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POLYVINYL ALCOHOL FIBERS AND FILMS WITH MINERAL FILLERS AND 
SMALL CELLULOSE PARTICLES 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is based on U.S. Provisional Patent Application No. 61/978,336, filed 

5 April 11, 2014, which is incorporated herein in its entirety. 

TECHNICAL FIELD 

The present invention is directed generally to polyvinyl alcohol (PVOH) fibers and films. 
More specifically, the invention is related PVOH fibers and films comprising fillers. 

BACKGROUND OF THE INVENTION 

10 Polyvinyl alcohol (PVOH) binder fibers are useful for increasing the strength of paper 
products, although fiber cost can be prohibitive for many applications. Fiber cost can be 
mitigated by introducing fillers that are cheaper than PVOH, However, alternative fibers that 
incorporate recycled materials as fillers may not be suitable for white paper products because 
fibers produced are dark in color. 

IS Bright fillers, such as precipitated calcium carbonate or other minerals, are commonly 

compounded with plastics, such as polypropylene. Polymers compounded with fillers may 
require low moisture content, depending on the polymer/filler combination. For example, 
fine, bright cellulose particles generally need to be dry to be compatible with plastic. PVOH 

is less restrictive on moisture content than plasties. Fillers in water may be combined with 
20 PVOH and formed into fibers and films without drying beforehand. When PVOH is the 

polymer, fine cellulose particles generally do not need to be pre~dried before mixing and 
forming fibers and films. 

Based on the foregoing, there exists a need for cost-effective, water-based, filled PVOH 
fibers that can be incorporated into white paper products. Accordingly, it is to solving this 

25 and other needs the present invention is directed. 

SUMMARY OF THE INVENTION 

The present invention is directed to articles of manufacture. In one aspect, the article is a 
fiber or a film, in another aspect, the article includes a PVOH arid an inorganic filler 
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comprising particles having an average diameter of less than about 20 micrometers. The 
PVOH has a degree of hydrolysis of greater than about 95% and is present in a range between 

about 20 wt % and about 99 wt. % based on the total article weight. 

Yet, in another aspect, the article includes a PVOH and an inorganic filler comprising 
5 particles having an average diameter of less than about 20 micrometers. The PVOH has a 

degree of hydrolysis of greater than about 95%, is partially soluble in water at a temperature 
of less than about 95°C, and is present in a range between about 20 wt, % and about 99 wt. % 
based on the total fiber weight. 

Still yet, in another aspect, a method of making the article mixing a PVOH with a filler 
10 comprising particles having an average diameter of less than about 20 micrometers and 

preparing an extrudable spin mass, The PVOH has a degree of hydrolysis of greater than 
about 95% and is present in a range between about 20 wt. % and about 99 wt. % based on the 
total fiber weight. 

It is to be understood that the phraseology and terminology employed herein are for the 
15 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 
equivalent constructions insofar as they do not depart from the spirit and scope of the present 

20 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 better understood and the above object as well as objects other than 
25 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: 

The sole Figure is a photomicrograph of a polyvinyl alcohol film made in accordance with 
the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

For a 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 figure. 

5 Terminology used herein is given its ordinary meaning consistent with the exemplar}' 
definitions set forth immediately below; mg refers to milligrams and m2 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 include a binder and a filler. The binder is a 

10 polyvinyl alcohol (PVOH), cellulose nanofibrils, or a combination of the PVOH and cellulose 
nanofibrils. The filler is any combination of high brightness mineral fillers and cellulose 
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 

15 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 term "inorganic filler" and "filler' as used herein means any particles, salts, or minerals 
having an average diameter of less than about 20 micrometers, 

20 The term "degree of polymerization" (DP) as used herein means the number of monomelic 
units in a polymer. For a homopolymer, such as PVOH, there is only one type of monomeric 
unit; thus, the number-average DP is given by Mn is the average molecular weight of 

the polymer, and Mc is the molecular weight of the monomer uni t. 

The term "degree of hydrolysis" as used herein means the proportion of acetate groups in 
25 polyvinyl acetate that have been converted to alcohol groups to form the polyvinyl alcohol. 

The PVOH used in the present invention has a degree of hydrolysis of at least about 95%, 
which is the minimum threshold required to maintain water-solubility. 
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The temi "substantially soluble in water" as used herein means substantially dissolving in 
water at the provided temperature. Initially, the PVOH used is substantially soluble. The 
terra "partially soluble in water" as used herein means partially dissolving in water at the 
provided temperature. During processing and in the final article of manufacture, the PVOH 

5 is partially soluble in water. 

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 soda pulping processes, Non-limiting 
examples of wood pulps include hardwood kraft pulp, softwood kraft pulp, hardwood sulfite 

10 pulp, softwood sulfite pulp, or any combination thereof. The cellulose fibers 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, recycled 
(secondary) cellulosic fibers, and fiber mixes comprising cellulosic fibers. Suitable 

15 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: 

20 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 

25 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). 

The term "tissue furnish" as used herein refer to aqueous compositions comprising fibers of 
30 this invention, cellulose fibers, papermaking fibers, or any combination thereof. Optionally, 
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tissue furnishes include wet strength resins, debonders, other additives, and the like for 
making paper products. The term "tissue furnish" is used interchangeably with "fiber slurry." 

The term "waste paper" as used herein refers to paper or cardboard which, after use, is 
recovered in the form of recycled fiber and then re-used to produce paper, cardboard, or 

5 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 "ceUuiose particle" as used herein means cellulose nanofibrils or cellulose fines. 
Cellulose fines are small cellulose particles commonly found in wood pulp. Cellulose fines 
can have dimensions in a range between about 1 and about 200 micrometers. 

10 The term "cellulose nanofibrils" as used herein means "nanofibriHated cellulose" (NFC), 
"microfibriiiated cellulose" (MFC), cellulose fibrids, fibrillated lyoceli, or any combination 
thereof. As used herein, the terms NFC and MFC are used interchangeably. Cellulose 
nanofibrils are derived from plant ceil walls, which comprise microfibrils or nanofibrils 
composed of small bundles of cellulose chains. The microfibrils or nanofibrils can be 

15 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 diameters in a range 

20 between about 3 nm to about 100 nm. Hie 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 re-disperse into individual nanofibrils upon rewetting. 

The term "cellulose fibrid'5 as used herein means fine cellulose fibers produced by 
regenerating cellulose (described in detail below). Cellulose fibrids can have average lengths 

25 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 lyoceli" as used herein means a cellulose fiber obtained first, by an 

organic solvent spinning process foilowed mechanical treatment that results in cellulose 
30 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 
5 
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solution which is pumped through spinnerets to produce fibers without formation of a 
derivative of the cellulose. 

The terms "extrudabie dope" and "extrudabie spin mass" as used herein are used 
interchangeably and means a composition including a binder, a filler, and optionally, a 

5 processing aid, that can be extruded through an orifice, such as a spinneret 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 cellulose nanofibrils, and 
the filler is any combination of high brightness mineral and cellulose fines. 

In the context of producing a cost-effective fiber or tissue product, the use of synthetic fibers 

10 or materials, such as PVOH, is a viable option. PVOH is useful in papermaking applications 
because it can be substantially soluble in water (before forming an article of manufacture), 
provides a substantial bonding effect, improves paper strength, and is resistant to alkaline 
conditions. The solubility and bonding of the article may be changed during or after forming 
the article through various techniques if desired, 

15 The present invention combines a PVOH with an inorganic filler to form articles of 
manufacture and other shaped objects, for example fibers and films. In another aspect, 

inorganic filler can be incorporated into a PVOH, 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, 

20 handsheets, and the like. 

The PVOH and inorganic filler combination described herein provides for articles of 
manufacture with optional levels of solubility, including fibers and films. Thus, these articles 
can be incorporated into a variety of flushable and disposable products. Furthermore, the use 
of virgin inorganic fillers, as described herein, provides brightened and whiter fibers and 

25 films. 

Yet in another aspect of the present invention, a fiber includes a PVOH and an inorganic 
filler comprising particles having an average diameter of less than about 20 micrometers. 
The PVOH has a degree of hydrolysis of greater than about 95% and is present in a range 

between about 20 wt. % and about 99 wt. % based on the total fiber weight. The PVOH can 
30 be impregnated with the filler, or the PVOH can encapsulate the filler. 
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The average diameter of the fibers of the present Invention can be any diameter, depending 
on the application, In 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 and about 250 micrometers. Yet, in another, aspect, the fibers have an 

5 average diameter in a range between about. 50 micrometers and about 100 micrometers. Yet, 
in another, aspect, the fibers have an average diameter in a range between about 10 
micrometers and about 50 micrometers. Still, in another aspect, the fibers have an average 
diameter about or in the range between about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, and 300 

10 micrometers, 

PVOH 

PVOH such as MOWfOL® 10/98, which is commercially available from Kuraray America 
Inc., Houston, TX, is one example of a suitable input material In one aspect, the PVOH used 

in the present invention is substantially soluble in water at a temperature of less than about 
15 100°C. In another aspect, the PVOH is substantially soluble in water at a temperature of less 

than about 98°C or about 95°C. Yet, in another aspect, the PVOH is substantially soluble in 

water at a temperature in a range between about 75"€ and about 95°C. Still yet. in another 
aspect, the PVOH is substantially soluble in water at a temperature of less than about 85°C, 
In one aspect, the -PVOH is substantially soluble in water at a temperature, about or in any 

20 range between about 50°C, 52°C, 55°C, 57°C, 60°C, 62°C, 65°C, 67°C, 70°C, 72°C, 75°C, 
77°C, 80°C, S2°C, 85°C, 87°C, 90°C, 92°C, 95CC, 97°C\ and 99°C, 

However, although the PVOH is initially substantially soluble in water at the provided 
temperature, the PVOH becomes either partially soluble in water or substantially insoluble in 
water during processing and formation of the final article of manufacture. Thus, in the article 

25 of manufacture, the PVOH is partially soluble in water at a temperature of less than about 
98°C or about 95°C. Yet, in another aspect, the PVOH is partially soluble in water at a 

temperature in a range between about 75°C and about 95°C. Still yet, in another aspect, the 
PVOH is partially soluble in water at a temperature of less than about 85°C, In one aspect, 
the PVOH is partially soluble in water at a temperature about or in any range between about 

30 5Q°C, 52°C, 55°C, 57°C, 60°C, 62°C, 65°C, 67°C, 70°C, 72°C, 75°C, 77°C, 80°C, 82°C, 85°C, 
87°C, 9G°C, 92°C, 95»C, 97°C, and 99°C, 
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The PVOH can have an average degree of polymerization in a range between about 500 and 
about 3,000. In one aspect, the PVOH has an average degree of polymerization in a range 

between about 1,000 and 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 

5 degree of polymerization about or in a range between about 500, 750, 1000, 1250, 1350, 
1400, 1500, 1600, 1700, 2000, 2500, and 3000. 

The degree of hydrolysis of the PVOH is important for water solubility and for mixing with 
fillers in water, The PVOH can have an average degree of hydrolysis of greater than about 
95%. In another aspect, PVOH has an average degree of hydrolysis of greater than about 

10 98%. Yet, in another aspect, the PVOH 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 hydrolysis about or in a range between about 95%, 96%, 97%, 98%, 99%, or 100%. 

The PVOH can be present in the article in a range between about 20 wt, % and about 80 wt. 
% based on the total weight of the article, which can be a fiber or a film. In one aspect, the 

15 PVOH is present in a range between about 20 wt. % and about 99 wt. %. Yet, in another 
aspect, the PVOH is present in a range between about 40 wt, % and about 60 wt, %, Still yet, 
in another aspect, the PVOH is present in a range between about 20 wt. % and about 99 wt. 
%. In another aspect, the PVOH is present in an amount about or in any range between about 
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, and 99 wt. %, 

20 In one aspect the PVOH and inorganic filler is combined to form fibers, in another aspect, 
the PVOH and inorganic filler is combined to form fibrids, PVOH fibrids can be produced 
by mixing PVOH with the inorganic filler to form a spin mass and then treating the spin 

mass with a shear field in a coagulation bath, such as saturated sodium sulfate solution, to 
form the PVOH fibrids. For example, the method disclosed in Canadian Patent No. CA 

25 2,313,213 for ceiluiose 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 to about 2000 microns, In yet 
another aspect, filled PVOH fibrids can have an average length of about 800 to about 1500 
microns. 

30 Optionally, the sodium sulfate coagulation bath can be acidified with sulfuric (or any other) 
acid. Acidification induces the calcium carbonate inside the nascent fibrids to react with the 

8 
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acid and to generate CO? and expand the fibrids. The result provides for bulkier paper webs. 
Optional acids include hydrochloric acid, nitric acid, phosphoric acid, or any combination 
thereof. Optionally, sodium bicarbonate can he added to generate more CO2 and further 

increase fiber bulk, 

5 Filler 

The inorganic filler used in the present invention can be any inorganic particle, material, 
mineral, or combination thereof, having an average diameter of less than about 20 
micrometers. In one aspect, the inorganic filler comprises particles having an average 
diameter of about 1 micrometer to about 18 micrometers. In another aspect, the inorganic 

10 filler comprises particles having an average diameter of about 5 micrometers to about 10 
micrometers. Yet, in another aspect, the inorganic filler comprises particles having an 
average diameter of about 2.5 micrometers to about 8 micrometers, Still yet, in another 
aspect, the inorganic filler comprises particles having an average diameter of about or in any 
range between about 0.5, 1, 1.5, 2, 2.5, 3, 3,5, 4, 4,5, 5, 5.5, 6, 6,5, 7, 7,5, 8, 8.5, 9, 9.5, 10, 

15 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15,5, 16, 16,5, 17, 17.5, 18, 18.5, 19, 19.5, and 
20 micrometers. 

Non-limiting examples of suitable inorganic fillers include, but are not limited to, precipitated 
calcium carbonate, ground calcium carbonate, gypsum, titanium dioxide, clay, silica, 
magnesium aluminum silicate, hydrated aluminum silicate, barium silicate, calcium silicate, 

20 magnesium silicate, strontium silicate, tale, mica, kaolin clay, sericite, muscovite, lepidolite, 

biotite, vermiculite, zeolite, barium sulfate, calcined calcium sulfate, hydroxyapatite, ceramic 
powder, colloidal silicone dioxide, boron nitride, or any combination thereof, 

The inorganic filler can be present in the article in a range between about 1 wt. % and about 
80 wt. % based on the total weight of the article. In one aspect the article is a fiber or a film, 

25 In another aspect, the inorganic filler is present in a range between about 5 wt, % and about 
50 wt. % based on the total weight of the article. Yet in another aspect, the inorganic filler is 
present in a range between about 20 wt, % and about 60 wt. % based on the total weight of 
the artieie. Stili yet, in another aspect, the inorganic filler is present in a range between about 
30 wt. % and about 50 wt. % based on the total weight of the article, Stili, in another aspect, 

30 the inorganic filler is present in an amount about or in a range between about 1, 2,5, 5, 7.5, 

9 
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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 article. 

Cellulose fines can be incorporated into the articles of the present invention. In one aspect, 
the cellulose fines can have an average diameter in a range between about 1 micrometer and 

5 about 40 micrometers. Yet, in another aspect, the cellulose fines have an average dimensions 
about or in a range between about 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 
140, 150, 160, 170, 180, 190, and 200 micrometers. 

The physical properties of the PVOH of the present invention enable formation of a solid 
article of manufacture, including a fiber and a film, with limited solubility upon drying and 

10 after treatment. In addition, these PVOH in combination with the inorganic filler can dry into 
fibers, films, or other shaped objects. Further, the PVOH can trap, encapsulate, and bind 
small particles in the inorganic filler as the spin mass is extruded to form the objects. The 
fibers and films remain substantially in their shaped state when immersed in water or an 
aqueous environment. The objects can then be readily formed, retained, and bonded into a 

15 paper web, 

As indicated above, a film of the present invention includes a PVOH and inorganic filler. 

The sole Figure illustrates a photomicrograph of a PVOH film. The PVOH film includes 
55% PVOH, 33% PCC, and 11% cellulose fibers obtained from hardwood kraft pulp. 

When used to produce a film, the PVOH can be impregnated with the inorganic filler, or the 
20 PVOH can encapsulate the inorganic filler. The films 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 

25 micrometers to about 100 micrometers. 

In addition to fibers and fiirns, papers can include PVOH and inorganic fillers, in another 
aspect of the present invention, a paper comprises a cellulosic substrate having a surface and 
a mixture being substantially disposed onto the surface or impregnating the cellulosic 
substrate. The mixture comprises a PVOH and an inorganic filler. The PVOH fibers formed 

30 can be incorporated into any paper or paper product. 

10 
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Cellulose 

In one aspect, the articles described herein can farther include any pulp, cellulose particles, 
cellulose fibers, papermaking fibers, or any combination thereof. The cellulose particles can 
be cellulose nanofibrils or cellulose fines. Cellulose particles include, but are not limited to, 

5 hardwood kraft pulp particles, softwood kraft pulp particles, hardwood sulfite pulp particles, 
softwood sulfite pulp particles, grass pulp particles, or any combination thereof. 

Cellulose nanofibrils, including NFC, can be combined or mixed with the inorganic filler and 
any suitable additives or processing aids to form a spin mass. NFC can be isolated by 

mechanical disintegration of the plant cell wall in wood pulp. In addition to mechanical 
10 force, various 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 homogenizes a 
coiloider, a friction grinder, an ultrasound sonicator, a fluidizer, such as a microfluidizer, a 
maerofluidizer or a fluidizer-type homogenizes U.S. Patent Pub, No, 2012/0214979 Ai to 

15 Heiskanen et ai. (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, esterificataon, or etherification reactions of cellulose 

20 molecules, Modification also is accomplished by physical adsorption of anionic, cationic, 
non-ionic substances, or any combination of thereof, 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 
25 produce the cellulose nanofibrils. 

Cellulose fibrids can be produced by regenerating cellulose, for example, by initially 
dissolving cellulose or a cellulose derivative in a solvent to produce a cellulose spin mass. 
Following dissolution in a suitable solvent, mixing in a high-shear mixer can produce finely 
dispersed cellulose fibrids. These fibrids, like NFC, are fine enough that they form films, and 

30 other structures, that do not re-disperse upon wetting in water. Cellulose fibrids can be 
combined and mixed with inorganic tillers and any suitable additives or processing aids to 

11 
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form a spin mass. Subsequently, the spin mass can be extruded through spinnerets to form 

the fibers and films. 

Exemplary methods of forming cellulose fibrids are disclosed in U.S. Patent Nos. 2,999,788 
to Morgan and 6,451,884 to Cowers et ah, both of which are incorporated herein in their 

5 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 liquor together under turbulent 

conditions. One example of such a spinning solution is viscose, which contains sodium 
cellulose xanthate. Examples of coagulating liquors for viscose include, hut are not limited 
to, aqueous salt solutions and aqueous acid solutions. 

10 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 
spin mass made with N-methylmorpholine N-oxide (MMMO or NMMNQ), 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 
15 in a precipitation bath containing water and NMMO with a shear field. The method has the 

advantage that no stretching or drawing in air in another non-precipitating medium is 

required for orienting the cellulose 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 
be produced by surfaces that are closely arranged side by side and are movable relative to one 

20 another, 

A method for dissolving cellulose to produce a cellulose spin mass 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 
spin mass. One process for dissolving cellulose in a tertiary amine N-oxide is disclosed, for 

25 example, U.S. Patent No. 2,179,181 to Graenacher et ai, which is incorporated herein in its 
entirety by reference. In accordance with the disclosure, oxides of trimethylarnine, 
triethylamine, tripropyiamine, monomethyldiethyiamme, dimethylmonoethylamine, 
monomethyldipropylamine, N-dimethyl-, N-diethyl- or N-dipropylcycIohexvlamine, N-
dimethylmethylcyclohexylamine and pyridine can be used. U.S. Patent No. 3,447,939 to 

30 Johnson, which is incorporated herein in its entirety by reference, discloses a process for 
dissolving cellulose in an anhydrous tertiary amine N-oxide, which is incorporated herein in 

12 



WO 2015/157171 PCT/US2015/024512 

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 

5 cellulose fibrids. 

Any of the above mentioned cellulose 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. Yet, in another aspect, the cellulose nanofibrils have an average length in a 

10 range between about 100 micrometers to about 500 micrometers. StilS yet, in another aspect, 
the cellulose nanofibrils have an average length of less than about 200 micrometers. In one 
aspect, the cellulose nanofibrils have an average length about or in any range between about 
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, and 800 micrometers. 

Any of the cellulose nanofibrils can be present in the fibers or films in a range between about 

15 1 wt. % to about 80 wt. % based on the total weight of the fiber or film. In another aspect, 
the cellulose nanofibrils can be present in the fibers or films in a range between about 5 wt. % 
to about 70 wt, % based on the total weight of the fiber or film. 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 fiber or film. Still, in another aspect, the cellulose nanofibrils 

20 can be present in an amount about or in a range between about 1,5, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 55, 60, 65. 70, 75, and 80 wt. % based on the total weight of the fiber or film. 

Additives 

The articles described herein, which can be fibers or films can include any suitable 
processing aids or additives, which can aid In forming a spinnahle or extrudabie spin mass. 

25 The processing aid can be present in a range between about 0,5 wt. % to about 10 wt. %. In 
another aspect the processing aid can be present in the spin mass in a range between about 
0.3 wt, % to about 5 wt, %. In yet another aspect, the processing aid can be present in the 
cellulose spin mass in a range between about 0.5 wt. % to about 2 wt. %. Still, in another 
aspect, the processing aids are present in ait amount about or in any range between about 0.1, 

30 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 earboxymethyleellulose, starch, glyoxal. glutaraldehyde, 

13 
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boric acid carbonate, zirconium ammonium carbonate, glyoxalafed polyacrylamide, 
polyamide-epichlorohydrin, polyamine-epichlorohydrin, urea-formaldehyde, melamine-
formaldehyde, polyethyleneimine, propylene glycol, diethylene glycol, triethyiene glycol, 
as propylene glycol, glycerol, triacetin (glycerol triacetate), diethylene glycol diacetate, 

5 triethyiene glycol diacetate, tripropionin, acetyl triethyl citrate, triethy! citrate, or any 
combination thereof, 

Optionally, an acid can be added to the PVOH and organic filler combination to generate 
CO?, which results in expanded fibers and can lead to bulkier paper webs. Alternatively, 
sodium bicarbonate can be added to generate even more CO2. Optional acids include sulfuric 

10 acid, hydrochloric acid, nitric acid, phosphoric acid, or any combination thereof. 

Method of making 

In accordance with the present invention, a method of making the articles described herein, 
which can be fibers or films, includes mixing a PVOH with an inorganic filler with particles 
having an average diameter of less than about 20 micrometers and preparing an extrudabie 

15 spin mass. In one aspect, the PVOH has a degree of hydrolysis of greater than about 95% 
and is present in a range between about 20 wt, % and about 99 wt, % based on the total fiber 
weight. 

Initially, the PVOH is mixed with inorganic filler, and optionally, processing aids and 
cellulose particles, to form an extrudabie spin mass. When cellulose nanofibrils, cellulose 

20 nanocrystais, or cellulose fibrids are included, additives such as carboxymethyl cellulose can 

be added to increase the extensibility of the spin mass. The properties of the PVOH are 
chosen to obtain the desired rheology. 

The fibers can be formed from the spin mass using various methods, including, for example, 
wet spinning, dry spinning, shear spinning, or slit extruding. Films also can be formed by an 

25 extrusion process. In a solution spinning process, the extrudabie spin mass is delivered to 
orifices of a spinneret. As one of ordinary skill in the art will understand, a 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 

30 implemented with holes drilled or etched through a plate, or with any other structure capable 
of issuing desired fibers, 

14 
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Upon emerging from the spinneret, the PVOH and inorganic filler combination solidifies to 
form the fibers or films. In a wet solution spinning process, the spinneret can be submerged 
in a coagulation or spanning 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 

5 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), or a salt bath using sodium sulfate for example. In a dry solution spinning 
process, one or more materials can emerge from the spinneret in warm air and solidify due to 
a solvent (e.g., acetone) evaporating in the warm air. 

10 After emerging from the spinneret, fibers can be drawn or stretched utilizing a godet or an 
aspirator. For example, fibers 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 he drawn 

15 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 

20 and attenuating the fibers. During this portion of fiber formation, one or more polymer 
materials forming the fibers can be solidifying. 

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 a hot air stream. These fibers can be incorporated into a paper web. 

25 Fibers can be formed with or without additional fillers to produce unique cellulose shapes 
beneficial to paper properties. U.S. 2006/0012072 to Hagewood ei al. 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 PVOH and an inorganic filler, Then, the method 
30 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, 
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handsheet, or tissue. Alternatively, the method of making the paper 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 nascent web can 
be dried by air-drying, through-air drying (TAD), drum drying (e.g., drying on the surface of 

5 a Yankee dryer), or any combination thereof. 

Optionally, the PVOH 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 longer 

fibers, 

10 In another aspect, a tissue furnish of cellulose fibers can be deposited onto a forming surface 
to form a nascent web. Then, the mixture of PVOH and inorganic 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 

15 spraying, onto the surface of the paper after drying on a Yankee dryer, but prior to drying by 
a second drying method. 

In another aspect, an inorganic filler and PVOH 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 

20 particle size in a range between about 5 micrometers to about 50 micrometers. Still yet, in 

another aspect, the mixture is dried and ground to an average particle size in a range between 
about 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, 65, 70, 75, and 80 micrometers. Then, the mixture can be added to a tissue 

25 furnish. Retention aids can be added to the tissue 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 U.S. Patent No, 8,372,320 to Gardner et ah, which is 
incorporated herein in its entirety by reference. 

With respect to the above description, it is to he realized that the optimum proportional 
30 relationships for the parts of the invention, to include variations in components, 

concentration, shape, form, function, and manner of manufacture, and use, are deemed 

16 
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readily apparent and obvious to one skilled in the art, and all equivalent relationships to those 
illustrated in the specification are intended to be encompassed by the present invention. 

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 he placed thereon as are 
imposed by the prior art. and which are set forth in the appended claims. 
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WHAT IS CLAIMED IS: 

1, An article of manufacture comprising; 

a polyvinyl alcohol (PVOH) and an inorganic filler comprising particles having an 
average diameter of less than about 20 micrometers, the PVOH having a degree of hydrolysis 

5 of greater than about 95% and being present in a range between about 20 wt. % and about 99 
wt, % based on the total article weight. 

2, The article of Claim I, wherein the article is a fiber or a film. 

3, The article of Claim 2, wherein the inorganic filler particles have an average diameter 

of less than about 3 micrometers. 

10 4, The article of Claim 2, wherein the inorganic filler is present in a range between about 
1 wt. % and about 50 wt. % based on the total fiber weight. 

5. The article of Claim 2, wherein the inorganic filler is precipitated calcium carbonate, 
ground calcium carbonate, gypsum, titanium dioxide, clay, silica, or any combination thereof, 

6. The article of Claim 2, wherein the PVOH is present in a range between about 40 wt. 

15 % and about 60 wt, % based on the total weight of the fiber or the film. 

7. The article of Claim 2, wherein the PVOH has a degree of polymerization in a range 
between about 500 and about 3,000. 

8. The article of Claim 7, wherein the degree of polymerization is in a range between 
about 1,000 and about 1,600. 

20 9. The article of Claim 2, wherein the degree of hydrolysis is greater than about 98 %, 

10, The article of Claim 2, further comprising cellulose particles in a range between about 
1 wt. % and about 50 wt. % based on the total weight of the fiber or the film. 

11. The article of Claim 10, wherein the cellulose particles are cellulose nanofibrils or 
cellulose fines. 

IS 
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12. The article of Claim 11, wherein the cellulose particles are hardwood kraft pulp 
particles, softwood kraft puip particles, hardwood sulfite pulp particles, softwood sulfite pulp 
particles, grass pulp particles, or any combination thereof. 

13. The article of Claim L further comprising a processing aid. 

5 14, The article of Claim 13, wherein the processing aid is present in a range between 
about 0.5 wt. % and about 10 wt. % based on the total fiber weight. 

15. The article of Claim 13, wherein the processing aid is carboxymethylceliulose, starch, 
giyoxai, glutaraidehyde, diafdehydes boric acid carbonate, zirconium ammonium carbonate, 
glyoxaiated polyacrylamide, polyamide-e-pichlorohydrin, polyamine-epichlorohydrin, urea-

10 formaldehyde, melamine-formaldehyde, polyethyleneimine, propylene glycol, diethylene 
glycol, triethyiene glycol, dipropylene glycol, glycerol, or any combination thereof. 

16. The article of Claim 1, wherein the PVOH is partially soluble in water at a 
temperature of less than about 98CC, 

17. The article of Claim 16, wherein the PVOH is partially soluble in water at a 
15 temperature in a range between about 75°C and about 95°C. 

18. The article of Claim 1, further comprising a CCVgenerating acid. 

19. The article of Claim 1, further comprising CO?.-generating sodium bicarbonate, 

20. An article of manufacture comprising: 

a PVOH and an inorganic filler comprising particles having an average diameter of 
20 less than about 20 micrometers, the PVOH having a degree of hydrolysis of greater than 

about 95%, being partially soluble in water at. a temperature of less than about 95°C, and 
being present in a range between about 20 wt. % and about 99 wt. % based on the total fiber 
weight. 

21. The article of Claim 20, wherein article is a fiber or a film. 

25 22. The article of Claim 21, wherein the inorganic filler particles have an average 
diameter of less than about 3 micrometers. 

19 
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23. The article of Claim 21, wherein the inorganic filler is present in a range between 
about 1 wt. % and about 50 wt. % based on the total fiber weight, 

24. The article of Claim 21, wherein the filler is precipitated calcium carbonate, ground 
calcium carbonate, gypsum, titanium dioxide, clay, silica, or any combination thereof. 

5 25. The article of Claim 21, wherein the PVOH is present in a range between about 40 wt, 
% and about 60 wt. % based on the total weight of the fiber. 

26. The article of Claim 21, wherein the PVOH has a degree of polymerization in a range 
between about 500 and about 3,000. 

27. The article of Claim 26, wherein the degree of polymerization is In a range between 
10 about 1,000 and about 1,600, 

28. The article of Claim 21, wherein the degree of hydrolysis is greater than about 98%, 

29. The article of Claim 21, further comprising cellulose particles in a range between 
about 1 wt. % and about 50 wt, % based on the total weight of the fiber, 

30. The article of Claim 29, wherein the cellulose particles are cellulose nanofibrils or 

15 cellulose fines. 

3 ], The article of Claim 29, wherein the cellulose particles are hardwood kraft pulp 

particles, softwood kraft pulp particles, hardwood sulfite pulp particles, softwood sulfite pulp 
particles, grass pulp particles, or any combination thereof, 

32, The article of Claim 21, further comprising a processing aid. 

20 33. The article of Claim 32, wherein the processing aid is present in a range between 
about 0.5 wt. % and about 10 wt, % based on tbe total fiber weight. 

34. The article of Claim 32, wherein the processing aid is carboxymethyicellulose, starch, 

glyoxal, glutaraidehyde, dialdehydes boric acid carbonate, zirconium ammonium carbonate, 
glyoxaiated polyacrylamide, polyamide-epichlorohydrin, polyamine-epichlorohydrin, urea-

25 formaldehyde, melamine-formaldehyde, polyethyleneimine, propylene glycol, diethylene 
glycol, triethyiene glycol, dipropyiene glycol, glycerol, or any combination thereof. 

20 



WO 2015/157171 PCT/US2015/024512 

35, The article of Claim 21, wherein the PVOH is partially soluble in water at a 
temperature in a range between about 75°C and about 95°C. 

36, The article of Claim 21, further comprising a C02-generating acid. 

37, The article of Claim 21, further comprising C02-generating sodium bicarbonate, 

5 38, A method of making an article of manufacture, the method comprising: 

mixing a PVOH with an inorganic filler comprising particles having an average 
diameter of less than about 20 micrometers, the PVOH having a degree of hydrolysis of 
greater than about 95% and being present in a range between about 20 wt. % and about 99 wt. 
% based on the total fiber weight; and 

10 preparing an extrudabie spin mass. 

39. The method of Claim 38, wherein the article is a fiber or a film, 

40. The method of Claim 39, further comprising wet spinning, dry spinning, shear 

spinning, or slit extruding the extrudabie spin mass to form the fiber or the film. 

41. Hie method of Claim 39, further comprising mixing the PVOH, the filler, or both 

15 with cellulose particles. 

42. The method of Claim 41, wherein the cellulose particles are cellulose nanofibrils or 
cellulose fines. 

43. The method of Claim 42, wherein the cellulose particles are derived from hardwood 
kraft pulp, softwood kraft pulp, hardwood sulfite pulp, softwood sulfite pulp, grass pulp, or 

20 any combination thereof. 

44. The method of Claim 41, further comprising extracting the cellulose particles from 
waste paper, seed pods, algae, bacteria, tunicates, or any combination thereof, 

45. The method of Claim 41, wherein the PVOH has a degree of polymerization in a 
range between about 500 and about 3,000. 

25 46, The method of Claim 45, wherein the degree of polymerization is in a range between 
about 1,000 and about 1,600. 

21 
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47. The method of Claim 39, wherein the degree of hydrolysis is greater than about 98 %, 

48. The method of Claim 39, wherein the PVOH is substantially soluble in water at a 
temperature of less than about 98°C. 

49. The method of Claim 39, wherein the PVOH is substantially soluble in water at a 
5 temperature in a range between about 75°C and about 95"C. 

50. The method of Claim 39, further comprising mixing the PVOH and the inorganic 
filler with sodium bicarbonate to generate CO2 and increase bulk. 

22 


