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STRENGTH AGENT FOR PAPER, BOARD, OR THE LIKE

FIELD OF THE INVENTION

The present invention relates to a paper,
board, or the like, strength agent. The present inven-
tion also relates to a paper, board, or the like, product
comprising the strength agent and a method for making

the product.

BACKGROUND OF THE INVENTION

In the manufacture of virgin and recycled paper
or board, the properties of the fibre stock as well as
the final paper or board are modified by adding various
chemicals to the fibre stock before the formation of the
paper or board web. Synthetic cationic polymers and
starches are commonly used in papermaking to increase,
for example, the dry strength properties of the final
paper or board. The cationic polymers and starches are
added to the fibre stock where they interact with the

components of the stock, e.g. fibres and/or fillers.

An issue with the synthetic cationic polymers
is that they are not biocompatible and thus an environ-
mental hazard. Additionally, synthetic cationic poly-
mers are expensive. Finally, they are prepared as well
as stored as a solution, which is challenging logisti-

cally.

In view of the ecological impact of manufac-
turing polymers and the on-going discussion of the pos-
sible harmful environmental effects of the extensive
polymer usage, there is a need for alternative solu-
tions. There is a growing desire to reduce the use of
fully synthetic chemicals also in paper and board making
and to further improve the environmental aspects and

sustainability of cellulosic products by using chemicals
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and additives based on natural substances, which pref-

erably are even biodegradable.

Starches are undesirable because they do not
perform well especially in recycled fibre based corru-
gated board wet-end applications. Thus, these are not

extensively used.

There 1s an increasing demand for paper and
board, especially for corrugated board. The paper and
board should have good strength properties, especially
a good SCT index, CMT30 index and burst index.

As such there is a need for strength agents
that overcome the drawbacks of conventional strength
agents while still providing a good SCT index, CMT30

index and burst index.

SUMMARY

According to a first aspect of the invention,
a paper, board, or the like, strength agent, comprising
cationic alpha-1,3-glucan, wherein the cationic alpha-
1,3-glucan is water soluble, wherein the cationic alpha-

1,3-glucan is represented by the structure,

ORy
S
T /' e
OR: 7/ VS
/’/ ................... - (/’

e O.—— ! e \{,\ .
R ~
,,,,,,,,,,,,,,,, . n

wherein R:, Ry and Rs; are independently H or a positively

charged organic group, wherein the cationic alpha-1,3-
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glucan has a molecular weight of 350 000 to 1 500 000
g/mol calculated by PEO calibrated SEC, and wherein the
cationic alpha-1,3-glucan has a degree of cationic sub-

stitution of 0.15 to 0.5, is provided.

According to a second aspect of the invention,
a paper, board, or the 1like, product comprising the
paper, board, or the like, strength agent according to

the first aspect of the invention is provided.

According to a third aspect of the invention,
a method for making a paper, board, or the like, product

comprising,

i) providing a fibre stock,

ii) adding the paper, board, or the like, strength
agent according to the first aspect of the in-
vention to the fibre stock,

iii) forming a fibrous wet web,

iv) optionally, wet pressing and/or drying the web,
and

V) optionally, subjecting the web to size press

treatment,

is provided.

DETAILED DESCRIPTION

It is obvious to a person skilled in the art
that with the advancement of technology, the basic idea
of the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to
the examples described below, instead they may vary

within the scope of the claims.

Strength agent
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According to a first aspect of the invention,
a paper, board, or the like, strength agent, comprising
cationic alpha-1,3-glucan, wherein the cationic alpha-

1,3-glucan is water soluble, is provided.

The cationic alpha-1,3-glucan of the paper,
board, or the 1like, strength agent according to the
first aspect of the invention may have a degree of cat-
ionic substitution of 0.15 to 0.5, or 0.15 to 0.35, or
0.17 to 0.25.

The degree of cationic substitution defines how
many substituted groups are contained in the cationic
alpha-1,3-glucan, calculated per one anhydroglucose
unit of the cationic alpha-1,3-glucan. The degree of
substitution of cationic alpha-1,3-glucan, which is cat-
ionized with 2, 3-epoxyproyltrimethyl-ammonium chloride,
is typically calculated by using the nitrogen content
of pure dry cationic alpha-1,3-glucan, which does not
contain any other nitrogen sources than the quaternary
ammonium groups. The nitrogen content is typically de-
termined by using the commonly known Kjeldahl-method,
e.g. according to ISO 1871:2009. The degree of substi-
tution of cationic alpha-1,3-glucan, which is cationized
with 2,3-epoxypropyltrimethylammonium chloride may be

calculated by using the following equation:

X

DS = (162 x N-

o\°

)/ (1400 - (N-% x 151.6),

where 162 is the molecular weight of an anhydroglucose
unit (AHG), N-% is the nitrogen value in %, 1400 is the
molecular weight of nitrogen multiplied by 100 and 151.5
is the molecular weight of 2,3-epoxypropyltrime-

thylammonium chloride.

The cationic alpha-1,3-glucan of the paper,

board, or the 1like, strength agent according to the
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first aspect of the invention may have a solubility of
at least 90 wt.-%, or at least 95 wt.-%, or at least 98

wt.-% in water at a temperature of 22 °C.

The cationic alpha-1,3-glucan is considered to
be water soluble when 1 g cationic alpha-1,3-glucan is
dissolved at a pH of 4-9 and in room temperature (e.qg.
20-25 °C) 1in 230 ml water and when filtered through a
100 micron cloth, no insoluble cationic alpha-1,3-glucan
is detected on the filter (less than 1% of dry solid

matter remains on the filter).

A cationic alpha-1,3-glucan or derivative

W

thereof that is “insoluble”, “agueous-insoluble”, wa-
ter-insoluble” (and like terms) herein does not dissolve
(or does not appreciably dissolve) in water or other
aqueous conditions, optionally where the agueous condi-
tions are at a pH of 4 to 9 (e.g., pH 6 to 8) and/or
temperature of about 1 to 130 °C (e.g., 20 to 25 °C). 1In
some aspects, less than 1.0 gram (e.g., no detectable
amount) of an aqueous-insoluble cationic alpha-1,3-glu-
can or derivative thereof dissolves in 1000 ml of such

aqueous conditions (e.g., water at 23 °C).

The inventors have surprisingly found that the
aforementioned degrees of substitution in cationic al-
pha-1,3-glucan result in sufficient water solubilities
for applications requiring water solubility. However,
these degrees of substitution do not exceed values that
would be harmful for the environment. The aforementioned
degrees of substitution have been found to provide the
optimal balance between performance, the cost of pro-

duction and environmental aspects.

The cationic alpha-1,3-glucan of the paper,
board, or the 1like, strength agent according to the

first aspect of the invention may have a molecular
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weight of 100 000 to 2 500 000 g/mol. Typically, the
molecular weight is in the range of 200 000 to 2 000 000
g/mol or 350 000 to 1 500 000 g/mol, or 600 000 to
1 300 000 g/mol, or 650 000 to 1 250 000 g/mol, or 700
000 to 1 200 000 g/mol, or 750 000 to 1 150 000 g/mol,
or 800 000 to 1 100 000 g/mol calculated by PEO cali-
brated SEC.

The molecular weight of cationised alpha-glu-
can may be measured according to size-exclusion chroma-
tography (SEC) using the Malvern Panalytical OMNISEC
system. The eluent may be a 0.3125 M CH3COOH + 0.3125 M
CH3COONa solution with a flow rate of 0.5 mL/min at
35°C. The column set may consist of three columns (a
TSKgel PWXL guard column and two TSKgel GMPWXL columns).
A refractive index detector may be used for detection.
Molecular weights and PDIs may be determined using con-
ventional calibration with poly (ethylene ox-—
ide) /poly (ethylene glycol) narrow molecular weight dis-
tribution standards (Polymer Standards Service). Eth-
ylene glycol (Ilmg/mL) may be used as a flow marker.
Results may be calculated using the OmniSEC software
from Malvern. Samples may be dissolved in ultrapure Mil-
liQ-water by heating in 95-100°C for 30 minutes and
diluted with eluent including the flow marker. Measured
values are extrapolated in the case they are outside the

calibration standard line.

It has been found that these molecular weights
contribute to the surprisingly good strength properties
of the cationic alpha-1,3-glucan paper, board, or the
like, strength agent. Further, the inventors have found
that cationic alpha-1,3-glucan possessing these molec-

ular weights do not start to floc, which can be an issue.
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The paper, board, or the like, strength agent
according to the first aspect of the invention may com-
prise at least 50 weight-% cationic alpha-1,3-glucan.
Typically, the strength agent comprises at least 70
weight-%, or at least 80 weight-%, or at least 90 weight-
%, or at least 95 weight-%, or at least 99 weight-%
cationic alpha-1,3-glucan. The strength agent may con-

tain up to 100 weight-% cationic alpha-1,3-glucan.

The cationic alpha-1,3-glucan of the paper,
board, or the 1like, strength agent according to the
first aspect of the invention may have an intrinsic
viscosity (IV) of 1 to 5 dl/g, preferably 1.5 to 4.5
dl/g, or 2 to 4 dl/g, or 2.5 to 3.5 dl/g.

It has been found that the above IVs are useful
because the IV correspond to the molecular weight of the
polymer and the polymers according to the invention,
having the above mentioned IV, causes less flocculation
(as higher molecular weight polymers do). Further, pol-
ymers according to the invention cause less fixing of
colloidal material (as lower molecular weight polymers
do) . The polymers according to the invention are capable
of forming bonds between the fibres thus strengthening
the fibre web.

The intrinsic viscosity may be measured in a
known manner in 1 N NaCI at 25 °C by using an Ubbelohde

capillary viscometer.

The cationic alpha-1,3-glucan of the paper,
board, or the 1like, strength agent according to the
first aspect of the invention may be represented by the

structure,
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wherein R:, Ry and Rs; are independently H or a positively

charged organic group, and wherein n is at least 200.

The "n" describes the amount of polymerized
units. The term "degree of polymerization, DP, is typ-

ically used in polymer chemistry to describe the "n".

According to the first aspect of the invention,
n may be 200 to 7000. Typically, n may be in the range
of 500 to 5000, or 1000 to 3000, or 2000 to 2500.

The degree of polymerization (DP) of uncation-
ized alpha-1,3-glucan can be determined in the following
way. An insoluble uncationized glucan polymer isolated
from glucosyltransferase reactions may be treated with
N,N-dimethylacetamide (DMAc) with 5% lithium chloride
(LiCl) at 100 °C for 16 hours to form a glucan polymer
solution. The solution (100 uL) may then be injected
into an Alliance™ 2695 HPLC (Waters Corporation, Mil-
ford, Mass.) equipped with a differential refractometer
detector operating at 50 °C. The mobile phase may then
be (DMAc containing 0.11 wt % LiCl) passed at a flow
rate of 0.5 mL/min through four styrene-divinyl benzene
columns in series; gspecifically, one KD-802, one KD-
801, and two linear KD-806M columns (Shodex, Japan). The

molecular weight of the glucan polymer sample may be
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determined by comparison of retention time to a broad
glucan standard. The Glucan DP may be obtained by di-
viding the molecular weight by 162.

The positively charged organic group of the
paper, board, or the like, strength agent according to
the first aspect of the invention may originate from a
primary amine, secondary amine, tertiary amine, or a
quaternary ammonium salt, preferably the positively
charged organic group is a trialkyl ammonium group, more
preferably a trimethylammonium group, more preferably

trimethylammonium hydroxypropyl.

R1 may be the positively charged organic group

and R, and R; may be H.

Without wishing to be bound by theory, it is
believed that the positively charged organic group of
the cationic alpha-1,3-glucan according to the invention
interacts with the carboxylic acid groups present in the
cellulose of the paper, or board, or the like. It has
been found that this interaction results in strong bonds
between the strength agent and the cellulose, which re-
sult in the surprisingly good performance of the

strength agent.

In one embodiment, the cationic alpha-1,3-glu-

can 1s linear.

The inventors have found that due to the cat-
ionic alpha-1,3-glucan being linear, surprisingly good

strength properties are achieved.

It is particularly useful to use a quaternary
ammonium group as the positively charged organic group

because its charge does not depend on the pH.



WO 2024/252066 PCT/F12024/050289

10

15

20

25

30

35

10

The cationic alpha-1,3-glucan may be prepared
according to conventional methods. For example, the pa-
tent applications no. WO 2016196022 and WO 2015095358
present methods for preparing cationic alpha-1,3-glu-

can.

The cationic alpha-1,3-glucan according to the
invention is particularly advantageous because it 1is
biobased. Further, it has been found that the cationic
alpha-1,3-glucan according to the invention provides
particularly good properties when used in applications
with recycled fibres. The alpha-1,3-glucan is also sur-
prisingly suitable to be added directly to the paper
stock of paper, board, or the like, products. This is
advantageous since the production processes of the pa-

per, board, or the like, products may be simplified.

Paper, board, or the like, product

According to a second aspect of the invention,
a paper, board, or the 1like, product comprising the
paper, board, or the like, strength agent according to

the first aspect of the invention is provided.

The paper, board, or the like, product accord-
ing to the second aspect of the invention may have a
short span compression strength (SCT) index of 15 Nm/g
to 30 Nm/g. The SCT index of the paper, board, or the
like, product may be 20 Nm/g to 25 Nm/g, or 22 Nm/g to
24 Nm/g.

The paper, board, or the like, product accord-
ing to the second aspect of the invention may have a
burst index of 1.5 kPam?/g to 3.0 kPam?/g. The burst
index of the paper, board, or the like, product may be
1.8 kPam?/g to 2.5 kPam?/g, or 1.9 kPam?/g to 2.3 kPam?/g.
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The paper, board, or the like, product accord-
ing to the second aspect of the invention may have a
crushing resistance (Corrugating Medium Test (CMT30))
index of 0.8 Nm/g to 1.3 Nm/g. The CMT30 index of the
paper, board, or the like, product may be 0.85 Nm?¢/g to
1.2 Nm?/g, or 0.9 Nm?/g to 1.1 Nm?/g.

The SCT index may be measured according to ISO
9895, the burst index according to ISO 2758 and the

CMT30 index according to ISO 7263.

Method for making paper, board, or the like

According to a third aspect of the invention,
a method for making a paper, board, or the like, product

comprising,

i) providing a fibre stock,

ii) adding the paper, board, or the like, strength
agent according to the first aspect of the in-
vention to the fibre stock,

iii) forming a fibrous wet web,

iv) optionally, wet pressing and/or drying the web,
and

V) optionally, subjecting the web to size press

treatment,

is provided.

The method may be performed in the above order.

The method may further comprise a step ia) be-
tween steps i) and ii) wherein the strength agent is
solubilized in water. Typically, 1 weight-% to 10
weight-%, or 2 weight-% to 7 weight-%, or 2.5 weight-%
to 4 weight-%, or 3 weight-% of the strength agent is

solubilized in water.
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The fibre stock of the method according to the
third aspect of the invention may comprise recycled fi-

bres and/or virgin fibres.

The recycled fibres and/or virgin fibres may
have an ash content of 5 to 25 weight-%, or 10 to 20
weight-%. It has been found that the cationic alpha-
1,3-glucan according to the invention may be used with
fibres having a higher ash content. The molecular weight
and IV of the polymer gives better performance also with

higher ash content fibres.

In one embodiment, the fibres originate from

mechanical or chemical pulp.

The pH of the fibre stock in step ii) of the
method according to the third aspect of the invention
is in one embodiment 4 to 9, or 5 to 8, or 6 to 7.5, or
6.5 to 7.5.

The paper, board, or the like, strength agent
may be added in an amount of 0.5 kg/t to 5 kg/t, or 1
kg/t to 3 kg/t in relation to the fibre stock in the

method according to the third aspect of the invention.

It has been found that the aforementioned ratio
of strength agent to the fibre stock has the added util-
ity of providing sufficient strength to the paper while
still providing minimal stress on the environment. Fur-
ther, the aforementioned ratio results in a negative z-
potential. A positive z-potential can result in chal-

lenges during the paper making process.

Further, the water in methods for making paper,
board, or the like, is usually circulated. There is thus

a risk that the water turns cationic with time, when
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using cationic strength agents. However, the inventors
have found that the cationic alpha-1,3-glucan is effec-
tively self-retaining, meaning that it will not be re-
moved with the filtrate of the process and accumulate

in the water circulation system.

Examples

Reference will now be made in detail to various

embodiments.

The description below discloses some
embodiments in such a detail that a person skilled in
the art is able to utilize the embodiments based on the
disclosure. Not all steps or features of the embodiments
are discussed in detail, as many of the steps or features
will be obvious for the person skilled in the art based

on this specification.

In the examples the presented DP value refers
of non-ionic alpha-glucan measured by DP method as de-
scribed on page 7. The molecular weight, Mw, of cation-
ised alpha-glucan is measured by PEO calibrated by size
exclusion chromatography method (SEC) as described on

page 5.

Example 1

In this study, the effect of linear cationic
alpha-1,3-glucan (AG) polymers on short span compression
strength (SCT), burst strength and crushing resistance
(Corrugating Medium Test (CMT30)) was tested. The per-
formance of two cationized linear AGs with different
degrees of substitution (DS 0.2 and N-bound 1,5%; DS
0.33 and N-bound 2,2%; both with a degree of polymeri-
zation (DP) of 1500 of uncationised alpha-glucan; in-

trinsic viscosity of 3 dl/g), were compared to on-site
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produced glyoxylated ©polyacrylamide (Onsite  GPAM,
charge density 1.2 meqg/g) and a typical cationic wet end
starch (DS 0.035).

The tested furnish was prepared from recycled
board (RCF) obtained from a German mill. 110 g/m2 sheets
were formed with a Rapid Koethen sheet former (RK) as
follows: RCF was wet disintegrated in a 3% consistency
at 70 °C with a Noviprofibre -pulper for 30sec at 500rpm
and 25min at 1000 rpm without soaking. The wet disinte-
grated pulp was further diluted to 1% with tap water and
the pH and conductivity were adjusted to 6.8 and 3.0
mS/cm. Chemical additions were made to a mixing vessel
(mixing speed 1000 rpm) and after chemical additions,
the pulp was poured to the RK sheet former and water was
drained out through the wire with suction. Sheets were
made 1in a recirculation mode: first six sheets were
thrown away and after that 4 sheets were made for test-
ing. The sheets were removed from the wire and wvacuum
dried at 92 °C in restrain. Before testing in the la-
boratory, the sheets were pre-conditioned for 24 h at
23 °C in 50 % relative humidity, according to the stand-
ard ISO 187.

The table below shows the testing devices and

standard methods used for the produced paper sheets.

Table 1. Sheet testing devices and standard

methods used for the produced paper sheets.

Measurement Device Standard

Basis weight Mettler Toledo ISO 536

Short Span Compres- | Lorentzen & Wettre ISO 9895
sion test (SCT)

Burst strength Lorentzen & Wettre ISO 2758

Corrugating Medium | Lorentzen & Wettre ISO 7263

Test (CMT30)
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Table 2 shows the effect of different strength

systems on board properties.

given in kg dry chemical per

All the test points include

The chemical amounts are
ton dry RCF fibre stock.

retention aids (Cationic

polyacrylamide (CPAM) 400 g/t and Silica 400 g/t).

Table 2. Effect of different strength systems
on board properties
Additive SCT index | Burst index | CMT30

[Nm/g] [kPam?/g] [Nm?/qg]

No strength 20.23 1.60 0.86
additives
Onsite GPAM, 22.56 1.75 0.95
1.5kg/t
Onsite GPAM, 24.69 2.09 0.97
2.5kg/t
AG Ds0.2, 23.35 1.85 0.96
1.5kg/t
AG DS0.2, 24.04 1.97 0.98
2.5kg/t
AG DS0.33, 22.87 1.82 0.98
1.5kg/t
AG DS0.33, 23.58 2.17 1.02
2.5kg/t
Starch DS 21.52 1.71 0.89
0.035,
2.5kg/t
Starch DS 21.79 1.83 0.87
0.035, 5kg/t

As seen in the table,

the AGs improved signif-

icantly all the strength properties. The strength in-

crease was comparable to on-site GPAM and significantly

higher than with starch.

Example 2




WO 2024/252066 PCT/F12024/050289

10

15

20

16

In this study, Example 1 was repeated with
three linear cationic alpha-1,3-glucan (AG) polymers (DS
0.2 ; DS 0.41 and N-bound = 2,6 %; DS 0.57 and N-bound

= 3,2 %); intrinsic viscosity of 3 dl/g.

Table 3 shows the effect of the different AGs
on board properties. The chemical amounts are given in
kg dry chemical per ton dry RCF fibre stock. All the
test points include retention aids (CPAM 400 g/t and
Silica 400 g/t).

Table 3. Effect of different AGs on board prop-

erties
Additive SCT index | Burst index | CMT30

[Nm/g] [kPam?/g] [Nm?/qg]
No strength 19.85 1.83 0.85
additives
AG DS0.2, 21.73 2.14 0.96
1.5kg/t
AG DS0.2, 23.41 2.39 1.02
2.5kg/t
AG DS0.41, 22.45 2.16 0.97
1.5kg/t
AG DS0.41, 23.93 2.32 1.03
2.5kg/t
AG DS0.57, 23.05 2.32 0.95
1.5kg/t
AG DS0.57, 22.50 2.32 0.95
2.5kg/t

As seen in the above table, all AGs with dif-
ferent charge densities significantly improved all the

strength properties.

Example 3
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In this study, Example 1 was repeated with two
linear cationic alpha-1,3-glucan (AG) polymers with dif-
ferent degrees of polymerizations (DP 800 of uncation-
ized glucan, Mw 450 000 g/mol of cationized glucan,
intrinsic viscosity of 1,5 dl/g and DP 1500, Mw 840 000
g/mol, intrinsic viscosity of 3 dl/g) and the same DS
(DS 0.2; DS 0.24 and N-bound = 1,7 %).

Table 4 shows the effect of different AGs on
board properties. The chemical amounts are given in kg
dry chemical per ton dry RCF fibre stock. All the test
points include retention aids (CPAM 400 g/t and Silica
400 g/t) .

Table 4. Effect of different AGs on board prop-

erties
Additive SCT index | Burst index | CMT30

[Nm/g] [kPam?/g] [Nm?/qg]
No strength 20.62 1.91 0.97
additives
AG DP80OOQ, 22.18 2.12 1.01
1.5kg/t
AG DS800, 22.37 2.31 1.09
3kg/t
AG DP1500, 21.82 2.14 1.05
1.5kg/t
AG DP1500, 22.61 2.39 1.07
3kg/t

As seen in the above table, both AGs with dif-
ferent DPs significantly improved all the strength prop-

erties.

Example 4

The solubility of three different linear cat-

ionic alpha-1,3-glucan (AG) samples (DP 1500 of alpha-
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1,3-glucan, Mw about 840 000 g/mol of cationized glucan,
intrinsic viscosity of 3 dl/g) with different cationic
substitution level were tested (DS 0.05, 0.2 and 0.4).

The solubility was determined as follows: 1 g
of linear cationic alpha-1,3-glucan (as active) was dis-
solved in 150 ml of ionized water in a 250 ml beaker and
mixed with a magnetic stirrer for 30 minutes. The tem-
perature was 22 °C and pH 7. After dissolution the sample
was diluted with 80 ml of water and the sample was poured
into a funnel and filtered through a pre-weighed filter
fabric (100mm) with suction. The sample was washed two
times with ionized water (70ml and 150 ml respectively).
After the filtration, the filter fabric was removed and
dried in a drying oven (110 °C) for 4 hours. After dry-
ing, the filter was weighed and the amount of insolubles

was calculated as follows:

ﬁlterafter (g) - filterpre—weighed (g)
amount of sample(g)

insolubles(%) = 100 =

The results are seen in table 5.

Table 5. Solubility of AGs with different charge densi-

ties

Sample Insolubles, %
AG DS 0.05 26

AG DS 0.2 0

AG DS 0.4 0

Linear cationic alpha-1,3-glucan with higher
charge density (DS 0.2 and DS 0.4) dissolved completely
and no insolubles were detected (Table 1). The sample
with the lowest charge density resulted in a significant

amount of insolubles.
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CLAIMS

1. A paper, board, or the like, strength
agent, comprising cationic alpha-1,3-glucan, wherein
the cationic alpha-1,3-glucan is water soluble, wherein

the cationic alpha-1,3-glucan is represented by the

sStructure,
ORy
A
1(...
P N /’I ﬂﬂﬂﬂﬂ
OR2 Y
< ;
e e H \~\ _/l
~ Eal ~. z
G ] \%\\
O F‘?@% h N
e _ ﬁ

wherein R:, Ry and Rs; are independently H or a positively
charged organic group and wherein the cationic alpha-
1,3-glucan has a molecular weight of 350 000 to 1 500
000 g/mol calculated by PEO calibrated SEC, and wherein
the cationic alpha-1,3-glucan has a degree of cationic
substitution of 0.15 to 0.5.

2. The paper, board, or the like,
strength agent according to claim 1, wherein the cati-
onic alpha-1,3-glucan has a degree of cationic substi-
tution of 0.15 to 0.35, or 0.17 to 0.25.

3. The paper, board, or the like,
strength agent according to claims 1 or 2, wherein the
cationic alpha-1,3-glucan has a solubility of at least
90 wt.-% in water at a temperature of 22 °C, when 1 g

was dissolved to 150 ml of water.

4., The paper, board, or the like,

strength agent according to any one of the preceding
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claims, wherein the cationic alpha-1,3-glucan has a mo-
lecular weight of 600 000 to 1 300 000 g/mol, calculated
by PEO calibrated SEC.

5. The paper, board, or the like,
strength agent according to any one of the preceding
claims, wherein the cationic alpha-1,3-glucan has in-
trinsic wviscosity (IV) 1 to 5 dl/g, preferably 1.5 to
4.5 dl/g.

6. The paper, board, or the like,
strength agent according to any one of the preceding
claims, wherein the paper, board, or the like, strength
agent comprises at least 50 weight-%, or at least 70
weight-%, or at least 80 weight-%, or at least 95 weight-
% cationic alpha-1,3-glucan.

7. The paper, board, or the 1like,
strength agent according to any one of the preceding
claims, wherein n is 200 to 7000, or 500 to 5000.

8. The paper, board, or the like,
strength agent according to any one of the preceding
claims, wherein the positively charged organic group
originates from a primary amine, secondary amine, ter-
tiary amine, or a quaternary ammonium salt, preferably
the positively charged organic group is a trialkyl am-
monium group, more preferably a trimethylammonium group,

more preferably trimethylammonium hydroxypropyl.

9. A paper, board, or the like, product
comprising the paper, board, or the like, strength agent

according to claim 1.

10. The paper, board, or the like, prod-
uct according to claim 9, wherein the paper, board, or
the like, product has a SCT index of 15 Nm/g to 30 Nm/g
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and/or a burst index of 1.5 kPam?/g to 3.0 kPam?/g and/or
a CMT30 index of 0.8 Nm?/g to 1.3 Nm?/g.

11. A method for making a paper, board,

or the like, product comprising,

i) providing a fibre stock,

ii) adding the paper, board, or the like, strength
agent according to claim 1 to the fibre stock,

iii) forming a fibrous wet web,

iv) optionally, wet pressing and/or drying the web,

and
V) optionally, subjecting the web to size press
treatment.
12. The method according to claim 11,

wherein the fibre stock comprises recycled fibres and/or

virgin fibres.

13. The method according to claims 11 or
12, wherein the pH of the fibre stock in step ii) is 4
to 9, or 6.5 to 7.5.

14. The method according to any of claims
11 to 13, wherein the paper, board, or the like, strength
agent 1is added in an amount of 0.5 kg/t to 5 kg/t, or 1
kg/t to 3 kg/t in relation to the fibre stock.
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