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(57) Abstract: The present invention relates to an aqueous etfect-pigment paste comprising at least one etffect pigment (a) and at least
one polymerizate (b) which can be produced by the sequential radical emulsion polymerization of three monomer mixtures (A), (B) and
(C) of olefinically unsaturated monomers in water, and to an aqueous basecoat which can be produced by admixing the effect-pigment
paste with at least one aqueous component containing a binder, said component being suitable for producing the basecoat. The mvention
also relates to a method for producing a multi-layer paint using said basecoat and to the use of the polymerizate (b) for dispersing eftect
pigments within an aqueous etfect-pigment paste.

(57) Zusammenfassung: Die vorliegende Erfindung betrifft eine wassrige Effektpigmentpaste umtassend wenigstens ein Eftektpig-
ment (a) und wenigstens ein Polymerisat (b), welches herstellbar 1st durch auteinanderfolgende radikalische Emulsionspolymerisation
von dre1 Monomerenmischungen (A), (B) und (C) von olefinisch ungesattigten Monomeren in Wasser, ein wassriger Basislack, wel-
cher herstellbar 1st durch Zumischen der Effektpigmentpaste zu wenigstens einer zur Herstellung des Basislacks geeigneten wassrigen
Bindemittel-haltigen Komponente, ein Vertahren zur Herstellung emner Mehrschichtlackierung unter Finsatz dieses Basislacks sowie
eine Verwendung des Polymerisats (b) zur Dispergierung von Effektpigmenten innerhalb einer wissrigen Effektpigmentpaste.



10

15

20

25

CA 03053703 2015-08-15

BASF Coatings GmbH - 1 -
0000160687WO01

Aqueous effect pigment pastes comprising a polymer, and

basecoats produced therefrom

The present invention relates to an aqueous effect
pigment paste comprising at least one effect pigment
(a) and at least one polymer (b) which i1s preparable by
successive radical emulsion polymerization of three
monomer mixtures (A), (B) and (C) of olefinically
unsaturated monomers 1n water, to an aqueous basecoat
material which 1s preparable by admixing the effect
pligment paste to at least one agueous bilinder-containing
component sultable for preparing the basecoat material,
to a method for producing a multicoat pailint system
using this basecoat material, and to use of the polymer
(b) for dispersing effect pigments within an aqueous

effect pigment paste.

Prior art

Pigment pastes and polymers used therein are known in
the art. The use of pigment pastes 1in the coatings
industry substantially facilitates the technically
complex operation of pigment dispersing, since it
ensures, for example, dust-free processing of pigments
during the formulation of c¢oating materials. As a

result of 1ncorporation into the paste, moreover, the

pigments are optimally wetted and very well dispersed,
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and so an improved state of distribution 1s achieved 1n
the resultant coating material as well. Thls results 1in
improved technological performance properties on the
part of the coating material and of the palint system
produced therefrom, such as particularly homogeneous
color or color distribution on the part of the paint

system.

Pigment ©pastes containing effect pigment as well
(effect pigment pastes) are for the same reasons
initially produced separately as an intermediate before
being 1incorporated into a coating material such as a
waterborne basecoat material, since direct
incorporation of these pigments 1nto the <coating
material 1s accompanied by the problems 1identified
above, particularly 1in relation to inadequate
dispersing and wetting of the pigments 1n the case of

direct addition.

In the production of pigment pastes 1in general and of
effect pigment pastes 1n particular, precisely tailored
polymers must Dbe used as paste binders 1n order to
obtain an optimally conditioned paste. Without
individual adaptation and precise selection of the
polymer, the pigment 1in question can usually not be

optimally dispersed, and SO, therefore, the

technological performance properties of the ultimately
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resulting paint system are also not optimal.

Another problem here, often, 1s that the paste binder
in question does not always correspond to the principal
binder of the coating composition, and soO the paste

introduces a further binder component into the coating

composition., As a result, the operation of producing
the coating composition becomes more complex. Moreover,
there 1s a loss of formulating freedom 1n the
production of a coating material. The reason 1s that
the use of a particular polymer 1in the paste may mean
that other coating components 1n turn also have to be
tailored to this polymer. Furthermore, there 1s less
room for maneuver 1in the use of further additives
and/or binder components in the coating, since their
use may excessively lower, 1n particular, the fraction
of the principal binder, which 1s of primary
importance. If attempts are made to compensate the
above disadvantages 1in formulation freedom by using a
polymer (paste binder) 1n the paste that corresponds to
the principal  Dbinder in the resulting coating
composition, there are generally compromlises that have
to be made 1n terms of the choice of the principal
binder and hence 1n the quality of the resultant
coating composition and of the multicoat paint system

produced with 1t - such compromises, however, are

undesirable.
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From an environmental standpoint, furthermore, it 1s
desirable to use pigment pastes which are aqueous oOr

have as low a level as possible of organic solvents.

Various methods for pasting/dispersing effect pigments
in order to produce effect pigment pastes are known
from the art. In US 3,862,071 this 1s achieved using a
mixture of a melamine-formaldehyde resin and a

(meth)acrylic (co)polymer.

DE 103 50 719 Al discloses effect pigment pastes which
as well as an effect pigment comprise a (meth)acrylate
copolymer present in a primary dispersion. These
polymers described in DE 103 50 719 Al, however, have
comparatively high glass transition temperatures, a
factor which may result 1in 1inadequate adhesion

properties.

Known from WO 2015/090811 Al are agueous pigment pastes
which as well as a pigment such as an effect pigment
comprise a polyurethane-based copolymer which  1s
preparable by copolymerizing a mixture of olefinically
unsaturated monomers 1n the presence of a polyurethane.
Following incorporation 1nto a coating composition such
as a waterborne basecoat material, however, the pigment

pastes disclosed in WO 2015/090811 Al do not always
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lead to the desired plinhole robustness.

In the prior art, furthermore, there are effect pigment
pastes known which comprise polyesters and also
comparatively large amounts of organic solvents such as

butyl glycol. Disadvantages of these effect pilgment

pastes, however, are their 1low storage stability and
also their comparatively high solvent content and
polyester content. Solvent-based effect pigment pastes

of  these kinds are described for example in

WO 92/15405 Al.

EP 1 534 792 Bl discloses aqueous metallic pigment
pastes which are free of binders, 1ncluding dispersing
resins, but must necessarily 1include among theilr
components a nonassociative (meth)acrylic copolymer

thickener. Corresponding aqueous mica plgment pastes

are known from EP 1 504 068 Bl. A disadvantage of these
effect pigment pastes, however, 1s that a thickener
must necessarily be used 1in thelr preparation, thus
necessitating a comparatively large quantity of water,
in production of coating materlals such as waterborne
basecoat materials using these pastes, 1n order to set
a sufficient viscosity; a result of this 1n turn 1s an
unwanted lowering 1n the solids content of the

resultant coating material.
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Lastly, EP 1 799 783 Bl discloses an aqueous effect
pigment paste which as well as an effect pigment and a
surface-active compound comprises a polyurethane-based
graft copolymer. A disadvantage of these effect pigment
pastes, however, 1s their comparatively 1low storage

stability.

There 1is therefore a need for aqueous effect pigment

pastes which do not have the disadvantages 1identified

above.

Problem

One problem addressed by the present 1nvention,
therefore, 1s that of providing an aqueous effect
pigment paste which can Dbe wused for producing a
basecoat material and has advantages over the effect
pigment pastes known from the prior art. A particular
problem addressed by the present i1nvention 1s that of
providing an aqueous effect plgment paste which has
sufficient storage stability and as a result 1s
suitable particularly for use 1n automated production.
A further problem addressed by the present invention 1s
the provision of an aqueous effect pigment paste which
comprises as paste binder a polymer which can be used

equally as principal binder 1n corresponding agueous

basecoat materials to Dbe produced using the effect
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pigment paste. The aqueous basecoat materials produced
accordingly ought to provide optimum fulfilment of the
requlsite technological performance properties, such as
especlally a good visual appearance, sufficient flop,
and good adhesion properties, at any rate not
detracting from these properties even 1f not actually

being able to improve them.

Solution

This problem i1s solved by the subject matter claimed in
the claims and also by the preferred embodiments of
that subject matter that are described in the

description hereinafter.

A first subject of the present 1nvention 1s therefore

an aqueous effect pigment paste comprising

(a) at least one effect pigment and

(b) at least one polymer having an average particle
size 1n the range from 100 to 500 nm, preparable by
successive radical emulsion polymerization of three
monomer mixtures (A), (B) and (C) of olefinically

unsaturated monomers 1n water, where

the mixture (A) comprises at least 50 wt% of

monomers having a solubility in water of less than
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0.5 g/l at 25°C, and a polymer prepared from the
mixture (A) possesses a glass transition
temperature of 10 to 65°C,

the mixture (B) comprlses at least one
polyunsaturated monomer, and a polymer prepared
from the mixture (B) possesses a glass ‘transition
temperature of -35 to 15°C, and

a polymer prepared from the mixture (C) possesses
a glass transition temperature of -50 to 15°C,

and where

1. first the mixture (A) 1s polymerized,

1i. then the mixture (B) 1s polymerized 1in the
presence of the polymer prepared under 1., and

1ii1i1. thereafter the mixture (C) 1s polymerized in

the presence of the polymer prepared under 11.

A further subject of the present invention 1s an
agqueous basecoat material, wherein the  basecoat
material 1s preparable by admixing at least one effect
pigment paste of the 1nvention as component (1) to at
least one aqueous component (2) which 1is suitable for
preparing a basecoat material and which comprises at
least one polymer which can be used as binder, this
polymer which can be used as binder comprising the
polymer (b) also present in the effect pigment paste,
and/or comprising at least one polymer different

therefrom. As 1s evident from the results of the
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experiments described 1n section 6.5 and table 6.8 of
the experimental sectlion hereinafter, this specific
production of baseccat materials with  the same
composition but produced in different ways
distinguishes the basecoat materials of the invention
in terms of their properties such as, for example, 1in

the incidence of bits.

A further subject of the present invention 1s a method

for producing a multicoat paint system, by

(la) applying an aqueous Dbasecoat material to a
substrate,

(2a) forming a polymer film from the coating material
applied in stage ({(la),

(lb) optionally applying a further aqueous basecoat
material to the polymer film thus formed,

(2b) optionally forming a polymer film from the
coating material applied in stage (1lb),

(3) applying a clearcoat material to the resultant
basecoat film(s), and subsequently

(4) joilntly curling the basecoat film(s) together with

the clearcoat film,

wherein a basecoat material of the invention is used 1n
stage (la) or - 1f the method further comprises stages

(l1b) and (2b) - in stage (la) and/or (1lb). The
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substrate used 1n stage (la) preferably has an
electrocoat film (EC), more preferably an electrocoat

film applied by cathodic deposition of an electrocoat
material, and the basecoat materilal used 1n stage (la)
is applied directly to the EC-coated substrate, the
electrocoat film (EC) applied to the substrate being

preferably cured during implementation of stage (la).

A further subject of the present invention 1s a use of
the polymer identified 1in connection with the first
subject, 1.e., of a polymer having an average particle
size 1n the range from 100 to 500 nm, preparable by
successlive radical emulsion polymerization of three
monomer mixtures (A), (B) and (C) of olefinically

unsaturated monomers 1n water, where

the mixture (A) comprises at least 50 wt% of
monomers having a solubility i1n water of less than
0.5 g/1 at 25°C, and a polymer prepared from the
mixture (A) possesses a glass transition
temperature of 10 to 65°C,

the mixture (B) comprises at least one
polyunsaturated monomer, and a polymer prepared
from the mixture (B) possesses a glass transition

temperature of -35 to 15°C, and
a polymer prepared from the mixture (C) possesses

a glass transition temperature of -50 to 15°C,
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and where

1. first the mixture (A) is polymerized,

11. then the mixture (B) 1s polymerized in the
presence of the polymer prepared under i., and

111. thereafter the mixture (C) is polymerized in

the presence of the polymer prepared under ii,

for dispersing effect pigments within an agqueous effect
pigment paste. This dispersing represents premixing of

the effect pigments using the polymer (b) in water.

It has surprisingly been found that the aqueous effect
pigment paste of the invention 1s notable for
outstanding storage stability and as a result is

especlally suitable for use in automated production.

It has further surprisingly been found that the polymer
(b) present 1i1n the aqueous effect pigment paste of the
invention not only can be used as a principal binder in
aqueous basecoat materials but also, furthermore, can
pe used as a paste binder 1n an aqueous effect pigment
paste. As a result, enhanced formulation freedom 1is
acquired 1n the production of the basecoat material,
since, as a result of the possibility now provided for
the polymer (b) to be used in the effect pigment paste,
there 1s no need for the other coating components of

the basecoat material to be brought into line with a
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further paste binder different from the polymer (b).
Moreover, there 1s consequently greater room for
maneuver in the use of further additives and/or binder
components 1in the basecoat material, since the use of
the polymer (b) 1n the effect pigment paste as well
means that 1n these cases the fraction of the principal
binder of the basecoat material 1is not excessively
lowered. It has 1in particular been surprisingly found
that 1n spite of the use of the polymer (b) both as
paste binder 1n the effect pigment paste and as
principal binder of the resultant basecoat material,

there are no disadvantages 1n the quality of the

resultant coating composition and of the multicoat
paint systems produced therewilth, in terms, for
example, of technological performance properties such
as a good visual appearance (incldence of pops and
runs), sufficient flop and hue, and also good adhesion

properties.

Detailed description

The term "comprising" 1n the sense o©0f the present
invention, 1n connection with the effect pigment paste
of the 1nvention and also 1in connection with the
basecoat material of the invention, preferably has the

meaning of "consisting of". In this case it 1is

possible, both for the effect pigment paste of the
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invention - besides components (a), (b) and water - and
for the basecoat material of the 1invention - besides
components (1), (2) and water - for one or more of the

further components stated below and present optionally
in the effect pigment paste of the invention and/or in
the basecoat material of the invention to be present 1in
said paste and/or said material. All of these
components may each be present 1in thelr preferred

embodiments as stated below.

Effect pigment paste of the invention

The pigment paste of the invention is an effect pigment
paste. The concept of the pigment paste 1s known to the
skilled person and 1is defined for example 1n ROmpp
Lexikon, Lacke und Druckfarben, Georg Thieme Verlag,
1998, 10th edition, page 452: Pigment pastes are
preparations of pigment mixtures 1n carrier materials
such as polymers, comprising the pigments at a
concentration higher than that of the subsequent
application. An effect pigment paste, accordingly, 1s a
pigment paste which comprises as pigment at least one
effect pigment - namely at 1least one effect pigment
(a) . The subsequent application of pigment pastes lies
in general 1n the production of coating compositions
such as basecoat materials. A pigment ©paste 1s

therefore distinguished from a coatlng composition such
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as a basecoat material 1in that 1t represents only a
precursor to the production of such a coating
composition. A pigment paste as such can therefore not
itself be used as basecoat material. In pigment pastes,
customarily, the relative weight ratio of pigments to
polymers is greater than 1in the coating compositions
for whose production the paste 1s eventually used.
Besides the carrier materials such as polymers, also
called paste binders, and pigments, the pigment paste
customarily comprises water and/or organic solvents as

well. Various additives such as wetting agents and/or

thickeners may also be used 1in a pigment paste. The
polymer (b) present in the effect pigment paste of the
invention 1is used as a pigment paste binder (paste
binder). The effect pigment paste of the invention

represents an aqueous composition comprising components

(a) and (b)}.

The effect pigment paste of the invention 1s aqueous.
It preferably comprises a system whose solvent contailns
water as 1ts principal constituent, preferably 1n an
amount of at least 20 wt%, and organic solvents 1n
lower fractions, preferably 1n an amount of < 20 wts,
based in each case on the total weight of the effect

pigment paste of the invention.

The effect pigment paste o©of the 1nvention preferably
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comprises a water fraction of at least 20 wt3, more
preferably at least 25 wt%, very preferably of at least
30 wt%, more particularly of at least 35 wt%, most
preferably of at least 40 wt%, based i1n each case on

the total weight of the effect pigment paste.

The effect pigment paste of the 1invention preferably
comprises a water fraction which 1s 1n a range from 20
to 75 wt%, more preferably 1in a range from 25 to
70 wt%, very preferably in a range from 30 to 65 wts or
to 60 wt$ or to 57.5 wt%, based in each case on the

total weight of the effect pigment paste.

The effect pigment paste of the 1invention preferably
comprises an organic solvent fraction which 1s 1n a
range of < 20 wt%, more preferably in a range from 0 to
< 20 wt%, very preferably in a range of 0.5 to 20 wt3
or to 17.5 wt% or to 15 wt%, based in each case on the
total weight of the effect pigment paste. The addition
of organic solvents 1s appropriate 1in particular for
effect pigment pastes which comprise aluminum effect
pigments as effect pigment (a). The effect pigment
pastes of the invention may alternatively be completely
or almost completely free o©of organic solvents,
especially 1f metal oxide-on-mica pligments are used as

effect pigment (a). In such a case the organic solvent

fraction 1s preferably less than 10 wt%, more
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particularly less than 5 wt%, based 1n each case on the

total weight of the effect pigment paste.

The solids content of the effect pigment paste of the
5 1nvention 1is preferably in a range from 15 to 65 wt¥%,
more preferably of 17.5 to 00 wt3, especlially
preferably of 20 to 55 wt%, more particularly of 22.5
to 50 wt%, most preferably of 25 to 45 wt%, based 1in
each case on the total weight of the effect pigment
10 paste. The solids content, 1i.e., the nonvolatile

fraction, 1S determined in accordance with the

invention described hereinafter.

The percentage sum of the solids contents of the effect
15 pigment paste of the 1invention and the water fraction
1in the effect pigment paste of the 1invention 1s
preferably > 50 wt%, more preferably at least 55 or at
least 60 wt%, very preferably at least 65 or at least
70 wt%, more particularly at least 75 wt%. Preferred in
20 turn are ranges of > 50 to 99 wt%, especially 55 or 60
to 97.5 wts. If, for example, an effect pigment paste
of the 1nvention has a solids content of 30 wt% and a
water content of 65 wt3, the above-defined percentage

sum o©f the so0lids content and the water fraction 1is

25 95 wt%.

The effect pigment paste of the invention preferably
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comprises a polymer (b) fraction i1n a range from 1.0 to
25 wt%, more preferably from 1.5 to 20 wt3, very
preferably from 2.0 to 17.5 wt%, more particularly from
2.5 to 15 wt%, most preferably from 4.0 to 12.5 wt%,
based 1n each case on the total welght of the effect
pigment paste. The fraction of the polymer (b) 1n the
effect pigment paste may be determined or specified via
the determination o¢f the solids content (also called
nonvolatile fraction or solids fraction) of an aqueous
dispersion comprising the polymer (b) and used 1in

producing the effect pigment paste.

The effect pigment paste of the invention comprises an
effect pigment (a) fraction of at least 10 wt%,
preferably of at least 11 or 12 wt%, more preferably of
at least 13 or 14 wt%, more particularly of at least 15
or 16 or 17 or 18 wt%, most preferably of at least
19 wt%, based in each case on the total weight of the

effect pigment paste.

The effect pigment paste o©of the invention preferably
comprises an effect pigment (a) fraction 1n a range
from 10 to 50 wt%, more preferably from 10 to 45 wt$,
very preferably from 10 to 40 wt%, more particularly
from 11 to 35 wt%, most preferably from 12 to 30 wt% or
from 12 to 27.5 wt%, based 1n each case on the total

welght of the effect pigment paste.
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The relative weight ratio of the at least one effect
pigment (a) to the polymer (b) 1n the effect pigment
paste 1s preferably at least 1l:1 or at least 1.2:1 or
at least 1.5:1 or higher in each case, more preferably
at least 2.0:1 or higher, very preferably at least
2.5:1 or higher, more particularly at least 3.0:1 or

higher.

The relative weight ratio of the at least one effect
pigment (a) to the polymer (b) 1in the effect pigment
paste is preferably in a range from 10:1 to 1:1 or from
8:1 to 1:1, more preferably in a range from 10:1 to
1.2:1 or from 10:1 to 1.5:1 or in a range from 8:1 to

1.2:1 or from 8:1 to 1.5:1.

The fractions 1n welight percent of all of the
components present 1in the effect pigment paste of the

invention, vis components (a), (b), and water, and also

further components opticnally present additionally, add
up to 100 wt%, based on the total weight of the effect

pligment paste.

Effect pigment (a)

The effect pigment paste of the 1nvention comprises at

least one effect pigment as component (a), preferably
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in an amount of at least 10 wt%, based on the total

welght of the effect pigment paste.

A skilled person 1s familiar with the concept of the
effect pigments. A corresponding definition 1s found
for example 1in Roémpp Lexikon, Lacke und Druckfarben,
Georg Thieme Verlag, 1998, 10th edition, pages 176 and
471. A definition of pigments 1n general, and further
particularizations thereof, are governed 1in DIN 55943
(date: October 2001). Effect pigments are preferably
pigments which impart optical effect or both color and
optical effect, especially optical effect. The terms
"optical effect and color pigment”, "optical effect
pigment" and "effect pigment” are therefore preferably

lnterchangeable.

Preferred effect pigments are, for example, platelet-
shaped metal effect pigments such as lamellar aluminum
pigments, gold bronzes, oxidized bronzes and/or iron
oxlide-aluminum pigments, pearlescent pigments such as
pearl essence, basic lead carbonate, bismuth
oxychloride and/or metal oxide-on-mica pigments, and/or
other effect pigments such as lamellar graphite,
lamellar iron oxide, multilayer effect pligments
composed of PVD films, and/or liquid-crystal polymer

pigments. Particularly preferred are lamellar effect

pigments, especially lamellar aluminum pigments and
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metal oxide-on-mica pigments, 1n the pigment paste. As
at least one effect pigment (a), therefore, the effect
pigment paste of the 1nvention preferably comprises at
least one metallic effect pigment such as ét least one
preferably lamellar aluminum effect pigment and/or at

least one metal oxide-on-mica pigment.

The effect pigment paste of the invention may
optionally comprise further pigments different from the
at least one effect pigment (a), more particularly
color pigments and/or fillers. Preferably, however, the
effect pigment paste of the invention contains no such

further pigment such as a color pigment and also no

filler.
Polymer (b)

The effect pigment paste of the 1nvention comprises at
least one polymer (b) having an average particle size
in the range from 100 to 500 nm, preparable by
successive radical emulsion polymerization of three
monomer mixtures (A) , (B) and (C) of olefinically

unsaturated monomers 1n water, where

the mixture (A) comprises at least 50 wt% of

monomers having a solubility in water of less than

0.5 g/1 at 25°C, and a polymer prepared from the



10

15

20

25

CA 03053703 2015-08-15

BASF Coatings GmbH - 21 -
0000160687WO01

mixture (A) possesses a glass transition
temperature of 10 to 65°C,

the mixture (B) comprises at least one
polyunsaturated monomer, and a polymer prepared
from the mixture (B) possesses a glass transition
temperature of -35 to 15°C, and

a polymer prepared from the mixture (C) possesses
a glass transition temperature of -50 to 15°C,

and where

i. first the mixture (A) 1s polymerized,

ii. then the mixture (B) 1s polymerized 1n the
presence of the polymer prepared under 1., and

iii. thereafter the mixture (C) 1s polymerized 1n

the presence of the polymer prepared under 11.

The polymers (b) represent what are called seed-core-
shell polymers (SCS polymers). Polymers (b) and aqueous
dispersions comprising such polymers are known for

example from WO 2016/116299 Al. The polymer (b) 1is

preferably a {(meth)acrylic copolymer.

The polymer (b) present in the effect pigment paste of
the 1nventlon 1is used as a pigment paste bindexr (paste
binder). The term "binder" 1n the sense of the present
inventlion, 1n agreement with DIN EN ISO 4618 (German
version, date: March 2007), refers preferably to those

nonvolatile fractions of a composition that are
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responsible for film formation, such as of the effect
pigment paste o0of the 1nvention or of the Dbasecoat
material of the 1invention, apart from the pigments

present therein, such as the at least one effect

pigment (a) and other pigments and/or fillers
optionally present. The nonvolatile fraction may be
determined by a method described hereinafter. A binder
constituent, accordingly, 1s a particular component

which contributes to the binder content of a

composition such as the effect pigment paste of the
invention or the basecoat material of the invention. An
example would be a basecoat material comprising the
polymer (b)), a crosslinking agent such as a melamine
resin and/or a free or blocked polyisocyanate and/or a

polymeric additive.

The polymer (b) 1s used preferably 1n the form of an
aqueous dispersion for producing the effect pigment

paste of the 1nvention.

The preparation of the polymer (b) comprises the
successlve radical emulsion polymerization of three
mixtures (A), (B) and (C) of olefinically unsaturated
monomers 1n each case 1n water. It 1s therefore a
multistage radical emulsion polymerization where 1.
first the mixture (A) 1s polymerized, then 1i. the

mixture (B) 1s polymerized 1in the presence of the
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polymer prepared under 1. and, furthermore, 1i1. the
mixture (C) 1s polymerized 1n the presence o0f the
polymer prepared under ii. All three monomer mixtures
are therefore polymerized Dby a radical emulsion
polymerization (i.e. stage or else polymerization
stage), carried out separately in each case, with these
stages taking place successively. In terms of time, the
stages may take place immediately after one another. It
is equally possible, after the end of one stage, for
the reaction solution 1in question to be stored for a
certain period and/or transferred to a different
reaction vessel, and only then for the next stage to be
carried out. The ©preparation of the polymer (b)
preferably comprises no polymerization steps other than
the polymerization of the monomer mixtures (A), (B) and

(C) .

The concept of radical emulsion polymerization 1s one
known to the skilled person, and i1s elucidated 1n more
detail herelnafter, moreover. In the polymerization,
olefinically unsaturated monomers are polymerized in an
aqueous medium, preferably with use of at least one
water-soluble 1nitiator and i1n the presence of at least
one emulsifier. Corresponding water-soluble 1nitiators
are likewlise known. The at least one water-soluble

initiator 1s preferably selected from the group

consisting of potassium, sodium or ammonium
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peroxodlsulfate, hydrogen peroxide, tert-butyl
hydroperoxide, 2,2'-azobis (Z2-amidoisopropane)
dihydrochloride, 2,2'-azoblis (N,N'-
dimethylenelsobutyramidine) dihydrochloride, 2,2"'-
azobis (4-cyanopentanoic acid), and mixtures of the

aforesaid initiators, such as hydrogen peroxide and
sodium persulfate, for example. Likewlise members of the
preferred group stated are the redox 1initiator systems,
which are known per se. Redox initiator systems are, 1in
particular, those initiators which comprise at least
one peroxide-containing compound in combination with at

least one redox coinitiator, examples being reductive

sulfur compounds such as, for example, Dbisulfites,
sulfites, thiosulfates, dithionites or tetrathionites
of alkali metals and ammonium compounds, sodium
hydroxymethanesulfinate dihydrate and/or thiourea.
Hence it 1s possible to use combinations of
peroxodisulfates with alkali metal hydrogensulfites or

ammonium hydrogensulfites, examples belng ammonium

peroxydisulfate and ammonium disulfite. The weight

ratio of peroxide-containing compounds to the redox

colnitiators 1s preferably 50:1 to 0.05:1.

In combination with the 1nitiators 1t 1s possible
additionally to use transition metal catalysts, such
as, for example, 1ron, nickel, cobalt, manganese,

copper, vanadium or chromium salts, such as 1ron(II)
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sulfate, cobalt (ITI) chloride, nickel (II) sulfate,
copper (I) chloride, manganese (II) acetate,

vanadium(III) acetate, manganese(lII) chloride. Based on
the total mass of the oleflnically unsaturated monomers
used in a polymerization, these transition metal salts
are employed customarily i1n amounts of 0.1 to 1000 ppm.
Hence 1t 1s possible to use combinations of hydrogen
peroxide with i1ron(II) salts, such as, for example, 0.5
to 30 wt% of hydrogen peroxide and 0.1 to 500 ppm of
Mohr's salt, the fractional ranges being based 1n each
case on the total weight of the monomers used 1n the
respective polymerization stage. The initiators are
used preferably 1in an amount of 0.05 to 20 wts,
preferably 0.05 to 10, more preferably of 0.1 to 5 wts,
based on the total weight of the monomers used 1n the

respective polymerization stage.

An emulsion polymerization proceeds within a reaction
medium that comprises water as continuous medium and,
in addition, preferably at least one emulsifier,
preferably 1n the form of micelles. The polymerization
1s started by decomposition of the water-soluble
lnitliator 1n the water. The growing polymer chain 1is
incorporated 1into the emulsifier micelles, and the
further polymerization then takes place within the

micelles. As well as the monomers, the at least one

water-soluble initiator, and the at least one
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emulsifier, therefore, the reactlion mixture consists
primarily of water. The stated components - that 1s,

monomers, water-soluble 1nitiator, emulsifier, and

water - make up preferably at least 95 wt%s of the
reaction mixture. The reaction mixture preferably
consists of these components. The at least one

emulsifier is wused preferably in an amount of O0.1-
10 wt%, more preferably 0.1-5 wt%, very preferably 0.1-
3 wt%, based in each case on the total weight of the

monomers used in the respective polymerization stage.

Emulsifiers as well are known 1in principle. Those used

may be nonionic or ionic emulsifiers, including
zwitterionics, and optionally, also, mixtures of the
aforesaid emulsifilers. Preferred emulsifiers are
optionally ethoxylated and/or propoxylated alkanols
having 10 to 40 carbon atoms. They may have different
degrees of ethoxylation and/or propoxylation (examples
being adducts modified with poly(oxy)ethylene and/or
poly (oxy)propylene chains <consisting of 5 to 50
molecular units). Sulfated, sulfonated or phosphated
derivatives of the stated products may also be used.
Such derivatives are generally employed 1n neutralized
form. Particularly preferred emulsifiers are

neutrallzed dialkylsulfosuccinic esters or

alkyldiphenyl oxide disulfonates, suiltably, available

commercially for example as EF-800 from Cytec. The

emulsion polymerizations are carrilied out judiliciously at
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a temperature of 0 to 160°C, preferably of 15 to 95°C,
more preferably 60 to 95°C. This operation takes place
preferably in the absence o0f oxygen, preferably under
an inert gas atmosphere. In general the polymerization
1s carried out at atmospheric pressure, although the
use of lower pressures or higher pressures 1s also
possible. Particularly 1f polymerization temperatures
are employed that lie above the boiling point of water,
the monomers used and/or the organic solvents under
atmospheric pressure, higher pressures are dgenerally

selected.

The individual polymerization stages 1in the preparation
of the polymer (b) may be carrilied out, for example, as
what are called "starved feed" polymerizations (also
known as "starve feed"” or "starve fed"
polymerizations). A starved feed polymerization 1in the
sense of the present 1nvention 1s an emulsion
polymerization in which the amount of free olefinically
unsaturated monomers 1n the reaction solution (also
called reaction mixture) 1s minimized throughout the
reaction time. This means that the metered addition of
the olefinically unsaturated monomers 1is such that over
the entlre reaction time the fraction of free monomers
in the reaction solution does not exceed 6.0 wt%,

preferably 5.0 wtk, more preferably 4.0 wt%,

particularly advantageously 3.5 wt$%, based in each case
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on the total amount of the monomers used 1n the
respective polymerization stage. Further ©preferred
within these strictures are concentration ranges for
the olefinically unsaturated monomers of 0.01 to
6.0 wts, preferably 0.02 to 5.0 wt%, more preferably
0.03 to 4.0 wt%, more particularly 0.05 to 3.5 wt%. For
example, the highest weilght fraction detectable during
the reaction may be 0.5 wt%, 1.0 wt%, 1.5 wt%, 2.0 wt%,
2.5 wt% or 3.0 wt%, while all other values detected
then lie below the wvalues 1i1indicated here. The total
amount (also called total weight) of the monomers used
in the respective polymerization stage evidently

corresponds for stage 1. to the total amount of the

monomer mixture (A), for stage 11. to the total amount
of the monomer mixture (B), and for stage 111i. to the
total amount of the monomer mixture (C) . The

concentration of the monomers 1n the reaction solution
here may be determined Dby gas chromatography, for
example. In that case a sample of the reaction solution
is cooled with liquid nitrogen 1mmediately after

sampling, and 4-methoxyphenol 1s added as an inhibitor.

In the next step, the sample 1s dissolved 1n
tetrahydrofuran and then n-pentane 1s added in order to
precipitate the polymer formed at the time of sampling.
The liquid phase (supernatant) 1s then analyzed by gas
chromatography, wusing a polar column and an apolar

column for determining the monomers, and using a flame
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ionization detector. Typical parameters for the gas-
chromatographic determination are as follows: 25 m
silica capillary column with 5% phenyl-, 1% vinyl-
methylpolysiloxane phase or 30 m silica capillary
column with 50% phenol- and 50% methyl-polysiloxane
phase, carrier gas hydrogen, split injector 150°C, oven
temperature 50 to 180°C, flame ionization detector,
detector temperature 275°C, internal standard 1sobutyl
acrylate. The concentration of the monomers for the
purposes of the present invention 1s determined
preferably by gas chromatography, more particularly in

compliance with the parameters specified above.

The fraction of the free monomers may be controlled 1in
various ways. One possibility for keeping the fraction
of the free monomers low 1is to select a very low
metering rate for the mixture of the olefinically
unsaturated monomers into the actual reaction solution,
in which the monomers make contact with the 1nitiator.
If the metering rate is so low that all of the monomers
are able to react virtually immediately when they are
in the reaction solution, it is possible to ensure that
the fraction of the free monomers 1s minimized. In
addition to the metering rate, 1t 1s 1important that
there are always sufficient radicals present 1n the

reaction solution to allow each of the added monomers

to react extremely quickly. In this way, further chain
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growth of the polymer 1s guaranteed, and the fraction
of free monomer 1is kept low. For this purpose, the
reaction conditions are preferably selected such that
the initiator feed 1s commenced even bpbefore the start

of the metering of the olefinically unsaturated

monomers. The metering 1s preferably commenced at least
5 minutes beforehand, more preferably at least
10 minutes beforehand. With preference at least 10 wt3
of the initiator, more preferably at least 20 wt3, very
preferably at least 30 wt% of the initiator, based 1in
ecach case on the total amount of 1initiator, 1s .added
before th~e metering of the olefinically unsaturated
monomers 1s commenced. Preference is given to selecting
a temperature which allows constant decomposition of
the initiator. The amount of initiator 1s likewlise an
important factor in the sufficient presence of radicals
in the reaction solution. The amount of 1nitiator
should be selected such that at any time there are

sufficient radicals available to allow the added

monomers to react. If the amount of 1nitiator 1s
increased, greater amounts of monomers can be reacted

at the same time.

A further factor determining the reaction rate 1s the
reactivity of the monomers. Control over the fraction
of the free monomers may therefore be guided by the

interplay of 1nitiator quantity, rate of 1initiator
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addition, rate of monomer addition, and through
selection of the monomers. Not only a slowing-down of
metering but also an 1increase 1n the 1niltiator
quantity, and also the premature commencement of
addition of the initiator, serve the aim of keeping the
concentration of free monomers below the limits stated
above. At any point during the reaction, the
concentration of free monomers can be determined by gas
chromatography, as described  above. Should  this
analysis find a concentration of free monomers that
comes close to the limiting value for the starved feed
polymerization, as a result, for example, of small
fractions of highly reactive olefinically unsaturated
monomers, the parameters referred to above can be
utilized 1in order to control the reaction. In this
case, for example, the metering rate of the monomers
can be lowered, or the amount of 1initiator can be

increased.

For the purposes of the present invention 1t 1S
preferable for at least the polymerization stages 11.
and 1ii. to Dbe carried out under starved feed
conditions. This has the advantage that the formation
of new particle nuclei within these two polymerization
stages 1s effectively minimized. Instead, the particles

existing after stage 1. (and therefore also called seed

below) can Dbe grown further 1in stage 11. by the
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polymerization of the monomer mixture B (therefore also
called core below). It 1s likewise possible for the
particles existing after stage 11. (also below called
polymer comprising seed and core) to be grown further

S 1n stage 111. through the polymerization of the monomer

mixXxture C (therefore also called shell below),
resulting ultimately 1n a polymer (b) comprising
particles containing seed, core, and shell (also
referred to as SCS polymer). Stage 1. as well may of

10 course be carried out under starved feed conditions.

The mixtures (A), (B), and (C) are mixtures of olefini-
cally unsaturated monomers. Suitable olefinically
unsaturated monomers may be mono- or polyoleflnically
15 unsaturated. Described first of all below are monomers
which can be used in principle and which are suitable
across all mixtures (A), (B), and (C), and monomers

that are optionally preferred. Specific preferred

embodiments of the individual mixtures are addressed

20 thereafter.

Examples of sultable monoolefinically unsaturated
monomers 1include, 1n particular, (meth)acrylate-based
monoolefinically unsaturated monomers, monoolefinically

25 unsaturated monomers containing allyl groups, and other

monoolefinically unsaturated monomers containing vinyl

groups, such as vinylaromatic monomers, for example.
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The term (meth)acrylic or (meth)acrylate for the

purposes of the present 1nvention encompasses both

methacrylates and acrylates. Preferred for use at any

rate, although not necessarily exclusively, are
. (meth)acrylate-based monoolefinically unsaturated
monomers.

The (meth)acrylate-based monoolefinically unsaturated
monomers may be, for example, (meth)acrylic acid and
10 esters, nitriles, or amides of (meth)acrylic acid.
Preference 1s given to esters of (meth)acrylic acid

having a non-olefinically unsaturated radical R.

CH,

A
A

o,
O

or

15
The radical R may be saturated aliphatic, aromatic, or
mixed saturated allphatic-aromatic. Aliphatic radicals
for the purposes o©of the present invention are all
organlic radicals whilich are not aromatic. Preferably the

20 radical R 1is aliphatic. The saturated aliphatic radical
may be a pure hydrocarbon radical or it may include

heteroatoms from bridging groups (for example, oxygen

from ether groups or ester groups) and/or may be

substituted by functional groups containing heterocatoms
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(alcohol groups, for example). For the purposes of the
present 1nvention, therefore, a clear distinction 1is
made between bridging groups contailning hetercatoms and
functional groups containing heterocatoms (that 1is,

5 terminal functilional groups containing heterocatoms).

Preference 1s given at any rate, though not necessarily
exclusively, to using monomers in which the saturated
aliphatic radical R 1s a pure hydrocarbon radical
10 (alkyl radical), 1n other words one which does not
include any heterocatoms from bridging groups (oxygen
from ether groups, for example) and 1s also not
substituted by functional groups (alcohol groups, for
example). If R 1s an alkyl radical, it may for example
15 Dbe a linear, branched, or cyclic alkyl radical. Such an
alkyl radical may of course also have linear and cyclic
or branched and cyclic structural components. The alkyl
radical preferably has 1 to 20, more preferably 1 to
10, carbon atoms.
20
Particularly preferred monounsaturated esters of
(meth)acrylic acilid with an alkyl radical are methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)-
acrylate, isopropyl (meth)acrylate, n-pbutyl
25 (meth)acrylate, isobutyl (meth)acrylate, tert-butyl
(meth)acrylate, amyl (meth)acrylate, hexyl

(meth)acrylate, ethylhexyl (meth)acrylate, 3,3,5-
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trimethylhexyl (meth)acrylate, stearyl (meth)acrylate,
lauryl {(meth)acrylate, cycloalkyl (meth)acrylates, such
as cyclopentyl (meth)acrylate, 1sobornyl
(meth)acrylate, and also cyclohexyl (meth)acrylate,
with very particular preference being given to n- and

tert-butyl (meth)acrylate and to methyl methacrylate.

Examples of other suitable radicals R are saturated
aliphatic radicals which comprise functional groups
containing heterocatoms (for example, alcohol groups or
phosphoric ester groups). Suitable monounsaturated
esters of {(meth)acrylic acid with a saturated aliphatic
radical substituted by one or more hydroxyl groups are
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate,
3-hydroxybutyl (meth)acrylate, and 4-hydroxybutyl
(meth)acrylate, with very particular preference being
given to 2-hydroxyethyl (meth)acrylate. Suitable
monounsaturated esters of (meth)acrylic acid with
phosphoric ester groups are, for example, phosphoric
esters of polypropylene glycol monomethacrylate, such
as the commercially availlable Sipomer PAM 200 from
Rhodia. Possible further monoolefinically unsaturated
monomers containing vinyl groups are monomers which are
different from the above-described acrylate-based
monomers and which have a radical R' on the vinyl group

that 1s not olefinically unsaturated:
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g

The radical R' may be saturated aliphatic, aromatic, or
mixed saturated aliphatic-aromatic, with preference
being given to aromatic and mixed saturated aliphatic-
aromatlic radicals 1n which the aliphatic components

represent alkyl groups.

Particularly preferred further monoolefinically
unsaturated monomers containing vinyl groups are, 1in
particular, vinyltoluene, alpha-methylstyrene, and

especlally styrene.

Also possible are monounsaturated monomers containing
vinyl groups, wherein the radical R' has the following

structure:

R2

R1

where the radicals Rl and R2 are alkyl radicals which
each or together contain a total of 7 carbon atoms.
Monomers of this kind are available commercially under

the name VeoVa® 10 from Momentive.
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Further monomers suitable in principle are olefinically
unsaturated monomers such as acrylonitrile, methacrylo-
nitrile, acrylamide, methacrylamide, N-dimethylacryl-
amide, vinyl acetate, vinyl propionate, vinyl chloride,
N-vinylpyrrolidone, N-vinylcaprolactam, N-vinylform-
amide, N-vinylimidazole, N-vinyl-Z2-methylimidazoline,

and further unsaturated alpha-beta-carboxylic acids.

Examples of sultable polyolefinically unsaturated

monomers 1nclude esters of {(meth)acrylic acid with an
olefinically unsaturated radical R". The radical R" may

be, for example, an allyl radical or a (meth)acryloyl

radical:

CH, R"

<

OX

Preferred polyolefinically unsaturated monomers include
ethylene glycol di(meth)acrylate, 1,2-propylene glycol
dl (meth)acrylate, 2,2-propylene glycol
di(meth)acrylate, butane-1,4-diol di (meth)acrylate,
neopentyl glycol di{meth)acrylate, 3-methylpentanediol
di(meth)acrylate, diethylene glycol di(meth)acrylate,

triethylene glycol di (meth)acrylate, tetraethylene
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glycol di (meth)acrylate, dipropylene glycol

di(meth)acrylate, tripropylene glycol di(meth)acrylate,

hexanediol di(meth)acrylate, and allyl (meth)acrylate.

Furthermore, preferred ©polyolefinically unsaturated
compounds encompass acrylic and methacrylic esters of
alcohols having‘ more than two OH groups, such as, for
example, trimethylolpropane tri(meth)acrylate or
glycerol tri(meth)acrylate, but also trimethylolpropane

di(meth)acrylate monoallyl ether, trimethylolpropane

(meth)acrylate diallyl ether, pentaerythritol
tri(meth)acrylate monoallyl ether, pentaerythritol
di{meth)acrylate diallyl ether, pentaerythritol
(meth)acrylate triallyl ether, triallylsucrose, and

pentaallylsucrose. Also possible are allyl ethers of
mono- or polyvhydric alcohols, such as
trimethylolpropane monoallyl ether, for example. Where
used, preferred polyolefinically unsaturated monomers

are hexanediol diacrylate and/or allyl (meth)acrylate.

With regard to the monomer mixtures (A), (B), and (C)
used 1n the 1individual polymerization stages, there are
preferably specific conditions to be observed, which

are set out below. First of all 1t should be stated
that the mixtures (A), (B), and (C) are at any rate
different from one another. They therefore each contain

different monomers and/or different proportions of at
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least one defined monomer.

Mixture (A)

5 Mixture (A) comprises at least 50 wt%, preferably at
least 55 wt%, of olefinically unsaturated monomers
having a water solubility of less than 0.5 g/l at 25°C.
One such preferred monomer 1s styrene. The solubility

of the monomers 1n water 1s determined by the method

10 described hereinafter.

The monomer mixture (A) preferably contains no hydroxy-
functional monomers. Likewlse preferably, the monomer
mixture (A) contains no acid-functional monomers. Very
15 preferably the monomer mixture (A) contalns no monomers
at all that have functional groups containing
heteroatoms. This means that heteroatoms, 1f present,
are present only in the form of bridging groups. This

1s the case, for example, 1in the monoolefinically

20 unsaturated monomers described above that are

(meth)acrylate-based and possess an alkyl radical as

radical R.

The monomer mixture (A) preferably comprises

25 exclusively monoolefinically unsaturated monomers.

The monomer mixture (A) preferably comprises at least
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one monounsaturated ester of (meth)acrylic acid with an

alkyl radical and at least one monoolefinically

unsaturated monomer c¢ontaining vinyl groups, with a

radical arranged on the vinyl group that is aromatic or
that 1s mixed saturated aliphatic-aromatic, in which
case the aliphatic fractions of the radical are alkyl

groups.

The monomers present 1n the mixture (A) are selected
such that a polymer prepared from them possesses a
glass transition temperature of 10 to 65°C, preferably
of 30 to 50°C. The glass transition temperature here

can be determined by the method described hereinafter.

The polymer prepared 1n stage 1. by the emulsion
polymerization of the monomer mixture (A) 1is also
called seed. The seed possesses preferably an average
particle size of 20 to 125 nm (measured by dynamic
light scattering as described hereinafter; ct.

Determination method 4.).

Mixture (B)

Mixture (B) comprises at least one polyolefinically
unsaturated monomer, more preferably at least one
diolefinically unsaturated monomer. One such preferred

monomer 1S hexanediol diacrylate. The monomer mixture
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(B) preferably contains no hydroxy-functlional monomers.
Likewise preferably, the monomer mixture (B) contains
no acid-functional monomers. Very preferably the
monomer mixture (B) contains no monomers at all with
functional groups containing heterocatoms. This means
that heteroatoms, 1if present, are present only 1n the
form of bridging groups. This 1s the case, for example,
in the above-described monoolefilinically unsaturated
monomers which are (meth)acrylate-based and possess an

alkyl radical as radical R.

Preferably, the monomer mixture (B), as well as the at
least one polyolefinically unsaturated monomer,
includes at any rate the following further monomers:
First of all, at least one monounsaturated ester of
(meth)acrylic acid with an alkyl radical, and secondly
at least one monoolefinically unsaturated monomer
containing vinyl groups and having a radical located on

the wvinyl group that 1s aromatic or that 1s a mixed
saturated aliphatic-aromatic radical, 1n which case the

aliphatic fractions of the radical are alkyl groups.

The fraction of polyunsaturated monomers 1s preferably

from 0.05 to 3 mol%, based on the total molar amount of

monomers 1n the monomer mixture (B).

The monomers present 1n the mixture (B) are selected
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such that a polymer prepared therefrom possesses a
glass transition temperature of -35 to 15°C, preferably
of -25 to +7°C. The glass transition temperature here

can pe determined by the method described hereinafter.

The polymer prepared 1n the presence of the seed 1n
stage 11i. by the emulsion polymerization of the monomer
mixture (B) 1s also referred to as the core. After
stage 1i., then, the result 1s a ©polymer which
comprises seed and core. The polymer which 1s obtained
after stage 11. ©preferably ©possesses an average
particle size of 80 to 280 nm, preferably 120 to 250 nm
(measured by dynamic lilght scattering as described

hereinafter; cf. Determination method 4.).

Mixture (C)

The monomers present 1n the mixture (C) are selected

such that a polymer prepared therefrom possesses a
glass transition temperature of -50 to 15°C, preferably
of -20 to +12°C. The glass transition temperature here

can be determined by the method described hereinafter.

The olefinically unsaturated monomers of this mixture
(C) are preferably selected such that the resulting
polymer, comprising seed, core, and shell, has an acid

number of 10 to 25. Accordingly, the mixture (C)
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preferably comprises at least one alpha-beta
unsaturated carboxylic acid, especlally preferably
(meth)acrylic acid. The olefinically unsaturated
MONOmers of the mlxture (C) are further or

alternatively preferably selected such that the
resulting polymer, comprising seed, core, and shell,
has an OH number of 0 to 30, preferably 10 to 25. All
of the aforementioned acid numbers and OH numbers are
values calculated on the basis of the monomer mixtures

employed overall.

The monomer mixture (C) preferably comprises at least
one alpha-beta unsaturated carboxyllic acid and at least
one monounsaturated ester of (meth)acrylic acid having
an alkyl radical substituted by a hydroxyl group. More
preferably, the monomer mixture (C) comprises at least
one alpha-beta unsaturated carboxylic acid, at least
one monounsaturated ester of (meth)acrylic acid having
an alkyl radical substituted by a hydroxyl group, and
at least one monounsaturated ester of (meth)acrylic
acid having an alkyl radical. Where reference 1s made,
in the context of the present 1nvention, to an alkyl
radical, wilithout further particularizatlion, what 1s
always meant by this 1s a pure alkyl radical without

functlonal groups and heteroatoms.

The polymer prepared in the presence of seed and core
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in stage 111i. by the emulsion polymerization of the
monomer mixture (C) 1s also referred to as the shell.

The result after stage 1i1i., then, 1s a polymer which

comprises seed, core, and shell, 1.e., polymer (b).
Following 1ts preparation, the polymer (b) possesses an
average particle size of 100 to 500 nm, preferably 125
to 400 nm, very preferably from 130 to 300 nm (measured
by dynamic light scattering as described hereinafter;

cf. Determination method 4.).

The fractions of the monomer mixtures are preferably
harmonized with one another as follows: The fraction of
the mixture (A) is from 0.1 to 10 wt%, the fraction of
the mixture (B) is from 60 to 80 wt%, and the fraction
of the mixture (C) 1is from 10 to 30 wt%, based 1n each
case on the sum of the 1individual amounts of the

mixtures (A), (B), and (C).

As already noted above, the polymer (b) 1s used
preferably 1in the form of an aqueous dilispersion for
producing the effect pigment paste o©of the 1invention.
This aqgueous dispersion preferably possesses a pH of
5.0 to 9.0, more preferably 7.0 to 8.5, very preferably
7.5 to 8.5. The pH may be kept constant during the
preparation 1tself, th‘rough the wuse o0of Dbases as

identified further on below, for example, or else may

be set deliberately after the polymer has Dbeen
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prepared. In especially preferred embodiments it 1s the
case that this aqueous dispersion has a pH of 5.0 to
9.0 and the at least one polymer (b) present therein
has a particle size of 100 to 500 nm. Even more
preferred range combinations are as follows: pH of 7.0
to 8.5 and a particle size of 125 to 400 nm, more
preferably pH of 7.5 to 8.5 and a particle size of 130

to 300 nm.

The stages i. to 1ii. described are carried out prefer-
ably without addition of acids or bases known for the
setting of the pH. If in the preparation of the polymer
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