiias] X 100

Ash retention (as determined by incineration) during paper formation may be
improved in paper products formed from a paper furnish comprising the co-processed
microfibrillated cellulose and inorganic particulate material composition compared to a
paper furnish devoid of the co-processed microfibrillated cellulose and inorganic
particulate material composition (e.g., the paper furnish has the same filler loading).
In embodiments, as retention during paper formation formed from a paper furnish
comprising the co-processed microfibrillated cellulose and inorganic particulate
material composition is at least about 5%, at least about 10%, at least about 15%, at
least about 20%, or at least about 25% greater than a paper furnish devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition
(e.g., the paper furnish has the same filler loading).

In an embodiment, ash retention is determined following the same principles as first-
pass retention, but based on the weight of the ash component in the headbox (HB)

and in the white water (WW) tray, and is calculated according to the following formula:

Ash retention = [(HBash — WWgn)/HBasn] X 100

Paper formation is the resulting non-uniform distribution of fibers, fiber fragments,
mineral fillers, and chemical additives on the paper forming web. Formation may be
characterized by the small-scale basis weight variation in the plane of the paper
sheet. Another way of describing formation is the variability of the basis weight of
paper. The uneven structure of paper may be seen with the naked eye at length
scales ranging from fractions of a millimeter to a few centimeters. In certain
embodiments, the formation index (PTS) of a paper furnish comprising the co-

processed microfibrillated cellulose and inorganic particulate material composition is
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at least about 5% less, about 10% less, about 15% less, about 20%, or about 25%
less than a paper furnish devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition (e.g., the paper furnish has the same filler

loading).

In an embodiment, formation index (PTS) is determined using the DOMAS software
developed by PTS in accordance with the measurement method described in section
10-1 of their handbook, ‘DOMAS 2.4 User Guide'.

In other embodiments, a paper board product comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may have

improved foldability and/or crack resistance.

Paper products comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition also may have a combination of improved sheet
properties. For example, the paper product sheets comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have
improved strength properties and improved formation. Without being bound by a
particular theory, such a combination is surprising because it is believed that
additional refining or fibrillation undesirably damages paper formation due to reduced
stability that leads to a propensity to flocculate, but may increase paper sheet

strength.

In other embodiments, the paper product sheets comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have
improved tensile strength, tear strength and z-direction strength (internal bond). This
is surprising since normally in pulp refining, as tensile strength increases, tear
strength and/or z-directional strength will decrease. For example, paper product
sheets comprising a co-processed microfibrillated cellulose and inorganic particulate
material composition may have a tensile strength which is at least about 2% greater,
at least about 3% greater, at least about 4% greater, at least about 5% greater, at
least about 6% greater, at least about 7% greater, at least about 8% greater, at least
about 9%, at least about 10% greater, at least about 12 % greater, at least about 15%
greater, or at least about 20% greater than paper product sheets devoid of the co-

processed microfibrillated cellulose and inorganic particulate material composition
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(e.g., the paper product sheet has the same filler loading). In other embodiments,
paper product sheets comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a tear strength which is at least
about 5% greater, at least about 10% greater, at least about 15% greater, at least
about 20% greater, or at least about 25% greater than paper product sheets devoid of
the co-processed microfibrillated cellulose and inorganic particulate material
composition (e.g., the paper product sheet has the same filler loading). In other
embodiments the paper product sheets comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition have a combination of
improved tensile strength and improved tear strength. For example, paper product
sheets comprising a co-processed microfibrillated cellulose and inorganic particulate
material composition may have a tensile strength which is from about 2% to about
10% greater than paper product sheets devoid of the co-processed microfibrillated
cellulose and inorganic particulate material composition, and a tear strength from
about 5% to about 25% greater than paper product sheets devoid of the co-
processed microfibrillated cellulose and inorganic particulate material composition.

In an embodiment, tear strength is determined in accordance with TAPPI method T

414 om-04 (Internal tearing resistance of paper (EImendorf-type method).

In other embodiments, the paper product sheets comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition have
improved tensile strength and improved scatter (i.e., optical) properties, e.g., sheet
light scattering and sheet light absorption. Again, this is surprising since normally, as
tensile strength increases, sheet light scatter decreases. In certain embodiments the
paper product sheets comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a sheet light scattering
coefficient (in m?kg™, measured using filters 8 and 10) which is at least about 2%
greater, at least about 3% greater, at least about 4% greater, at least about 5%
greater, at least about 6% greater, at least about 7% greater, at least about 8%
greater, at least about 9% greater, or at least about 10% greater than paper product
sheets devoid of the co-processed microfibrillated cellulose and inorganic particulate
material composition (e.g., the paper product sheet has the same filler loading). In
other embodiments the paper product sheets comprising a co-processed

microfibrillated cellulose and inorganic particulate material composition have a
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combination of improved tensile strength and/or improved tear strength, and improved
light scattering. For example, paper product sheets comprising a co-processed
microfibrillated cellulose and inorganic particulate material composition may have a
tensile strength which is from about 2% to about 10% greater than paper product
sheets devoid of the co-processed microfibrillated cellulose and inorganic particulate
material composition, and/or a tear strength from about 5% to about 25% greater than
paper product sheets devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition, and a sheet light scattering coefficient (in
m’kg™", measured using filters 8 and 10) which is from about 2% to about 10%
greater, for example, from about 2% to about 5% greater than paper product sheets
devoid of the co-processed microfibrillated cellulose and inorganic particulate material

composition (e.g., the paper product sheet has the same filler loading).

In an embodiment, sheet light scattering and absorption coefficients are measured
using reflectance data from an Elrepho instrument: R inf = reflectance of stack of 10
sheets, Ro = reflectance of 1 sheet over a black cup, and these values and the
substance (gm?) of the sheet are inputted into the Kubelka - Munk equations
described in "Paper Optics" by Nils Pauler, (published by Lorentzen and Wettre, ISBN
91-971- 765-6-7), p. 29-36.

Bursting strength is widely used as a measure of resistance to rupture in many kinds
of paper. In certain embodiments, the paper product sheets comprising a co-
processed microfibrillated cellulose and inorganic particulate material composition
may have a burst strength which is at least about 5% greater, at least about 10%
greater, at least about 15% greater, at least about 20% greater, or at least about 25%
greater than paper product sheets devoid of the co-processed microfibrillated
cellulose and inorganic particulate material composition (e.g., the paper product sheet

has the same filler loading).

In an embodiment, Burst Strength is determined using a Messemer Blichnel burst
tester according to SCAN P 24.

In certain embodiments, such improved paper product sheet properties may be
achieved in paper product sheets comprising a co-processed microfibrillated cellulose

and inorganic particulate material composition including microfibrillated cellulose
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having a dso ranging from about 25 ym to about 250 ym, more preferably from about
30 um to about 150 uym, even more preferably from about 50 um to about 140 um, still
more preferably from about 70 ym to about 130 um, and most preferably from about
50 um to about 120 um. In particular embodiments, the microfibrillated cellulose of
the co-processed microfibrillated cellulose and inorganic particulate material
composition has a high steepness (as defined below) directed towards a desired dso.
In one embodiment, a steep particle size distribution of the microfibrillated cellulose
may be produced by microfibrillation of the fibrous substrate comprising cellulose in
the presence of the inorganic particulate material in a batch process in which the
resulting co-processed microfibrillated cellulose and inorganic particulate material
composition having the desired microfibrillated cellulose steepeness may be washed

out of the micrifibrillation apparatus with water or any other liquid.

In certain embodiments, the microfibrillated cellulose of the co-processed
microfibrillated cellulose and inorganic particulate material composition has a
monomodal particle size distribution. In other embodiments, the microfibrillated
cellulose of the co-processed microfibrillated cellulose and inorganic particulate
material composition has a multimodal particle size distribution produced by, for
example, less or partial microfibrillation of the fibrous substrate comprising cellulose
in the presence of the inorganic particulate material.

Coatings

In certain embodiments, the coatings may comprise a co-processed microfibrillated
cellulose and inorganic particulate material composition. The coatings comprising a
co-processed microfibrillated cellulose and inorganic particulate material composition
may also be used as functional papers such as those used for liquid packaging,
barrier coatings, or printed electronics applications. For example, the functional
coating may be a barrier layer, e.g., a liquid barrier layer, or the functional coating
may be a printed electronics layer.

The coating comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition may be applied to a paper product to produce a
paper product or paper coating having greater strength properties (e.g., tensile

strength, tear strength and stiffness), greater gloss, and/or improved print properties
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(e.g., print gloss, snap, print density, or percent missing dots). For example, the
paper product coated with a coating comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition may have a tensile strength
about 5% greater, about 10% greater, or about 20% greater than a tensile strength of
the paper product coated with a coating devoid of a co-processed microfibrillated
cellulose and inorganic particulate material composition. In certain embodiments, the
paper product coated with a coating comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition may have a tear strength
about 5% greater, about 10% greater, or about 20% greater than a tear strength of
the paper product coated with a coating devoid of a co-processed microfibrillated
cellulose and inorganic particulate material composition. In certain embodiments, the
paper product coated with a coating comprising a co-processed microfibrillated
cellulose and inorganic particulate material composition may have a stiffness about
5% greater, about 10% greater, or about 20% greater than a stiffness of the paper
product coated with a coating devoid of a co-processed microfibrillated cellulose and
inorganic particulate material composition. In some embodiments, the paper product
coated with a coating comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a gloss about 5% greater, about
10% greater, or about 20% greater than a gloss of the paper product coated with a
coating devoid of a co-processed microfibrillated cellulose and inorganic particulate
material composition. In some embodiments, the paper product coated with a coating
comprising a co-processed microfibrillated cellulose and inorganic particulate material
composition may have a barrier property which is improved compared to barrier
property of the paper product coated with a coating devoid of a co-processed
microfibrillated cellulose and inorganic particulate material composition. The barrier
property may be selected from the rate at which one or more of oxygen, moisture,
grease and aromas pass (i.e., transmitted) pass through the coated paper product.
The coating comprising a co-processed microfibrillated cellulose and inorganic
particulate material composition may therefore slow down or ameliorate (i.e.,
decrease) the rate at which one or more of oxygen, moisture, grease and aromas
pass through the coated paper product.

In embodiments, tensile strength, tear strength and gloss are determined in
accordance with the methods described above.
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In embodiments, stiffness (i.e., elastic modulus) is determined in accordance with the
stiffness measurement method described in J.C.Husband, L.F.Gate, N.Norouzi, and
D.Blair, “The Influence of kaolin Shape Factor on the Stiffness of Coated Papers”,
TAPPI Journal, June 2009, p. 12-17 (see in particular the section entitled
‘Experimental Methods’); and J.C.Husband, J.S.Preston, L.F.Gate, A.Storer, and
P.Creaton, “The Influence of Pigment Particle Shape on the In-Plane tensile Strength
Properties of Kaolin-based Coating Layers”, TAPPI Journal, December 2006, p.3-8

(see in particular the section entitled ‘Experimental Methods’).

In an embodiment, the inorganic particulate material is kaolin. Advantageously, the

kaolin is a platy kaolin or a hyper-play kaolin.

Dispersible Compositions

In certain embodiments, the co-processed microfibrillated cellulose and inorganic
particulate material composition may be in the form of a dry or substantially dry, re-
dispersable composition, as produced by the processes described herein or by any
other drying process known in the art (e.g., freeze-drying). The dried co-processed
microfibrillated cellulose and inorganic particulate material composition may be easily
dispersed in agueous or non-aqueous medium (e.g., polymers).

Thus, in accordance with the third aspect of the present invention, there is provided a
polymer composition comprising the co-processed microfibrillated cellulose and
inorganic particulate material composition described herein.

The polymer composition may comprise at least about 0.5 wt. %, at least about 5 wt.
%, at least about 10 wt. %, at least about 15 wt. %, at least about 20 wt. %, at least
about 25 wt. %, at least about 30 wt. %, or at least about 35 wt. % of a co-processed
microfibrillated cellulose and inorganic particulate material composition, based on the
total weight of the polymer composition. Generally, the polymer will comprise no
more than about 50 wt. %, for example, no more than about 45 wt. %, or no more
than about 40 wt. % of a co-processed microfibrillated cellulose and inorganic
particulate material composition. In a particular embodiment, the polymer
composition comprises from about 25% to about 35% wt. % of a co-processed

microfibrillated cellulose and inorganic particulate material composition. The fibre
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content of the co-processed microfibrillated cellulose and inorganic particulate
material composition may be at least about 2 wt. %, at least about 3 wt. %, at least
about 4 wt. %, at least about 5 wt. %, at least about 6 wt. %, at least about 7 wt. %, at
least about 8 wt. %, at least about 10 wt. %, at least about 11 wt. %, at least about 12
wt. %, at least about 13 wt. %, at least about 14 wt. % or at least about 15. wt. %.
Generally, the fibre content of the co-processed microfibrillated cellulose and
inorganic particulate material composition will be less than about 25 wt. %, for

example, less than about 20 wt. %.

The polymer may comprise any natural or synthetic polymer or mixture thereof. The
polymer may, for example, be thermoplastic or thermoset. The term “polymer” used
herein includes homopolymers and/or copolymers, as well as crosslinked and/or
entangled polymers.

Polymers, including homopolymers and/or copolymers, comprised in the polymer
composition of the present invention may be prepared from one or more of the
following monomers: acrylic acid, methacrylic acid, methyl methacrylate, and alkyl
acrylates having 1-18 carbon atoms in the alkyl group, styrene, substituted styrenes,
divinyl benzene, diallyl phthalate, butadiene, vinyl acetate, acrylonitrile,
methacrylonitrile, maleic anhydride, esters of maleic acid or fumaric acid,
tetrahydrophthalic acid or anhydride, itaconic acid or anhydride, and esters of itaconic
acid, with or without a cross-linking dimer, trimer, or tetramer, crotonic acid, neopentyl
glycol, propylene glycol, butanediols, ethylene glycol, diethylene glycol, dipropylene
glycol, glycerol, cyclohexanedimethanol, 1,6 hexanediol, trimethyolpropane,
pentaerythritol,  phthalic  anhydride, isophthalic acid, terephthalic acid,
hexahydrophthalic anyhydride, adipic acid or succinic acids, azelaic acid and dimer
fatty acids, toluene diisocyanate and diphenyl methane diisocyanate. Copolymers

comprising methyl methacrylate and styrene monomers are preferred.

The polymer may be selected from one or more of polymethylmethacrylate (PMMA),
polyacetal, polycarbonate, polyacrylonitrile, polybutadiene, polystyrene, polyacrylate,
polypropylene, epoxy polymers, unsaturated polyesters, polyurethanes,
polycyclopentadienes and copolymers thereof. Suitable polymers also include liquid
rubbers, such as silicones.
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Preparation of the polymer compositions of the present invention can be
accomplished by any suitable mixing method known in the art, as will be readily
apparent to one of ordinary skill in the art.

Such methods include blending of the individual components or precursors thereof
and subsequent processing in a conventional manner. Certain of the ingredients can,

if desired, be pre-mixed before addition to the compounding mixture.

In the case of thermoplastic polymer compositions, such processing may comprise
melt mixing, either directly in an extruder for making an article from the composition,
or pre-mixing in a separate mixing apparatus. Dry blends of the individual

components can alternatively be directly injection moulded without pre-melt mixing.

The polymer composition can be prepared by mixing of the components thereof
intimately together. The said co-processed microfibrillated cellulose and inorganic
particulate material composition may then be suitably blended with the polymer and
any desired additional components, before processing as described above.

For the preparation of cross-linked or cured polymer compositions, the blend of
uncured components or their precursors, and, if desired, the co-processed
microfibrillated cellulose and inorganic particulate material composition and any
desired non-perlite component(s), will be contacted under suitable conditions of heat,
pressure and/or light with an effective amount of any suitable cross-linking agent or
curing system, according to the nature and amount of the polymer used, in order to

cross-link and/or cure the polymer.

For the preparation of polymer compositions where the co-processed microfibrillated
cellulose and inorganic particulate material composition and any desired other
component(s) are present in situ at the time of polymerisation, the blend of
monomer(s) and any desired other polymer precursors, co-processed microfibrillated
cellulose and inorganic particulate material composition and any other component(s)
will be contacted under suitable conditions of heat, pressure and/or light, according to
the nature and amount of the monomer(s) used, in order to polymerise the
monomer(s) with the perlite and any other component(s) in situ.
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The 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 fibrous substrate comprising cellulose may be in the form of a
pulp (i.e., a suspension of cellulose fibres in water), which may be prepared by any
suitable chemical or mechanical treatment, or combination thereof. For example, the
pulp may be a chemical pulp, or a chemithermomechanical pulp, or a mechanical
pulp, or a recycled pulp, or a papermill broke, or a papermill waste stream, or waste
from a papermill, or a combination thereof. The cellulose pulp may be beaten (for
example in a Valley beater) and/or otherwise refined (for example, processing in a
conical or plate refiner) to any predetermined freeness, reported in the art as
Canadian standard freeness (CSF) in cm®. CSF means a value for the freeness or
drainage rate of pulp measured by the rate that a suspension of pulp may be drained.
For example, the cellulose pulp may have a Canadian standard freeness of about 10
cm?® or greater prior to being microfibrillated. The cellulose pulp may have a CSF of
about 700 cm?® or less, for example, equal to or less than about 650 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 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 cm?®, 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 cm?, or
equal to or less than about 50 cm®. The cellulose pulp may then be dewatered by
methods well known in the art, for example, the pulp may be filtered through a screen
in order to obtain a wet sheet comprising at least about 10% solids, for example at
least about 15% solids, or at least about 20% solids, or at least about 30% solids, or
at least about 40% solids. The pulp may be utilised in an unrefined state, that is to

say without being beaten or dewatered, or otherwise refined.

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
the grinder vessel. The aqueous environment in the grinder vessel will then facilitate

the formation of a pulp.

The inorganic particulate material
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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 magnesium
hydroxide, or aluminium trihydrate, or combinations thereof.

A preferred inorganic particulate material for use in the method according to the first
aspect of 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.

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

dispersant and biocides, which may be added at any stage of the process.

Precipitated calcium carbonate (PCC) may be used as the source of particulate
calcium carbonate in the present invention, and may be produced by any of the
known methods available in the art. TAPPI Monograph Series No 30, "Paper Coating
Pigments", pages 34-35 describes the three main commercial processes for
preparing precipitated calcium carbonate which is suitable for use in preparing
products for use in the paper industry, but may also be used in the practice of the
present invention. In all three processes, a calcium carbonate feed material, such as
limestone, is first calcined to produce quicklime, and the quicklime is then slaked in

water to yield calcium hydroxide or milk of lime. In the first process, the milk of lime is



10

15

20

25

30

35

WO 2012/066308 PCT/GB2011/052181

21

directly carbonated with carbon dioxide gas. This process has the advantage that no
by-product is formed, and it is relatively easy to control the properties and purity of the
calcium carbonate product. In the second process the milk of lime is contacted with
soda ash to produce, by double decomposition, a precipitate of calcium carbonate
and a solution of sodium hydroxide. The sodium hydroxide may be substantially
completely separated from the calcium carbonate if this process is used
commercially. In the third main commercial process the milk of lime is first contacted
with ammonium chloride to give a calcium chloride solution and ammonia gas. The
calcium chloride solution is then contacted with soda ash to produce by double
decomposition precipitated calcium carbonate and a solution of sodium chloride. The
crystals can be produced in a variety of different shapes and sizes, depending on the
specific reaction process that is used. The three main forms of PCC crystals are
aragonite, rhombohedral and scalenohedral (e.g., calcite), all of which are suitable for

use in the present invention, including mixtures thereof.

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.

In some circumstances, minor additions of other minerals may be included, for
example, one or more of kaolin, calcined kaolin, wollastonite, bauxite, talc or mica,

could also be present.

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 with other minerals. Thus, in some embodiments, the
inorganic particulate material includes an amount of impurities. In general, however,
the inorganic particulate material used in the invention will contain less than about 5%

by weight, preferably less than about 1% by weight, of other mineral impurities.

The inorganic particulate material used during the microfibrillating step of the method

of the present invention will preferably have a particle size distribution in which at
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least about 10% by weight of the particles have an e.s.d of less than 2um, 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 2um.

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 ds 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.

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.

In another embodiment, the inorganic particulate material used during the
microfibrillating step of the method of the present invention will preferably have a

particle size distribution, as measured using a Malvern Mastersizer S machine, in
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which at least about 10% by volume of the particles have an e.s.d of less than 2um,
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 2um.

Unless otherwise stated, particle size properties of the microfibrillated cellulose
materials are as 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).

Details 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.

Another preferred inorganic particulate material for use in the method according to the
first aspect of the present invention 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 is processed and/or treated. The invention should not be construed
as being limited to such embodiments. Thus, in some embodiments, kaolin is used in

an unprocessed form.

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.

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

after the sodium hydrosulfite bleaching step.

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 invention may be untreated in the form of a solid

Or as an aqueous suspension.

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

size distribution.

The microfibrillating process

In accordance with the first aspect of the invention, there is provided a method of
preparing a composition for use as a filler in paper or as a paper coating, comprising
a step of microfibrillating a fibrous substrate comprising cellulose in the presence of
an inorganic particulate material. According to particular embodiments of the present
methods, the microfibrillating step is conducted in the presence of an inorganic

particulate material which acts as a microfibrillating agent.

By microfibrillating is meant a process in which microfibrils of cellulose are liberated
or partially liberated as individual species or as smaller aggregates as compared to
the fibres of the pre-microfibrillated pulp. Typical cellulose fibres (i.e., pre-
microfibrillated pulp) 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
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characteristic and properties described herein, are imparted to the microfibrillated
cellulose and the compositions including the microfibrillated cellulose.

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

described in greater detail below.

e wet-grinding

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, i.e., one in the absence of a grinding medium. By
grinding medium is meant a medium other than the inorganic particulate material

which is co-ground with the fibrous substrate comprising cellulose.

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 include, 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. For example, in some embodiments a
Carbolite® grinding media is preferred. Alternatively, particles of natural sand of a

suitable particle size may be used.

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.
Preferably, the particulate grinding medium comprises particles having an average
diameter in the range of from about 0.1mm to about 6.0mm and, more preferably, in
the range of from about 0.2mm to about 4.0mm. The grinding medium (or media)
may be present in an amount up to about 70% by volume of the charge. The grinding
media may be present in amount of at least about 10% by volume of the charge, for
example, at least about 20 % by volume of the charge, or at least about 30% by
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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.

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. The coarse inorganic particulate material used in accordance with the first
aspect of this invention initially may have a particle size distribution in which less than
about 20% by weight of the particles have an e.s.d of less than 2um, for example,
less than about 15% by weight, or less than about 10% by weight of the particles
have an e.s.d. of less than 2um. In another embodiment, the coarse inorganic
particulate material used in accordance with the first aspect of this invention initially
may have a particle size distribution, as measured using a Malvern Mastersizer S
machine, in which less than about 20% by volume of the particles have an e.s.d of
less than 2um, for example, less than about 15% by volume, or less than about 10%

by volume of the particles have an e.s.d. of less than 2um

The coarse 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 preferably ground in an aqueous suspension in the
presence of a grinding medium. In such a suspension, the coarse inorganic
particulate material may preferably be present in an amount of from about 5% to
about 85% by weight of the suspension; more preferably in an amount of from about
20% to about 80% by weight of the suspension. Most preferably, the coarse
inorganic particulate material may be present in an amount of about 30% to about
75% by weight of the suspension. As described above, the coarse inorganic
particulate material may be ground to a particle size distribution such that at least
about 10% by weight of the particles have an e.s.d of less than 2um, 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% by weight of the particles,
have an e.s.d of less than 2um, after which the cellulose pulp is added and the two

components are co-ground to microfibrillate the fibres of the cellulose pulp. In
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another embodiment, the coarse inorganic particulate material is ground to a particle
size distribution, as measured using a Malvern Mastersizer S machine such that at
least about 10% by volume of the particles have an e.s.d of less than 2um, 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% by volume of
the particles, have an e.s.d of less than 2um, after which the cellulose pulp is added
and the two components are co-ground to microfibrillate the fibres of the cellulose

pulp

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 dsg of 2.5 ym 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. In certain embodiments, the
mean particle size of the inorganic particulate material is not significantly reduced
during the co-grinding process. By ‘not significantly reduced’ is meant that the dso of
the inorganic particulate material is reduced by less than about 10%, for example, the

dso of the inorganic particulate material is reduced by less than about 5%.

The fibrous substrate comprising cellulose may be microfibrillated in the presence of
an inorganic particulate material to obtain microfibrillated cellulose having a dsg
ranging from about 5 to um about 500 um, as measured by laser light scattering. The
fibrous substrate comprising cellulose may be microfibrillated in the presence of an
inorganic particulate material to obtain microfibrillated cellulose having a ds, 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 ym, 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 ym, 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
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70 um, or equal to or less than about 60 um, or equal to or less than about 50 ym, or
equal to or less than about 40 ym, or equal to or less than about 30 um, or equal to or

less than about 20 um, or equal to or less than about 10 uym.

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

The fibrous substrate comprising cellulose may be microfibrillated in the presence of
an inorganic particulate material to obtain microfibrillated cellulose having a fibre
steepness equal to or greater than about 10, as measured by Malvern. Fibre
steepness (i.e., the steepness of the particle size distribution of the fibres) is

determined by the following formula:

Steepness = 100 x (dso/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.

The grinding is suitably performed in a grinding vessel, such as a tumbling mill (e.g.,
rod, ball and autogenous), a stirred mill (e.g., SAM or IsaMill), a tower mill, a stirred
media detritor (SMD), or a grinding vessel comprising rotating parallel grinding plates

between which the feed to be ground is fed.

In one embodiment, the grinding vessel is a tower mill. The tower mill may comprise

a quiescent zone above one or more grinding zones. A quiescent zone is a region
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located towards the top of the interior of tower mill in which minimal or no grinding
takes place and comprises microfibrillated cellulose and inorganic particulate
material. The quiescent zone is a region in which particles of the grinding medium

sediment down into the one or more grinding zones of the tower mill.

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.

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 inorganic particulate material

and to enhance grinding media sedimentation.

In an embodiment, the grinding is 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 be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>