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PROCESS FOR PRODUCTION OF PAPER

Field of the invention

The present invention relates to a process for the production of paper and board,
wherein there Is used as a retention system a cationic polymer and a
microparticle-like substance nanocellulose.

Background of the invention

At present, the use of inorganic microparticles in the retention system of paper
production, in particular in the production of fine paper, is very common, the aim
being to improve further the efficiency of the production process. The advantages
of the introduction of microparticles include improved retention, more efficient
dewatering, and better formation. The most effective of the microparticles in use
are colloidal silica-based microparticles of various types, solid or sol, and
bentonite-like swellable natural materials belonging to the smectite group of clays.
Instead of, or in addition to, a microparticulate compound it is possible to use as a
retention aid in the retention system polymers, which may be anionic, cationic or
non-ionic, and which are characterized by a high molecular weight. The problem
involved with these compounds is typically excessive flocculation, which
deteriorates the optical properties of paper.

Bentonite has been used as a retention aid in paper production together with a
cationic polymer in the patent US 4 753 710. In the process according to this
patent, a cationic polymer, preferably polyethylene imine, a polyamine
epichlorohydrin product, a polymer of diallyl dimethyl ammonium chloride, or a
polymer of acrylic monomers, was added to an agueous cellulosic suspension
before the last shearing stage, and bentonite was added after this shearing stage.
Improved retention, dewatering, drying, and web forming properties were thereby
achieved. In the microparticle system according to this process there is used
bentonite, which is available under the trade name HYDROCOL.

The use of silicate microparticles together with a cationic polymer in a retention
system Iis described in the patent US 5194 120. The prevalent cation in the
synthetic amorphous metal silicate was Mg, and the polymer was preferably a
ternary or quaternary amine derivative of polyacrylamide, their weight ratio being
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between 0.03:1 and 30:1. By this method, retention, dewatering and formation
were improved by using smaller amounts of retention aids than previously, and
thus the costs were correspondingly lower.

WO 01/40577 A1 discloses a method for the production of paper or board, wherein
retention aids are added to the stream of stock. Improved retention and more
effective dewatering are achieved by adding to the stream of stock a cationic
polymer solution and a suspension-form microparticle mixture composed of a
swellable clay of the smectite group, such as bentonite, and a colloidal synthetic
metal silicate in which the prevalent cation is magnesium.

The most commonly used microparticles are inorganic materials, especially
various minerals. Such minerals increase the ash content of the produced paper.

US 4 483 743 discloses a process for manufacturing microfibrillated cellulose
(MFC) by passing a liquid suspension of cellulose through a high pressure
homogenizer having a small diameter orifice in which the suspension is subjected
to a pressure drop of at least 3000 psig (20670 kPa) and a high velocity shearing
action followed by a high velocity decelerating impact, and repeating the passage
of said suspension through the orifice until the cellulose suspension becomes
substantially stable. The produced MFC has a water retention value of over
280%.The MFC can be used with paper products and non-woven sheets to
improve their strength. MFC produced by this type of process typically has a width
of about 25-100 nm while the length is much longer.

US 4 952 278 discloses a paper structure having both high opacity and improved
tensile strength obtained by the incorporation of expanded cellulosic fibers and an
opacifying mineral pigment, such as titanium dioxide. The expanded cellulosic
fiber may be microfibrillated cellulose described in the above patent. The
expanded cellulosic fibers are added in an amount of from 1% to 25%, prefterably
from 5% to 10% based on the dry weight of the opacified paper structure.

WO 2007/091942 A1 discloses an improved method for manufacturing
microfibrillated cellulose. The disclosed method is said to solve the problems
relating to clogging in high-pressure homogenizers and high energy consumption.
According to this document microfibrillated cellulose is manufactured by refining a
hemicelluloses containing pulp, preferably sulphite pulp, and treating the pulp with
a wood degrading enzyme followed by homogenizing the pulp. The enzyme is a
cellulase, preterably a cellulase of endoglucanase type which most preferably is a



CA 02776838 2012-04-04
WO 2011/035017 PCT/FI12010/050887

mono-component endoglucanase. The pulp can be refined before or after the
enzyme treatment or both before and after the enzyme treatment. The obtained
microfibrillated cellulose can be used in food products, cosmetic products,
pharmaceutical products, paper products, composite materials, coatings or In
rheology modifiers (e.g. drilling muds).

Yet another type of microfibrillated cellulose is described by Wagberg Lars et al.,
Langmuir 2008, Vol. 24, 2008, pages 784-795. This microfibrilled cellulose was
prepared by high-pressure homogenization of carboxymethylated cellulose fibers.
The fibers were sulfite softwood-dissolving pulp fibers. The produced MFC
typically has a width of about 5-15 nm and a length which can be more than 1 um.

Also other chemical pretreatment methods are known, such as an oxidation
pretreatment of pulp fibers described by Saito et al. in Biomacromolecules, Vol. 8,
No. 8, 2007, pp. 2485-2491. The pulp fibers are oxidized with a 2,2,6,6-
tetramethylpiperidine-1-oxyl radical (TEMPO)-mediated system followed by
mechanical treatment. This oxidation pretreatment converts primary hydroxyl
groups of the celluloses to carboxylate groups. The produced nanofibers typically
have a width of about 3-4 nm and a length of a few pum.

One of the purposes of the present invention is to provide an organic substance
which acts like a microparticle, which results in an improved retention as
compared to mineral microparticles and which is made of a renewable material.

Summary of the invention

According to the present invention it has been found that nanocellulose can be
used as a microparticle-like substance in a retention system together with a water-
soluble cationic polymer for improving total retention and filler retention during the
production of paper or board. Additionally it was found that besides improving the
retention, the nanocellulose also improved drainage of papermaking stock in the
production of paper or board.

According to our observations, when nanocellulose is used together with cationic
polyacrylamide, it serves as an effective microparticle-like substance in the
retention system. Compared with this, a retention system comprising cationic
polyacrylamide and as an inorganic microparticle bentonite is not as effective.
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Detailed description of the invention

Thus, according to a first aspect of the present invention there is provided a
process for the production of paper or board comprising:

adding a retention system to a stream of stock entering a paper machine headbox,
directing the stream of stock to a wire,

dewatering the stream of stock on the wire to form a paper web, and

drying the paper web,

wherein the retention system comprises a water-soluble cationic polymer, and
nanocellulose acting like a microparticle, wherein the nanocellulose is added in an
amount of less than 1% as active substance based on dry solids weight of the
stock.

The nanocellulose is preferably added in an amount of between 0.02 and 0.8%,
more preferably between 0.05 and 0.7%, and most preferably between 0.1 and
0.5% as active substance based on dry solids weight of the stock.

The nanocellulose may be added in the form of an agueous suspension or gel
comprising at most 5%, preferably 0.1 to 4%, more preferably from 0.3 to 3% by
weight solids.

The term nanocellulose as wused In this specification includes
microfibrillated/microfibrillar cellulose and nanofibrillated/nanofibrillar cellulose of
the types described e.g. In the above discussed publications. The basic idea
underlying the development of nanocellulose was to simply delaminate the cell
wall and liberate the microfibrils, which constitute the major building block of wood
fibers. The nanocelluloses are gel type of materials even at very low
concentrations. The width and length of the nanocellulose fibers vary depending
on the specific manufacturing process. A typical width of nanocellulose is from
about 3 to about 100 nm, preferably from about 10 to about 30 nm, and a typical
length is from about 100 nm to about 2 um, preferably from about 100 to 1000nm.

The nanocellulose can be produced from cellulosic pulp or prehydrolyzed
cellulosic pulp including sulphite pulp and kraft pulp by multiple shearing as
described in US 4 483 743, or by enzymatic hydrolysis combined with mechanical
shearing as described in WO 2007/091942, or by chemically pretreating/modifying
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the cellulosic pulp and then subjecting the same to mechanical shearing as
described by Wagberg Lars et al., Langmuir 2008, Vol. 24, pages 784-795, and
Saito et al., Biomacromolecules, Vol. 8, No. 8, 2007, pp. 2485-2491.

As explained above there are various types of nanocellulose depending on the
manufacturing process. A preferred nanocellulose is of the type produced from
cellulose pulp by enzymatic treatment followed by homogenization in a high-
pressure homogenizer. The enzyme Iin the enzymatic treatment preferably
comprises a cellulase, such as endoglucanase. The high-pressure homogenizer
preferably comprises z-shaped chambers and the pulp is passes several times,
preferably at least three times through the chambers.

Another preferred nanocellulose is of the type produced from cellulose pulp by
chemical pre-treatment followed by homogenization in a high-pressure
fluidizer/homogenizer. Various chemical modifications are known in the art. A
preferred chemical pre-treatment comprises carboxymethylation of the cellulose
fibers. The pulp may be sulphite pulp or kraft pulp. Also dissolving pulps, such as
sulphite dissolving pulp, having a low content of hemicellulose may be used. The
high-pressure homogenizer preferably comprises z-shaped chambers and the pulp
IS passes at least once through the chambers.

Suitable pulps that may be used for the production of nanocellulose include all
types of chemical wood-based pulps, such as bleached, half-bleached and
unbleached sulphite, sulphate and soda pulps. Also dissolving pulps having a low
content, typically below 5%, of hemicelluloses can be used.

The components of the retention system can be added simultaneously or
sequentially.

According to a preferred embodiment the components of the retention system are
added sequentially.

Preferably the sequential addition comprises adding the water-soluble cationic
polymer to form flocs, followed by subjecting the stock to shearing forces to break
up the flocs, and then adding the nanocellulose. The time between the addition of
the water-soluble cationic polymer and the nanocellulose is preferably at most 60
seconds, more preferably between 0.5 and 20 seconds.

The cationic polymer used in the invention can be produced advantageously by
copolymerizing acrylamide with a cationic monomer or methacrylamide with a
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cationic monomer. The molecular weight of the cationic polymer is preferably at
least 500,000, and it is added to the stock preferably in an amount of at minimum
0.02 %, especially preferably 0.03-0.05 % as active substance based on dry solids
weight of the stock.

The cationic polymer used in the invention may be any copolymer of acrylamide
and/or methacrylamide, prepared using at least as one of the comonomers a
cationically charged or cationically chargeable monomer. Such monomers include
methacryloyloxyethyltrimethyl ammonium  chloride, acryloyloxyethyltrimethy!
ammonium chloride, 3-(methacrylamido)propyltrimethyl ammonium chloride, 3-
(acryloylamido)propyltrimethyl ammonium chloride, diallyldimethyl ammonium
chloride, dimethylaminoethyl acrylate, dimethylaminoethyl methacrylate,
dimethylaminopropylacrylamide, dimethylaminopropylmethacrylamide, or a similar
monomer. The polymer may also contain monomers other than acrylamide,
methacrylamide, or some cationic or cationizable monomer.

The cationic polymer may also be a polymer which has been treated afterwards to
render it cationic, for example, a polymer prepared from polyacrylamide or
polymethacrylamide by using Hofmann or Mannich reactions.

The cationic polymer may be prepared by conventional radical-initiation
polymerization methods, and as a product it may be either dry powder or an
emulsion of a polymer solution in an organic medium.

Before dosing, preferably a 0.05-0.5 % solution, especially preferably a 0.1-0.3 %
solution, is prepared of the polymer, which solution may be further diluted before
the feeding point in order to ensure good mixing.

The method according to the invention was observed to be robust with respect to
various test arrangements, pulps, and fillers. The stock material and its initial pulp
may, for example, comprise a conventional chemical pulp (cellulose),
chemimechanical pulp or mechanical pulp or other conventional raw materials
used Iin paper making, such as recycled fiber. The filler, which may be, for
example, ground or precipitated calcium carbonate, kaolin, calcined kaolin, talc,
titanium dioxide, gypsum, synthetic inorganic or organic filler, preferably, however,
calcium carbonate, is incorporated into the pulp by a conventional method before
the adding of the cationic polymer. Additionally, additives commonly used in the
production of paper may be introduced into the stock. The process according to
the invention can be used in any conventional paper- or board-making apparatus.
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In a second aspect, the present invention relates to the use of nanocellulose as a
material acting like a microparticle for improving the retention of papermaking raw
materials during the production of paper or board, wherein the nanocellulose is
used in an amount of less than 1% as active substance based on dry solids weight
of the papermaking stock. At the same time also the drainage of papermaking
stock in the production of paper or board will be improved.

The nanocellulose is preferably used in an amount of between 0.02 and 0.8%,
more preferably between 0.05 and 0.7%, and most preferably between 0.1 and
0.5% as active substance based on dry solids weight of the stock.

The nanocellulose is preferably used together with a retention aid comprising a
water-soluble cationic polymer as defined above.

it is preferred to use the nanocellulose sequentially with the cationic polymer,
preferably in such as manner that the nanocellulose is added after the cationic
polymer. However, it I1s also possible to use the nanocellulose and the cationic
polymer simultaneously.

By the use of the nanocellulose microparticle according to the present invention, a
surprisingly good retention is achieved. When the nanocellulose microparticle-like,
organic substance of the present invention is used as a retention aid, the ash
(filler) retention may be from 5 up to 15 percent units higher as compared to
bentonite at the same dosage levels. Good filler retention is especially important
because the filler constitutes the main part of the stock fraction that is difficult to
retain on the wire.

By the process of the present invention, retention can be improved further as
compared to prior known processes and, at the same time, if so desired, the
amount of the required retention aid can be reduced, and furthermore the total ash
load can be lowered as compared to prior known processes using minerals.

The invention and its preferred embodiments are described below with the help of
various examples; the purpose of the examples is, however, not to restrict the
scope of the invention. In this specification percentage refers to percentage by
weight unless otherwise specified.
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Examples

Example 1

Retention tests were carried out using a Dynamic Drainage Jar (DDJ) apparatus.
The stock used was stock taken from a fine-paper machine. The stock sample had
been taken from the machine chest. The filler was added to the stock and the
content of the filler in the stock was 45% of the dry solids content of the stock. The
filler was precipitated calcium carbonate. For the tests the stock was diluted with
white water to a consistency of 8.0 g/l. Starch was added into the stock before the
retention test started. The following, stepwise procedure was used in the tests:

1. At time 0 s, the mixing velocity being 1500 rpm, the stock sample was poured
Into a vessel.

2. At 15 s, the polymer was dosed into the stock.

3. At 30 s, the microparticle or microparticle-like substance was dosed into the
stock.

4. At 45 s, a filtrate sample was taken.

The wire used was a 200-mesh DDJ wire 125P. The polymer was a Kemira
cationic polyacrylamide (PAM), which is a copolymer of acrylamide and
acryloyloxyethyltrimethyl ammonium chloride and has a charge of approx. 1 meqg/g
and a molecular weight of approx. 7 Mg/mol. The bentonite microparticle used was
Altonit SF of Kemira. The other component acting like a microparticle was a
nanocellulose produced by high-pressure homogenization of carboxymethylated
cellulose fibers in a homogenizer. The nanocellulose was diluted from 2% to 0.5%
iIn the same homogenizer. The dosages are indicated as the amount of the
material dosed as active substance per dry solids weight of the stock, the unit
being g/tonne. The retention results are shown in Table 1 and 2.
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Table 1: First pass retention (%) with DDJ.
without Bentonite | Bentonite |Bentonite |Nanocel. | Nanocel. [Nanocel.
microparticle |dosage 1 |dosage 2 |dosage 3 [(dosage 1 |dosage 2 [dosage 3
O-test 03.0 03.0 063.0 03.0 03.0 63.0 03.0
PAM
dosagel |70.2 /2.1 /4.4 /8.2 /3.3 80.2 83.2
PAM
dosage 2 | /1.3 74.0 /7.1 81.1 /6.7 84.2 88.4
Table 2: First pass ash retention (%) measured with DDJ.
without Bentonite | Bentonite [Bentonite |Nanocel. |Nanocel. [Nanocel.
microparticle |[dosage 1 |dosage 2 [dosage 3 |dosage 1 |dosage 2 |dosage 3
O-test 11.4 11.4 11.4 11.4 11.4 114 11.4
PAM
dosage 1 |22.1 33.4 40.5 48.2 37.2 51.9 09.3
PAM
dosage 2 |32.9 38.4 45.5 59.8 43.8 62.0 /1.4

PAM dosage 1 = 300 g/tonne

PAM dosage 2 = 600 g/tonne
Bentonite dosage 1 = 500 g/tonne
Bentonite dosage 2 = 1500 g/tonne
Bentonite dosage 3 = 3000 g/tonne

Nanocel. dosage 1 = 500 g/tonne

Nanocel. dosage 2 = 1500 g/tonne

Nanocel. dosage 3 = 3000 g/tonne

With all PAM dosages it can be observed that the nanocellulose microparticle-like
material works with the same dosages better than bentonite.

This example shows clearly that the retention results with nanocellulose acting like
a microparticle are essentially better than when bentonite is used.

Example 2

Drainage tests were carried out using a Dynamic Filtration System (DFS-03)
apparatus. The stock used was stock taken from a fine-paper machine. The stock
sample had been taken from the machine chest. The filler was added to the stock
and the content of the filler in the stock was 45% of the dry solids content of the
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stock. The filler was precipitated calcium carbonate. For the tests the stock was
diluted with white water to a consistency of 8.0 g/l. Starch was added into the
stock before the drainage test started. The following, stepwise procedure was
used In the tests:

1. At time 0 s, the mixing velocity being 800 rpm, the stock sample was poured
Into a vessel.

2. At 15 s, the polymer was dosed into the stock.

3. At 30 s, the microparticle or microparticle-like substance was dosage into the
stock.

4. At 45 s, dewatering was started and the measured for 60 s.

The wire used was a 60-mesh DFS wire. The polymer was a Kemira cationic
polyacrylamide (PAM), which is a copolymer of acrylamide and
acryloyloxyethyltrimethyl ammonium chloride and has a charge of approx. 1 meqg/g
and a molecular weight of approx. 7 Mg/mol. The bentonite microparticle used was
Altonit SF of Kemira. The other component acting like a microparticle was the
same nanocellulose as in example 1. The dosages are indicated as the amount of
the material dosed as active substance per dry solids weight of the stock, the unit
being g/tonne. The drainage results are shown in Table 3.

Table 3: Dewatering time (in seconds) for 700 ml filtrate measured with DFS-03.

Bentonite [Bentonite |Bentonite |Nanocel. [Nanocel. |Nanocel.

dosage 1 [dosage 2 |dosage 3 |dosage 1 |dosage 2 |dosage 3
O-test 47.5 475 475 475 47.5 47.5
Polymer dosage 42.5 39.9 34.8 40.5 39.3 29.5

Nanocel. dosage 1 = 500 g/tonne

Polymer dosage = o000 g/tonne

Bentonite dosage 1 = 500 g/tonne

Bentonite dosage 2 = 1500 g/tonne
Bentonite dosage 3 = 3000 g/tonne

Nanocel. dosage 2 = 1500 g/tonne

Nanocel. dosage 3 = 3000 g/tonne
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it can be observed that the nanocellulose acting like a microparticulate material
gives faster dewatering than bentonite. This example shows clearly that the
dewatering results with nanocellulose as a microparticle-like material are
essentially better than when bentonite is used.

Example 3

Retention was also measured using a Retention Process Analyser (RPA)
apparatus. The RPA looks like a DDJ but it also measures flocs and floc stability in
the filtrate with turbidity measurements.

The stock used was stock taken from a fine-paper machine. The stock sample had
been taken from the machine chest. The filler was added to the stock and the
content of the filler in the stock was 45% of the dry solids content of the stock. The
filler was precipitated calcium carbonate. For the tests the stock was diluted with
white water to a consistency of 8.0 g/l. Starch was added into the stock before the
drainage test started. The following, stepwise procedure was used in the tests:

1. The stock sample was poured into a vessel with mixing velocity being 1000 rpm,
filtrate was passed through a wire and after that the turbidity measured. After this
filtrate was added back to the vessel (circulation).

2. At 50 s, the polymer was dosed into the stock.

3. At 65 s, the microparticle or microparticle-like substance was dosage into the
stock.

4. The stability of the flocs was measured until 120 s.

The wire used was a 200-mesh DDJ wire 125P. The polymer was a Kemira
cationic polyacrylamide (PAM), which is a copolymer of acrylamide and
acryloyloxyethyltrimethyl ammonium chloride and has a charge of approx. 1 meqg/g
and a molecular weight of approx. 7 Mg/mol. The bentonite microparticle used was
Altonit SF of Kemira. The other component acting like a microparticle was the
same nanocellulose as in example 1. The dosages are indicated as the amount of
the material dosed as active substance per dry solids weight of the stock, the unit
being g/tonne. The retention results are shown in Table 4.
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Table 4. Relative retention value (%) by RPA
Bentonite | Bentonite | Bentonite | Nanocel. Nanocel. Nanocel.
dosage 1 dosage 2 | dosage 3 | dosage 1 dosage 2 | dosage 3
O-test 0.96 0.96 0.96 0.96 0.96 0.96
Polymer dosage 62.8 /4.2 90.4 /0.6 /8.6 87.1

Polymer dosage = 600 g/tonne

Bentonite dosage 1 = 500 g/tonne

Bentonite dosage 2 = 1500 g/tonne

Bentonite dosage 3 = 3000 g/tonne
Nanocel. dosage 1 = 500 g/tonne
Nanocel. dosage 2 = 1500 g/tonne

Nanocel. dosage 3 = 3000 g/tonne

it can be observed that the nanocellulose acting like a microparticulate material
gives as good relative retention value as bentonite. This means that same kinds of
flocs are formed with nanocellulose as with bentonite.
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What is claimed is:

1. 1. A process for the production of paper or board comprising:
adding components of a retention system comprising a water-soluble cationic polymer and

nanocellulose acting like a microparticle, sequentially to a stream of stock entering a paper machine
headbox,

directing the stream of stock to a wire,

dewatering the stream of stock on the wire to form a paper web, and

drying the paper web,

wherein the water-soluble cationic polymer is added to form flocs followed by subjecting the
stock to shearing forces to break up the flocs and then adding the nanocellulose, and wherein the

nanocellulose is added in an amount of less than 1% as active substance based on dry solids weight
of the stock.

2. The process of claim 1, wherein the nanocellulose is added in an amount of between 0.02 and

0.8%, as active substance based on dry solids weight of the stock.

3.  The process of claim 1 wherein the nanocellulose is added in the form of an aqueous suspension

or gel comprising at most 5% by weight solids.

4.  The process of claim 1, wherein the nanocellulose is produced from cellulose pulp by enzymatic

treatment followed by homogenization in a high-pressure homogenizer.

5.  The process of claim 1, wherein the nanocellulose is produced from cellulose pulp by chemical

pre-treatment followed by homogenization in a high-pressure fluidizer.

6. The process of claim 1, wherein the time between the addition of the water-soluble cationic

polymer and the nanocellulose is at most 60 seconds.

7. The process of claim 1, wherein the cationic polymer comprises a copolymer of acrylamide or

methacrylamide and a cationic monomer.

8.  The process of claim 1, wherein the molecular weight of the cationic polymer is at least 500,000.

9.  The process of claim 1, wherein the cationic polymer is added in an amount of at least 0.02% as

active substance based on dry solids weight of the stock.
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10. The process of claim 1, wherein the stock contains chemical pulp, chemimechanical pulp,

mechanical pulp or recycled fiber, or various combinations of these.

11. The process of claim 1, wherein the stock additionally comprises a filler and additives commonly

used in the production of paper.

12. The process of claim 1, wherein the nanocellulose is added in an amount of between 0.05 and

0.7% as active substance based on dry solids weight of the stock.

13. The process of claim 1, wherein the nanocellulose is added in an amount of between 0.1 and

0.5% as active substance based on dry solids weight of the stock.

14. The process of claim 1, wherein the nanocellulose is added in the form of an aqueous suspension

or gel comprising 0.1 to 4% by weight solids.

15. The process of claim 1, wherein the nanocellulose is added in the form of an aqueous suspension

or gel comprising from 0.3 to 3% by weight solids.
16. The process of claim 4, wherein the enzyme in the enzymatic treatment comprises a cellulose.
17. The process of claim 16, wherein the cellulose is endoglucanase.

18. The process of claim 5, wherein the chemical pre-treatment comprises carboxymethylation of
the fibers.

19. The process of claim 1, wherein the time between the addition of the water-soluble cationic

polymer and the nanocellulose is between 0.5 and 20 seconds.

20. The process of claim 1, wherein the cationic polymer is added in an amount of between 0.03 and

0.05% as active substance based on dry solids weight of the stock.

21.  The process of claim 11, wherein the filler is ground or precipitated calcium carbonate, kaolin,

calcined kaolmn, talc, titanium dioxide, gypsum, or a synthetic inorganic or organic filler.

22.  Use of nanocellulose as a material acting like a microparticle for improving the retention of
papermaking raw materials during the production of paper or board, wherein the nanocellulose is used

together with a retention aid comprising a water-soluble cationic polymer in such a manner that the
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nanocellulose is added after the water-soluble cationic polymer, and wherein the nanocellulose 1s used

in an amount of less than 1% as active substance based on dry solids weight of the papermaking stock.

23. The use of claim 22, wherein the nanocellulose is used in an amount of between 0.02 and 0.8%

as active substance based on dry solids weight of the stock.

24. The use of claim 22, wherein the nanocellulose is used in an amount of between 0.05 and 0.7%

as active substance based on dry solids weight of the stock.

25. The use of claim 22, wherein the nanocellulose is used in an amount of between 0.1 and 0.5%

as active substance based on dry solids weight of the stock.
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