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FIBERS WITH FILLER
CROSS-REFERENCE TO RELATED APPLICATION

This application is based on U.S. Provisional Application Nuraber 61/978,323, filed April 11,

2014, which is incorporated herein in its entirety,
TECHNICAL FIELD

The present invention is directed generally to fibers, films and papers. More specifically, the

present invention is related to fibers, films, and papers with filler,
BACKGROUND OF THE INVENTION

Paper recycling is the process of converting waste paper into usable paper products, Paper
recycling benefits the environment and society by reducing the need to cut down trees for
virgin pulp. “Deinking” is a type of industrial paper recycling process in which printing ink
and other contaminants are removed from recycled papers o produce “deinked pulp,” which

can be used to produce paper products such as tissues,

About two-thirds of recycled paper provides usable fiber, with the remaining one-third being
waste solids, or “sludge.” Waste solids include about S0% ash from paper fillers and 50%
small cellulosic particles referred to as “fines.”” Other contaminants include ink particles and
“stickies” such as pressure-sensitive adhesives, Waste solids are not suitable for paper
products due to their small size and dark ink particles that prevent the fillers from being
directly reused. Conventionally, waste solids are discarded by various methods, including
landfilling, incinerating, and dispersing on land. However, the cost of landfilling has
increased over time. Further, increased focus on environmental sustainability has led to
disapproval of landfilling by some organizations. Subsequently, many customers require

certifications of environmental sustainability from paper product companies.

Based on the foregoing, there exists a need for practical applications of rejected wastepaper
materials, such as waste solids. Accordingly, it is to solving this and other needs the present

invention is directed.
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SUMMARY OF THE INVENTION

The present invention is directed to an article of manufacture. In one aspect, the article is a
fiber or a film. In accordance with the present invention, the article includes a binder and a
filler. The binder is a polyvinyl alcohol (PVOH), cellufose nanofibrils, or 4 combination of
the PVOH and celiulose nanofibrils, and the filler is deinking waste solids comprising ash
and cellulose fines. The binder can be impregnated with the filler, or the binder can
encapsulate the filler. In one aspect, a paper web includes the article. Optionally, processing

aids, for example carboxymethylceliulose, are included.

in another aspect, an acticle of manufacture includes cellulose nanofibrils and a filler. The
filter is deinking waste solids having ash and cellulose fines, and the cellulose nanofibrils are
at least one of a nanofibrillated cellulose or a cellulose fibrid. The cellulose nanofibrils can
be impregnated with the filler, or the cellulose nanofibrils can encapsulate the filler. The

article can be a fiber or a film.

In yet another aspect, an article of manufacture inciudes a PVOH and a filler. The PVOH is
present in & range between about 20 wt. % to about 85 wt. % based on the total fiber weight,
The filler is deinking waste solids comprising ash and cellulose fines. The article canbe a

fiber or a film.

Yet, in another aspect, a film comprises a binder, a filler, and, optionally, wood pulp fibers.
The binder is a PYCOH, celiulose nanofibrils, or a combination of the PVOH and cellulose

nanofibrils, and the filler is deinking waste solids comprising ash and cellulose fines,

Still yet, in another aspect, a method of making an article of manufacture includes
impregnating or encapsulating a binder with a filler, and preparing an extrudable dope. The
filler is deinking waste solids having ash and cellulose fines, and the binder is a PVOH,
cellulose nanofibrils, or a combination of the PVOH and cellulose nanofibrils. The article

can be a fiber or a filin,

It is to be understood that the phraseclogy and terminclogy employed herein are for the
purpose of description and should not be regarded as limiting. As such, those skilled in the
art will appreciate that the conception, upon which this disclosure is based, may readily be
utilized as a basis for the designing of other structures, methods, and systems for carrying out

the present invention. It is important, therefore, that the claims be regarded as including such
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squivalent constructions insofar as they do not depart from the spirit and scope of the present

invention.

Other advantages and capabilities of the invention will become apparent from the following

description taken in conjunction with the examples showing aspects of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be betier understood and the above object as well as objects other than
those set forth above will become apparent when consideration is given to the following
detailed description thereof. Such description makes reference to the annexed drawings

wherein:
FIG. | is a photomicrograph of the surface of dried nanofibriliated cellulose;

FIGs. 2A and 2B are photomicrographs of fibers comprising a filler of waste solids and a

binder of nanofibrillated cellulose (Example 1);

FIGs. 3A (Example 2), 3B (Example 3), and 3C (Example 4) are photomicrographs of fibers

comprising a filler of waste solids and a binder of PVOH:
FIG. 4 (Example 5) is a photomicrograph of a fibrid produced by shear coagulation; and

FIG. 5 (Example 6) is a photomicrograph of a milled film produced by slit extrusion

comprising a filler of waste solids and wood pulp, and a binder of PYOH.
DETAILED DESCRIPTION OF THE INVENTION

For & fuller understanding of the nature and desired objects of this invention, reference should
be made to the above and following detailed description taken in connection with the
accompanying figures. When reference is made to the figures, like reference numerals

designate corresponding parts throughout the several figures.

Terminology used herein is given its ordinary meaning consistent with the exemplary
definitions set forth immediately below; mg refers to milligrams and m? refers to square

meters, and so forth. Unless otherwise specified, % means weight percent.

The terms “article of manufacture” or “article™ as used herein means fibers, films, and other

shaped objects. The articles of manufacture inchude a binder and a fifler. The binder isa
3
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polyvinyi alcohol (PVOH), cellulose nanofibrils, or a combination of the PYOH and cellulose

nanofibrils. The filler is deinking waste solids comprising ash and celiulose fines,

The term “fiber” as used herein means an article in which the length to diameter ratio is
greater than about 10, Alternatively, a fiber can have an average diameter in a range between

about 10 and about 300 micrometers.

The term “film” as used herein means an article which is a thin, flexible strip. A film can

have an average thicknesses in a range between about 10 and about 200 micrometers.

The terms "wood pulp” and “pulp” as used herein refer to a cellulosic material obtained from
wood produced according to a chemical pulping process including, but not limited to, sulfite
pulping, kraft pulping, polysulfide pulping, and scda pulping processes. Non-limiting
examples of wood palps include hardwood kraft pulp, softwood kraft pulp, hardwood sulfite
pulp, softwood sulfite pulp, or any combination thereof. The cellulose {ibers of the present
invention can be derived from any type of wood pulp. The pulp can be bleached by chemical

means, for example by chlorine dioxide, oxygen, alkaline peroxide and so forth.

The term “papermaking fibers” as used herein includes virgin pulp derived fibers, recycied
{secondary) cellulosic fibers, and fiber mixes comprising cellulosic fibers, Suitable
papermaking fibers include, but are not limited to: nonwood fibers, such as cotton fibers or
cotton derivative fibers, abaca fibers, kenaf fibers, sabai grass fibers, bamboo, flax fibers,
esparto grass fibers, straw fibers, jute hemp fibers, bagasse fibers, milkweed floss fibers, and
pineapple leaf fibers; and wood fibers, such as those obtained from deciduous and coniferous
trees, including softwood fibers, such as northern and southern softwood Kraft fibers;
hardwood fibers, such as eucalyptus fibers, maple fibers, birch fibers, aspen fibers, and the
like.

Kraft softwood fiber is low yield fiber made by the Kraft (sulfate) pulping process from
coniferous material and includes northern and southern softwood Kraft fiber, Douglas fir
Kraft fiber and so forth. Kraft hardwood fiber is made by the Kraft process from hardwood
sources, e.g., eucalyptus. Naturally occurring pulp-derived fibers are referred to herein
simply as “pulp-derived” papermaking fibers. The fibers, films, papers, and products of the
present invention can include blends of conventional fibers (derived from virgin pulp or

recycled sources).
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The term “tissue furnish” as used herein refer to agueous compositions including fibers of
this invention, cellulose fibers, papermaking fibers, or any combination thereof. Optionally,
tissue furnishes include wet strength resins, debonders and the like for making paper

products,

The term “waste paper” as used herein refers to paper or cardboard which, afler use, is
recovered in the form of recycled fiber and then re-used to produce paper, cardboard, or
paper products for some other industrial purpose. “Recycled” fiber thus refers to fiber

material that has previously been used in a paper or cardboard product.

The term “cellulose nanofibrif” as used herein means “nanofibrillated cellulose” (NFC),
“microfibrillated cellulose™ (MFC), cellulose fibrids, fibrillated lyocell, or any combinaticn
thereof. As used herein, the terms NFC and MFC are used interchangeably. Cellulose
nanofibrils are derived from plant cell walls, which comprise microfibrils or nanofibrils
composed of individual celluiose chains. The microfibrils or nanofibrils can be isolated,
which is described below, as collections or bundles of individual, isolated cellulose
microfibrils or nanofibrils. Cellulose nanofibrils can comprise hardwood kraft pulp,
softwood kraft pulp, hardwood sulfite pulp, softwood sulfite pulp, or any combination
thereof. MFC and NFC can have average lengths in a range between about 300 nanometers
{nm) to about 4,500 nm. In addition, MFC and NFC can have average diamelers in a range
between about 3 nm to about 100 nm. The aspect ratio is about 100 to about 150. An
important property of NFC, enabling it to function as a binder, is its ability to bond to tightly

to itself upon drying that it does not redisperse into individual nanofibrils upon rewetting.

The term “cellulose fibrid” as used herein means fine cellulose fibers produced by
regenerating cellulose (described in detail below), Cellulose fibrids can have average lengths
in a range between about 300 nm to about 4,500 nm. In addition, cellulose fibrids can have
average diameters in a range between about 3 nm to about 100 nm. The aspect ratio is about
100 to 150.

The term "fibrillated lyocell" as used herein means a cellulose fiber obtained first by an
organic solvent spinning process followed mechanical treatment that results in cellulose
nanofibrils. The organic solvent comprises a mixture of organic chemicals and water, and the

solvent spinning process involves dissolving cellulose in the organic solvent to form a
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solution which is pumped through spinncrets to produce fibers without formation of a

derivative of the cellulose,

The term “filler” as used herein means deinking “waste solids” derived from secondary,
recycied paper. The terms “deinking” or “deinked” refer to a type of industrial paper
recycling process in which printing ink and other contaminants are removed from recycled
papers to produce deinked pulp and waste solids. The terms deinking “waste solids” or
“studge” refer to the conventionally unusable portion of deinked papers, which comprise

predominantly an ash and a non-ash component (cellulose fines).

The term *ash” as used hercin means the inorganic portion of the waste solids that remain
after oxidation at high temperatures, for example 525°C. Ash is composed of discarded paper
fillers such as precipitated calcium carbonate and the inorganic portion of some paper
coatings such as kaolin clay. Organic components of the waste solids such as cellulose fines,
polymers, inks, adhesives and the like are consumed at high temperatures, for example

SI5°C,

The term “binder” as used herein means any cellulosic particles in the form of cellulose
nanofibrils, such as cellulose nanofibrils from cellelose fibers or celiufose fibrids, which
forms a solid upon drying that is no longer dispersible in water as a fibril. When cellulose
nanofibrils are used as the binder, other processing aids such as carboxymethyl cellulose may
used, Polyvinyl alcobol (PVOH) is another binder that is initially water soluble but can be
made nearly or completely insoluble through afier-treatment that may include heat treatment,
heat stretching or reversion of alcohol groups to acetate groups through formalization. The
combination of a binder and a filler can be used to form fibers and films. Further, a mixture

of a filler and a binder can be applied to or incorporated within a paper.

The term “degree of polymerization” (DP) as used herein means the number of monomeric
units in a polymer. For a homopolymer, such as PVOL, there is only one type of monomeric
unit; thus, the number-average DP is given by My/Mo. M, is the average molecular weight of

the polymer, and My is the molecular weight of the monomer unit.

The term “degree of hydrolysis” as used herein means the proportion of acetate groups in

polyvinyl acetate that have been converted to alcohol groups to form the polyviny! alcohol.
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The terms “extrudabie dope” and “extrudable spin mass” as used herein are used
interchangeably and means a composition including a binder, a filler, and optionally, a
processing aid, that can be extruded through an orifice, such as a spinnerel to form shaped
articles of manufacture, for example fibers and films, The binder is a polyvinyl alcohol
{(PVOH), cellulose nanofibrils, or a combination of the PVOH and cetiulose nanofibrils, and

the filler is deinking waste solids comprising ash and ccliulose fines.

Paper used for manufacturing various types of printed matter, such as newspapers,
magazines, free sheet and other paper, can include a plurality of additives. The additives can
be coatings, fillers, pigments, and colorants, and the relative proportions of the various

additives vary depending on the type of printing paper.

When recovering recycled fiber from recycled, printed paper (waste paper), the paper is
subjected to a cleaning process in ovder to decolor and deink the fibers and remove
impuritics. Waste paper typically provides about two thirds usable fiber. The remaining one-
third of various rejects is then combined to produce deinking “waste solids,” or “sludge,”
with relatively high water content. “Ashing” refers to the process of heating to high
temperature (for example 525 °C). Conventionally, the waste solids are landfilied,
incinerated, spread on land, or discarded by various other methods. Qver time, however,
landfilling becomes costly. Further, in view of environmental sustainability, landfilling can

be undesirable. Thus, incorporation of waste solids inio & usable fiber is beneficial.

Binders, such as PVOH or cellulose nanofibrils, can be combined with waste solids (as a
filler) to form articles of manufacture, including fibers, films, or other shaped objects.
Because they include recycled materials, the articles will have a darker color compared to
other fibers, filins, or shaped objects that utilize virgin materials. While waste solids would
be retained at a low percentage of a tissue furnish due to their small size, filled fibers of the
present invention can be retained at a very high rate in papers, such as tissues, or other
products. In addition, waste solids can be directly incorporated into paper products by
including the waste solids with binders in the tissue furnish. Alternatively, the waste solids
can be combined with binder and then disposed onto the surface the paper product, In yet
another alternative, waste solids can be incorporated into a binder, formed into a dried film,
and ground to a particle size that can be retained in a paper web. Paper webs and paper
products include, but are not limited to, tissues, bath tissue, napkins, paper towels, facial

tissues, filter paper, and the like,
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As described herein, the present invention provides an article of manufacture including a
binder and a filler, The article can be a fiber or a film. The binder can be impregnated with
the filler, or the binder can encapsulate the filler, The binder is a polyvinyl alcohotl (PVOH),
celiulose nanofibrils, or a combination of the PVOH and celiulose nanofibrils, and the filler is

deinking waste solids comprising predominantly ash and cellulose fines.

In one aspect, an article of manufacture, which can be a fiber or a film, includes celiulose
nanofibrils and a filler. The cellulose nanofibril is impregnated with the filler, or the
cellulose nanofibriis encapsulate the filler. The {iller is deinking waste solids comprising ash
and cellulose fines, and the cellulose nanofibrils are at least one of a nanofibriilated cellulose

or a cellulose fibrid,

In another aspect, an article of manufacture includes a PVOH and a filler. The article can be
a fiber or a film. The PYOH is present in a range between about 20 wit. % to about 85 wt. %
based on the total fiber weight, and the filler is deinking waste solids comprising ash and

cetlulose fines. The article can be a fiber or a film.

The average diameter of the fibers of the present invention can be any diameter, depending
on the application. [n one aspect, the fibers have an average diameter of less than about 300
micrometers. In another aspect, the fibers have an average diameter in a range between about
100 micrometers to about 250 micrometers. Yet, in another, aspect, the fibers have an
average diameter in a range between about 50 micrometers to about 100 micrometer. Yet, in
another, aspect, the {ibers have an average diameter in a range between about 10 micrometers
to about 50 micrometers. Still, in another aspect, the fibers have an average diameter about
or in the range between about 106, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1190, 120, 130, 140, 154,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, and 300 micrometers.

Filler

The ash portion of waste solids includes deinking residuals such as paper fillers. The ash can
include, but is not limited fo, precipitated caleium carbonate, ground calcium carbonate,
gypsum, titanium dioxide, clay, silica, magnesium aluminum silicate, hydrated aluminum
silicate, barium silicate, calcium silicate, magnesium silicate, strontium silicate, talc, mica,
kaolin clay, sericite, muscovite, lepidolite, biotite, vermiculite, zeolite, barium sulfate,
calcined calcium sulfate, hydroxyapatite, ceramic powder, collotdal silicone dioxide, boron

nitride, or any combination thereof,
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The non-ash portion of waste solids includes cellulose fines, which refer to small cellulose
particles having a length in a range between about 20 to about 200 microns. In another
aspect, the cellulose fines can have an average diameter in a range between about |
micrameter to about 40 micrometers. Yet, in another aspect, the cellulose fines have an
average diameter about or in a range between about 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 159, 160, 170, 180, 190, and 200 micrometers. The ash portion of the
filler can include particles having an average size of less than about 20 micrometers in
diameter. In one aspect, the filler includes particles having an average diameter in a range
between about 0.5 micrometer to about 18 micrometers. In another aspect, the filler includes
particles having an average diameter in a range between about 1 micrometer to about §
micrometers. Yet, in another aspect, the filler includes particles having an average diameter
about or in a range between about 0.5, 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,

and 18 micrometers.

The filler can be present in the fiber in a range between about 1 wt. % to about 80 wt. %
based on the total weight of the fiber. In another aspect, the filler is present in a range
between about S wt. % to about 50 wt. % based on the total weight of the fiber. Yet, in
another aspect, the filler is present in a range between about 20 wt. % to about 60 wt. %
based on the total weight of the fiber. Still yet, in another aspect, the filler is presentin a
range between about 30 wt. % to about 50 wt, % based on the total weight of the fiber. Stifl,
in another aspect, the filler is present in an amount about or in a range between about 1, 2.5,
5,75, 10, 12,5, 15, 17.5, 20, 25, 30, 35, 40, 42.4, 45, 47.5, and 50 wt. % based on the total
weight of the fiber.

‘The physical properties of the binder of the present invention (cellulose nanofibrils and
PVOIH) enable formation of a solid article upon combination with fillers, The subsequent
articles have limited solubility upon drying and after treatment. In particular, the articles can
dry into fibers, films, or other shaped objects. When combined with waste solids, the binders
can trap, encapsulate, and bind small particles in waste solids as the dope is extruded through
spinnerets to form the articles. The fibers and films remain substantially in their shaped state
when immersed in waler or an aqueous environment. The objects can then be readily formed,

retained, and bonded into a paper web.

As indicated above, an article of the present invention includes a binder and a filler. The

binder is PVOH, cellulose nanofibrils, or a combination of PVOY and cellulose nanofibrils,
9
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and the filler is deinking waste solids comprising ash, cellulose fines, and a wood pulp fiber.
'The binder can be impregnated with the filler, or the binder can encapsulate the filler. In one
aspect, the article is a film. The filis can have any average thickness, which depends on the
application. In one aspect, the films have an average thickness in a range between about 10
micrometers to about 200 micrometers. In another aspect, the films have an average
thickness in a range between about 50 micrometers to about 150 micrometers. Yet in another
aspect, the films have an average thickness in a range between about 40 micrometers to about

100 micrometers.

Fibers of the present invention can be used to form paper webs. In another aspect of the
present invention, a paper web has a cefluosic substrate having a surface, and the article of
the present invention is substantially disposed onto the surface of the substrate.
Alternatively, the article can impregnate the cellulosic substrate. The article can be formed
by forming a mixture including a filler and a binder. The filler is deinking waste solids, and
the binder is 2 PVQOH, cellulose nanofibrils, or a combination of the PVOH and cellulose
nanofibrils. The mixture is dried and ground to a particle size having an average diameter in

a range between about 1 and about 80 micrometers.

Nanofibriliated cellulose

Cellulose nanofibrils, including NFC, can be combined or mixed with the filler (waste solids)
and any suitable additives or processing aids to form a dope. WFC can be isolated by
mechanical disintegration of the plant cell wall in wood pulp. In addition to mechanical
force, varions chemical pre-treatments, such as strong hydrolysis, can be used. Mechanical
disintegration of NFC from cellulose raw material, cellulose pulp, wood pulp, or refined pulp
is carried out with any suitable equipment, such as a refiner, a grinder, a homogenizer, a
colloider, a friction grinder, an ultrasound sonicator, a fluidizer, such as a microfluidizer, a
macrofluidizer or a fluidizer-type homogenizer, U.S. Patent Pub. No. 2012/0214979 Al to
Heiskanen et al. (now U.S, Patent No. 8,747,612), which is incorporated herein in its entirety

by reference, discloses an exemplary method for isolating NFC.

NFC also can be chemically or physically modified to form a derivative of cellulose or
microfibril bundles. The chemical modification can be based, for example, on
carboxymethylation, oxidation, esterification, or etherification reactions of cellulose

molecules. Modification also is accomplished by physical adsorption of anionic, cationic,

10
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non-tonic substances, or any combination of thercof, onto the cellulose surface. The

described modifications can be carried out before, after, or during the production of NFC.

Any of the above described methods for producing cellulose nanofibrils can be used in the
present invention. In addition, any other suitable method known in the art can be used to

produce the celluiose nanofibrils.
Cellulose {ihrids

Cellulose fibrids can be produced by regenerating cellulose, for example, by initially
dissolving cellulose or a cellulose derivative in a solvent (o produce a cellutose dope.
Following dissolution in a suitable solvent, mixing in a high-shear mixer can produce finely
dispersed celluiose fibrids. These fibrids, like NFC, are fine enough that they form films, and
other structures, that do not re~disperse upon wetting in water. Cellulose fibrids can be
combined and mixed with waste solids and any suitable additives or processing aids to form a
dope. Subsequently, the dope can be extruded through spinnerets to form the fibers and

films.

Exemplary methods of forming cellulose fibrids are disclosed in U.8, Patent Nos. 2,999,788
to Morgan and 6,451,884 to Cowen et al,, both of which are incorporated herein in their
entirety by reference. As disclosed in U.S. 2,999,788, cellulosic fibrids can be made by
mixing a spinning solution of cellulose and coagulating liguor together under turbulent
conditions. One example of such a spinning solution is viscose, which contains sodium
cellufose xanthate. Examples of coagulating liquors for viscose include, but are not limited

10, agueous salt solutions and aqueous acid solutions.

Canadian Patent No. CA 2,313,213, which is incorporated herein in its entirety by reference,
describes an exemplary method of fibrid production using shear coagulation of a cellulose
dope made with N-methylmorpholine N-oxide (NMMO or NMMNO). Briefly, a method of
producing reactive fiber-like cellulose coagulates comprises steps of providing a solution of
cellulose in a mixture containing water and NMMO, and then treating the solution in a
precipitation bath containing water and NMMO with a shear ficld. The method has the
advantage that no stretching or drawing in air in another non-precipitating medium is
required for orienting the cetlulose molecules along the fiber axis. Instead, the coagulates can

directly be obtained in a precipitation path using a shear field generator. The shear field can

11
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be produced by surfaces that are closely arranged side by side and are movable relative to one

another,

A method for dissolving ceflulose 10 produce a cellulose dope is disclosed in U.S, Patent No.
4,246,221 to McCorsley, which is incorporated herein in its entirety by reference. In
addition, cellulose can be dissolved in a solution of a tertiary amine N-oxide to produce a
dope. One process for dissolving cellulose in a tertiary amine N-oxide is disclosed, for
example, U.S. Patent No. 2,179,181 to Graenacher et al,, which is incorporated herein in its
entirety by reference. In accordance with the disclosure, oxides of trimethylamine,
triethylamine, tripropylamine, monomethyldiethylamine, dimethylmonoethylamine,
monomethyldipropylamine, N-dimethyl-, N-diethyl- or N-dipropylcyclohexylamine, N-
dimethyimethyleyclohexylamine and pyridine can be used. U.S. Patent No. 3,447,939 te
Johnson discloses a process for dissolving celtulose in an anhydrous tertiary amine N-oxide,
which is incorporated herein in its entirety by reference. A cyclic mono (N-methylamine-N-

oxide) compound, such as NMMO is used as the solvent.

Any of the above described methods for producing cellulose fibrids can be used in the present
invention. In addition, any other suitable method known in the art can be used to produce the

cetinlose fibrids.

Any of the above mentioned celtulose nanofibrils of the present invention can have an
average length of less than about 800 micrometers. In another aspect, the cellulose
nanofibrils have an average length in a range between about 300 micrometers to about 700
micrometers. Yel, in another aspect, the cellulose nanofibrils have an average lepgth in a
range between about 100 micrometers to about 500 micrometers. Still yet, in another aspect,
the celiulose nanofibrils have an average length of less than about 200 micrometers. In one
aspect, the ceilulose nanofibrils have an average length about or in a range between about
100, 150, 200, 250, 300, 350, 400, 450, 580, 550, 6060, 650, 700, 750, and 800 micrometers,

Any of the cellulose nanofibrils can be present in the articles of the present invention, which
can be fibers or films, in a range between about | wi. % to about 86 wt. % based on the total
weight of the article. Tn another aspect, the cellulose nanofibrils can be present in the articie
in a range between about § wt. % to about 70 wi. % based on the total weight of the article,
Yet, in another aspect, the cellulose nanofibrils can be present in a range between about 20

wt, % to about 50 wt. % based on the total weight of the article. Still, in another aspect, the
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celinlose nanofibrils can be present in an armount about or in 4 range between about 1, 5, 10,

15, 20, 285, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, and 80 wt. % based on the total weight of the

article,
PYQOH

The PYOH can have an average degree of polymerization in a range between about 500 to
about 3,000, In one aspect, the PVOH has an average degree of polymerization in a range
between about 1,000 to about 1,600, Yet, in another aspect, the PVOH has an average degree
of polymerization of about 1,400, Still, in another aspect, the PVOH has an average degree
of polymerization about or in a range between about 500, 750, 1000, 1250, 1350, 1400, 1500,
1600, 1700, 2000, 2500, and 3000.

The PVOH can have an average degree of hiydrolysis of greater than about 95%. In anocther
aspect, PYOH has an average degree of hydrolysis of greater than about 98%. Yet, in
another aspect, the PYOH has an average degree of hydrolysis in a range between about 95%
to about 99%. Still, in another aspect, the PVOH has an average degree of hvdrolysis about

or in a range between about 93, 96, 97, 98, 99, or 100%.

The PYOH can be present in the article in a range between about 20 wt. % to about 80 wt. %
based on the total weight of the article. The article can be a fiber or a film. In one aspect, the
PVOH is present in a range between about 20 wt. % to about 99 wt. %. Yet, in another
aspect, the PYOH is present in a range between about 40 wt. % to about 60 wt. %. Stifl yet,
in another aspect, the PVOH can be present in a range between about 20 wi. % to about 99
wt. %. In another aspect, the PVOH is present in an amount about or in a range between
about 20, 25, 30, 35, 40, 45, 50, §5, 60, 65, 70, 75, 80, 85, 90, 95, and 99 wt. %.

In one aspect, articles of the present invention are in the form of fibers. Tn another aspect,
articles are in the form of fibrids, PVOH fibrids can be produced by mixing PYOH with

fitler to form a spin mass and then treating the spin mass with a shear field in a coaguiation
bath such as saturated sodium sulfate solution to form the PVOH fibrids. For example, the
method disclosed above in CA 2,313,213 for celiulose fibrids can be used to produce filled
PVOH fibrids. Filled PVOH fibrids can have an average length of about 200 to about 2500
microns. In another aspect, filled PVOH fibrids can have an average length of about 600 io
about 2000 microns. In yet another aspect, filled PVOH fibrids can have an average length of

ahout 300 to about 1300 microns.
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Processing Aids

The articles of the present invention, which can be fibers, films, or other shaped articles, can
include any suitable processing aids or additives, which can aid in forming a spinnable or
extrudable dope. The processing aid can be present in a range between about 0.5 wi. % to
about 10 wt. %. In another aspect, the additive can be present in the spin mass in a range
between about 0.3 wt. % to about § wt. %. In yet another aspect, the additive can be present
in a range between about 0.5 wt. % to about 2 wt. %. Still, in another aspect, the processing
aids are present in an arount about or in a range between about 0.1, 0.2, 0.5, 0.7, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 wt. %. Non-limiting examples of suitable processing aids
include carboxymethylcetlulose, starch, glyoxal, ghutaraldehyde, boric acid carbonate,
zirconium ammonium carbonate, glyoxalated polyacrylamide, polyamide-epichlorohydrin,
polyamine-epichlorohydrin, urea-formaldehyde, melamine-formaldehyde, polyethyleneimine,
propylene glycol, diethyiene glycol, triethylene glycol, dipropylene glycol, glycerol, triacetin
(glycerof triacetate), dicthylene glyco! diacetate, triethylene glycol diacetate, tripropionin,

acetyl triethyl citrate, triethyl citrate, or any combination thereof.

Optionally, an acid can be added to the binder and filler combination to generate CO,, which
results in expanded fibers and can lead to bulkier paper webs. Alernatively, sodium
bicarbonate can be added to generate even more CO.. Optional acids inchude sulfuric acid,

hydrochloric acid, nitric acid, phosphoric acid, or any combination thercof.

Method of making

In accordance with the present invention, a method of making an asticle of the present
invention includes impregnating or encapsulating a binder with a filler and then preparing an
extrudable dope or spin mass. The method can be used to make fibers or films. The filler is
deinking waste solids baving rejected ash (or wastepaper fillers) and ceilulose fines, and the
binder is a PVOH, cellulose nanofibrils, or a combination of the PYOH and cellulose
nanofibrils. The waste sofids are produced in deinking mills where recycled papers or wood

pulps are deinked, which is described above.

Initiatly, the binder is mixed with filler and processing aids to form an extrudable spin mass,
When cellulose nanofibrils, cetlulose nanocrystals, or cellulose fibrids are used as the binder,
additives such as carboxymethyl cellufose may be added to increase the extensibility of the

spin mass. When PVOH is the binder, the properties of the PVOH are chasen to obtain the
14
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desired rheclogy. The fibers can be formed from the spin mass using various methods,
including, for cxample, wet spinning, dry spinning, shear spinning, or slit extruding. Films
also can be formed by an extrusion process. In a solution spinning process, the extrudabile
dope is delivered to orifices of a spinneret. As one of ordinary skill in the art will understand,
4 spinneret refers to a portion of a fiber forming apparatus that delivers molten, liquid, or
dissolved materials through orifices for extrusion into an outside environment. A spinneret
includes from about 1 to about 500,000 orifices per meter of length of the spinneret. A
spinneret can be implemented with holes drilled or etched through a plate, or with any other
structure capable of issuing desired fibers. A film is produced by extrusion through a slot-

shaped orifice.

Upon emerging from the spinneret, the binder-filler combination solidifies to form the {ibers
or films. In a wet solution spinning process, the spinneret can he submerged in a coagulation
or spinning bath (e.g., a chemical bath), such that upon exiting the spinneret, one or more
materials can precipitate and form solid fibers. The composition of the spinning bath can
vary depending upon the desired application of the resulting fibers. For example, the
spinning bath can be water, an acidic solution (e.g:, a weak acid solution including sulfuric
acid), a solution of amine oxide, or a salf bath using sodium sulfate for example. Ina dry
solution spinning process, one or more materials can emerge from the spinneret in warm air

and solidify due to & solvent (e.g., acetone) evaporating in the warm air.

Afier emerging from the spinneret, fibers can be drawn or stretched utilizing a godet or an
aspirator. For example, {ibers emerging from the spinneret can form a vertically oriented
curtain of downwardly moving fibers that are drawn between variable speed godet rolls
before being wound on a bobbin or cut into staple fiber. Fibers emerging from the spinneret
can also form a horizontally oriented curtain within a spinning bath and can be drawn
between variable speed godet rolls. As another example, fibers emerging from the spinneret
can be at least partially quenched before entering a long, slot-shaped air aspirator positioned
below the spinneret. The aspirator can introduce a rapid, downwardly moving air stream
produced by compressed air from one or more air aspirating jets. The air stream can create a
drawing force on the fibers, causing them to be drawn between the spinneret and the air jet
and attenuating the fibers. During this portion of fiber formation, one or more polymer

materials forming the fibers can be solidifying.

-
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Following extrusion from the spinnerets, the shaped fibers or films can be dried by any
suitable method. For example, the fibers or films can be air-dried. Alternatively, the fibers

or films can be dried in & hot air stream. These fibers can be incorporated into a paper web.

Fibers can be formed with or without additional fillers to produce unique celiulose shapes
beneficial to paper properties. U.8, 2006/0012072 to Hagewood ¢f /. discloses methods for

forming various shaped fibers, which is incorporated herein in its entirety by reference.

In one aspect of the present invention, a method of making a paper comprises initially
forming a mixture (or composite} of a filler and a binder. Then, the method includes
incorporating the mixture into a tissue furnish {or adding the composite to the tissue furnish),
forming a nascent web, and then drying the nascent web to form the paper. Alternatively, the
method includes forming the nascent web, dewatering the nascent web, substantially
disposing the mixture onto the surface of the nascent web, and then drying the nascent web to
form the paper. The filler is deinking waste solids comprising ash and cellulose fines, and the
binder is a PVOH, celiulose nanofibrils, or a combination of the PVOH and cellulose

nanofibrils.

Optionally, the filled fibers are cut into short staple fibers prior to being added to the tissue
furnish. One potential advantage of employing staple fibers is that a more isotropic web can
be formed, since the staple fibers can be oriented in the web more randomly than ionger
fibers.

In another aspect, a tissue furnish comprising cellulose fibers can be deposited onto a forming
surface to form a nascent web. Then, the mixture of binder and filler can be substantially
disposed onto the surface of the nascent web by spraying or any suitable application method.
Alternatively, the mixture can be substantially disposed onto the surface of the paper after an
initial drying process. For example, the mixture can be substantially disposed, i.e., by
spraying, onto the surface of the paper afier drying on a Yankee dryer, but prior to drying by

a second drying method.

in another aspect, filler and binder are combined to form a mixture, and then the mixture is
dried and ground to an average particle size in a range between about 1 micrometer to about
80 micrometers. Yet, another aspect, the mixture is dried and ground to an average particle
size in a range between about § micrometers to about 50 micrometers. Still yet, in ancother

aspect, the mixture is dried and ground to an average particle size in a range between about
16
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10 micrometers to about 25 micrometers. In one aspect, the mixture is dried and ground to an
average particle size in a range between about 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
63, 70, 75, and 80 micrometers. Then, the mixture can be added to a furnish. Retention aids
can be added to the furnish if necessary. Alternatively, the mixture is spray-dried with a
particle size that can be retained in a tissue furnish. A method of spray-drying is described in
.S, Patent No. 8,372,320 to Gardner ef g/, which is incorporated herein in its entirety by

reference.
EXAMPLES

Example 1

Fibers were prepared from an extrudable dope comprising NFC (binder), waste solids (filler),
and § wt. % carboxymethyl cefinlose (CMC). The dope was extruded with a syringe through
a 20-gauge needle onto aluminum foil and dried in an oven at 105 °C. FIGs. 24 and 2B

illustrate images of the fibers. The fibers persisted for at least 30 minutes of light agitation in

water.

Example 2

In Example 2, MOWIOL 10/98 (polyvinyl alcohot) (available from KURARAY Europe
GmbH, Hattersheim am Main, Germany) (Degree of polymerization: ~ 1400; Molecalar
Weight: ~ 60,000 g/mol; Viscosity (4 % solution in water): 10+ 1 mPa « 5 at 20°C) was used

as the standard for all spinning trials,

Deinking residuals that contain small ink particles, rejected paper fillers, and fine cellulose
patticles (cellulose fines) were collected from a wastepaper recycling process, Deinking
residuals were ashed at 525 °C. The ash was predominantly rejected paper filler, such as
precipitated calcium carbonate, kaolin clay, and titanium dioxide. The non-ash component
was substantiaily ceilulose fines removed during deinking. About 99 % of the filler passed
through a 200 mesh screen with 76 micrometer holes. Table 1 shows some of the properties

of the residuals used for filler in this example.

Table 1. Filler composition

Ash (%) 63.3
Non-ash (%) 36.7
200 Mesh Britt jar pass (%) 99.1

17




The filler suspension was first dewatered using standard filter paper, and then the solids level
of the wet filtration cake was determined. The dewatered filler was placed in double-jacket
1.5-L-glass reactor equipped with an agitator, thermometer and reflux condenser. Sufficient
deionized water was added to reach the final target level of solids. The suspension was heated
to 60 °C under agitation, and PVOH was added to achieve a 1:1 PVOH:filler ratio. The

mixture appeared {0 become homogeneous with sufficient mixing at 60 °C. Table 2 displays

the process conditions.

Table 2. Process conditions for wet spinning fibers

PVOH, fully hydrotysed 2
28%
(MOWIOL 1€/98)

Polymer

Composition of spin mass:

10

Polyvinyl alcohol 50 g (16.7%)

Water 200 g (66.7 %)

Filler ~ 50 g (16.7%)
[Jissolution temperature 105 °C

Concentration of spinning solution (dope) 20 % (w/w) relative to PVOH

Average degree of polymerization 1,400
Solvent water
Dope temperature at spinning 60 °C

Spinneret {.2 mm (48 holes), immersed
Coagulation saturated Na,SOg-solution, 48
°C, 2-m-spinning bath trough

Take-up velocity e

Spin mass metering rate

5 ml/imin

After wet-spinning, the fibers were allowed to dry at room temperature. Then, the fibers
were annealed for 10 minutes at 200 °C (circulated air), washed with warm water at 50 °C,

and dried again at room temperature. FIG. 3A illustrates an image of the fiber comprising 50

% PYOH and 50 % filler.
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Exxmple 3

In Example 3, fibers wers wet spun with PVOH and filler as deseribed in Example 2, except

with a different filier composition (Table 3). The filler composition was carporated st a

higher PVOH:filker ratio of sbout 2:1.  In addition, larger spinnerels were used (0.5mm).
S Table 4 summarizes process conditions for wet spinning fibers from the spin mass,

Table 3. Filler compasition

Ash (%) 548
Non-ash (%) 452
200 Mesh Britt jar pass (%) 5.4

Table 4. Process conditions for wet spinning fibers

Polymer PVOH, fully hydrolysed 2
o8%
(MOWIOL 10/98)
Composition of spin mass: -
Polyvinyl alcahol 142 g (8 %)
Water 450 ¢ (18 %)
Fitler =~ 30 g (74 %)
Dissolution temperature 105 °C
Concentration of spinning solution (dope) 20 % (w'w) relative 1 PVOH
Average degree of polymerization 1,400
Solvent water
Dope temperature at spinning 60 °C
Spinseret 0.2 mm (48 holes), immersed
Coagulation saturated NaySO.-solution, 48
*C, 2-m-spinning bath rough
Spin mass mctering rate $ mbmin

10 Afier wet-spinning, the fibers wore allowed to dry at room temperature. Then, the fibers
were aanealed for 10 minutes at 200 "C (circulated air), washed with warm water at 50 *C,
and dried again at room temperature. FIG. 3B illustrates an tmage of the fiber comprising 69

% PVOH and 31 % filler.
9
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Example 4

In Example 4, wet span fibers with deinking waste solids were prepared at PYOH : filler ratio
of |:0.22 (FIG. 3C). Rejects from a deinking process were milled under the following
conditions to reduce particle size. (Milling conditions: Ball mill type FRYMA MS8-12; solid
content: 7.5 % (w/w); throughput : 270 mlmin; 2000 rpm; milling balls: 300 m! Zirconia-
Silicate (0.8 — 1 mm); duration : 4 h (final temperature: 60 °C}).

Milled reject material was homogeneously dispersed in a quantity of tap water such that a
PVOH : filler-vatio of 1 : 8.22 and a polymer concentration of 20 % would result when
PVOH is added afterwards (refer to Table 5 for composition). The sturry was transferred to a
double-jacket 10-L-steel reactor equipped with an agitator, thermometer and reflux
condenser. After adding the calculated quantity of PYOH chips, the suspension was aflowed
to swell at 60 °C for 20 minutes before the jacket temperature was raised to 98 °C. After
noticing complete dissolution, the formed grey solution/dispersion was agitated for 10 more
minutes at 95 °C before the external heating cycle temperature was resel to 60 °C. When
internal temperature was lowered to about 65-70 °C, the spin mass was transferred to the
storage lank of the spinning apparatus. Fibers were spun according to the parameters in
Table §.

20



Tahle 5. Process conditions for wet spinning fibers

Polvmer PVOH, fully hydrotysed 2
98
(MOWIOL. 1098}
Composition of spin mass:
Polyvinyl alochal 380 g (37.5%)
Water 017 g (66.4 %)
Filler ~83 g ( 6.0%)
Dissoletion temperature 95°C (jacket heating 98 *C)
Concentration of spianing solution (dope) 29 % (whw) related to PYOH
Average degree of pulymerization 1400
Solvent water
Dupe temperature at spirming o0°C
Spinnerct 0.15 mm (30 holes) immersed
Congulation saturated NuySO.-satation, 48
*C, 2-m-spinning bath trough
Take-up velocity 24 mbmin
Spin mass metoring oo 7.5 miin

After wet-spinning, the fibers were allowed to dry & room temperature.  Then, the fibers
were annealed for 10 miautes at 200 °C (eirculated air), washed with warm water st 50 *C,

and dried again at room temperature, FIG, 3C iltustrates an image of the fibers comprising
§2 % PVOH and 18% filler.

Example §

The spin mass of Example 4 was formed imto fibrids (FIG. 4) using sbear coagulation
acoording to the parameters in Tabie 6.
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Table 6. Process conditions for shear spinning fibrids

Polymer PVOH, completely hydrolvsed
= 98%, MOWIOL 10/98
Concentration of spinning solation (dope) 29 9% (wiw)
Average degree of polymerization 1400
Solvent water
Dope temperature af spinning 60 °C
- Spinnerst single-hole, 1 mm, immersed
Composition of spin mass
Polyviny! aleohol 330 g (R7.5%)
Water 517 g (66,4 %)
Filler Rejeet ~83 g ( 6,0%)
Coagulation agent saturated agueous NapSQ,-
solution
Coagulation bath temperatore 45 °C
Forming tool Ullea-TURRAX-to0l, coarse
Mass ratio spin mass : coagulation agent 1:18

The ireatment steps were as follows: 1) Separation from salt-sohution {contact time of fibrids
in salt solution about 20 min for completing coagulation, steady agitation during
preparation); 2) Drying at room temperature; 3) Annealing (15 min, 200°C, at least 10 min

residence time required); 4) Washing (R removal of adherent Na;8O4); 3} Final drying.

Examnpie 6

The spin mass of Example 4 was formed into a film (FIG. §) according to the parameters in
Table 7 afler adding pulp fibers obtained from a recycled dry lap pulp called Fibrek
Lighthouse.
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Table 7. Film preparation parameters

Polymer | PVOH, fully hydrolysed >
98%, MOWIOL, 10/98
Disscolution temperature 95°C
Composition of spin mass

Polyviny! alcohol 400 g (16.6 %)

Water 1600 g (66.7 %)

Filler Reject 200 g ( 8.3 %)

Pulp-Fibers 200g { 8.3%)

Concentration of spinning solution (dope) 20 % (wiw)

Average degree of polymerization 1400

Films were prepared by means of doctor blade (50 um slit width), which were dried at 75°C
for 15 min (FIG. 5). Subsequently, the films were removed from the support plate, annealed
at 200 °C for 5 min, and milled.

With respect to the above description, it is to be realized that the optimum proportional
relationships for the parts of the invention, to include variations in components,
concentration, shape, form, function, and manner of manufacture, and use, are deemed
readily apparent and obvious to one skilled in the art, and all equivalent relationships to those

iilustrated in the specification are intended to be encompassed by the present invention.

Therefore, the foregoing is considered as illustrative only of the principles of the invention.
Further, various modifications may be made of the invention without departing from the
scope thereof, and it is desired, therefore, that only such limitations shall be placed thereon as

are imposed by the prior art and which are set forth in the appended claims.
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Claims
1i; An article of manufacture comprising:
a binder and a filler, the binder being cellulose nanofibrils, and the filler being deinking

waste solids comprising ash and cellulose fines;

wherein the article is a fiber or a film, and the binder is impregnated with or encapsulates

the deinking water solids to form the fiber or the film.

2. The article of Claim 1, wherein the filler is present in a range between about 1 wt. % to
about 80 wt. % based on the total weight of the fiber.

3, The article of Claim 1, further comprising PVOH in a range between about 20 wt. % to
about 99 wt. % based on the total weight of the fiber.

4. The article of Claim 1, wherein the cellulose nanofibrils are present in a range between

about 1 wt. % to about 80 wt. % based on the total weight of the fiber.

5. The article of Claim 1, wherein the ash is precipitated calcium carbonate, ground calcium

carbonate, gypsum, titanium dioxide, clay, silica, or any combination thereof.

6. The article of Claim 1, wherein the filler comprises particles having an average size of

less than about 20 micrometers in diameter.
T The article of Claim 1, further comprising a processing aid.

8. The article of Claim 7, wherein the processing aid is present in a range between about 0.5
wt. % to about 10 wt. % based on the total weight of the fiber.

9. The article of Claim 7, wherein the processing aid is carboxymethylcellulose, starch,
glyoxal, glutaraldehyde, dialdehydes boric acid carbonate, zirconium ammonium carbonate,
glyoxalated polyacrylamide, polyamide-epichlorohydrin, polyamine-epichlorohydrin, urea-
formaldehyde, melamine-formaldehyde, polyethyleneimine, propylene glycol, diethylene glycol,

triethylene glycol, dipropylene glycol, glycerol, or any combination thereof.

10. A paper web comprising the article of Claim 1, wherein the article is the fiber.




11. A paper web comprising the article of Claim 1, wherein the paper web comprises a
cellulosic substrate having a surface, and the article is substantially disposed onto the surface or

impregnates the cellulosic substrate.

12. The paper web of Claim 11, wherein the article impregnates the cellulosic substrate and
has a particle size with an average diameter in a range between about 1 micrometer and about 80
micrometers.

13. An article of manufacture comprising:

cellulose nanofibriis and a filler, the filier being deinking waste solids comprising ash and
cellulose fines, and the cellulose nanofibrils being at least one of a nanofibrillated cellulose or a

cellulose fibrid;

wherein the article is a fiber or a film, and the cellulose nanofibrils are impregnated with

or encapsulate the filler.

14. The article of Claim 13, wherein the filler is present in a range between about § wt. % to

about 50 wt. % based on the total weight of the fiber.

15. A method of making an article of manufacture, the method comprising:

impregnating or encapsulating a binder with a filler, the filler being deinking waste solids

comprising ash and cellulose fines, and the binder being cellulose nanofibrils; and

preparing an extrudable dope;
wherein the article is a fiber or a film.

16. The methed of Claim 15, further comprising wet spinning, dry spinning, shear spinning,

or slit extruding the extrudable dope to form the fiber or the film.

17. ‘The method of Claim 135, wherein the cellulose nanofibrils are at least one of a cellulose

nanofibril or a cellulose fibrid.

18. The method of Claim 15, further comprising homogenizing wood pulp fibers or other

fibrillatable ceilulose to form the cellulose nanofibrils.



