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(57) Abrégé/Abstract:
The present invention relates to a method for preparing loaded paper pulp for use in the manufacture of paper or paper board. At
least one process stream containing a plurality of unrefined pulp fibers and at least one process stream of at least one filler are
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(57) Abrégé(suite)/Abstract(continued):
combined in a refiner to form a loaded paper pulp composition having a plurality of surface enhanced pulp fibers that are loaded
with particles of the at least one filler.
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(57) Abstract: The present invention relates to a method for preparing loaded paper pulp for use in the manufacture of paper or paper
board. At least one process stream containing a plurality of unrefined pulp fibers and at least one process stream of at least one filler
are combined in a refiner to form a loaded paper pulp composition having a plurality of surface enhanced pulp fibers that are loaded
with particles of the at least one filler.
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METHOD FOR PRODUCTION OF FILLER LOADED SURFACE ENHANCED
PULP FIBERS

FIELD

{8001} The present invention relates generally to the process of preparing
surface enhanced pulp fibers loaded with at least one filler, and maore particularly, to
increasing the deposition and retention of these filiers in surface enhanced pulp

fibers for the subsequent manufacture of paper or paperboard products.
BACKGROUND

(0002 Inorganic material such as precipitated calcium carbonate (PCC) ground
calcium carbonate (GCC), clay and talc are used exiensively as fillers in the paper
making process. Filler loading levels of 12-25% are typical in current paper making
strategy to improve optical properties of the paper such as brightness and opacity. in
some instances, the gconomics of substituting expensive fiber with inexpensive filler

lends added incentive.

(0003} To insure that the fillers remain with the fiber web and ultimately with the
paper product, retention aids are commonly used. Such exemplary conventional
retention aids include long chained polymeric compounds that are used to flocculate
the furnish and enhance the *filler-fiber” attachment. However, it is known that high
flocculation levels can lead to non-uniformity in the fiber web and poor paper

formation.

[0004] To circumvent this non-uniformity issue, a method to attach the filler
directly on to the fiber surfaces is described in U.S. Patent Nos. §731,080 and
5,824,364 to Cousin et al. In these patents, a slip stream of pulp furnish is refined to
low freeness (<70 Canadian standard freenass [csf) varsus the typical 450scf) and is
then treated o generate a highly loaded filler-fiber complex, which is then

recombinad with untreated pulp 1o produce a desirable filler level.

[0005] An alternative approach is dascribed in U.S. Patent No. 5,679,220 to
Matthew st al. and U.8. Patent No. 5,665,205 to Srivatsa et al, in which the entire
furnish is treated with nominal filler loadings without subjecting the pulp to high
refining levels (low freeness). However, this procedurs results in increases in capital

and operating costs due {o the treatment of larger pulp volumes.
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(00086} it is also known in the art {o produce fiber-filler complexes by contacting a
fiber slurry with slaked lime and carbon dioxide gas to precipitate calcium carbonate
(PCC). Such processes include a batch reaction process for obtaining a fiber-based
composite produced by precipitating calcium carbonate in situ in an agueous
suspension of fibers of expanded surface area having microfibrils on ther surface. In
this batch reaction process, the crysials of precipitated calcium carbonate (PCC) are
organized essentially in clusters of granules directly grafted on o the microfibrils
without any binders or retention aids such that the crystals trap the microfibrils by
reliable and non-labile bonding. It is believed that the complexing process relies on
anionic charges located on the fiber surfaces that act as nucleation sites to anchor
the calcium carbonate crystal on o the fiber. The precipitating calcium carbonate

physicaily binds on to the fiber at these sites.

(8007} Accordingly, there is a neead in the art to generate filler-fiber complexes
gasily and inexpensively. The prasent invention provides for a source of highly
fibrillated fiber having a high surface area (anchoring sites) that allows for the loading
of the refined fibers o a desired and consistent level with at least one filler during a

refining operation.
SUMMARY

[0008] Described herein is a method of making a loaded paper pulp composition
for use in the manufacture of paper products having desired/improved printing
characteristics, and particularly to a loaded paper pulp composition comprising highly
fibrillated surface enhanced pulp fibers that are integrally entangled and/or loaded
with at least one filler. In one aspect, one property of the highly fibrillated surface
enhanced pulp fibers disclosed herein is their ability to significantly increase fiber
bonding. It is contemplated that the strength enhancing properties of the surface
enhanced pulp fibers can be utilized to increase the physical properties of the
produced paper product and the use of the filler can be utilized to reduce the cost of
the loaded paper pulp composition while maintaining the desired strength enhancing

properties of the surface enhanced pulp fibers.

[0009] In one aspect, a loaded paper pulp composition for use in the
manufacture of paper products can be produced by concurrently introducing a first

process stream containing a plurality of unrefined wood pulp fibers into a refiner and
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a second process stream containing at least one filler into a refiner, which can be
hardwood, softwood, or a combination of hardwood and softwood pulp fibers, into
the refiner. It is contemplated that the loaded paper pulp composition can be formed
at desired ratios of the selected filler and surface enhanced wood pulp fibers. A
resulting paper comprising the loaded paper pulp composition can exhibit enhanced
stiffness properties, enhanced filler retention and has more uniform z- and cross

direction filler profiles.

[0010] The refined surface enhanced pulp fibers can have, for example, a length
weighted average fiber length of at least about 0.2 millimeters, at least about 0.3
millimeters, or at least about 0.4 millimeters and an average hydrodynamic specific
surface area of at least about 10 square meters per gram or at least about 12 square
meters per gram after being refined in a mechanical refiner having a pair of ultrafine
refiner plates at a specific edge load of less than 0.2 Ws/m until an energy
consumption of at least 300 kWh/ton is reached. The length weighted average length
of the formed surface enhanced pulp fibers can be, for example, at least 60%, or
optionally, 70%, of the length weighted average length of the fibers prior to
introduction into the mechanical refiner. The increased average fiber length and
increase surface area of each of the surface enhanced pulp fibers increases the
available sites for entanglement/bonding of the filler and the surface enhanced pulp

fibers relative to the each other.

[0011] In accordance with the present invention, the surface enhanced pulp
fibers can comprise wood pulp refined with an energy input of at least 300 kwh/t and
preferably between about 400 to about 1,800 kwh/t. In this aspect, it is contemplated
that the number of surface enhanced pulp fibers can be at least 12,000
fibers/milligram on an oven-dry basis. In another aspect, the surface enhanced pulp
fibers can have an average hydrodynamic specific surface area that can be at least 4
times greater or at least 6 time greater than the average specific surface area of the

unrefined wood pulp fibers prior to introduction into the refiner for fibrillation.

[0012] In another aspect, the at least one filler can comprise a plurality of crystals
of calcium carbonate, CaCQO3 (PCC). In this aspect, it is contemplated that the
plurality of crystals of PCC can be directly entangled therein the plurality of surface

enhanced pulp fibers by mechanical bonding, without binders or retention aids
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present at the interface between the crystals of PCC and the formed surface

enhanced pulp fibers.

[0013] Various implementations described in the present disclosure can include
additional systems, methods, features, and advantages, which can not necessarily
be expressly disclosed herein but will be apparent to one of ordinary skill in the art
upon examination of the following detailed description and accompanying
drawings. It is intended that all such systems, methods, features, and advantages

be included within the present disclosure and protected by the accompanying claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The features and components of the following figures are illustrated to
emphasize the general principles of the present disclosure. Corresponding features
and components throughout the figures can be designated by matching reference

characters for the sake of consistency and clarity.

[0015] Figure 1 is a schematic block diagram illustrating a system for making a

loaded paper pulp composition according to the present invention.

[0016] Figure 2 is a magnified (500X) SEM picture showing a plurality of highly
fibrillated surface enhanced pulp fibers that are integrally bonded and/or entangled

with the filler particles of the at least one filler.

[0017] Figure 3 is a table showing the ash retention relative to the addition point
of the at least one filler in the production process of a loaded paper pulp

composition.
DETAILED DESCRIPTION

[0018] The present invention can be understood more readily by reference to the
following detailed description, examples, drawings, and claims, and their previous
and following description. However, before the present devices, systems, and/or
methods are disclosed and described, it is to be understood that this invention is not
limited to the specific devices, systems, and/or methods disclosed unless otherwise
specified, and, as such, can, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular aspects only and

is not intended to be limiting.
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[0019] The following description of the invention is provided as an enabling
teaching of the invention in its best, currently known embodiment. To this end, those
skilled in the relevant art will recognize and appreciate that many changes can be
made to the various aspects of the invention described herein, while still obtaining
the beneficial results of the present invention. It will also be apparent that some of
the desired benefits of the present invention can be obtained by selecting some of
the features of the present invention without utilizing other features. Accordingly,
those who work in the art will recognize that many modifications and adaptations to
the present invention are possible and can even be desirable in certain
circumstances and are a part of the present invention. It will also be apparent that
the various aspects of the invention described herein may be added to other existing
measurement devices/systems as an embodiment of the present invention. Thus,
the following description is provided as illustrative of the principles of the present

invention and not in limitation thereof.

” o

[0020] As used throughout, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference
to “a refiner” can include two or more such refiners unless the context indicates

otherwise.

[0021] Ranges can be expressed herein as from “about” one particular value,
and/or to “about” another particular value. When such a range is expressed, another
aspect includes from the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by use of the antecedent
“about,” it will be understood that the particular value forms another aspect. It will be
further understood that the endpoints of each of the ranges are significant both in

relation to the other endpoint, and independently of the other endpoint.

[0022] As used herein, the terms “optional” or “optionally” mean that the
subsequently described event or circumstance can or cannot occur, and that the
description includes instances where said event or circumstance occurs and

instances where it does not.

[0023] The word “or” as used herein means any one member of a particular list

and also includes any combination of members of that list. Further, one should note

” o ” o

that conditional language, such as, among others, “can,” “could,” “might,” or “can,”
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unless specifically stated otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain aspects include, while other
aspects do not include, certain features, elements and/or steps. Thus, such
conditional language is not generally intended to imply that features, elements and/or
steps are in any way required for one or more particular aspects or that one or more
particular aspects necessarily include logic for deciding, with or without user input or
prompting, whether these features, elements and/or steps are included or are to be

performed in any particular embodiment.

[0024] Disclosed are components that can be used to perform the disclosed
methods and systems. These and other components are disclosed herein, and it is
understood that when combinations, subsets, interactions, groups, etc. of these
components are disclosed that while specific reference of each various individual
and collective combinations and permutation of these may not be explicitly disclosed,
each is specifically contemplated and described herein, for all methods and systems.
This applies to all aspects of this application including, but not limited to, steps in
disclosed methods. Thus, if there are a variety of additional steps that can be
performed it is understood that each of these additional steps can be performed with

any specific embodiment or combination of embodiments of the disclosed methods.

[0025] The present methods and systems may be understood more readily by
reference to the following detailed description of preferred embodiments and the
Examples included therein and to the Figures and their previous and following

description.

(80286} Disclosed herein are surface enhanced pulp fibers that are loaded with at
least one filler and a method for loading surface enhanced pulp fibers with at least
one filler. In genaral, the invention provides an improved process for increasing the
deposition and retention of particulate fillers on highly fibrillated surface enhanced
pulp fibars for the manufacture of paper, paperboard products and the like. Inone
exemplary aspect, the fillers can comprise precipitated calcium carbonate (PCC).
However, it is also contemplated that other particulste filler, such as, for example
and without limitation, talc, clay, silica based pigments, aluminum based pigments,

and the like, may be added {0 the surface enhanced pulp fibers.
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[0027] Disclosed herein are methodologies for the production of a loaded paper
pulp composition for use in the manufacture of paper products. In this aspect, the
loaded paper pulp composition can comprise a plurality of highly fibrillated surface
enhanced pulp fibers that has at least one filler entangled/mechanically bonded to
the exterior surface of the plurality of surface enhanced pulp fibers at a desired
weight percentage. In a further aspect, the distribution of filler can be substantially
uniform across the plurality of surface enhanced pulp fibers in the formed loaded

paper pulp composition.

[0028] In one example, the loaded paper pulp composition can be formed by
introducing a first process stream containing a plurality of unrefined wood pulp fibers
into a refiner and introducing a second process stream containing at least one filler
into the refiner. The first and second process steams can be introduced into the
refiner concurrently, or optionally, at respective desired timed intervals for the first
and second process streams. As noted above, it is contemplated that the loaded
paper pulp composition can be formed at desired ratios of the selected filler and

unrefined wood pulp fibers.

[0029] In various aspects, the ratio of highly fibrillated surface enhanced pulp
fibers to at least one filler present in the loaded paper pulp composition can be about
1:5, preferably about 1:3, and most preferably about 1:1. It is contemplated that
additional at least one filler can be subsequently added, in combination with the
loaded paper pulp composition, downstream in the paper production process on a

weight basis to produce a paper product having a desired filler weight percentage.

[0030] Optionally, it is contemplated that the first and second process steams
can be combined at: i) an inlet of the refiner (in which unrefined pulp fibers are
combined with the at least one filler for subsequent concurrent refining to form the
loaded paper pulp composition having the desired ratios of the selected filler and
surface enhanced pulp fibers); ii) an outlet of the refiner (in which formed surface
enhanced pulp fibers are combined with the at least one filler to form the loaded
paper pulp composition having the desired ratios of the selected filler and surface
enhanced pulp fibers), or iii) downstream of the refiner and prior to the introduction of
the formed surface enhanced pulp fibers into a paper product production process (in
which formed surface enhanced pulp fibers are combined with the at least one filler

to form the loaded paper pulp composition having the desired ratios of the selected

7
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filler and surface enhanced pulp fibers). The contemplated combinations of the first
and second process streams allow for the mechanical deposition and entanglement
of the selected filler in situ on the fibrils of the highly fibrillated surface enhanced pulp
fibers without requiring the addition of an aqueous element, such as, for example

and without limitation, water.

[0031] Optionally, a first percentage of the at least one filler can be introduced
via the second process stream into the refiner at an inlet of the refiner, in which the
unrefined pulp fibers that are introduced into the refiner via the first process stream
are combined with the first percentage of the at least one filler for subsequent
concurrent refining to form the loaded paper pulp composition having a first desired
ratio of the at least one filler and the plurality of surface enhanced pulp fibers.
Subsequently, a second percentage of the at least one filler can be added
downstream of the refiner and prior to the introduction of the loaded paper pump
composition into a conventional refined pulp tank (which is typically prior to the
introduction of the formed loaded paper pump composition into a paper product
production process). This optional methodology allows for the selective increase of
the relative weight percentage of the at least one filler in the loaded paper pulp
composition to a final desired ratio of the at least one filler and the plurality of surface

enhanced pulp fibers.

[0032] In another aspect, the at least one filler can comprise a plurality of crystals
of calcium carbonate, CaCO3 (PCC). In this aspect, it is contemplated that the
plurality of crystals of PCC can be directly entangled therein the surface enhanced
pulp fibers by mechanical bonding, without binders or retention aids present at the
interface between said crystals of PCC and the formed surface enhanced pulp fibers.
The plurality of crystals of calcium carbonate can have an average particle size of
between about 0.05 micron to 10 micron, preferably between about 0.1 micron to 5

micron, and most preferred between about 0.5 micron to 3.0 micron.

[0033] Embodiments of the present invention relate generally to a loaded paper
pulp composition comprising surface enhanced pulp fibers, methods for producing
the loaded paper pulp composition comprising surface enhanced pulp fibers, and
products incorporating loaded paper pulp composition comprising surface enhanced
pulp fibers. The surface enhanced pulp fibers present in the loaded paper pulp

composition are fibrillated to an extent that provides desirable properties as set forth

8
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below and may be characterized as being highly fibrillated. In various embodiments,
the surface enhanced pulp fibers described herein have significantly higher surface
areas without significant reductions in fiber lengths, as compared to conventional
refined fibers, and without a substantial amount of fines being generated during
fibrillation. Such surface enhanced pulp fibers, with their significantly higher surface
areas without significant reductions in fiber lengths, can be useful in the uniform
loading of fillers in the loaded paper pulp composition without the necessary use of

binders or retention.

[0034] The pulp fibers that can be surface enhanced according to embodiments
of the present invention can originate from a variety of wood types, including
hardwood and softwood. Non-limiting examples of hardwood pulp fibers that can be
used in some embodiments of the present invention include, without limitation, oak,
gum, maple, poplar, eucalyptus, aspen, birch, and others known to those of skill in
the art. Non-limiting examples of softwood pulp fibers that can be used in some
embodiments of the present invention include, without limitation, spruce, pine, fir,
hemlock, southern pine, redwood, and others known to those of skill in the art. The
pulp fibers may be obtained from a chemical source (e.g., a Kraft process, a sulfite
process, a soda pulping process, etc.), a mechanical source, (e.g., a
thermomechanical process (TMP), a bleached chemi-thermomechanical process
(BCTMP), etc.), or combinations thereof. The pulp fibers can also originate from non-
wood fibers such as linen, cotton, bagasse, hemp, straw, kenaf, etc. The pulp fibers
can be bleached, partially bleached, or unbleached with varying degrees of lignin
content and other impurities. In some aspects, the pulp fibers can be recycled fibers

or post-consumer fibers.

[0035] The plurality of surface enhanced pulp fibers can be characterized
according to various properties and combinations of properties including, for
example, length, specific surface area, change in length, change in specific surface
area, surface properties (e.g., surface activity, surface energy, and the like),
percentage of fines, drainage properties (e.g., Schopper-Riegler), crill measurement
(fibrillation), water absorption properties (e.g., water retention value, wicking rate,
and the like), and various combinations thereof. While the following description may

not specifically identify each of the various combinations of properties, it will be
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understood by one skilled in the art that different surface enhanced pulp fibers may

possess one, more than one, or all of the properties described herein.

[0036] In various exemplary aspects, the surface enhanced pulp fibers can have
a length weighted average fiber length of at least about 0.2 millimeters, at least
about 0.3 millimeters, or at least about 0.4 millimeters and an average hydrodynamic
specific surface area of at least about 10 square meters per gram or, more preferred,
at least about 12 square meters per gram. In one non-limiting example, the surface
enhanced pulp fibers are formed by being fibrillated in a mechanical refine at a
specific edge load of less than 0.2 Ws/m until an energy consumption of at least 450
kWh/ton is reached. As used herein, “specific edge load” (or SEL) is aterm
understood to those of ordinary skill in the art to refer to the quotient of net applied
power divided by the product of rotating speed and edge length. SEL is used to

characterize the intensity of refining and is expressed as Watt-second/meter (Ws/m).

[0037] In a further aspect, it is contemplated that the number of surface
enhanced pulp fibers can be at least 12,000 fibers/milligram on an oven-dry basis.
As used herein, "oven-dry basis" means that the sample is dried in an oven set at
105° C for 24 hours.

[0038] As used herein, the length weighted average length is measured using a
LDAO2 Fiber Quality Analyzer or a LDA96 Fiber Quality Analyzer, each of which are
from OpTest Equipment, Inc. of Hawkesbury, Ontario, Canada, and in accordance
with the appropriate procedures specified in the manual accompanying the Fiber

Quality Analyzer.

[0039] The surface enhanced pulp fibers production methodology allows for the
preservation of the lengths of the fibers during the fibrillation process. In some
aspects, the plurality of surface enhanced pulp fibers can have a length weighted
average length that is at least 60% of the length weighted average length of the
fibers prior to fibrillation. A plurality of surface enhanced pulp fibers, according to
optional aspects, can have a length weighted average length that is at least 70% of

the length weighted average length of the fibers prior to fibrillation.

[0040] In a further aspect, the surface enhanced pulp fibers of the present
invention advantageously have large hydrodynamic specific surface areas which can

be useful in some applications, such the paper making process described herein. As

10
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noted above, the surface enhanced pulp fibers can have an average hydrodynamic
specific surface area of at least about 10 square meters per gram, and more
preferably at least about 12 square meters per gram. For illustrative purposes, a
typical unrefined papermaking fiber would generally have a hydrodynamic specific
surface area of about 2 m2/g. Further, a typical fiber that is refined conventional to a
low energy, such as less than 60 kwh/t or less than 100 kwh/t, would generally have
a hydrodynamic surface area that is less than a surface enhanced pulp fiber. As
used herein, hydrodynamic specific surface area is measured pursuant to the
procedure specified in Characterizing the Drainage Resistance of Pulp and
Microfibrillar Suspensions using Hydrodynamic Flow Measurements, N. Lavrykova-
Marrain and B. Ramarao, TAPPI's PaperCon 2012 Conference, available at

£ i s o ™ e S s gven £1 CIEY ADY A A D s s : :
Foariari T ari i anara MO ADRT TR aarmy
FADSrLONFIReIS TSP AN TID 380X, WNICN IS

hereby incorporated herein in its entirety by reference.

[0041] The hydrodynamic specific surface areas of the surface enhanced pulp
fibers are significantly greater than that of the fibers prior to fibrillation. In some
aspects, the plurality of surface enhanced pulp fibers can have an average
hydrodynamic specific surface area that is at least 4 times greater than the average
specific surface area of the fibers prior to fibrillation, preferably at least 6 times
greater than the average specific surface area of the fibers prior to fibrillation, and
most preferably at least 8 times greater than the average specific surface area of the

fibers prior to fibrillation.

[0042] As noted above, the surface enhanced pulp fibers used herein
advantageously have increased hydrodynamic specific surface areas while
preserving fiber lengths. It has been noted that the effective increase in the
hydrodynamic specific surface area can provide for increased fiber bonding,
absorbing water or other materials, retention of organics, higher surface energy, and

other positive effects.

[0043] In the refinement of pulp fibers to provide surface enhanced pulp fibers,
some aspects preferably minimize the generation of fines. As used herein, the term
"fines" is used to refer to pulp fibers having a length of 0.2 millimeters or less. In
some aspects, surface enhanced pulp fibers can have a length weighted fines value
of less than 40%, more preferably less than 22%, with less than 20% being most

preferred. As used herein, "length weighted fines value" is measured using a LDAO2

11
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Fiber Quality Analyzer or a LDA96 Fiber Quality Analyzer, each of which are from
OpTest Equipment, Inc. of Hawkesbury, Ontario, Canada, and in accordance with
the appropriate procedures specified in the manual accompanying the Fiber Quality

Analyzer.

[0044] In one aspect, the surface enhanced pulp fibers present in the loaded
paper pulp composition have a preserved length and relatively high specific surface
area without generation of a large number of fines during the production of the
surface enhanced pulp fibers. Further, the surface enhanced pulp fibers can
simultaneously possess one or more of the following properties: length weighted
average fiber length; change in average hydrodynamic specific surface area; and/or
surface activity properties. It is contemplated that such surface enhanced pulp fibers
can minimize the negative effects on drainage while also retaining or improving the

strength of products in which they are incorporated.

[0045] In one embodiment, a method for producing the loaded paper pulp
composition for use in the manufacture of paper products and the like can comprise
introducing a first process stream containing a plurality of unrefined hardwood pulp
fibers into an inlet of a mechanical refiner and a second process stream containing at
least one filler into the inlet of the refiner and refining the at least one filler and the
pulp fibers until an energy consumption of at least 300 kWh/ton is reached by the
refiner to produce the loaded paper pulp composition. Optionally, the introduction of
the respective first and second process streams can be done concurrently or in a
desired sequence to ensure the proper by weight loading of filler to wood fiber so
that the finished loaded paper pump composition which comprises has a desired

level of filler loading.

[0046] In a further embodiment, a method for producing the loaded paper pulp
composition for use in the manufacture of paper products and the like can comprise
introducing a first process stream of a plurality of unrefined pulp fibers into a refiner
and refining the plurality of unrefined pulp fibers in a refiner having at a specific edge
load of less than 0.2 Ws/m until an energy consumption of at least 300 kWh/ton is
reached to form a plurality of surface enhanced pulp fibers. In this aspect, the refiner
can have a pair of refiner plates that have a bar width of 1.0 millimeters or less and a
groove width of 1.6 millimeters or less. The formed surface enhanced pulp fibers

can have a length-weighted average fiber length of at least about 0.3 millimeters and
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an average hydrodynamic specific surface area of at least about 10 square meters
per gram. Further, it is contemplated that the length weighted average length of the
formed surface enhanced pulp fibers is at least 60% of the original length weighted
average length of the unrefined pulp fibers prior to fibrillation. Subsequently, a
second process stream containing at least one filler can be introduced into the
plurality of surface enhanced pulp fibers to form the loaded paper pulp composition.
It is contemplated in this aspect that the at least one filler can be substantially
uniformly distributed in the plurality of surface enhanced pulp fibers in the formed

loaded paper pulp composition.

[0047] In one aspect, the refiner can comprise a pair of refiner plates, in which
each refiner plate can have a bar width of 1.3 millimeters or less and a groove width
of 2.5 millimeters or less. Optionally, the refiner plates can have a bar width of 1.0
millimeters or less and a groove width of 1.6 millimeters or less, or a bar width of 1.0
millimeters or less and a groove width of 1.3 millimeters or less. Conventional plates
(e.g., bar widths of greater than 1.3 millimeters and/or groove widths of greater than
2.0 millimeters) and/or improper operating conditions can significantly negatively

enhance fiber cutting in the pulp fibers and/or generate an undesirable level of fines.

[0048] The desired plurality of surface enhanced pulp fibers in the loaded paper
pulp composition can be produced by fibrillating the pulp fibers at a low specific edge
load until the desired energy consumption is reached. It is contemplated that the
refiner can be operated at a specific edge load between about 0.1 and about 0.3
Ws/m, preferably at a specific edge load between about 0.1 and about 0.2 Ws/m,
and most preferably at a specific edge load of less than 0.2 Ws/m. Specific edge
load (or SEL) is a term understood to those of ordinary skill in the art to refer to the
quotient of net applied power divided by the product of rotating speed and edge
length. SEL is used to characterize the intensity of refining and is expressed as Watt-

second/meter (Ws/m).

[0049] Optionally, the pulp fibers, and the at least one filler if added to the refiner,
forming the loaded paper pulp composition can be refined until an energy
consumption of at least 350 kWh/ton is reached, at least 400 kWh/ton is reached, at
least 450 kWh/ton is reached, at least 500 kWh/ton is reached, at least 550 kWh/ton
is reached, at least 600 kWh/ton is reached, at least 700 kWh/ton is reached, or at

least 750 kWh/ton is reached. As used herein and as understood by those of
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ordinary skill in the art, the references to energy consumption or refining energy
herein utilize units of kWh/ton with the understanding that "/ton" or "per ton" refers to

ton of pulp passing through the refiner on a dry basis.

[0050] It is contemplated that the loaded paper pulp composition can be
produced by refining pulp fibers through the one or more refiners, sequentially, until
the desired energy consumption is reached. In one aspect, the pulp fibers and the
filler forming the loaded paper pulp composition can be recirculated in the refiner
until the desired energy consumption is reached. In one exemplary aspect, the
refiner can be operated at lower refining energies per pass (e.g., 100 kWh/ton/pass
or less) such that multiple passes or multiple sequential refiners are needed to
provide the specified desired refining energy consumption. For example, a single
refiner can operate at 50 kWh/ton/pass, and the pulp fibers can be recirculated
through the refiner for a total of 9 passes to provide 450 kWh/ton of applied refining

energy consumption.
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Example 1
[0051] Filler Enhanced Fibrils Trial
[0052] Procedure

[0053] Southern hardwood pulp was used and PCC was supplied at 20% solids.
Referring to Figure 1, PCC was added at a 1:1 ratio (1 part filler to 1 part fiber) at
three different sites in the trail run: 1) directly before the refiner inlet (P1), 2) directly
after the refiner outlet (P2), and 3) after the outlet valve to the refined pulp tank (P3).
The Marlboro wood pulp was refined and fibrillated at nominal 300, 400, and 500
kwh/t energy levels in a 24” Beloit/GLV refiner operated at 1000 rpm. In the testing
operation, the refining system uses recirculation (after the refiner back to the pump
suction) to allow for the high energy and low flow that is required for producing the
desired surface enhanced pulp fibers. In one aspect, the refining consistency was
maintained at 4.4% pulp consistency prior to the filler addition. A plurality of control

wood pulp fibers was also produced at 70 kwh/t.

[0054] Handsheets were made using the control wood pulp fibers and
conventional recirculation and retention chemistry was used during the sheetmaking.
A control sample was made at a 75/25 ratio of the control wood pulp fibers and PCC.
This control sample was then compared with handsheets made for the various
refining conditions (the 300, 400, and 500 kwh/t energy levels and the P1, P2, and
P3 filler additive positions) using 50% of the control wood pulp fibers and 50% of the
SEPF-Filler (1:1).

[0055] Table 1 and Table 2 below provide details of the experimental plan:

Table 1. PCC addition points for different trial conditions

Trial Target Specific PCC addition
Energy Point
(KWh/t)

23-C 70 none

23-1 300 P1

23-2 300 P2
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23-3 300 P3
23-4 300 P3
23-5 400 P3
23-6 500 P3
23-7 500 P1
23-8 400 P1
23-9 300 P1

Table 2. Furnish blends for handsheet analysis

Blends | Refine hardwood (SEPF+PCC)%
kraft
(70 KWh't), %
B-C 75% 23-C 0+25%
B-1 50% 23-C (25%+25%)23-1
B-2 50% 23-C (25%+25%)23-2
B-3 50% 23-C (25%+25%)23-3
B-4 50% 23-C (25%+25%)23-4
B-5 50% 23-C (25%+25%)23-5
B-6 50% 23-C (25%+25%)23-6
B-7 50% 23-C (25%+25%)23-7
B-8 50% 23-C (25%+25%)23-8
B-9 50% 23-C (25%+25%)23-9

[0056]

illustrated in Figure 2.

16

The mechanism of filler locking to the fibrils is shown in the SEM picture




CA 03041057 2019-04-17

WO 2018/075627 PCT/US2017/057161

[0057] Referring to Tables 1 and 2 above, the handsheet ash for B-C, was
compared with B-6, and B-7. Ash retention being defined as (Handsheet
Ash*100/Furnish Ash). As illustrated in Figure 3, it was noted that the addition point
P1, directly before the refiner inlet, corresponding to B-7 gave the highest ash
retention of 86.2%, followed by addition point B-6, corresponding to addition point
P3, after the outlet valve to the refined pulp tank, of 83.4%, while B-C with no surface

enhanced pulp fibers was 81%.

[0058] There was higher retention of PCC with surface enhanced pulp fibers
(SEPF) produced at a higher refining energy (which generally correlates to more
fibrillation of the wood pulp fibers). Further, there was higher retention of PCC when
the PCC is added at the inlet to the refiner and is mixed with the pulp fibers as they
are being transformed into SEPF. This resulting increase in retention of PCC did not

negatively impact formed handsheet strength.

[0059] For example, and referring to Table 3 below, comparing the handsheet
properties at 400 KWh/t (SEPF) and PCC addition points of P1 and P3, directly
before the refiner inlet and after the outlet valve to the refined pulp tank respectively,
it was observed that addition point P1, directly before the refiner inlet, provides

higher ash and the strength properties are either maintained or improved.
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Table 3. Handsheet properties for two different points of addition of PCC

400 kwh/t (refiner inlet, 400 kwh/t (after refiner,
P1) P3)

Blended Sheet Ash % 245 216

Burst Index 21 20

Breaking Length (km) 3.6 3.5

Stretch % 27 2.7

TEA J/m? 41.9 39.7

Example 2

[0060] Procedure

[0061] PCC is supplied to the inlet of refiner (P1) at the target ratio of hardwood
wood pulp:PCC of 1:1. Thus, for each 5% SEPF addition 5% PCC was added at the
refiner inlet. The resulting loaded paper pulp composition was tested to quantify the
effect of filler enhanced fibrils on filler retention and sheet strength, smoothness and

other characteristics for the grade.

[0062] Control condition: the control grade was produced with 5% SEPF and the
usual ratio of 15% softwood : 70% hardwood: 15% Broke, with 12% filler. The
addition point of filler will be the usual point of addition at P3, after the outlet valve to

the refined pulp tank.

[0063] Trial condition: a 5% PCC filler stream was introduced into the inlet of the
refiner (P1), so the ratio of unrefined wood pulp fibers:filler going to the refiner will be
1:1. This allowed for the production of the loaded paper pulp composition in the
refiner at the ration of 1:1. Additional filler was added at the usual point of addition at
P3, after the outlet valve to the refined pulp tank so that the total amount of filler
added meets the desired percentage for the produced grade of paper. The

softwood:hardwood ratio is the same as in the control condition.

[0064] Testing Protocol: The normal testing protocol for a commercial grade was

followed as the efforts were made to make paper to the particular grade
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specifications. Initially when the PCC filler is introduced at the inlet of the refiner,
samples were collected at 5-10 minute intervals and the PCC accumulation on the
formed SEPF were measured to determine the steady state. It was expected that the
consistency will rise after the filler addition. After a steady state is reached, samples
of the formed loaded paper pulp composition (comprising SEPF and filler) were
taken for SEM’s and fibrillation analysis. Further samples from the refined pulp tank
were taken for control and trial conditions for filler retention, and other chemical
analysis. Paper samples of control and trial conditions were analyzed for complete
strength profile, and ash retention. This trial demonstrated that the amount of filler
used in the paper making process can be increased over conventional methods by
using the loaded paper pulp composition in the process of paper making while

maintaining all of the desired specifications of the end product.

[0065] It should be emphasized that the above-described aspects are merely
possible examples of implementations, merely set forth for a clear understanding of
the principles of the present disclosure. Many variations and modifications can be
made to the above-described embodiment(s) without departing substantially from the
spirit and principles of the present disclosure. All such modifications and variations
are intended to be included herein within the scope of the present disclosure, and all
possible claims to individual aspects or combinations of elements or steps are
intended to be supported by the present disclosure. Moreover, although specific
terms are employed herein, as well as in the claims which follow, they are used only
in a generic and descriptive sense, and not for the purposes of limiting the described

invention, nor the claims which follow.
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WHAT IS CLAIMED IS:

1. A method for manufacture of a loaded paper pulp composition for use in the

manufacture of paper products, comprising:

introducing a first process stream containing a plurality of unrefined pulp fibers

into a refiner,

introducing a second process stream of containing at least one filler into the

refiner; and

refining the at least one filler and the plurality of unrefined pulp fibers in the
refiner until an energy consumption of at least 300 kWh/ton is reached to form a
loaded paper pulp composition comprising a plurality of surface enhanced pulp fibers

that are loaded with particles of the at least one filler.

2. The method of Claim 1, wherein the at least one filler is a plurality of crystals
of calcium carbonate, CaCO3 (PCC), that are directly entangled therein the plurality

of surface enhanced pulp fibers.

3. The method of Claim 2, wherein the plurality of crystals are directly entangled

therein the plurality of surface enhanced pulp fibers by mechanical bonding.

4. The method of Claim 3, wherein the plurality of crystals are directly entangled
therein the plurality of surface enhanced pulp fibers without binders or retention aids
present at the interface between the plurality of crystals of calcium carbonate and the

plurality of surface enhanced pulp fibers.

5. The method of Claim 1, wherein the plurality of crystals of calcium carbonate

have an average particle size of between about 0.2 micron to 3.0 micron.

6. The method of Claim 1, wherein the ratio of the plurality of surface enhanced
pulp fibers to at least one filler present in the loaded paper pulp composition is about
1:5.

7. The method of Claim 1, wherein the ratio of the plurality of surface enhanced
pulp fibers to at least one filler present in the loaded paper pulp composition is about
1:1.

8. The method of Claim 1, wherein the at least one filler is substantially uniformly

distributed throughout the plurality of surface enhanced pulp fibers.
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9. The method of Claim 1, wherein a first percentage of the at least one filler is
introduced via the second process stream into the refiner at an inlet of the refiner, in
which the unrefined pulp fibers introduced via the first process stream are combined
with the first percentage of the at least one filler for subsequent concurrent refining to
form the loaded paper pulp composition having a first desired ratio of the at least one
filler and the plurality of surface enhanced pulp fibers, and further comprising adding
a second percentage of the at least one filler to the loaded paper pulp composition
downstream of the refiner to increase the weight percent of the at least one filler in
the loaded paper pulp composition to a final desired ratio of the at least one filler and

the plurality of surface enhanced pulp fibers.

10.  The method of Claim 1, wherein the plurality of surface enhanced pulp fibers
have a length-weighted average fiber length of at least about 0.3 millimeters, and an
average hydrodynamic specific surface area of at least about 10 square meters per
gram after being refined in the refiner at a specific edge load of less than 0.2 Ws/m

until an energy consumption of at least 300 kWh/ton is reached.

11.  The method of Claim 11, wherein the plurality of surface enhanced pulp fibers

have a fiber count of at least 12,000 fibers per milligram on an oven-dry basis.

12.  The method of Claim 11, wherein the length weighted average length of the
plurality of surface enhanced pulp fibers is at least 60% of the original length

weighted average length of the unrefined pulp fibers prior to fibrillation.

13.  The method of Claim 11, wherein the plurality of surface enhanced pulp fibers
have a length weighted average fiber length of at least about 0.4 millimeters and an
average hydrodynamic specific surface area of at least about 12 square meters per

gram.

14.  The method of Claim 11, wherein the plurality of surface enhanced pulp fibers
have an average hydrodynamic specific surface area that is at least 4 times greater

than the average specific surface area of the unrefined pulp fibers prior to fibrillation.

15.  The method of Claim 11, wherein the plurality of surface enhanced pulp fibers
are formed using a pair of refiner plates that have a bar width of 1.0 millimeters or

less and a groove width of 1.6 millimeters or less.

16.  The method of Claim 11, wherein the plurality of unrefined pulp fibers are

hardwood pulp fibers.
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17.  The method of Claim 11, wherein the plurality of unrefined pulp fibers are

softwood pulp fibers.

18.  The method of Claim 11, wherein the plurality of unrefined pulp fibers are a

combination of hardwood and softwood pulp fibers.

19. A method for manufacture of a loaded paper pulp composition for use in the

manufacture of paper products, comprising:

introducing a first process stream of a plurality of unrefined pulp fibers into a

refiner;

refining the plurality of unrefined pulp fibers in a refiner having at a specific
edge load of less than 0.2 Ws/m until an energy consumption of at least 300 kWh/ton
is reached to form a plurality of surface enhanced pulp fibers, wherein the refiner has
a pair of refiner plates that have a bar width of 1.0 millimeters or less and a groove
width of 1.6 millimeters or less, wherein the surface enhanced pulp fibers have a
length-weighted average fiber length of at least about 0.3 millimeters, and an
average hydrodynamic specific surface area of at least about 10 square meters per
gram, and wherein the length weighted average length of the surface enhanced pulp
fibers is at least 60% of the original length weighted average length of the unrefined

pulp fibers prior to fibrillation;

introducing a second process stream containing at least one filler into the
plurality of surface enhanced pulp fibers to form the loaded paper pulp composition,
wherein the at least one filler is substantially uniformly distributed in the plurality of

surface enhanced pulp fibers.

20. The method of Claim 19, wherein the ratio of the plurality of surface enhanced
pulp fibers to at least one filler present in the loaded paper pulp composition is about
1:1.
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