I*I Innovation, Sciences et Innovation, Science and CA 3009434 C 2023/02/21

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 009 434
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2016/12/15 (51) ClLInt./Int.Cl. D27H 21/16 (2006.01),
— — . D21H 17/00(2006.01), D21H 17/23(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/06/29 D21H 17/28 (2006.01), D21H 19/54(2006.01)
(45) Date de délivrance/lssue Date: 2023/02/21 D21H 19/58(2006.01)
(85) Entrée phase nationale/National Entry: 2018/06/21 (72) Inventeurs/Inventors:
®6) N° demande PCT/PCT Application No.: FI 2016/050877 LEPO, ANNELI, FI,
N - TURUNEN, ELSI, FI;
(87) N° publication PCT/PCT Publication No.: 2017/109277 TURKKI TARJA FI

(30) Priorité/Priority: 2015/12/21 (FI20155976) (73) Propriétaire/Owner:

KEMIRA OYJ, FI
(74) Agent: MARKS & CLERK

(54) Titre : PROCEDE DE PRODUCTION D'UNE COMPOSITION D'AGENT D'ENCOLLAGE, COMPOSITION D'AGENT
D'ENCOLLAGE ET UTILISATION DE CELLE-CI

(54) Title: A METHOD FOR PRODUCING A SIZING AGENT COMPOSITION, A SIZING AGENT COMPOSITION AND
USE THEREOF

(57) Abrégé/Abstract:

The present invention relates to a sizing agent composition comprising starch, lignosulfonate and poly(alkyl acrylate), poly(alkyl
(meth)acrylate), a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or a copolymer of alkyl acry- late and alkyl
(meth)acrylate. The present invention further relates to a method for preparing the sizing agent composition, and use of the sizing
agent compo- sition for sizing paper, paper products or board.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 2017/1092777 A1 [N N 0000 OO 0.0 00O

(43) International Publication Date

CA 03009434 2018-06-21

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

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

=

\

29 June 2017 (29.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/109277 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:

D21H 21/16 (2006.01) D21H 17/00 (2006.01)
D21H 17/23 (2006.01) D21H 19/54 (2006.01)
D21H 17/28 (2006.01) D21H 19/58 (2006.01)

International Application Number:
PCT/FI2016/050877

International Filing Date:
15 December 2016 (15.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

20155976 21 December 2015 (21.12.2015) FI

Applicant: KEMIRA OYJ [FUFI]; Porkkalankatu 3,
00180 Helsinki (FT).

Inventors: LEPO, Anneli; Verstaankatu 5 B 38, 33100
Tampere (FI). TURUNEN, Elsi; [lmakuja 4a20, 02210 Es-
poo (FI). TURKKI, Tarja; Kivihaantie 9 C 25, 00310
Helsinki (FI).

Agent: BERGGREN OY; P.O. Box 16 (Eteldinen
Rautatiekatu 10 A), 00101 Helsinki (FI).

(8D

(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, DJ, 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, KH, KN,
KP, KR, KW, 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, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, 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: A METHOD FOR PRODUCING A SIZING AGENT COMPOSITION, A SIZING AGENT COMPOSITION AND USE
THEREOF

(57) Abstract: The present invention relates to a sizing agent composition comprising starch, lignosulfonate and poly(alkyl
acrylate), poly(alkyl (meth)acrylate), a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or a copolymer of alkyl acry- late
and alkyl (meth)acrylate. The present invention further relates to a method for preparing the sizing agent composition, and use of the
sizing agent compo- sition for sizing paper, paper products or board.



CA 03009434 2018-06-21

WO 2017/109277 PCT/FI12016/050877

10

15

20

25

30

1

A METHOD FOR PRODUCING A SIZING AGENT COMPOSITION, A SIZING
AGENT COMPOSITION AND USE THEREOF

Field of the invention

The present invention relates a method for preparing a sizing agent composi-
tion and to a sizing agent composition. Additionally the present invention re-
lates to use of the sizing agent composition in paper making.

Background art

Sizing makes native fiber network hydrophobic and thus prevents or reduces
the penetration of water or other aqueous liquids into the paper. Sizing pre-
vents the spreading and strike through of ink or printing colors. Papermaking
fibers have a strong tendency to interact with water. This property is important
for the development of strong interfiber hydrogen bonds, especially during dry-
ing, and is also the reason why paper loses its strength when rewetted. A high
absorbency is important for certain paper grades such as toweling and tissue.
Also corrugated medium paper must be able to absorb to a certain degree to
convert properly in the corrugating process. On the other hand such properties
are disadvantageous for many paper grades, e.g., liquid packaging, top layer
of corrugated board, writing and printing papers, and most specialty papers.
The water and liquid absorbency can be reduced by addition of sizing agents
to the paper stock and/or by their application to the paper surface.

Since the 1950s various forms of rosin size in the form of paste, dispersed, for-
tified formulations, alkyl ketene dimer (AKD) size, alkenyl succinic anhydride
(ASA) size, and polymers mainly based on styrene acrylate and styrene male-
ate sometimes called polymeric sizing agents (PSAs), have come onto the
market. Today, beside starch for paper strength improvement and polymer
binders for paper coating, sizing agents are the most important quality-
improving additives in the paper manufacturing. New and improved sizing
agents and sizing agent compositions are constantly being developed in the
field.

For example, US 6,268,414 discloses an aqueous paper sizing composition
comprising i) a cellulose-reactive size, ii) a dispersant system comprising sodi-
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um lignosulfonate having less than about 5.9 wt % sulfonate sulfur based on
the total weight of the sodium lignosulfonate, and iii) at least one of cationic
dispersant and non-ionic dispersant, and iv) at least one salt containing at
least one metal element.

US 2011/064918, in turn, discloses a sizing-adhesive comprising at least one
low molecular weight water soluble polymer having mean molecular weight
(Mw) below 200000 Daltons, and wherein the polymer is selected from a poly-
saccharide, a polysaccharide derivative, sodium lignosulfonate, sodium sili-
cate, polyvinyl alcohol, polyoxyethylene and mixtures of two or more thereof.

Even though there are being developed new sizing agent compositions, there
is still a need for even more efficient and cost-efficient sizing agent composi-
tions having improved properties.

Summary of the invention

An object of the present invention is to provide a sizing agent composition for
use in paper and paper product manufacture.

A further object of the present invention is to provide a sizing agent composi-
tion enhancing sizing efficiency.

Yet, a further object of the present invention is to provide a sizing agent com-
position which is styrene-free.

Yet, another object of the present invention is to provide a sizing agent com-
position which is more cost-efficient.

Still, one object of the present invention is to provide a simple sizing agent
composition. In one embodiment of the invention, the sizing agent composition
is free of organic solvents. In another embodiment the sizing agent composi-
tion is free of multimers and/or ketene dimers. In another embodiment the siz-
ing agent composition is free of emulsifiers. In another embodiment the sizing
agent does not comprise AKD and/or ASA. In one embodiment of the invention
the sizing agent composition does not comprise at least one selected from the
group consisting of organic solvents, ketene multimers, ketene dimers, emulsi-
fiers, AKD, ASA and/or any combination thereof.
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It has now been surprisingly found that when lignosulfonate together with
starch is added to poly(alkyl acrylate) or poly(alkyl methacrylate) or to a mix-
ture thereof or to a copolymer of alkyl acrylate and alkyl methacrylate, surface
sizing efficiency is improved compared to traditional poly(styrene acrylate) sur-
face sizes. Surprisingly surface sizing efficiency is improved compared to tradi-
tional poly(styrene acrylate) surface sizes when a combination of lignosul-
fonate, starch and at least one selected from the group consisting of poly(alkyl
acrylate), poly(alkyl methacrylate), a mixture of poly(alkyl acrylate) and
poly(alkyl methacrylate), and a copolymer of alkyl acrylate and alkyl methacry-
late. Lignosulfonate can be in protective colloid in the polymerization of alkyl
acrylate or alkyl methacrylate or a mixture thereof, or formulated afterwards.
Hydrophobation improvement is gained particularly when lignosulfonate is for-
mulated with poly(alkyl acrylate) or poly(alkyl methacrylate) and starch. Espe-
cially when poly(tert-butyl acrylate) was combined with lignosulfonate the siz-
ing results were improved significantly.

The lignosulfonate containing compositions were found to have also positive
effect on burst strength and SCT. In addition to the technical benefit for im-
proving of sizing, the lignosulfonate-poly(alkyl acrylate) and/or poly(alkyl meth-
acrylate) compositions are more cost-effective since amount of synthetic poly-
mers used in sizing can be reduced without decrease of sizing efficiency. Addi-
tionally, the lingosulfonate containing compositions are styrene-free alter-
native. Using sizing agent compositions comprising the lignosulfonate also re-
duces ratio of oil-based chemistry compared to poly(styrene-acrylates).

The present invention provides a sizing agent composition.

The present invention further provides a method for preparing a sizing agent
composition. The use of the sizing agent composition is depicted, as well.
Brief description of the figures

Fig. 1 shows Cobbgg values of sizing agent compositions of the present inven-
tion compared to reference compositions with different dosages.

Fig. 2 shows Cobbgg values of sizing agent compositions of the present inven-
tion compared to reference compositions with different dosages.
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Detailed description

According to first aspect of the present invention there is provided a sizing
agent composition. More specifically there is provided a sizing agent composi-
tion comprising starch, lignosulfonate and poly(alkyl acrylate) or poly(alkyl
methacrylate) or a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate)
or a copolymer of alkyl acrylate and alkyl methacrylate.

In one embodiment the starch is selected from a group consisting of anionic
starch, cationic starch or amphoteric starch. Preferably the starch is anionic
starch or cationic, more preferably anionic.

The starch preferably has a molecular weight M, at most 10000 g/mol. Prefer-
ably the molecular weight M, is from 300 g/mol to 10000 g/mol, more prefer-
ably from 500 g/mol to 5000 g/mol. If the molecular weight M, of the starch is
too high, sizing efficiency is reduced because the polymer particles become
too large and are not distributed evenly on the paper or board during the siz-

ing.

Amount of the starch in the composition is preferably from 10 to 25 wt.%, more
preferably from 15 to 20 wt.% based on total amount of the composition, cal-
culated as dry weight.

In one embodiment, the lignosulfonate has molecular weight Mw below
140000 g/mol, preferably from 1000 g/mol to 60000 g/mol. The sulfonate
groups may have charge density (Mutek) of 1.0-3.0 meq/g, preferably 1.25-2.5
meq/g, measured at neutral pH from 0.5 wt.% aqueous solution sample.

Examples of suitable lignosulfonates are sodium lignosulfonate, calcium ligno-
sulfonate, magnesium lignosulfonate and ammonium lignosulfonate, and de-
rivatives thereof such as alkyl derivatives or oxidated forms, or mixtures there-
of. Preferably the lignosulfonate is sodium lignosulfonate or its derivative, more
preferably sodium lignosulfonate.

The sizing agent composition comprises starch, lignosulfonate and poly(alkyl
acrylate) or poly(alkyl methacrylate) or a mixture of poly(alkyl acrylate) and
poly(alkyl methacrylate) or a copolymer of alkyl acrylate and alkyl meth-
acrylate.
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In one embodiment the sizing agent composition comprises starch, lignosul-
fonate and poly(alkyl acrylate) or poly(alkyl methacrylate).

Alternatively, in one embodiment the sizing agent composition comprises a
mixture of poly(alkyl acrylate) and poly(alkyl methacrylate), starch and ligno-
sulfonate.

Alternatively, in another embodiment the sizing agent composition comprises a
copolymer of alkyl acrylate and alkyl methacrylate, starch and lignosulfonate.

In a preferred embodiment the sizing agent composition comprises starch, lig-
nosulfonate and poly(alkyl acrylate).

The poly(alkyl acrylate) is preferably selected from a group consisting of poly-
mers obtainable by free radical copolymerization of at least one ethylenically
unsaturated monomer of C1-Cg-alkyl acrylate. The alkyl acrylate monomer can
be linear or branched. Preferably the alkyl acrylate monomer is branched alkyl
acrylate monomer, more preferably tert-butyl acrylate.

The poly(alkyl acrylate) may be linear or branched; preferably the poly(alkyl
acrylate) is linear poly(alkyl acrylate) such as poly(tert-butylacrylate) or co-
polymers of poly(tert-butylacrylate), most preferably poly(tert-butylacrylate).

The poly(alkyl methacrylate) is preferably selected from a group consisting of
polymers obtainable by free radical copolymerization of at least one ethyleni-
cally unsaturated monomer of C4-Cg-alkyl (meth)acrylate. The alkyl
(meth)acrylate monomer can be linear or branched. Preferably the alkyl
(meth)acrylate monomer is branched alkyl (meth)acrylate monomer, more
preferably tert-butyl (meth)acrylate.

The poly(alkyl methacrylate) may be linear or branched, preferably the
poly(alkyl methacrylate) is linear poly(alkyl methacrylate) such as poly(tert-bu-
tyl methacrylate) or copolymers of poly(tert-butyl methacrylate), most prefer-
ably poly(tert-butyl methacrylate).

The copolymer of alkyl acrylate and alkyl methacrylate is preferably a copoly-
mer of, preferably branched, ethylenically unsaturated monomer of C4-Cs-alkyl
acrylate and, preferably branched, ethylenically unsaturated monomer of C1-
Cs-alkyl (meth)acrylate, even more preferably a copolymer of tert-butyl acrylate
and tert-butyl methacrylate.
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Weight ratio of the lignosulfonate to poly(alkyl acrylate) or poly(alkyl meth-
acrylate) or to a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or
to a copolymer of alkyl acrylate and alkyl methacrylate is from 1:9 to 3:2, pref-
erably from 1:9 to 1:2. If there is too much lignosulfonate compared to
poly(alkyl acrylate) or poly(alkyl methacrylate) or to a mixture of poly(alkyl acry-
late) and poly(alkyl methacrylate) or to a copolymer of alkyl acrylate and alkyl
(meth)acrylate, sizing effect does not last.

The sizing agent composition may be in a form of dispersion, suspension or
emulsion. Preferably the sizing agent composition is in a form of dispersion,
and most preferably in a form of an aqueous dispersion.

In one embodiment, the sizing agent composition is produced by mixing starch
and lignosulfonate with poly(alkyl acrylate) or poly(alkyl methacrylate) or with a
mixture of poly(alkyl acrylate) and poly(alkyl (meth)acrylate) or with a copoly-
mer of alkylacrylate and alkyl(meth)acrylate.

In one embodiment, the sizing agent composition is produced by polymerizing
alkylacrylate to poly(alkyl acrylate) or alkyl(meth)acrylate to poly(alkyl
(meth)acrylate) in the presence of lignosulfonate and starch.

Yet, in other embodiment, the sizing agent composition is produced by poly-
merizing a mixture of alkyl acrylate and alkyl (meth)acrylate to a copolymer of
alkyl acrylate and alkyl (meth)acrylate in the presence of lignosulfonate and
starch.

Yet, in other embodiment, the sizing agent composition is produced by i) poly-
merizing alkylacrylate to poly(alkyl acrylate) in the presence of lignosulfonate
and starch, and i) polymerizing alkyl(meth)acrylate to poly(alkyl
(meth)acrylate) in the presence of lignosulfonate and starch, and iii) mixing the
products of i) and ii).

Yet, in other embodiment, the sizing agent composition is produced by poly-
merizing a mixture of alkyl acrylate and alkyl (meth)acrylate to a copolymer of
alkyl acrylate and alkyl (meth)acrylate in the presence of starch, and mixing
lignosulfonate thereto.

Yet, in other embodiment, the sizing agent composition is produced by i) poly-
merizing alkylacrylate to poly(alkyl acrylate) in the presence of starch and mix-
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ing lignosulfonate thereto, and ii) polymerizing alkyl(meth)acrylate to poly(alkyl
(meth)acrylate) in the presence of starch and mixing lignosulfonate thereto,
and iii) mixing the products of i) and ii).

In a preferred embodiment, the sizing agent composition is produced by poly-
merizing alkyl acrylate to poly(alkyl acrylate) or alkyl (meth)acrylate to
poly(alkyl (meth)acrylate) in the presence of starch, and mixing lignosulfonate
thereto.

In a preferred embodiment the sizing agent composition is free of poly(styrene
acrylates).

In another preferred embodiment the sizing agent composition consists of
starch, lignosulfonate and poly(alkyl acrylate) or poly(alkyl methacrylate), pref-
erably the sizing agent composition consists of starch, lignosulfonate and
poly(alkyl acrylate).

According to second aspect of the present invention there is provided a meth-
od for preparing a sizing agent composition. More specifically there is provided
a method for preparing a sizing agent composition comprising starch, lignosul-
fonate and poly(alkyl acrylate) or poly(alkyl (meth)acrylate) or a mixture of
poly(alkyl acrylate) and poly(alkyl (meth)acrylate) or a copolymer of alkyl acry-
late and alkyl (meth)acrylate.

The method for preparing a sizing agent composition comprising starch, ligno-
sulfonate and poly(alkyl acrylate) or poly(alkyl (meth)acrylate) or a copolymer
of alkyl acrylate and alkyl (meth)acrylate or alternatively a mixture of poly(alkyl
acrylate) and poly(alkyl (meth)acrylate) comprises

(i) providing a mixture comprising starch, lignosulfonate and alkyl acrylate or
alkyl (meth)acrylate or a mixture of alkyl acrylate and alkyl (meth)acrylate; and
polymerizing the alkylacrylate to poly(alkyl acrylate) or the alkyl(meth)acrylate
to poly(alkyl methacrylate) or the mixture of alkyl acrylate and alkyl
(meth)acrylate to a copolymer of alkyl acrylate and alkyl (meth)acrylate in the
presence of the lignosulfonate and the starch to obtain the sizing agent com-
position; or

(i) providing a mixture comprising starch and alkylacrylate or al-
kyl(meth)acrylate or a mixture of alkyl acrylate and alkyl (meth)acrylate; poly-
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merizing the alkylacrylate to poly(alkyl acrylate) or the alkyl(meth)acrylate to
poly(alkyl methacrylate) or the mixture of alkyl acrylate and alkyl (meth)acrylate
to a copolymer of alkyl acrylate and alkyl (meth)acrylate in the presence of the
starch to obtain a mixture comprising starch and poly(alkyl acrylate) or
poly(alkyl methacrylate) or the copolymer of alkyl acrylate and alkyl
(meth)acrylate; and mixing lignosulfonate with the mixture comprising the
starch and the poly(alkyl acrylate) or the poly(alkyl methacrylate) or the co-
polymer of alkyl acrylate and alkyl (meth)acrylate to obtain the sizing agent
composition.

In one embodiment of the method (i) and (ii), starch is first dissolved into water
to produce a starch containing aqueous solution preferably at an elevated
temperature. The temperature is preferably 70-98 °C, more preferably 75-90
°C, and even more preferably 80-90 °C such as 85 °C. Preferably the starch is
dissolved into the water under an inert atmosphere such as under nitrogen at-
mosphere.

In one embodiment of the method (i), to the starch containing aqueous solution
the alkyl acrylate or alkyl (meth)acrylate or a mixture of alkyl acrylate and alkyl
(meth)acrylate is fed at the same time with the lignosulfonate. Preferably the
lignosulfonate is fed as an aqueous solution. In one embodiment the alkyl
acrylate or alkyl (meth)acrylate or a mixture of alkyl acrylate and alkyl
(meth)acrylate and the lingnosulfonate are fed over a prolonged period of time,
preferably 60-240 min, preferably 100-150 min such as 120 min.

In one embodiment of the method (ii), to the starch containing aqueous solu-
tion the alkyl acrylate or alkyl (meth)acrylate or a mixture of alkyl acrylate and
alkyl (meth)acrylate is fed. In one embodiment the alkyl acrylate or alkyl
(meth)acrylate or a mixture of alkyl acrylate and alkyl (meth)acrylate is fed over
a prolonged period of time, preferably 60-240 min, preferably 100-150 min
such as 120 min.

The polymerization reaction in (i) and (ii) is preferably conducted at an ele-
vated temperature of 70-98 °C, more preferably 75-90 °C, and even more
preferably 80-90 °C such as 85 °C and optionally under an inert atmosphere
such as under nitrogen atmosphere. The polymerization is initiated with any
suitable initiator such as hydrogen peroxide.
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After the polymerization reaction, in one embodiment, pH of the solution is ad-
justed to acidic region, preferably to 3-6.5 such as 6.

In one embodiment of the method (i), the resulting solution is filtered.

In one embodiment of the method (ii), a lignosulfonate containing aqueous so-
lution is mixed with the mixture comprising the starch and the poly(alkyl acry-
late) or poly(alkyl methacrylate) or the copolymer of alkyl acrylate and alkyl
(meth)acrylate. In one embodiment the resulting solution is filtered.

In an alternative embodiment, the composition is produced by a) polymerizing
alkylacrylate to poly(alkyl acrylate) in the presence of lignosulfonate and
starch, and b) polymerizing alkyl(meth)acrylate to poly(alkyl (meth)acrylate) in
the presence of lignosulfonate and starch, and c¢) mixing the products of a) and
b).

Yet, in other alternative embodiment, the sizing agent composition is produced
by a) polymerizing alkylacrylate to poly(alkyl acrylate) in the presence of starch
and mixing lignosulfonate thereto, and b) polymerizing alkyl(meth)acrylate to
poly(alkyl (meth)acrylate) in the presence of starch and mixing lignosulfonate
thereto, and ¢) mixing the products of a) and b).

Yet, in other alternative embodiment, the sizing agent composition is prepared
by mixing starch and lignosulfonate with poly(alkyl acrylate) or poly(alkyl meth-
acrylate) or with a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate)
or with a copolymer of alkylacrylate and alkyl(meth)acrylate.

In a preferred embodiment, the method for preparing the sizing agent compo-
sition comprises providing a mixture comprising starch and alkyl acrylate or al-
kyl (meth)acrylate, preferably alkylacrylate; polymerizing the alkyl acrylate to
poly(alkyl acrylate) or the alkyl (meth)acrylate to poly(alkyl methacrylate), pref-
erably the alkyl acrylate to poly(alkyl acrylate), in the presence of the starch to
obtain a mixture comprising starch and poly(alkyl acrylate) or poly(alkyl meth-
acrylate); and mixing lignosulfonate with the mixture comprising the starch and
the poly(alkyl acrylate) or the poly(alkyl methacrylate) to obtain the sizing agent
composition.
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In one embodiment the starch is selected from a group consisting of anionic
starch, cationic starch or amphoteric starch. Preferably the starch is anionic
starch or cationic, more preferably anionic.

The starch preferably has a molecular weight M, at most 10000 g/mol. Prefer-
ably the molecular weight M, is from 300 g/mol to 10000 g/mol, more prefera-
bly from 500 g/mol to 5000 g/mol. If the molecular weight M, of the starch is
too high, sizing efficiency is reduced because the polymer particles become
too large and are not distributed evenly on the paper or board during the siz-

ing.

Amount of the starch in the composition is preferably from 10 to 25 wt.%, more
preferably from 15 to 20 wt.% based on total amount of the composition, calcu-
lated as dry weight.

In one embodiment, the lignosulfonate has molecular weight Mw below
140000 g/mol, preferably from 1000 g/mol to 60000 g/mol. The sulfonate
groups may have charge density (Mutek) of 1.0-3.0 meq/g, preferably 1.25-2.5
meq/g, measured at neutral pH from 0.5 wt.% aqueous solution sample.

Examples of suitable lignosulfonates are sodium lignosulfonate, calcium ligno-
sulfonate, magnesium lignosulfonate and ammonium lignosulfonate, and de-
rivatives thereof such as alkyl derivatives or oxidated forms, or mixtures there-
of. Preferably the lignosulfonate is sodium lignosulfonate or its derivative, more
preferably sodium lignosulfonate.

The poly(alkyl acrylate) is preferably selected from a group consisting of poly-
mers obtainable by free radical copolymerization of at least one ethylenically
unsaturated monomer of C1-Cg-alkyl acrylate. The alkyl acrylate monomer can
be linear or branched. Preferably the alkyl acrylate monomer is branched alkyl
acrylate monomer, more preferably tert-butyl acrylate.

The poly(alkyl acrylate) may be linear or branched; preferably the poly(alkyl
acrylate) is linear poly(alkyl acrylate) such as poly(tert-butylacrylate) or co-
polymers of poly(tert-butylacrylate), most preferably poly(tert-butylacrylate).

The poly(alkyl methacrylate) is preferably selected from a group consisting of
polymers obtainable by free radical copolymerization of at least one ethyleni-
cally unsaturated monomer of C4-Cg-alkyl (meth)acrylate. The alkyl
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(meth)acrylate monomer can be linear or branched. Preferably the alkyl
(meth)acrylate monomer is branched alkyl (meth)acrylate monomer, more
preferably tert-butyl (meth)acrylate.

The poly(alkyl methacrylate) may be linear or branched, preferably the
poly(alkyl methacrylate) is linear poly(alkyl methacrylate) such as poly(tert-
butyl methacrylate) or copolymers of poly(tert-butyl methacrylate), most prefer-
ably poly(tert-butyl methacrylate).

The copolymer of alkyl acrylate and alkyl methacrylate is preferably a copoly-
mer of, preferably branched, ethylenically unsaturated monomer of C4-Cs-alkyl
acrylate and, preferably branched, ethylenically unsaturated monomer of C1-
Cs-alkyl (meth)acrylate, even more preferably a copolymer of tert-butyl acrylate
and tert-butyl methacrylate.

Weight ratio of the lignosulfonate to poly(alkyl acrylate) or poly(alkyl meth-
acrylate) or to a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or
to a copolymer of alkyl acrylate and alkyl methacrylate is from 1:9 to 3:2, pref-
erably from 1:9 to 1:2. If there is too much lignosulfonate compared to
poly(alkyl acrylate) or poly(alkyl methacrylate) or to a mixture of poly(alkyl acry-
late) and poly(alkyl methacrylate) or to a copolymer of alkyl acrylate and alkyl
(meth)acrylate, sizing effect does not last.

The sizing agent composition may be in a form of dispersion, suspension or
emulsion. Preferably the sizing agent composition is in a form of dispersion,
and most preferably in a form of an aqueous dispersion.

In a preferred embodiment with the process of the present invention is pro-
duced the sizing agent composition of the present invention.

In another preferred embodiment the sizing agent composition of the present
invention is produced with the process of the present invention.

According to third aspect of the present invention there is provided a use of a
sizing agent composition. More specifically there is provided a use of the sizing
agent composition of the present invention or the sizing agent composition
prepared with the method of the present invention for sizing paper, paper
products or board, preferably liner.
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Dosing of the sizing agent composition into surface sizing starch is from 0.1 to
10 kglt, preferably from 0.5 to 5 kg/t as dry actives.

In fourth aspect of the present invention there is provided a method for pro-
ducing paper or board, comprising the steps of providing a pulp slurry, de-
watering said pulp slurry on a wire, forming a paper or board, and applying the
sizing agent composition according to the present invention or the sizing agent
composition produced by the process according to the present invention onto
the formed paper or board.

In fifth aspect of the present invention there is provided a method for improving
surface sizing in production of paper or board, characterized by applying the
sizing agent composition according to the present invention or the sizing agent
composition produced by the process according to the present invention onto a
paper of board.

Hereafter, the present invention is described in more detail and specifically
with reference to the examples, which are not intended to limit the present in-
vention.

Examples

Example 1 according to the present invention (sample F25: method (i))

Synthesis of poly(tert-butyl acrylate) dispersion with a starch protective colloid

57.25 g of an oxidatively degraded potato starch (Perfectamyl A 4692) was
dispersed with stirring in 329 g of demineralizer water in a 1 L glass reactor
with a cooling/heating jacket under a nitrogen atmosphere. The starch was
dissolved by heating the mixture to 85°C and cooking at 85°C for 30 minutes.
After starch dissolution was complete, 28.6 g of 0.66 % strength aqueous solu-
tion of ferrous (ll) sulfate heptahydrate was added in to the reactor. After 10
minutes 3.3 g of 30% strength hydrogen peroxide was added. After 10
minutes, the starch degradation was complete. Then 167.4 g of heated de-
mineralizer water was added to the reactor. After the temperature had stabi-
lized to 85°C, the chemical feeds were started. 167.4 g of tert-butyl acrylate
was fed during 120 minutes. 48.8 g of 3 % solution of hydrogen peroxide was
fed simultaneously with the monomer feed during 120 min. The reactor tem-
perature was kept at 85°C during the feeds and 15 minutes after for post-
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polymerization. Then the mixture was cooled to 60°C and 5.2 g of 11.7%
strength tert-butyl hydroperoxide solution was added dropwise into the reactor.
The temperature was kept at 60°C for further 60 min. Thereafter, cooling was
effected to 40°C and 5.9 g of 10% strength ethylenediaminetetraacetic acid
sodium salt (EDTA-Na) solution was added, followed by pH adjustment to 6
with 25% strength sodium hydroxide solution and cooling to room temperature.
Filtration was performed using a 100 um filter cloth. A finely divided dispersion
with a solids content of 26.3% is obtained.

Mixing with lignosulfonate

Then a 30% lignosulfonate (Borresperse NA) was prepared in deionized water
by mixing water with Borresperse NA in a Schott bottle until all was dissolved.
Then 36.5 g of the poly(tert-butyl acrylate) dispersion and 13.8 g of 30% ligno-
sulfonate solution were weighed in a 100ml Schott bottle and stirred with a
magnetic stirrer for 15 minutes at room temperature. The resulting mixture is a
brown dispersion. Then solids content of the dispersion is 27.3 % and pH is
6.3.

Example 2 according to the present invention (sample F46: method (ii))

The product in example 2 was prepared using the same procedure as in Ex-
ample 1, but 21.8 g of the same polymeric dispersion and 8.4 g of 30% solu-
tion prepared from Borresperse 350 (lignosulfonate) and deionized water were
used instead. The resulting mixture is a gray dispersion. Then solids content of
the dispersion is 27.1 % and pH is 5.3.

Example 3 according to the present invention (sample F47: method (ii))

The product in example 3 was prepared using the same procedure as in Ex-
ample 1, 21.8 g of the same polymeric dispersion and 8.3 g of 30% solution
prepared from Ufoxane 2 (lignosulfonate) and deionized water were used in-
stead. The resulting mixture is a brown dispersion. Then solids content of the
dispersion is 27.2 % and pH is 8.9.

Example 4 according to the present invention (sample F48: method (ii))

The product in example 4 was prepared using the same procedure as in Ex-
ample 1, but 21.8 g of the same polymeric dispersion and 8.2 g of 30% solu-
tion prepared from DP-1889 (lignosulfonate) and deionized water were used
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instead. The resulting mixture is a brown dispersion. Then solids content of the
dispersion is 27.3 % and pH is 6.7.

Example 5 according to the present invention (sample F49: method (ii))

The product in example 5 was prepared using the same procedure as in Ex-
ample 1, but 21.8 g of the same polymeric dispersion and 8.3 g of 30% solu-
tion prepared from DP-1888 (lignosulfonate) and deionized water were used
instead. The resulting mixture is a brown dispersion. Then solids content of the
dispersion is 27.2 % and pH is 6.6.

Example 6 according to the present invention (sample F50: method (ii))

The product in example 6 was prepared using the same procedure as in Ex-
ample 1, but 21.8 g of the same polymeric dispersion and 8.3 g of 30% solu-
tion prepared from DP-1887 (lignosulfonate) and deionized water were used
instead. The resulting mixture is a brown dispersion. Then solids content of the
dispersion is 27.2 % % and pH is 8.7.

Example 7 according to the present invention (sample F26: method (ii))

The product in example 7 was prepared using the same procedure as in Ex-
ample 1, but 45.5 g of the same polymeric dispersion and 4.5 g of 30% solu-
tion prepared from Borresperse NA (lignosulfonate) and deionized water were
used instead. The resulting mixture is a brown dispersion. Then solids content
of the dispersion is 26.8 % and pH is 5.7.

Example 8 according to the present invention (sample NSuSi-164: method (i))

45.86 g of an oxidatively degraded potato starch (Perfectamyl A 4692) was
dispersed with stirring in 264 g of demineralizer water in a 1 L glass reactor
with a cooling/heating jacket under a nitrogen atmosphere. The starch was
dissolved by heating the mixture to 85°C and cooking at 85°C for 30 minutes.
After starch dissolution was complete, 22.9 g of 0.66 % strength aqueous solu-
tion of ferrous (ll) sulfate heptahydrate was added in to the reactor. After 10
minutes 2.7 g of 30% strength hydrogen peroxide was added. After 10
minutes, the starch degradation was complete. Then 134.1 g of heated de-
mineralizer water was added to the reactor. After the temperature had stabi-
lized to 85°C, the chemical feeds were started. 134.1 g of tert-butyl acrylate
was fed during 120 minutes. 39.1 g of 3 % solution of hydrogen peroxide was
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fed simultaneously with the monomer feed during 120 min. Lignosulfonate feed
— of 10% Borresperse NA in water — was started 75 minutes after the other
feeds were started and stopped simultaneously with the other feeds. The reac-
tor temperature was kept at 85°C during the feeds and 15 minutes after for
postpolymerization. Then the mixture was cooled to 60°C and 4.1 g of 11.7%
strength tert-butyl hydroperoxide solution was added dropwise into the reactor.
The temperature was kept at 60°C for further 60 min. Thereafter, cooling was
effected to 40°C and 4.7 g of 10% strength ethylenediaminetetraacetic acid
sodium salt (EDTA-Na) solution was added, followed by pH adjustment to 6
with 25% strength sodium hydroxide solution and cooling to room temperature.
Filtration was performed using a 100 um filter cloth. A finely divided dispersion
with a solids content of 27.4% is obtained.

Cobbgy measurements

The sizing agent compositions and formulates were tested for the surface size
application using an internally unsized, recycled fiber linerboards with base
weight of ca. 120 and 100 g/m?. Mathis size presses were used in these tests.
The sizing agent composition was added to surface size starch (C*film 07311)
solution at 15% reference to base weight 120 g/m? or test series for samples
F25, F26, F46, F47, F48, F49, F50. Hydrophobic polymers were added at con-
centrations of 1.5, 3.0 and 4.5 weight-%. Sizing tests were carried out at 70°C
temperature. Temperature of the size press nip was measured with Reatec
NO1 temperature indicator strips and temperature of the water bath for size
press rolls was adjusted to obtain the desired temperature. The sheets were
run through a horizontal pond size press at 2 m/min (2 Bar). The sheets were
dried at 95°C 1 min/side either using a contact dryer or a drum dryer. Tem-
perature of the dryers was adjusted using Reatec NO82 temperature indicator
strips. The sizing efficiency was determined by measuring Cobb60 sizing de-
gree according to standard 1SO 535.

Results

As can be seen from Figure 1, the sizing agent compositions of the present in-
vention present improved (or same) sizing results (Cobb60 values) as the ref-
erence samples. That is, replacing some of the synthetic polymer in sizing
agent compositions with lignosulfonate improves sizing or at least give same
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sizing results as synthetic polymer sizing agent compositions. This is also sup-
ported by the results of Figure 2.

In the Figures samples F25, F26, F46, F47, F48, F49, F50 are sizing agent
composition of the present invention produced with the method of the present
invention (shown in the Examples above).

Sample NSuSi3 p-tBA (reference sample) is a starch-poly(tert-butyl acrylate)
sizing agent produced with same method as the first step in Example 1 (that is,
without any lignosulfonate addition).

Sample NSuSi-1 (reference sample) is a synthetic sizing agent containing a
copolymer of styrene, n-butyl acrylate and t-butyl acrylate having weight ratio
of monomers 50:25:25.

Sample NSuSi-3 (reference sample) is a starch based sizing agent.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A sizing agent composition comprising starch, lignosulfonate and poly(alkyl
acrylate) or poly(alkyl methacrylate) or a mixture of poly(alkyl acrylate) and
poly(alkyl methacrylate) or a copolymer of alkyl acrylate and alkyl methacrylate,

wherein the starch has a molecular weight M of at most 10000 g/mol and an
amount of the starch is from 10 to 25 wt.% based on total amount of the
composition, of dry weight,

and

wherein a weight ratio of the lignosulfonate to the poly(alkyl acrylate) or poly(alkyl
methacrylate) or to a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or
to a copolymer of alkyl acrylate and alkyl methacrylate is from 1:9 to 3:2, and

wherein the sizing agent composition is free of poly(styreneacrylates), and the sizing
agent composition does not comprise an alkyl ketene dimer (AKD) and/or an alkenyl
succinic anhydride (ASA).

2.  The sizing agent composition according to claim 1, wherein the starch is
anionic starch, cationic starch or amphoteric starch.

3.  The sizing agent composition according to claim 1, wherein the starch is
anionic starch or cationic starch.

4.  The sizing agent composition according to claim 1, wherein the starch is
anionic starch.

5. The sizing agent composition according to any one of claims 1 to 4, wherein
the starch has a molecular weight Mn of from 300 g/mol to 10000 g/mol.

6. The sizing agent composition according to any one of claims 1 to 4, wherein
the starch has a molecular weight M» of from 500 g/mol to 5000 g/mol.

Date regue / Date received 2021-11-22
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7.  The sizing agent composition according to any one of claims 1 to 6, wherein
the poly(alkyl acrylate) is a polymer obtained by free radical copolymerization of at
least one ethylenically unsaturated monomer of C1-Cs-alkyl acrylate; and

the poly(alkyl methacrylate) is a polymer obtained by free radical copolymerization
of at least one ethylenically unsaturated monomer of C1-Cs-alkyl (meth)acrylate.

8.  The sizing agent composition according to any one of claims 1 to 6, wherein
the poly(alkyl acrylate) is poly(tert-butylacrylate); and

the poly(alkyl methacrylate) is poly(tert-butyl methacrylate).

9.  The sizing agent composition according to any one of claims 1 to 8, wherein
the copolymer of alkyl acrylate and alkyl methacrylate is a copolymer of ethylenically
unsaturated monomer of C1-Cs-alkyl acrylate and ethylenically unsaturated
monomer of C1-Cs-alkyl (meth)acrylate.

10. The sizing agent composition according to any one of claims 1 to 8, wherein
the copolymer of alkyl acrylate and alkyl methacrylate is a copolymer of tert-butyl
acrylate and tert-butyl methacrylate.

11. The sizing agent composition according to any one of claims 1 to 10, wherein
a weight ratio of the lignosulfonate to the poly(alkyl acrylate) or poly(alkyl
methacrylate) or to a mixture of poly(alkyl acrylate) and poly(alkyl methacrylate) or
to a copolymer of alkyl acrylate and alkyl methacrylate is from 1:9 to 1:2.

12. The sizing agent composition according to any one of claims 1 to 11, wherein
amount of the starch is from 15 to 20 wt.% based on total amount of the
composition, of dry weight.

13. The sizing agent composition according to any one of claims 1 to 12, wherein
the sizing agent composition is in a form of an aqueous dispersion.

14. A method for preparing a sizing agent composition comprising starch,
lignosulfonate and poly(alkyl acrylate) or poly(alkyl (meth)acrylate) or a copolymer of

Date regue / Date received 2021-11-22
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alkyl acrylate and alkyl (meth)acrylate or a mixture of poly(alkyl acrylate) and
poly(alkyl (meth)acrylate), the method comprising:

(i) providing a mixture comprising starch, lignosulfonate and alkyl acrylate or alkyl
(meth)acrylate or a mixture of alkyl acrylate and alkyl (meth)acrylate and an amount
of the starch is from 10 to 25 wt.% based on a total amount of the composition, of
dry weight; and

polymerizing the alkylacrylate to poly(alkyl acrylate) or the alkyl(meth)acrylate to
poly(alkyl methacrylate) or the mixture of alkyl acrylate and alkyl (meth)acrylate to a
copolymer of alkyl acrylate and alkyl (meth)acrylate in the presence of the
lignosulfonate and the starch to obtain the sizing agent composition; or

(i) providing a mixture comprising starch and alkylacrylate or alkyl(meth)acrylate or
a mixture of alkyl acrylate and alkyl (meth)acrylate;

polymerizing the alkylacrylate to poly(alkyl acrylate) or the alkyl(meth)acrylate to
poly(alkyl methacrylate) or the mixture of alkyl acrylate and alkyl (meth)acrylate to a
copolymer of alkyl acrylate and alkyl (meth)acrylate in the presence of the starch to
obtain a mixture comprising starch and poly(alkyl acrylate) or poly(alkyl
methacrylate) or the copolymer of alkyl acrylate and alkyl (meth)acrylate; and

mixing lignosulfonate with the mixture comprising the starch and the poly(alkyl
acrylate) or the poly(alkyl methacrylate) or the copolymer of alkyl acrylate and alky!|
(meth)acrylate to obtain the sizing agent composition,

wherein the sizing agent composition is free of poly(styreneacrylates), and the sizing
agent composition does not comprise an alkyl ketene dimer (AKD) and/or an alkenyl
succinic anhydride (ASA).

15. The method according to claim 14, wherein the polymerization reaction is
conducted at a temperature of 70-98 °C.

16. The method according to claim 14, wherein the polymerization reaction is
conducted at a temperature of 75-90 °C.
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17. The method according to claim 14, wherein the polymerization reaction is
conducted at a temperature of 80-90 °C.

18. The method according to any one of claims 14 to 17, wherein the
polymerization reaction is conducted under an inert atmosphere.

19. The method according to any one of claims 14 to 17, wherein the
polymerization reaction is conducted under nitrogen atmosphere.

20. Use of a sizing agent composition as defined in any one of the claims 1 to 13,
or a sizing agent composition prepared with a method as defined in any one of
claims 14 to 19 for sizing paper, paper products or board.

21. Use of a sizing agent composition as defined in any one of the claims 1 to 13,
or a sizing agent composition prepared with a method as defined in any one of
claims 14 to 19 for sizing liner.

22. The use according to claim 20 or 21, wherein dosing of the sizing agent
composition into surface sizing starch is from 0.1 to 10 kg/t as dry actives.

23. The use according to claim 20 or 21, wherein dosing of the sizing agent
composition into surface sizing starch is from 0.5 to 5 kg/t as dry actives.

24. A method for producing paper or board, comprising the steps of:

providing a pulp slurry, dewatering said pulp slurry on a wire, forming a paper or
board and applying a sizing agent composition as defined in any one of claims 1 to
13, or a sizing agent composition produced by a method as defined in any one of
claims 14 to 19, onto the formed paper or board.

25. A method for improving surface sizing in production of paper or board, the
method comprising:

applying a sizing agent composition as defined in any one of claims 1 to 13 or a
sizing agent composition produced by a method as defined in any one of claims 14
to 19 onto a paper or board.
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