Innovation, Sciences et
Développement économique Canada
Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 2944527 C 2023/03/21

neEn 2 944 527

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2015/04/06

(87) Date publication PCT/PCT Publication Date: 2015/10/15
(45) Date de délivrance/lssue Date: 2023/03/21

(85) Entrée phase nationale/National Entry: 2016/09/29

(86) N° demande PCT/PCT Application No.: US 2015/024512
(87) N° publication PCT/PCT Publication No.: 2015/157171

(30) Priorités/Priorities: 2014/04/11 (US61/978,336);
2015/04/02 (US14/677,026)

(51) CLInt./Int.Cl. CO8L 29/04(2006.01),
C08J 5/18(2006.01), C0O8J 9/08 (2006.01),
CO8K 7/00(2006.01), DOTF 1/70(2006.01),
DO1F 6/14(2006.01)

(72) Inventeurs/Inventors:
SUMNICHT, DANIEL W., US;
SCHULZE, THOMAS, DE;
NIEMZ, FRANK-GUNTHER, DE

(73) Propriétaire/Owner:
GPCP IP HOLDINGS LLC, US

(74) Agent: CPST INTELLECTUAL PROPERTY INC.

(54) Titre : FIBRES D'ALCOOL POLYVINYLIQUE ET FILMS AVEC DES CHARGES MINERALES ET DE PETITES

PARTICULES DE CELLULOSE

(54) Title: POLYVINYL ALCOHOL FIBERS AND FILMS WITH MINERAL FILLERS AND SMALL CELLULOSE

PARTICLES

(57) Abrégé/Abstract:

The present invention is directed to an article of manufacture, which can be a fiber and or a film. In one aspect, the fiber or the film
comprises a polyvinyl alcohol (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. Methods of making the fibers and films are also disclosed.

C ana dg http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - http:/cipo.ge.ca

OPIC - CIPO 191

OPIC




2015/157171 AT I 00 OO0 RO O 0

W

(43) International Publication Date

CA 02944527 2016-09-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/157171 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

15 October 2015 (15.10.2015) WIPOIPCT
International Patent Classification: (81)
DOIF 1/10(2006.01) C08J 5/18 (2006.01)

DOIF 6/14 (2006.01) CO8L 29/04 (2006.01)
International Application Number:

PCT/US2015/024512

International Filing Date:
6 April 2015 (06.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/978,336 11 April 2014 (11.04.2014) US
14/677,026 2 April 2015 (02.04.2015) US
Applicant: GEORGIA-PACIFIC CONSUMER

PRODUCTS LP [US/US]; 133 Peachtree Street, N.E., At-
lanta, Georgia 30303 (US).

Inventors: SUMNICHT, Daniel W.; 1754 Berkshire
Drive, Hobart, Wisconsin 54313 (US). SCHULZE,
Thomas; Schlossstrasse 22, D-07407 Rudolstadt (DE).
NIEMZ, Frank-Gunther; Cumbacher Strasse 19, D-
07407 Rudolstadt (DE).

Agents: BOZEK, Laura L. et al.; Patent Group GA030-
39, Georgia-Pacific LLC, 133 Peachtree Street, N.E., At-
lanta, Georgia 30303 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: POLYVINYL ALCOHOL FIBERS AND FILMS WITH

PARTICLES

MINERAL FILLERS AND SMALL CELLULOSE

(57) Abstract: The present invention is directed to an article of manufacture, which can be a fiber and or a film. In one aspect, the
fiber or the film comprises a polyvinyl alcohol (PVOH) and an inorganic filler comprising particles having an average diameter of
O 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. Methods of making the tibers and films are also disclosed.



10

15

20

25

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
April 11,2014.

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

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.

Bright fillers, such as precipitated calcium carbonate or other minerals, are commonly
compounded with plastics, such as polypropylenc. 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 plastics. Fillers in water may be combined with
PVOH and formed into fibers and films without drying beforchand. 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

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 and an inorganic filler
1
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comprising particles baving an average diameter of loss than about 20 micrometers. The
PYVOH has 3 degree of hiydrolysis of greater than about 95% and is prosent in a range between

abouwt 20 wt. % and abowt 99 wi. % based on the total article weight,

Yei, n ancther aspect, the article includes a8 PV and an inorganic filler comprising
particles having an average diameter of less than about 20 micrometers. The PYOH has a
degree of hydrolysis of gregter than about 95%, is partially scluble in water 8t 8 temperature
of less than about #5°C, and is present in a range between about 20 wit. % and about 8% wi. %

based on the tial fiber weight.

Still yet, in another aspect, 2 method of making the article mixing a PYVOH with a filler
comprising particles having an average diameter of less than sbowt 3 micromeisrs and
preparing an extrudable spin mass. The PYOH has a degree of hydrolysis of greater than
about 95% and is present in a range between about 20 wi. % and about 99 wt. % based on the

total fiber weight.

It is o be understond that the phrasenlogy and terminology 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 s 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 mportant, therefore, that the claims be reparded as including such
gquivalent 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 tsken 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 objocts othor than
those set forth above will become apparent when consideration is given to the following
detaifed description thereof. Such description makes reference 10 the annexed drawings

whersin:

The sole Figure is a photomicrograph of a polyvinyl alcohol film made in accordance with

the present invention.

[
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RETAILED DESCRIPTION OF THE INVENTION

For a fuller understanding of the nature and desired obiects of this invention, reference should
be made to the above and following detailed description taken in connection with the

accompanying figure.

Terminology used hersin is given Hs 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 pereent.

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 3 filler. The binder v a
polyvinyl alechol {PVOH]), cellulose nanofibrils, or 8 combination of the PYOH and cellulose
nanofibrils, The filler s any combination of high brightness mineral fillers and cellulose

fines.

The term “hOber” as used hersin means an article in which the length o diameter ratio is
greater than about 18, Alternatively, g 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 s g thin, flewible strip. A film can

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

The term “inorganic fHer” and “filler” a5 used herein means any particles, salts, or minerals

having ap average diameter of less than about 20 micromeiers,

The term “degree of polymerization” (I3P) as used herein means the number of monomeric
units in 2 pelymer. For a homopolymer, such as PYOH, thers is anly one type of monomeric
unit; thus, the number-average DP is glven by M/My. M, is the average molecular weight of

the polymer, and Mg is the molecular weight of the wonomer unit,

The term “degree of hydrolysis” as used herein means the proportion of acetate groups In
polyviny! acetate that have been convertad 1o alcohol groups to form the polyvinyl alcohol.
The PYOH used in the present invention has a degree of hydrolvsis of at least about 959%,

which i3 the minimum tlreshold required to maintain waler-solubility.
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The term “substantially solable in water™ as used herein means sobstantially dissolving in
water at the provided temperature. Initially, the PVOH used is substantially sohdble. The
term “partially soluble in water” as used herein means partially dissolving in water at the
provided temperature. Dhring processing and in the final article of manufacture, the PYOH

is partially sohible 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, sulfire
pulping, kraft pulping, polysulfide pulping, and soda pulping processes.  Wonelimiting
examples of wood pulps include hardwood kral pulp, softwood kraft pulp, hardwood sulfite
pulp, softwood sulfite pulp, or any combination thersof. 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 exampie by chlorine dioxide, oxygen, alkaline peroxide and so forth,

The term “papermaking Gbers™ as used herein includes virgin pulp derived fibers, recyeled
{secondary} cellulosic fibers, and fiber mixes comprising cellulosic fibers.  Suitable
papermaking fibers inciude, but are not limited to: nonwood fibers, such as cotton fibers or
cotton derivative fibers, sbaca fibers, kenat fibers, sabal grass fibers, bamboo, flax fibers,
eapario grass fibers, straw fibers, jute hemp fhers, bagasse fibers, milkweed floss fibers, and
pincapple leat fibers; and wood fibers, such as those obtained from deciducus and coniferous
trees, including softwood fibers, such as northern and southern softwood Krafi fibers;
hardwood fibers, such as cucalyptus 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
coniterous material and ischudes 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 fbers, 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 refor fo aguecus compositions comprising fibers of

this invention, cellulose fibers, papermaking fibers, or any combination thersof, Optionally,
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tissue furnishes include wet sivength resins, debonders, other additives, and the like for

making paper products., The term “tissue furnish” is used interchangeably with “fiber shury.”

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
paper products for some other industrial purpose. “Recycled” fiber thus refers to fiber

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

The term “cethilose particle™ as used herein means celhilose nanofibils or celhidose fines.
Cellulose fines are small cellulose particles commonly found in wood pulp. Cellulose fines

can have dimensions in a range between about 1 and shout 200 micrometers,

D

The term “celiulose vanofibrils” as used herein means “nanofibvillated celhdose” (NFC),
“microfibriliated cellulose™ (MFC), cellulose fibrids, Gbrillated lyocell, or any combingtion
thergof, As used herein, the terms NFC and MFC are used imterchangeably. Cellulose
nanofibrils are derived from plant cell walls, which comprise microfibrils or nasofibrils
commposed of small bundies of cellulose chains.  The microfibrils or nanofibrils can be
isolated, which is described below, as collections or bundles of individual, isclated cellulose
micrnfibrils or nanofibrils.  Cellulose nanofibrils can comprise hardwood kraft pulp,
softwood krafl pulp, hardwood sulfite pulp, softwoed sulfite pulp, or any combination
thereof, MFC and NFC can bave 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 rangs
between about 3 nm o abouwt 100 nm. The aspect ratic is about 100 to abowl 150, An
important property of NFC, enabling it to function as a binder, is s ability {0 bond 1o tightly

i itself upon drying that it does not re-disperse into Individual nanofibrils upon rewetting,

The term “cellulose fibrid” as used herein means fine cellulose fibers produced by
regenerating cellulose {desoribed 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 o about 100 nm. The aspect ratio 15 abow
13 o 1500

The term "fibrillated Iyocell® as used hereln means a cellulose fiber obtained first by an
organic sobvent spinning process followed sechanical treatment that resulis in cellulose
nancfibrils, The organic solvent comprises a mixture of organic chemicals and water, and the

solverdt spinning process involves dissolving celiulose in the organic solvent to form a
5
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sotution which is pumped through spinnercts to produce fibers without formation of a

derivative of the cellulose.

The terms “extrudable dope” and “extrudsble spin mass” as used herein are used
interchangeably and means a8 composition including a binder, a filler, and optionally, a
processing ald, that can be extruded through an orifice, such as a spinnerst to fonm shaped
articles of manufacture, for example fibers and filme. The binder is 2 polyvinyl aleohol
(PYOH), cellulose nanofibrils, or a combination of the PVOH and cellulose nancfibrils, and

the filler is any combination of high brighiness mineral and cellulose fines.

In the context of producing 8 cost-effective fiber or tissue product, the use of synthetic fibers
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 manufachure),
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 technigues if desired.

The present invention combines a PYOH 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 PYOH, formed into a dried film, and ground 1o 2
particle size that can be retained in a paper web. Papor webs and paper products include, but
are not limited o, tissues, bath tissue, naplins, paper towels, facial tissues, filter paper,

handsheets, and the like.

The PYOH and inorganic filler combination described herein provides for articles of
manufacture with optional levels of solubility, inciuding fibers and films. Thus, these articles
can be incorporated into 8 varisty of flushable and disposable products. Furthermore, the use
of virgin inorganic fillers, as described herein, provides brightened and whiter fibers and

films.

Yet in ancther aspect of the present invention, & fiber includes 3 PYOH and an inorganic
filler comprising particles baving an aversge diameter of less than sbout 20 micrometers,
The PVOH has a degree of hydrolysis of greater than about %35% and is present in a range
hetween about 20 wi, % and about 9% wi. % based on the total fiber weight. The PYVOH can

be impregnated with the filler, or the PYOH 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 Jess than sbowt 30¢
miorometers, In another aspect, the {ibers have an average diameter in a range between about
106 micrometers and gbout 250 micrometers,  Yet, in another, aspect, the fibers have an
average diameter in a range between ahout 30 micrometers and about 104 micrometers. Yet,
in another, aspect, the fibers have an average diameier in a2 range between abowt 10
micrometers and about 50 micrometers, Still, in ancther aspect, the fibers have an averages
dameter aboot or in the range between about 18, 20, 30, 46, 50, 60, 70, €0, 80, 104, 114, 126,
130, 140, 150, 160, 176, 180, 180, 200, 210, 220, 230, 240, 230, 260, 270, 286, 294, and 301

micrometers.

PYOH such as MOWIOL® /98, which is commercially available from Kuraray America
Inc., Houston, TX, is one example of 2 suitable tnput material. Jo one aspect, the PYOH used
in the prosent invention is substantially soluble in water at a temperature of less then abouwt
TO0PC, In another aspect, the PYOH s substantially soluble in water st a tempersture of less
than about %8°C or about 93°C. Yet, in ancther aspect, the PYOH is substantially soluble in
waier af a femperature in a range betwesn about 73%C and about 95°C. Sl vei, in ancther
aspest, the PYOH is substantially soluble in water at 3 temperature of logs than about 85°C,
In one aspect, the PV is substantially scluble in water at s tomperature about or in any
range between about 30°C, 52°C, 58°C, 37°C, 8(°C, a2°C, 658°C, a7C, TU°C, T2°C, 758°C,

T7OC, BUPC, 82°C, B3°C, §7°C, 80°C, 92°C, #3°C, 97°(, and ¥9°C,

However, although the PYOH is indtially substantislly soluble in water at the provided
temperature, the PYOH becomes cither partially soluble in water or substantially insoluble in
water during procsssing and formation of the final article of manufaciore. Thus, in the article
of manufaciure, the PYOH s partially soluble in water at & temperature of lese than about
BE°C or about 95°C. Yer, in another aspect, the PYORH is partially soluble in water at a
temperature in a range betweoen about 75°C and about 93°0. Still yet, in another aspect, the
PYOH is partially soluble in water af 8 temperature of less than about E53°C. In one aspect,
the PYOH s partially soluble in waler at 3 temperature aboot or in any range between about
30°C, 32°C, 55°C, 57°C, o0, 83°C, 65°C, 67°C, 7000, T2°C, 73°C, 77°C, 8O°C, B2°C, 43°C,
870, 9000, 92°C, 85°C, 979, and 99°C.
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The PYOHT can have an average degres of polymerization in 8 range betwoen about 36 and
about 3,000. In one aspect, the PYOH has an average degree of polymerization in 2 range
between about 1,000 and about 1,600, Yet, in another aspect, the PVH has an average
degree of polvmerization of about 1,400, Sl in ancther aspect, the PYOH has an sverage

5 degree of polymerization about or in & range between about 584, 750, 1000, 1230, 1354
1408, 150G, 1604, 1704, 2000, 25060, and 3006,

The degree of hydrolysis of the PVOH s important for waler solubility and for mixing with
fillers in water. The PYOH can have an aversge degree of hydrolysis of greater than abouwt
93%. In another aspect, PYOH has an average degree of hydrolysis of greater than about
19 98%. Yet, in another aspect, the PYOH has an average degree of hydrolysis In a range
betwesn about 95% o about 99%. Still, in ancther aspect, the PYOH has an average degree

of hydrolysis about or in 4 range betwesn ahout 95%, 36%, 97%, 38%, 9%, or 100%.

The PYOH can be present in the anticle In 8 range bepween about 20 wi. % and about 86 wt.
%% bused on the otal weight of the article, which can be a fiber or 3 film. In one aspest, the
15 PVOH iz present in a range between sbout 20 wi. % and about 99 wt. %, Yet, in another
aspet, the PYOH is present in a range botween about 40 wi, %5 and about 60 wi, %, Siilf yet,
in another aspect, the PYOH is present in a range between zhout 20 wi. % and sbout 99 wi
%. In another aspect, the PYOH is present in an amount about or in any range between showt

26, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 40, 95, andd 99 wi. Ya.

20 In one aspect, the PYOH and incrganic filler is combined to form fibers.  In another aspect,
the PYOH and inorganic filler is combined to fonn fibrids. PYOH fibrids can be produced
Iy mixing PYOH with the inorganic filler to form a spin mass and then ireating the spin
mass with a shear feld in a coagulation bath, such as saturated sodivm sulfate solution, 1o
form the PYOH fibrids. For oxample, the method disclosed in Canadian Patent Mo, CA
25 2,313,213 for cellulose fibrids can be used 1o produce filled PV Gbrids. Filled PYOH
fibrids can have an average length of about 204 to about 2300 microns. In another aspest,
filled PYOH fibrids can have sn average length of about 606 0 about 2000 microns, In yet
another aspect, flled PYOH fibride can have an average length of about 880 1o abou 1300

MCTonSs.

3% Optionally, the sodium sulfate cosgulation bath can be acidified with sulfuric {or any other)

acid, Acidification induces the calelum carbonate inside the nascent fibrids 0 react with the

3



10

™2
M

368

CA 02944527 2016-09-29

WO 2015/157171 PCT/US2015/024512

acid and o generaie C0; and oxpand the fibrids. The result provides for bulkier paper webs.
Cptional acids inclode hydrochloric acid, nitric acid, phosphorie acid, or any combination
thereof. Optionally, sodium blearbonate can be added 1o generate more CO; and further

increase fiber bulk,

The inorganic filler used in the present mvention can be any inorganic particle, material,
mincral, or combination thereof, having an aversge diameter of less than about 20
micrometers. In one gspect, the inorganic filler comprisss particles having an aversge
dizmeter of abowt | micrometer to about 18 micromeiers. In ancther aspect, the inorganic
filler comprises particles having an average diameter of about § micrometers to about 10
micrometers,  Yef, in another aspect, the inorganic filler comprises particles having an
average diameter of about 2.5 micromelers fo about § micrometers. Siill yet, in another
aspect, the incrganic filler comprises particles having an average diameter of about or in any
rangs betwesn about 8.3, 1, 1.3, 2, 2.5, 3,35, 4,45,5, 35, 6,65, 7,75, 8,853,8,85, 15
FOS, T, TR, 92, 2.5, 13,135, 14, 145, 15, 155,16, 16,5, V7, 175, 18, 185,19, 195, and

20 micrometers.,

Mon-timiting examples of suitable Inorganic fillers include, but are pot Himited o, precipitated
calcium carbonate, ground calclum carbopate, gypsum, titanium dioxide, clay, silica,
magnesium aluminum silicate, hydrated aluminum silicate, barium silicate, calcium silicate,
magnesium silicate, strontivm silicate, tale, mica, kaohn clay, sericite, muscovite, lepidolite,
biotite, vermiculite, zeolite, barium sulfate, caloined caloivm sulfate, hydroxyapatite, ceramic

powder, oolloidal silicone dioxide, boron nitride, or any combination thereof,

The inorganic filler can be present in the article in g range betwesn abowt | wit. % and sbowt
&0 wt, % based on the total weight of the article. In one aspect, the article is a {iber or 8 film.
In ancther aspect, the inorganic filler is present In a range between about § wt. % and ahout
30 wi, % hased on the total weight of the article. Yel, in another aspect, the inorganic filler is
preseryt in g range between about 20 wi, %% and about 60 wi. 9% based on the total weight of
the article. Sl yet, in another aspect, the inorganic filler is present in 3 range between abowt
34 wi. % and about 50 wi. % based on the total weight of the article. Btill, in another aspsct,

o e

the inorganic filler is present in an amount about or in a range botween about 1, 2.5, 5, 7.5,
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10, 12.5, 15, 17,8, 20, 25, 30, 3§, 40, 42.4, 45, 47.5, and 50 wi. % 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 dlameter in a rangs between shout 1 micrometer and
about 40 micrometers. Yet, in another aspect, the cellulose fines have an average dimensions
about or in a range between about 1, 18, 28, 30, 48, 58, 60, 70, 806, 84, 160, 110, 120, 130,
1440, 1390, 166, 170, 186, 190, and 260 micrometers.

The physical properties of the PYVOH of the present invention enable formation of g solid
article of manufacture, including s fiber and a film, with limited solubility upon drying snd
after treatment. In addition, these PYOH in combination with the inorganic filler can dry into
fibers, films, or other shaped obiects. Fusther, the PY(OH can trap, encapsulate, and bind
smakl particles in the inorganic {HHer as the spin mass is exiruded to form the objects, The
fibers and films ramain substantially in their shaped state when immersed in water or an
aqueous environment. The objects can then be readily formed, retained, and bonded into 2

paper web,

As indicated above, a film of the present invention includes 3 PYOH and inorganic filler,
The sole Figure illustrates a photomicrograph of 3 PYOH film. The PVOH film includes

539 PYOH, 33% PCC, and 11% cellvlose fibers obtained from hardwood kraft pulp,

When used to produce a film, the PYOH can be impregnated with the inorganic filler, or the
PYOH can encapsulate the inorganic filler. The filins can have any average thickness, which
depends on the application. In onc aspect, the films have an average thickness in a range
between about 1} micrometers to about 200 micrometsrs. In another aspect, the films have
an average thickness in a range between about 30 micrometers 1o abot 1530 micrometers,
Yet in ancther aspect, the films have an aversge thickness In a range between about 40

micrometers to about 100 micrometers.

In addition to fibers and films, papers can include FYOH and inorganic fillers. In another
aspect of the present invention, a paper comprises a cellulosic substrate having a surface and
a mixiure being substantially disposed onic the surface or impregnating the celiulosic
substratz. The mixture comprises 3 PVOH and an inorganic filler. The PYOH fbers formed

can be incorporated infto any paper ot paper product.
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Cellulose

In one aspect, the articles described herein can further 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,
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
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 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 A1l to
Heiskanen ef al. (now U.S. Patent No. 8,747,612), 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,
non-ionic 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 cellulose nanofibrils.

Cellulose fibrids can be produced by regencrating 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
other structures, that do not re-disperse upon wetting in water. Cellulose fibrids can be

combined and mixed with inorganic fillers 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 Cowen ef al.. 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, but are not

limited to, aqueous salt solutions and aqueous acid solutions.

Canadian Patent No. CA 2,313,213 describes an exemplary method of fibrid production using
shear coagulation of a cellulose spin mass 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 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 another.

A method for dissolving cellulose to produce a cellulose spin mass is disclosed in U.S. Patent
No. 4246221 to McCorsley. 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 example, U.S. Patent No. 2,179,181 to Graenacher et
al..  In accordance with the disclosure, oxides of trimethylamine, triethylamine,
tripropylamine, monomethyldiethylamine, dimethylmonoecthylamine,
monomethyldipropylamine, N-dimethyl-, N-diethyl- or N-dipropylcyclohexylamine, N-
dimethylmethylcyclohexylamine and pyridine can be used. U.S. Patent No. 3,447,939 to

Johnsondiscloses a process for dissolving cellulose in an anhydrous tertiary amine N-oxide.

12
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its entirety by reference. A cyclic mono {(N-methylamine-N-gxide} 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
mvention. In addition, any other suitable method known in the art can be used to produce the

celiulose fibnds.

Any of the above mentioned cellulose nanofibrils of the present invention can have an
average length of less than about 806 micrometers.  In another aspect, the cellulose
nancfibrils have an average length in 3 range between about 300 micrometers o about 760
micrometers,  Yet, in another aspect, the celhilose nanofibrile have an average length in s
range between about 100 micrometers to about 5300 micrometers. Still yet, in another aspect,
the cellulose nanofibrils have an average length of less than about 200 micrometers. In one
aspect, the collulose nanefibrils have an average length about or in any range between about
106, 159, 2040, 250, 300, 350, 400, 450, 500, 550, 600, 654, 700, 756, and 800 micrometers.

Any of the cellulose nancfibrils can be present in the fibers or films in a range between abowt
Powi. % to about 80 wi. % based on the total weight of the fiber or film. In another aspect,
the celinlose nanofibrils can be present in the fibers or films in & range between about 5 wt. %
to about 70 wt. % based on the total weight of the fiber or film.  Yei, in another aspect, the
cellplose nanofibrils can be present in a range between asbout 20 wi. % (0 aboui 50 wi. %
based on the total weight of the fiber or film. Stil], in another aspect, the celivlose nanofibrils
can be present in an amount about or in g range betwesn abowt 1, §, 16, 15, 28, 25, 30, 3§, 48,

43, 50, 55, 60, 65, 70, 73, and 30 wi, % 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 ald in forming 2 spinnable or extrudable spin roass.
The processing aid can be present in 8 rangs between aghout 8.5 wi % to about 10 wi. %. In
another aspect, the processing aid can be present in the spin roass in & range between about
1.3 wi % to sbout 5 wt. %. In yet another aspect, the processing aid can be present in the
cellulose spin mass n a range between about 0.5 wi. % 1o about 2 wit, %. Still, in another
aspect, the processing aids are present in an amount ahout or in any rangs between about 6.1,
0.2, 0.5, 0.7, 1.0, 1.3, 2.8, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 wi. %. Non-luniling examples of

suitable processing alds include carboxymethyleelinlose, starch, glvoxal, ghutaraldehyde,
i3
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boric acid carbomate, zirconmiwm ammonium carbonate, ghvoxalated polyacrylamide,
polvamide-cpichiorohydrin, polyamine-epichlorohydrin, wrea-formaldehyde, melamine-
formaldehyvde, polyethviensimine, propylene glycel, dicthylene glycol, wiethylene glveol,
dipropyiene glveol glycerol, triscetin (glyeerel triacetate), disthylene glyveol diacetate,
trivthylene glycol diaceiate, tripropionin, acetyl triethyl citrate, triethyl citrate, or any

combination thereof,

Optionally, an acid can be added to the PVOH and organic filler combination fo generate
COn, which resulis in expanded fibers and can lead to bulkier paper webs. Alematively,
sodipm bicarbonate can be added to generate even more COp. Optional acids include sulforic

acid, hydrochlorie 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 PYOH with an inorganic filler with particles
having sn average diameter of less than about 20 micrometers and preparing an extrudable
spin mass. In one aspect, the PYOH has a degree of hydrolysis of greater than about 85%
and is present in a range between about 20 wi. %6 and about 99 wi. % based on the total fiber

weight,

Initially, the PVOH is mixed with inorganic filler, and optionally, processing aids and
celiulose particles, o form an exirudable spin mass. When cellulose nanofibrils, cellulose
nanacrystals, or cellulose fibrids are included, additives such as carboxymethy! celinloss can
be added to increase the extensibility of the spin mass. The properties of the PYOH are

chosen to obtain the desired rheology.

The fibers can be formed from the spin mass using various methods, inchuding, for example,
wet spinaing, dry spinning, shear spinning, or shit extruding. Films also can be formed by an
exirusion process. In a solution spinning process, the exirudable spin mass is delivered o
orifices of g spinneret. As one of ordinary skill in the art will understand, a spinneret refers to
a portion of & fiber forming apparatus that delivers molten, Hauid, or dissclved materials
through orifices for extrusion into an cutside environment. A spinneret includes from about 1
to about S00,000 orifices per meter of length of the spinneret. A spinneret can be
implemented with holes drilied or etched through a plate, or with any other siruciure capable

of issuing desired fibers.
i4
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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 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), 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.

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 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.

Following extrusion from the spinnercts, 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.

Fibers can be formed with or without additional fillers to produce unique cellulose shapes
beneficial to paper properties. U.S. 2006/0012072 to Hagewood et al. discloses methods for

forming various shaped fibers.

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
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,

15
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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

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.

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.
Altematively, the mixture can be substantially disposed onto the surface of the paper after an
mitial drying process. For example, the mixture can be substantially disposed, i.e., by
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
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
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 ef al..

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

16
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readily apparent and obvious o one skilied in the art, and all equivalent relationships to those

ithistrated in the specification are intended fo be encompassed by the present invention.

The foregoing is considered as illustrative only of the principles of the invention. Further,
variouws modifications may be made of the invention without departing from the scope
thereof, and # is desired, therefore, that only such Hmitations shall be placed thereon as are

imposed by the prior art and which are set forth in the appended claims.



CA 2,944 527
CPST Ref: 14818/00513

WHAT IS CLAIMED IS:

1. An article of manufacture comprising:

a polyvinyl alcohol;

an inorganic filler comprising particles having an average diameter of less than 20
micrometers, wherein the inorganic filler is present in a range between 25 wt. % and 50 wt. %
based on the total article weight; and

cellulose particles present in a range between 1 wt. % and 50 wt. % based on the total
article weight,

wherein the polyvinyl alcohol has a degree of hydrolysis of greater than 95% and is
present in a range between 20 wt. % and 70 wt. % based on the total article weight.

2. The article of claim 1, wherein the article is a fiber or a film.

3. The article of claim 1 or 2, wherein the inorganic filler particles have an average
diameter of less than 3 micrometers.

4. The article of any one of claims 1 to 3, wherein the inorganic filler is precipitated calcium
carbonate, ground calcium carbonate, gypsum, titanium dioxide, clay, silica, or any combination

thereof.

5. The article of any one of claims 1 to 4, wherein the polyvinyl alcohol is present in a range
between 40 wt. % and 60 wt. % based on the total article weight.

6. The article of any one of claims 1 to 5, wherein the polyvinyl alcohol has a degree of
polymerization in a range between 500 and 3,000.

7. The article of claim 6, wherein the degree of polymerization is in a range between 1,000
and 1,600.
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8. The article of any one of claims 1 to 7, wherein the degree of hydrolysis is greater than
98%.
9. The article of any one of claims 1 to 8, wherein the cellulose particles are cellulose

nanofibrils or cellulose fines.

10. The article of claim 9, 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.

11. The article of any one of claims 1 to 10, further comprising a processing aid.

12. The article of claim 11, wherein the processing aid is present in a range between 0.5 wt.
% and 10 wt. % based on the total article weight.

13. The article of claim 11 or 12, wherein the processing aid is carboxymethylceliulose,
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.

14, The article of any one of claims 1 to 13, wherein the polyvinyl alcohol is partially soluble
in water at a temperature of less than 98 °C.

15. The article of claim 14, wherein the polyvinyl alcohol is partially soluble in water at a
temperature in a range between 75°C and about 95 °C.

16. The article of any one of claims 1 to 15, further comprising a CO2-generating acid.

17. The article of any one of claims 1 to 15, further comprising CO»-generating sodium
bicarbonate.

19
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