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Description

[0001] The present invention relates to method for controlling size distribution of polymer particles during preparation
of aqueous polymer dispersion according to the preamble of the enclosed claim.
[0002] Starch graft copolymer dispersions are used in pulp and papermaking. They can be used for various purposes,
for example for surface sizing compositions or for increasing the dry strength of paper. For example, US 6,426,381
discloses styrene/(meth)acrylate copolymers that can be used for surface sizing. US 6,426,381 further discloses that
the obtained dispersions have a particle size of less than 100 nm, even 50 to 90 nm. In practice, however, it has been
observed that even if most of the formed polymer particles in the aqueous dispersion are relatively small, there exist
also an amount of large polymer particles or polymer agglomerates. This fact is demonstrated by observing a typical
particle size distribution for these polymer dispersions. For a dispersion having D50 value <100 nm, D90 value may
already be around 130 nm, and D99 value around 400 nm. This indicates clearly the presence of large polymer particles
or polymer agglomerates.
[0003] Uneven particle size distribution in the aqueous dispersion may have negative effects in the end use of the
polymer dispersions in papermaking applications. Furthermore, it has been observed that small particle size offers
advantages in many applications. Therefore there exists an interest to prepare polymer dispersions comprising small
and even sized particles.
[0004] EP 1321574 discloses a surface size composition comprising a polymer and a reactive aluminium compound.
The polymer is obtained by polymerisation of degraded starch, styrene and alkyl (meth)acrylate.
[0005] WO 00/23479 discloses sizing agents comprising dispersed synthetic polymers in an aqueous solutions. The
polymers are prepared by copolymerising styrene which may optionally be substituted and certain acrylates in the
presence of a stabilizing agent, which may be a polysaccharide.
[0006] An object of this invention is to minimise or even eliminate the disadvantages existing in the prior art.
[0007] An object is also to provide a method, with which the occurrence or formation of large polymer particles or
polymer agglomerates may be eliminated or reduced in the dispersion.
[0008] A further object of this invention is to provide a method, with which the particle size of the polymer particles
may be adjusted.
[0009] A still further object is to provide an aqueous polymer dispersion having a small particle size and a negligible
amount of large particles or agglomerates.
[0010] These objects are attained with a method having the characteristics presented below in the characterising parts
of the independent claims.
[0011] The method according to the present invention for controlling size distribution of formed polymer particles during
preparation of aqueous polymer dispersion is defined in claim 1, and the method comprises,

- obtaining an aqueous polysaccharide solution, which comprises

- (a)10 to 40 weight-% of polysaccharide containing a free hydroxyl group, such as starch,

- polymerising in the polysaccharide solution and in the presence of a graft-linking, water-soluble redox system

- (b) 30 to 60 weight-% of at least one optionally substituted styrene,
- (c) 60 to 30 weight-% of at least one C1-C4-alkyl (meth)acrylate,
- (d) 0 to 10 weight-% of other ethylenically unsaturated copolymerizable monomers,

wherein the sum of (a)+(b)+(c)+(d) is 100 %, and
whereby the size distribution of the formed polymer particles is controlled by adjusting viscosity of the polysaccharide
solution before the polymerisation to a level < 20 mPas, measured at 23 °C with Brookfield LVDV viscometer with spindle
18, 60 rpm.
[0012] Typical aqueous polymer dispersion is obtained by free radical emulsion copolymerization of ethylenically
unsaturated monomers in the presence of

- (a) 10 to 40 weight-% polysaccharide containing a free hydroxyl group, such as starch,
the monomers comprising

- (b) 30 to 60 weight-% of at least one optionally substituted styrene,
- (c) 60 to 30 weight-% of at least one C1-C4-alkyl (meth)acrylate, and
- (d) 0 to 10 weight-% of other ethylenically unsaturated copolymerizable monomers,

and using (e) a graft-linking, water-soluble redox system as free radical initiator for the free radical emulsion copolym-
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erization,
wherein the sum (a)+(b)+(c)+(d) is 100 %,
whereby the particle size D99 value is < 160 nm for polymer particles of the polymer dispersion.
[0013] Typical use of the aqueous polymer dispersion is for preparation of compositions used in making of paper,
board or the like.
[0014] Now it has been surprisingly found out that adjusting the viscosity of the polysaccharide solution before the
polymerisation to a level < 20 mPas, the formed polymer particles are small in size and their particle size distribution is
narrow. It has been observed that the large particles or agglomerates are in practice missing from the obtained dispersion.
Small polymer particles with narrow size distribution offer unexpected advantages. For example, it is possible to obtain
polymer dispersion with high solids content which still has good, or at least acceptable, viscosity properties. Furthermore,
it has been observed that the narrow particle size distribution enhances the function of the polymer dispersion in many
papermaking applications, for example as a strength agent.
[0015] The viscosity of the polysaccharide solution, such as starch solution, before the polymerisation, i.e. before the
addition of the monomers to the starch solution, is adjusted to a level < 15 mPas, preferably < 10 mPas, measured at
23 °C with Brookfield LVDV viscometer with spindle 18, 60 rpm. The viscosity of the polysaccharide solution, such as
starch solution, before the polymerisation may be adjusted more preferably to the range of 6 - 10 mPas, measured at
23 °C with Brookfield LVDV viscometer with spindle 18, 60 rpm.
[0016] According to one embodiment of the invention, the viscosity of the polysaccharide solution, such as starch
solution, may be adjusted before the polymerisation at 15 % solids content, measured at 23 °C with Brookfield LVDV
viscometer with spindle 18, 60 rpm.
[0017] According to one embodiment of the invention the viscosity adjustment of the polysaccharide solution, such as
starch solution, is performed by adjusting the pH of the polysaccharide solution < 2.5, preferably < 2.3 before the
polymerisation. This means that the polymerisation is carried out at pH values less than 2.5, by adjusting the pH of the
polysaccharide solution typically to the acidic range of 1.3 - 2.4, preferably 1.5 - 2.3, more preferably 1.7 - 2.1. The pH
value may be adjusted to the desired value before the beginning of the polymerisation by using conventional mineral
acids or organic acids, such as hydrochloric acid, sulphuric acid, phosphoric acid, formic acid or acetic acid, preferably
sulphuric acid.
[0018] According to another embodiment of the present invention the viscosity adjustment of the polysaccharide
solution, such as starch solution, is performed by adjusting the dry solids content of the polysaccharide solution to < 35
weight-%, preferably < 30 weight-%, more preferably < 25 weight-%, before the polymerisation. The dry solids content
of the polysaccharide solution is typically adjusted to the range of 15 - 35 weight-%, more typically 15 - 30 weight %,
preferably 20 - 25 weight- %, before the polymerisation.
[0019] In the present invention it is possible to use a polysaccharide, which contains a free hydroxyl group, such as
starch. According to one embodiment of the invention the polysaccharide containing a free hydroxyl group may be
selected from a group consisting amylose, amylopectine, carrageen, cellulose, chitosan, chitin, dextrines, guar gum
(guarane) and other galactomannans, arabic gum, hemicellulose components, and pullulan, preferably from a group
consisting amylose, amylopectine, dextrin and galactomannas. Amylose and amylopectine are being most preferred.
[0020] According to another embodiment of the invention polysaccharide, which is used, may preferably be modified
or unmodified starch. Starch, which may be used in the present invention, may be any suitable natural starch, such as
potato, rice, corn, waxy corn, wheat, barley or tapioca starch, potato starch being preferred. Starches having an amy-
lopectin content > 80 %, preferably >95 % are advantageous. Starch may be also modified, for example, anionised,
cationised and/or degraded. Anionised starch comprises anionic groups, such as carboxylate or phosphate groups,
whereas cationised starch comprises cationic groups, such as quaternized ammonium groups. Degree of substitution
(DS), indicating the number of anionic/cationic groups in the starch on average per glucose unit, is typically 0.01 - 0.20.
Amphoteric starches, comprising both anionic and cationic groups, may also be used. It is also possible to use chemically
modified starches, such as hydroxyethyl- or hydroxypropyl-starches.
[0021] Polysaccharide, such as starch, may be degraded by using suitable oxidising agents, such as hypochlorite
and/or hydrogen peroxide, before the polymerisation. According to one advantageous embodiment starch is degraded
with hypochlorite for improving the dissolution properties of the starch, and after that a further degradation, for example
with hydrogen peroxide, is carried out, e.g. shortly before the subsequent graft copolymerisation. In this case, hydrogen
peroxide (calculated as 100 %) is used in concentrations of 0.3 to 5.0 weight-%, based on starch employed. The exact
amount of hydrogen peroxide depends on the molecular weight to which the starch is to be degraded.
[0022] According to one embodiment of the invention the polysaccharide is degraded starch, which is used in the
polymerisation process. Degraded starch is obtained by subjecting the starch to oxidative, thermal, acidic, hydrolytic or
enzymatic degradation, oxidative degradation being preferred. Hypochlorite, peroxodisulphate, hydrogen peroxide or
their mixtures may be used as oxidising agents. Degraded starch has typically an average molecular weight (Mn) 500
- 10 000, which can be determined by known gel chromatography methods. The intrinsic viscosity is typically 0.05 to
0.12 dl/g, determined, for example, by known viscosimetric methods, described for example in "Methods in Carbohydrate
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Chemistry"; Volume IV, Academic Press New York and Frankfurt, 1964, page 127.
[0023] Furthermore, starches for which both modification steps have been combined, i.e. which have been degraded
and additionally modified, are suitable.
[0024] The viscosity adjustment may be performed by selecting a polysaccharide, which is starch or dextrin. According
to one preferred embodiment of the invention the viscosity adjustment of the polysaccharide solution is performed by
selecting a polysaccharide, which is an anionic starch derivative, preferably anionic potato starch derivative, having a
viscosity of < 10 mPas, preferably < 8 mPas, at 15 % solids content, measured at 80 °C with Brookfield LVDV viscometer
with spindle 18, 60 rpm.
[0025] According to one preferred embodiment of the present invention it is thus possible to control the particle size
distribution during preparation of aqueous polymer distribution by adjusting the viscosity of the polysaccharide solution,
such as starch solution, before the polymerisation, i.e. before the addition of the monomers to the polysaccharide solution.
The viscosity adjustment may be performed by optimising and adjusting, as described above, at least one or several or
all of the following parameters: pH of the polysaccharide solution, dry solids content of the polysaccharide solution and/or
polysaccharide type. By combination of these three parameters it is possible not only to obtain a polymer dispersion
with very narrow particle size distribution, but also a polymer dispersion with very small particles. Typical polymer
dispersion obtained by the present method has D50 value < 70 nm, preferably < 65 nm, more preferably < 60 nm, and/or
D99 value < 160 nm, preferably < 150 nm, more preferably < 130 nm, sometimes even < 120 nm.
[0026] Typical polymer dispersion obtained by the method has D50 value in the range of 45 - 70 nm, preferably 45 -
60 nm, more preferably 45 - 55 nm, sometimes even 45 - 50 nm. Typical polymer dispersion obtained by the method
has D99 value in the range of 110 - 140 nm, more preferably 115 - 135 nm. All the particle sizes are measured by using
Zetasizer Nano ZS, Malvern. D50 and D99 values refer to the respective values for 50th and 99th percentile of a volume
based distribution.
[0027] The polymerisation is carried out by addition of the monomers, which are more closely described below, either
individually or as a mixture, and the free radical initiators suitable for initiating the polymerisation in the aqueous starch
solution. The polymerisation process is typically carried in the absence of oxygen, preferably in an inert gas atmosphere,
for example under nitrogen.
[0028] In case a starch solution is used, it may be heated to a value above its glutenization temperature before the
start of the polymerisation. Typically the polymerisation steps of the polymerisation process are performed at temperature
range 30 - 100 °C, preferably between 70 - 95 °C. The temperature may be > 100 °C in case a pressure reactor under
superatmospheri c pressure is employed. The polymerisation may be carried out by a feed process or by a batch process.
A continuous polymerisation process in a stirred kettle cascade or a flow tube is also possible. In a feed process, which
is preferred, the monomers and the free radical initiator are metered uniformly into the starch solution in a stirred reactor.
During the entire preparation and polymerisation process, thorough mixing with the aid of any suitable stirring or mixing
units so that the added components are homogeneously distributed as rapidly as possible.
[0029] Initiators used for the polymerisation are in conventional free radical initiators, preferably peroxo or azo com-
pounds. Examples of these are hydrogen peroxide, sodium, potassium and ammonium peroxodisulphate, di-tert-butyl
peroxide, dibenzoyl peroxide, azobisisobutyronitrile, 2,2’-azobis(2-methylbutyronitrile), 2,2’-azobis(2,4-dimethylvaleroni-
trile) and 2,2’-azobis(2-amidinopropane) dihydrochloride. Preferably the initiators are water-soluble, i.e. have a water
solubility of > 1 weight-% at 23 °C. Hydrogen peroxide, potassium p eroxodisulphate and ammonium peroxodisulphate
are advantageous.
[0030] Above described free radical initiators may also be used in the presence of conventional reducing agents, thus
forming a so-called redox initiator system, which is suitable to be used as initiator. Examples of conventional reducing
agents are e.g. sodium sulphite, sodium bisulphite, sodium pyrosulphite, sodium hydrogen sulphite, sodium dithionite,
sodium formaldehyde sulphoxylate, ascorbic acid and the sodium salt of hydroxymethanesulphinic acid.
[0031] The free radical initiators, especially hydrogen peroxide, may also be combined with heavy metal salts, such
as cerium (IV), manganese or iron (II) salts to give a redox system suitable to be used as a water-soluble initiator system
providing high grafting yield. According to one embodiment of the invention the use of a combination of hydrogen peroxide
and iron(II) salt as the graft-linking, water-soluble redox system is particularly preferred. The grafting yield is here un-
derstood the proportion of the polymer which is chemically coupled to the polysaccharide, such as starch, after the end
of polymerisation.
[0032] The polymerisation may be carried out so that the heavy metal salt of the redox system, e.g. the iron(II) salt,
is added to the polysaccharide solution, such as starch solution, before the polymerisation, while hydrogen peroxide is
added in simultaneously but separately with the monomers. According to one embodiment of the invention iron(II) salt
is usually used in concentration of 3 - 200 mg/l Fe(II) ion, preferably 5 - 45 mg/l Fe(II) ion, more preferably 8 - 18 mg/l
Fe(II) ion, based on the total dispersion. Preferably the amount of iron(II) is as small as possible in order to avoid colour
problems in final dispersion and prepared paper. Hydrogen peroxide, calculated as 100 %, is added in concentrations
of 0.2 to 2.0 weight-%, based on monomers. This amount is additional to the amount of hydrogen peroxide which is
optionally used for the polysaccharide, such as starch, degradation.
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[0033] Ternary initiator systems consisting of free radical initiator, reducing agent and heavy metal salt are also suitable
for polymerisation. Reducing agent is preferably initially introduced together with iron(II) salt before the polymerisation.
[0034] After the end of the addition of the monomers and the initiator, the reaction mixture is usually allowed to continue
reacting for some time in order to complete the polymerization. The reaction times typically are between 0.5 and 10
hours, preferably between 0.75 and 4 hours. After this subsequent reaction time, a certain amount of initiator may added
again in order to polymerise as substantially as possible the residual monomers still present in the reaction mixture.
[0035] The pH of the resulting polymer dispersion may be adjusted after the polymerisation by adding suitable bases,
such as alkali metal hydroxides and alkali metal acetates, preferably sodium hydroxide solution, potassium hydroxide
solution or ammonia. A pH value in the range of 4 - 7 is preferably established thereby. Furthermore, buffer substances
may also be added in order to stabilize the pH over the storage time.
[0036] Anionic or non-ionic low molecular weight emulsifiers, such as sodium alkanesulphonate, sodium dodecylsul-
phate, sodium dodecylbenzenesulphonate, sulphosuccinic esters, fatty alcohol polyglycol ethers, alkylaryl polyglycol
ethers, etc., may be used in the polymerisation in order to improve the dispersing effect, but the polymerisation is therefore
carried out in the absence of emulsifiers. Thus the polymerisation is advantageously free from emulsifiers.
[0037] The molecular weight of obtained grafted-on polymer may further be adjusted by the concomitant use of chain-
transfer agents or regulators, such as n-dodecyl mercaptan, tert-dodecyl mercaptan, n-butyl mercaptan, tert-butyl mer-
captan, etc.
[0038] Suitable styrene monomers of group (b) are styrene and substituted styrenes, such as α-methylstyrene or
vinyltoluene or their mixtures.
[0039] Suitable C1-C4-alkyl (meth)acrylate monomers of group (c) are C1-C4-alkyl acrylates, C1-C4-alkyl methacr-
ylates or their mixtures, e.g. n-butyl, iso-butyl, tert-butyl or 2-butyl acrylate and the corresponding butyl methacrylates;
methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, propyl acrylate or propyl methacrylate. According
to one preferred embodiment of the invention the monomer component (c) is a mixture of at least two isomeric butyl
acrylates. More preferably, the monomer component (c) is a mixture of n-butyl acrylate and methyl methacrylate or a
mixture of n-butyl acrylate and tert-butyl acrylate. For mixtures of two monomers the mixing ratio may be 10:90 to 90:10.
[0040] Suitable other ethylenically unsaturated copolymerizable monomers of group (d) are ethylhexyl acrylate, stearyl
acrylate, stearyl methacrylate, esters of acrylic and methacrylic acid with alcohols which have more than four C atoms,
and further acrylonitrile, methacrylonitrile, acrylamide, vinyl acetate or anionic comonomers, such as acrylic acid, meth-
acrylic acid, styrene sulphonic acid. Acrylic acid and styrene sulphonic acid are preferred.
[0041] The weight-% of all components (a) to (d) relate to the total solids content of the dispersion, i.e. the sum of the
weight amounts of components (a) to (d).
[0042] The concentration, i.e. dry solids content, of the obtained polymer dispersion is typically > 30 weight-%, more
typically > 35 %, preferably 35 - 50 weight-%, more preferably 35 - 45 weight-%, based on the weight of the total
dispersion. In one embodiment the concentration of the polymer dispersion may be even > 50 weight-%.
[0043] According to one embodiment of the invention the viscosity of the polymer dispersion at 37 % solids content
is typically < 50 mPas, more typically < 25 mPas, measured at 23 °C with Brookfield LVDV viscometer with spindle 18,
60 rpm. Preferably, the viscosity of the polymer dispersion at 37 % solids content is 10 - 45 mPas, more preferably 15
- 25 mPas, measured at 23 °C with Brookfield LVDV viscometer with spindle 18, 60 rpm.
[0044] In order to increase the shelf-life of the resulting polymer solutions, a biocide may be added, for example, at
the end of the preparation process in order to achieve effective protection from fungal and bacterial attack. Biocides
based on isothiazolinones or benzoisothiazolinones, or formaldehyde-donating biocides, are preferably added for this
purpose. It is also possible to bind the heavy metal ions used in the redox system after the polymerisation by suitable
complexing agents, such as ethylenediaminetetraacetic acid, nitrilotriacetic acid, diethylenetriaminepentaacetic acid,
polyaspartic acid, iminodisuccinic acid, citric acid or their salts. Complexing agents may be used in concentrations of 1
- 10 mol, preferably 1.1 - 5 mol, per mol of heavy metal ion.
[0045] According to one embodiment the aqueous polymer dispersion may be used in surface sizing compositions,
optionally together with 5 - 20 weight-% of starch and optional pigments and/or optical brighteners.
[0046] According to another embodiment the aqueous polymer dispersion may be used as dry strength agent. It may
be applied to the pulp prior the sheet formation or it may be applied on the surface of the formed paper web. According
to still another embodiment the aqueous polymer dispersion may be used as wet end strength additive.
[0047] Some embodiments are described in the following numbered paragraphs:

1. An aqueous polymer dispersion obtained by free radical emulsion copolymerization of ethylenically unsaturated
monomers in the presence of

- (a) 10 to 40 weight-% polysaccharide containing a free hydroxyl group, such as starch,
the monomers comprising

- (b) 30 to 60 weight-% of at least one optionally substituted styrene,
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- (c) 60 to 30 weight-% of at least one C1-C4-alkyl (meth)acrylate, and
- (d) 0 to 10 weight-% of other ethylenically unsaturated copolymerizable monomers,

and using (e) a graft-linking, water-soluble redox system as free radical initiator for the free radical emulsion copo-
lymerization,
wherein the sum (a)+(b)+(c)+(d) is 100 %, and
wherein the D99 value is < 160 nm for polymer particles in the polymer dispersion.

2. Aqueous polymer dispersion according to paragraph 1, wherein the dry solids content of the dispersion is > 30
weight-%, more typically > 35 %, based on the weight of the total dispersion.

3. Aqueous polymer dispersion according to paragraph 1 or 2, wherein the polymer dispersion has D50 value < 70
nm, preferably < 65 nm, more preferably < 60 nm, and D99 value < 160 nm, preferably < 150 nm, more preferably
< 130 nm.

4. Aqueous polymer dispersion according to paragraph 3, wherein the D50 value is in the range of 45 - 70 nm,
preferably 45 - 60 nm, more preferably 45 - 55 nm.

5. Aqueous polymer dispersion according to paragraph 3 or 4, wherein the D99 value is in the range of 100 - 160
nm, preferably 110 - 140 nm, more preferably 115 - 135 nm.

6. Aqueous polymer dispersion according to any of preceding paragraphs 1 - 5, wherein the polysaccharide is natural
modified or unmodified starch, preferably potato starch.

7. Aqueous polymer dispersion according to paragraph 6, wherein the starch has an amylopectin content of > 80
%, preferably >95 %

8. Aqueous polymer dispersion according to any of preceding paragraphs 1 - 7, wherein the polysaccharide is an
anionic starch derivative, preferably anionic potato starch derivative, having a viscosity of < 10 mPas, preferably <
8 mPas, at 15 % solids content, measured at 80 °C with Brookfi eld LVDV viscometer with spindle 18, 60 rpm.

9. Aqueous polymer dispersion according to any of preceding paragraphs 1 - 8, wherein the graft-linking, water-
soluble redox system is a combination of hydrogen peroxide and iron(II) salt.

10. Aqueous polymer dispersion according to paragraph 9, wherein iron(II) salt concentration is 3 - 200 mg/l Fe(II)
ion, preferably 5 - 45 mg/l Fe(II) ion, more preferably 8 - 18 mg/l Fe(II) ion, based on the total dispersion

11. Aqueous polymer dispersion according to paragraph 10, wherein the polysaccharide containing a free hydroxyl
group is selected from a group consisting amylose, amylopectine, carrageen, cellulose, chitosan, chitin, dextrines,
guar gum and other galactomannans, arabic gum, hemicellulose components, and pullulan, preferably from a group
consisting amylose, amylopectine and galactomannas.

12. Use of the aqueous polymer dispersion according to any of paragraphs 1 - 11 for preparation of compositions
used in making of paper, board or the like.

EXPERIMENTAL

[0048] The following non-limiting examples illustrate some embodiments of the present invention.

Reference Example 1

[0049] 84.2 g of an oxidatively degraded potato starch (Perfectamyl® A4692) is dispersed with stirring in 463 g of
demineralised water in a 2 l three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C,
and 5.1 g of a 1% strength aqueous solution of FeSO4·7H2O and 3.5 g of 35% strength hydrogen peroxide are added
in succession. After 15 min, the starch degradation is complete. The pH is at this point 4.1, adjusted with sulfuric acid,
and the viscosity 24.1 mPas. The separate feed of the monomers and the initiator in the course of 90 min is then started
at 95°C.
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Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate.
Solution 2: 6.3 g of hydrogen peroxide (35 % strength) and 42.2 g of water

[0050] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0051] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0052] A fine-particle polymer dispersion having a solids content of 36.6 % is obtained, with a particle size and viscosity
as listed in Table 1.

Example 2

[0053] 56.9 g of an oxidatively degraded potato starch (Perfectamyl® A4692) is dispersed with stirring in 593 g of
demineralized water in a 1-I three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C,
and 3.5 g of a 1 % strength aqueous solution of FeSO4·7H2O and 2.4 g of 35.% strength hydrogen peroxide are added
in succession. After 15 min, the starch degradation is complete. The pH is at this point 2.5, adjusted with sulfuric acid,
and the viscosity 5.1 mPas. The separate feed of the monomers and the initiator in the course of 180 min is then started
at 95°C.

Solution 1: 84.3 g of styrene, 42.1 g of n-butyl acrylate, 42.1 g of tert-butyl acrylate
Solution 2: 4.2 g of hydrogen peroxide (35.% strength) and 28.5 g of water

[0054] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.5 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0055] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0056] A fine-particled polymer dispersion having a solids content of 24.6 % is obtained, with a particle size and
viscosity as listed in Table 1.

Example 3

[0057] 84.2 g of an oxidatively degraded potato starch (Perfectamyl® A4692) is dispersed with stirring in 463 g of
demineralized water in a 1-I three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C,
and 5.1 g of a 1 % strength aqueous solution of FeSO4·7H2O and 3.5 g of 35 % strength hydrogen peroxide are added
in succession. After 15 min, the starch degradation is complete. The pH is at this point 2.2, adjusted with sulfuric acid,
and the viscosity 8.1 mPas. The separate feed of the monomers and the initiator in the course of 180 min is then started
at 95°C.

Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate
Solution 2: 6.3 g of hydrogen peroxide (35% strength) and 42.2 g of water

[0058] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0059] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0060] A fine-particled polymer dispersion having a solids content of 36.3% is obtained, with a particle size and viscosity
as listed in Table 1.

Example 4

[0061] 84.2 g of an oxidatively degraded potato starch (Perfectamyl® A4692) is dispersed with stirring in 463 g of
demineralized water in a 1-I three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C,
and 5.1 g of a 1 % strength aqueous solution of FeSO4·7H2O and 3.5 g of 35 % strength hydrogen peroxide are added
in succession. After 15 min, the starch degradation is complete. The pH is at this point 1.9, adjusted with sulfuric acid,
and the viscosity 6.6 mPas. The separate feed of the monomers and the initiator in the course of 180 min is then started
at 95°C.

Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate
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Solution 2: 6.3 g of hydrogen peroxide (35 % strength) and 42.2 g of water

[0062] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0063] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0064] A fine-particled polymer dispersion having a solids content of 35.6 % is obtained, with a particle size and
viscosity as listed in Table 1.

Example 5

[0065] 84.2 g of an oxidatively degraded potato starch (Perfectamyl® LV) is dispersed with stirring in 463 g of dem-
ineralized water in a 1-I three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C, and
5.1 g of a 1 % strength aqueous solution of FeSO4·7H2O and 3.5 g of 35 % strength hydrogen peroxide are added in
succession. After 15 min, the starch degradation is complete. The pH is at this point 2.5, adjusted with sulfuric acid, and
the viscosity 7.8 mPas. The separate feed of the monomers and the initiator in the course of 180 min is then started at 95°C.

Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate
Solution 2: 6.3 g of hydrogen peroxide (35 % strength) and 42.2 g of water

[0066] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0067] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0068] A fine-particled polymer dispersion having a solids content of 36.4% is obtained, with a particle size and viscosity
as listed in Table 1.

Example 6

[0069] 84.2 g of an oxidatively degraded potato starch (Perfectamyl® LV) is dispersed with stirring in 463 g of dem-
ineralized water in a 1-I three-necked flask having a reflux condenser. The starch is dissolved by heating to 95°C, and
5.1 g of a 1 % strength aqueous solution of FeSO4·7H2O and 3.5 g of 35 % strength hydrogen peroxide are added in
succession. After 15 min, the starch degradation is complete. The pH is at this point 2.0, adjusted with sulfuric acid, and
the viscosity 6.8 mPas. The separate feed of the monomers and the initiator in the course of 180 min is then started at 95°C.

Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate
Solution 2: 6.3 g of hydrogen peroxide (35 % strength) and 42.2 g of water

[0070] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60 min.
[0071] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0072] A fine-particled polymer dispersion having a solids content of 36.1% is obtained, with a particle size and viscosity
as listed in Table 1.

Example 7

[0073] 84.2 g of a dextrin (Avedex W80) is dispersed with stirring in 463 g of demineralized water in a 2-I three-necked
flask having a reflux condenser. The starch is dissolved by heating to 95°C, and 5.1 g of a 1% strength aqueous solution
of FeSO4·7H2O and 3.5 g of 35% strength hydrogen peroxide are added in succession. After 15 min, the starch degra-
dation is complete. The pH is at this point is 2.2 and viscosity 5.0 mPas. The separate feed of the monomers and the
initiator in the course of 90 min is the started at 95°C.

Solution 1: 124.6 g of styrene, 62.3 g of n-butyl acrylate, 62.3 g of tert-butyl acrylate
Solution 2: 6.3 g of hydrogen peroxide (35% strength) and 42.2 g of water

[0074] 15 min after the end of the metering, after cooling the reactor to 60°C, a further 0.7 g of tert-butyl hydroperoxide
is added for subsequent activation and stirring is carried out for a further 60min.
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[0075] Thereafter, cooling is affected to room temperature, filtration is performed with a 1.2 mm syringe filter and the
pH is adjusted to 6.5 with a sodium hydroxide solution (10 % strength).
[0076] A fine-particled polymer dispersion having a solids content of 36.7 % is obtained, with a particle size and
viscosity as listed in Table 1.

[0077] In all foregoing Examples particle sizes are measured with Zetasizer Nano ZS, Malvern. D50, D90, D99 values
refer to the respective values for 50th, 90th, 99th percentile of a volume based distribution.
[0078] In all foregoing Examples viscosity values are measured with Brookfield LVDV viscometer with spindle 18, 60
rpm.
[0079] It can be seen from Table 1 that the particle size distribution is clearly narrower when the polymer dispersion
is prepared according to the present invention.
[0080] Even if the invention was described with reference to what at present seems to be the most practical and
preferred embodiments, it is appreciated that the invention shall not be limited to the embodiments described above,
but the invention is intended to cover also different modifications and equivalent technical solutions within the scope of
the enclosed claims.

Claims

1. A method for controlling size distribution of formed polymer particles during preparation of aqueous polymer disper-
sion, comprising

- obtaining an aqueous polysaccharide solution, which comprises

- (a)10 to 40 weight-% of polysaccharide containing a free hydroxyl group, such as starch,

- polymerising in the polysaccharide solution in the presence of a graft-linking, water-soluble redox system

- (b) 30 to 60 weight-% of at least one optionally substituted styrene,
- (c) 60 to 30 weight-% of at least one C1-C4-alkyl (meth)acrylate,
- (d) 0 to 10 weight-% of other ethylenically unsaturated copolymerizable monomers,

wherein the sum of (a)+(b)+(c)+(d) is 100 %,
characterised in
controlling the size distribution of the formed polymer particles by adjusting viscosity of the polysaccharide solution
before the polymerisation to a level < 15 mPas, measured at 23 °C with Brookfield LVDV viscom eter with spindle
18, 60 rpm, so that the polymer dispersion obtained has D50 value < 70 nm and D99 value < 160 nm for polymer
particles in the polymer dispersion, the particle sizes being measured by using Zetasizer Nano ZS, Malvern and
D50 and D99 values referring to the respective values for 50th and 99th percentile of a volume based distribution.

2. Method according to claim 1, characterised in adjusting viscosity of the polysaccharide solution before the polym-
erisation to a level < 10 mPas, measured at 23 °C with Brookfield LVDV viscometer with spind le 18, 60 rpm.

Table 1. Results for Examples 1 to 6.

Ref. Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7

Solids, % 36.6 24.6 36.3 35.6 36.4 36.1 36.7

D50, nm 58 52 58 64 65 66 54

D90, nm 108 82 92 93 102 100 85

D99, nm 195 119 137 129 147 138 122

Viscosity, mPas 46.9 6.2 19.6 11.4 22.4 15.3 5.9

D50= particle size, 50% of particles lower than given value
D90= particle size, 90% of particles lower than given value
D99= particle size, 99% of particles lower than given value
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3. Method according to claim 2, characterised in adjusting viscosity of the polysaccharide solution before the polym-
erisation to a range of 6 - 10 mPas, measured at 23 °C with Brookfield LVDV viscometer with spindle 18, 60 rpm.

4. Method according to claim 1, 2 or 3, characterised in performing the viscosity adjustment of the polysaccharide
solution by adjusting, before the polymerisation, at least one of the following parameters of the polysaccharide
solution: pH of the polysaccharide solution, dry solids content of the polysaccharide solution and/or polysaccharide
type.

5. Method according to claim 4, characterised in performing the viscosity adjustment of the polysaccharide solution
by adjusting the pH of the polysaccharide solution to a value < 2.5 before the polymerisation.

6. Method according to claim 5, characterised in adjusting the pH of the polysaccharide solution to a range of 1.3 - 2.4.

7. Method according to any of claims 4 - 6, characterised in performing the viscosity adjustment of the polysaccharide
solution by adjusting the dry solids content of the polysaccharide solution to < 35 weight-% before the polymerisation.

8. Method according to claim 7, characterised in adjusting the dry solids content of the polysaccharide solution to a
range of 15 - 30 weight %.

9. Method according to any of claims 4 - 8, characterised in performing the viscosity adjustment of the polysaccharide
solution by selecting a polysaccharide, which is starch or dextrin.

10. Method according to claim 9, characterised in in performing the viscosity adjustment of the polysaccharide solution
by selecting a polysaccharide, which is an anionic starch derivative, preferably anionic potato starch derivative,
having a viscosity of < 10 mPas, at 15 % solids content, measured at 80 °C with Brookfield LVDV viscometer with
spindle 18, 60 rpm.

11. Method according to any preceding claims 1 to 10, characterised in using a combination of hydrogen peroxide and
iron(II) salt as the graft-linking, water-soluble redox system.

12. Method according to claim 11, characterised in using iron(II) salt in concentration of 5 - 45 mg/l Fe(II) ion, based
on the total dispersion.

13. Method according to claim 1, characterised in that the polymer dispersion has D50 value < 65 nm, and D99 value
< 150 nm.

14. Method according to claim 13, characterised in that the D50 value is in the range 45 - 60 nm.

15. Method according to claim 13 or 14, characterised in that the D99 value is in the range of 110 - 140 nm.

Patentansprüche

1. Verfahren zur Regulierung der Größenverteilung von gebildeten Polymerpartikeln während der Herstellung einer
wässrigen Polymerdispersion, umfassend:

- den Erhalt einer wässrigen Polysaccharidlösung, die umfasst:

(a) 10 bis 40 Gewichts-% an Polysaccharid, das eine freie Hydroxylgruppe enthält, wie z. B. Stärke,

- das Polymerisieren in der Polysaccharidlösung in der Gegenwart eines pfropfvernetzenden, wasserlöslichen
Redoxsystems,

(b) 30 bis 60 Gewichts-% an mindestens einem gegebenenfalls substituierten Styrol,
(c) 60 bis 30 Gewichts-% an mindestens einem C1-C4-Alkyl(meth)acrylat,
(d) 0 bis 10 Gewichts-% an weiteren ethylenisch ungesättigten copolymerisierbaren Monomeren,

wobei die Summe aus (a) + (b) + (c) + (d) gleich 100% ist, gekennzeichnet durch
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die Regulierung der Größenverteilung der gebildeten Polymerpartikel durch das Einstellen der Viskosität der Po-
lysaccharidlösung vor der Polymerisation auf ein Niveau von < 15 mPas, gemessen mit einem Brookfield LVDV
Viskosimeter mit einer Spindel Nr. 18 bei 23°C und 60 rpm, so dass die erhaltene Polymerdispersion einen D50-
Wert von < 70 nm und einen D99-Wert von < 160 nm für die in der Polymerdispersion vorliegenden Polymerpartikel
aufweist, wobei die Messung der Partikelgröße unter Verwendung eines Zetasizer Nano ZS von Malvern erfolgt
und die D50- und D99-Werte sich auf die jeweiligen Werte für das 50. und 99. Perzentil einer volumenbasierten
Verteilung beziehen.

2. Verfahren nach Anspruch 1, gekennzeichnet durch das Einstellen der Viskosität der Polysaccharidlösung vor der
Polymerisation auf ein Niveau von < 10 mPas, gemessen mit einem Brookfield LVDV Viskosimeter mit einer Spindel
Nr. 18 bei 23°C und 60 rpm.

3. Verfahren nach Anspruch 2, gekennzeichnet durch das Einstellen der Viskosität der Polysaccharidlösung vor der
Polymerisation auf einen Bereich von 6 bis 10 mPas, gemessen mit einem Brookfield LVDV Viskosimeter mit einer
Spindel Nr. 18 bei 23°C und 60 rpm.

4. Verfahren nach Anspruch 1, 2 oder 3, gekennzeichnet durch das Durchführen der Einstellung der Viskosität der
Polysaccharidlösung durch das vor der Polymerisation erfolgende Einstellen mindestens eines der folgenden Pa-
rameter der Polysaccharidlösung: pH-Wert der Polysaccharidlösung, Trockensubstanzgehalt der Polysaccharidlö-
sung und/oder Art des Polysaccharids.

5. Verfahren nach Anspruch 4, gekennzeichnet durch das Durchführen der Einstellung der Viskosität der Polysac-
charidlösung durch das Einstellen des pH-Werts der Polysaccharidlösung auf einen Wert von < 2,5 vor der Poly-
merisation.

6. Verfahren nach Anspruch 5, gekennzeichnet durch das Einstellen des pH-Werts der Polysaccharidlösung auf
einen Bereich von 1,3 bis 2,4.

7. Verfahren nach einem der Ansprüche 4 bis 6, gekennzeichnet durch das Durchführen der Einstellung der Viskosität
der Polysaccharidlösung durch das vor der Polymerisation erfolgende Einstellen des Trockensubstanzgehalts der
Polysaccharidlösung auf < 35 Gewichts-%.

8. Verfahren nach Anspruch 7, gekennzeichnet durch das Einstellen des Trockensubstanzgehalts der Polysaccha-
ridlösung auf einen Bereich von 15 bis 30 Gewichts-%.

9. Verfahren nach einem der Ansprüche 4 bis 8, gekennzeichnet durch das Durchführen der Einstellung der Viskosität
der Polysaccharidlösung durch das Auswählen eines Polysaccharids, bei dem es sich um Stärke oder Dextrin
handelt.

10. Verfahren nach Anspruch 9, gekennzeichnet durch das Durchführen der Einstellung der Viskosität der Polysac-
charidlösung durch das Auswählen eines Polysaccharids, bei dem es sich um ein anionisches Stärkederivat handelt,
bevorzugt um ein anionisches Kartoffelstärkederivat, mit einer Viskosität von < 10 mPas bei einem Feststoffgehalt
von 15%, gemessen mit einem Brookfield LVDV Viskosimeter mit einer Spindel Nr. 18 bei 80°C und 60 rpm.

11. Verfahren nach einem der vorhergehenden Ansprüche 1 bis 10, gekennzeichnet durch die Verwendung einer
Kombination aus Wasserstoffperoxid und Eisen(II)-Salz als propfvernetzendes, wasserlösliches Redoxsystem.

12. Verfahren nach Anspruch 11, gekennzeichnet durch die Verwendung von Eisen(II)-Salz in einer Konzentration
von 5 bis 45 mg/l Fe(II)-Ionen, bezogen auf die gesamte Dispersion.

13. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Polymerdispersion einen D50-Wert von < 65 nm
und einen D99-Wert von < 150 nm aufweist.

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass der D50-Wert in einem Bereich von 45 bis 60 nm liegt.

15. Verfahren nach Anspruch 13 oder 14, dadurch gekennzeichnet, dass der D99-Wert in einem Bereich von 110 bis
140 nm liegt.



EP 2 802 611 B1

12

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Procédé de régulation de la distribution de taille de particules de polymère formées pendant la préparation d’une
dispersion aqueuse de polymère, comprenant

- l’obtention d’une solution aqueuse de polysaccharide, qui comprend

- (a) 10 à 40 % en poids d’un polysaccharide contenant un groupe hydroxyle libre, tel que de l’amidon,

- la polymérisation dans la solution de polysaccharide en présence d’un système redox soluble dans l’eau ayant
des liaisons par greffage,

- (b) 30 à 60 % en poids d’au moins un styrène facultativement substitué,
- (c) 60 à 30 % en poids d’au moins un (méth)acrylate d’alkyle en C1 à C4,
- (d) 0 à 10 % en poids d’autres monomères copolymérisables éthyléniquement insaturés,

dans lequel la somme de (a) + (b) + (c) + (d) est de 100 %,
caractérisé par
la régulation de la distribution de taille de particules de polymère formées par ajustement de la viscosité de la solution
de polysaccharide avant la polymérisation à un niveau < 15 mPas, mesurée à 23 °C avec un viscosimètre Brookfield
LVDV avec fuseau 18, 60 tr/min, pour que la dispersion de polymère obtenue ait une valeur D50 < 70 nm et une
valeur D99 < 160 nm pour des particules de polymère dans la dispersion de polymère, les tailles de particules étant
mesurées à l’aide d’un Zetasizer Nano ZS, Malvern et les valeurs D50 et D99 se référant aux valeurs respectives
pour le 50e et le 99e percentile d’une distribution basée sur le volume.

2. Procédé selon la revendication 1, caractérisé par l’ajustement de la viscosité de la solution de polysaccharide
avant la polymérisation à un niveau < 10 mPas, mesurée à 23 °C avec un viscosimètre Brookfield LVDV avec fuseau
18, 60 tr/min.

3. Procédé selon la revendication 2, caractérisé par l’ajustement de la viscosité de la solution de polysaccharide
avant la polymérisation dans une plage de 6 à 10 mPas, mesurée à 23 °C avec un viscosimètre Brookfield LVDV
avec fuseau 18, 60 tr/min.

4. Procédé selon la revendication 1, 2 ou 3, caractérisé par la réalisation de l’ajustement de la viscosité de la solution
de polysaccharide par ajustement, avant la polymérisation, d’au moins l’un des paramètres suivants de la solution
de polysaccharide : le pH de la solution de polysaccharide, la teneur en matière sèche de la solution de polysaccharide
et/ou le type de polysaccharide.

5. Procédé selon la revendication 4, caractérisé par la réalisation de l’ajustement de la viscosité de la solution de
polysaccharide par ajustement du pH de la solution de polysaccharide à une valeur < 2,5 avant la polymérisation.

6. Procédé selon la revendication 5, caractérisé par l’ajustement du pH de la solution de polysaccharide dans une
plage de 1,3 à 2,4.

7. Procédé selon l’une quelconque des revendications 4 à 6, caractérisé par la réalisation de l’ajustement de la
viscosité de la solution de polysaccharide par ajustement de la teneur en matière sèche de la solution de polysac-
charide à < 35 % en poids avant la polymérisation.

8. Procédé selon la revendication 7, caractérisé par l’ajustement de la teneur en matière sèche de la solution de
polysaccharide dans une plage de 15 à 30 % en poids.

9. Procédé selon l’une quelconque des revendications 4 à 8, caractérisé par la réalisation de l’ajustement de la
viscosité de la solution de polysaccharide par sélection d’un polysaccharide, qui est l’amidon ou la dextrine.

10. Procédé selon la revendication 9, caractérisé par la réalisation de l’ajustement de viscosité de la solution de
polysaccharide par sélection d’un polysaccharide, qui est un dérivé d’amidon anionique, de préférence un dérivé
d’amidon de pomme de terre anionique, ayant une viscosité de < 10 mPas, à 15 % de teneur en matière sèche,
mesurée à 80 °C avec un viscosimètre Brookfield LVDV avec fuseau 18, 60 tr/min.
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11. Procédé selon l’une quelconque des revendications 1 à 10, caractérisé par l’utilisation d’une combinaison de
peroxyde d’hydrogène et d’un sel de fer (II) en tant que système redox soluble dans l’eau ayant des liaisons par
greffage.

12. Procédé selon la revendication 11, caractérisé par l’utilisation d’un sel de fer (II) à une concentration de 5 à 45
mg/L d’ion Fe (II), rapportée à la dispersion totale.

13. Procédé selon la revendication 1, caractérisé en ce que la dispersion de polymère a une valeur D50 < 65 nm, et
une valeur D99 < 150 nm.

14. Procédé selon la revendication 13, caractérisé en ce que la valeur D50 est dans la plage de 45 à 60 nm.

15. Procédé selon la revendication 13 ou 14, caractérisé en ce que la valeur D99 est dans la plage de 110 à 140 nm.
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