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Mass polymerization of {meth}acﬁylate co~polymers which are

soluble in agueous alkaline

Field of the Invention

The present invention relates to the synthesis of
(meth)acrylate-based bulk polymers soluble under agueocus-
alkaline conditicons. More particularly the present
invention relates to the synthesis of polymers by means of
a bulk polymerization. Bulk polymers of this kind have
significantly better éolubi;ity in'aqueous—alkaline media
than do corresponding polymers prepared by means of a
heterogensous aguecus polymerization method, such as
emulsion or suspension pelymerization. Betlter sclubility in
this context means that the dissolution rate for particles
of equal'size is quibker, that there is no significant
clouding left after dissclution, and that the viscosity of
the resultant solutions, for identical solids content, is
lower. Furthermore, the compatibiiity of the compounds of
the invention for.water—baséd coating materials is at least

comparable or even improved.
Prior Art

EP 1 268 690 describes acrylate-based binders for agueous
coating materials, while WO 2005/058983 describes binders
for the combination of acrylates and polyarethanes. The
vinyl component in these cases is prepared by emulsion
polymerization. An advantage of emulsion polymerization
over methods such as soluticon polymerization or as bulk
polymerization is that agueous dispersing can take place

directly in the polvmerization medium. If, howavér,



processing takes place not directly in an agueous solution
cr dispersion, but instead in an extruder, for compounding,
for example, water is found to be a particularly
disadvantageous medium, on acccunt of the high polarity and
beiling point. 2 further disadvantage of emulsion
pclymerization for ccatings applications is the large
amount of auxiliaries and process media, which are costly
and inconyvenient to remove from the binder and which affect
the quality of the coating material.

Suspension polymers, in contrast, can be prepared with
fewer auxiliaries and process media. Conversely, polymers
with high acid numberé, and hence good dispersibility in
water, are difficult fo realize. A large number of acid
groups disrupts droplet formation at the Iinterface of the
monomers with the agueous phase, or a large proportion of
the acid-containing monomers are simply dissolived in the
aquecus phase and hence are no longer available to the
polymerization. One example of a commercially available
suspension polyvmer of this kind i1s the acrylate binder
available under the name Neocryl B 817 from DSM B.V.
{(Gelesn, NL). '

These boundary phase effects, which occur both with
emulsicn polymerization and with suspension polymerization,
have the further effect of a non-uniform d&stribution of
the acid groups across the polymer chains. Accordingly, the
chalng contalin apolar and polar segments. This chain
construction, however, in an agueous solution results in
twe additiconal disadvantages: first, agueous solutions and
coéting materials comprising such agueous dispersions tend
towards clouding as a result of phase separations; second,
agueous soclutions and dispersions of such segmentead
polymers exhibit significently higher sclution visceosities

than similar polymers of regular structure.
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As well as optical clarity and geod scolubility or

. dispersibility in water, acrylate binders for modern

agueous coating systems are required to have further
properties, which to date have not been adequately met by
the state of the art. Ideally, the binders would have high
compatibility with a large number of different coating

systems. Examples include polyurethanes, other

" poly(methlacrylates, polyssters or gpoxy systems. At the

same time, however, the binders ought also teo have good
pigment dispersing properties. Only well-dispersed pigments
will result, in a subseguent coating material, in high
depth of colour and uniformity and hence in a desired
coating guality. Furthermore, in combination with other
film-forming binders, the poly{meth)acrylates ocught to make
a positive contribution to these properties. Pricr-art
polyimeth}acrylates, however, do not have the combination

of these desired properties.

Continuous bulk polymerization for the preparation of acid-
functional poly{meth)acrylates has in principle been

described before.

EP 0 143 935 describes copcolymers of ethyl acrylate and
methacrylic acid which contain at least 15% by weight of
methacrylic acid and are used for producing protective
films which can be broken down by treatment with alkaline
solutions. The peolymers are prepared using a twin-screw
extruder. For coatings applications, however, these
polymers, composed of two different units, are not
suitable. The polymers are lncompatible with cother systems
and, because of the high acid number, tend towards

clouding.
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WC 01/05841 uses continuous polymerization to prepars

. epoxy-functional poly(meth)acrylates for powder coating

applications. They are unsuitable for agusous systems,
however. Rlso illustrated is The synthesis of very short-
chain polyacrylates containing 35% by welght of acrylic
acid. These polymers, however, are sultable neither for

dispersing pigments nor for compounding with other

" polymers.

WO (02/1B456 discloses a process in which two reaction
zones, generally tube reactors, are used continucusly foxr
the synthesis of acid-containing polymethacrylates, the
monomer composition added in the second reactor zone
differing primarily in terms of the functional groups from
the first composition. Accordingly, mixtures of different
polymer compositions are always obtained, for systems which
have in-chain acrylic groups and are cured by an electron
beam. The process, generally speaking, can be operated only
with addition of solvents or for very low molecular weights
M, of much less than 10T. Morecover, the polymers prepared
for agqueous dispersing have an acrylic acid and/or maleic
acid fraction of at least 30% by weight. Such systems
display the disadvantages already highlighted, and are not

suitable for pigment dispersion in agueous systems.

WC 00/02933 employs the same technical process to combine,
in a two-stage operation, a free-radical pelymerization
with a polycondensation. The products obtainable via this
costly and inconvenient process represent z mixture of very
different polymer species, whose complete agueous
dispersibility or sclubility is pocr. Moreover,

heterogenecus polvmer architectures of this kind are
g poLiym
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probably not sufficiently suitable for the complete

. dispersing of plgments.

In WO 00/02934, in turn, continuous bulk polymerization,
with addition of 10% to 15% by weight of a solvsant, is used
to prepare acid-containing polyacrylates for producing

pigment preparations for agueous systems, particularly for

" printing inks. A feature of these peolvacrylates is that

they contain at least B.5% by weight of acrylic estars of
alcohels having at least 11 carbon atoms. In order to
produce dispersibility in aqueous systems with this large
fraction of apolar units, the polymers nmust,
correspondingly, contain at least 18% by weight of acrylic
acid. This composition, however, is suitable only for a
small number of pigments of the kind employed, for example,

in printing inks, but not in coating materials.
Probliem

A problem addressed by the present invention was that of
providing improved binders based on acrylate and/or
methacrylate (hereinafter, for short, {(meth)acrylate) for

agueous coating formulations.

More particularly a problem addressed was that of providing
a {meth)acrylate binder for agqueous coatlng systems that
allows production of pigment preparations which can be
incorporated easily and with effective plgment distribution

into established coating systems.

A further problem addressed was the possibility of

processing these pigment preparations further intc agueous
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coating materials which have very good gless, hiding,

. processing and colour propertias.

A problem addressed at the same time by the present
inventicn was to prepare said binder by means of é
continuous preparation process. What is meant by this
continuocus preparation-process 1s a process which can be
carried out continuously, without interruption, consisting
individually of the process steps of monomer metering,

polymerization, degassing, and pelletizing.
Solution

The problems have been solved through provision of an
innovative bulk polymer. This polymer is prepared by the
modified use of & continuous bulk pelymerization process
which can be used to polymerize functional {(meth)acrylates
soclventlessly and with high conversion. The advantage of a
bulk polymerization process over suspension polymerization
ig the high purity of the products, which can be prepared
without addition of auxiliafies such as emulsifiers,

stapilizers, defoamers or other suspension auxiliaries.

In order to be able to produce a pigment ﬁreparation in
accordance with the current and future reguirements of the
ceoatings industry in respect of VOC content (fraction of
volatile organic constituents) using the bhinder of the
disclosure, the binder must have an extremely low fraction

of volatile componenté. This has been achieved, in
accordance with the disclosure, by providing the binder in
solvent~free and water—-free form by means of a continuous
bulk polymerization. By combination with a thermal after

treatment, moreover, a feature of the present disclosure is
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also that the residual monomer content is very low and the

thermal stebility of the binders 1s improved.

It has been found, surprisingly, that the process of the
disclosure can also be used to prepare (meth)acrylate-based
hinders which contain both acid groups and hydroxyl groups.
For producing such critical binders, the skilled person
would prefer to use pelymerirzation methods where these two
species of moncomer were either highly diluted (solution
polymerization; or separated on the basis of different

polarities (suspension polymerization).

Furthermore, surprisingly, compositions have been found
which not only zre sclubkle or dispersible under agusous-
alkaline conditions but are also very suitable for

producing pilgment preparations. In addition, coating

‘materials comprising these pigment preparations exhibit

very good gloss, hiding, processing and colour properties.
Moreover, the pigment preparations can be produced and
processed, using the binders of the disclosure, more easily
than in the prior‘art. More-particularly, this technical
problem has been solwved by successfual provision of binders
whose acid fraction is lew by comparison with the prior
art, without an accompanying adverse effecE on the
solukbility or dispersibility under agqueous-alkaline

conditions.

A particular feature of the present disclosure is the
provizion of a combination of structural units which
fulfils precisely these reguirements on the bindesr. To this
end, only combinations of the follewing structural units

are sultable:
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Methacrylates which are polvmerized are selected from the

group of alkyl methacrylates of straight-chain, branched or

cycloaliphatic alcohols having 1 te 8 carbon atoms.
Mixtures of these can also be emploved. Preferred examples
are methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n—butyl methacrylate, iscbubtvyvl methacrylate,

tert-butyl methacryiate, pentyl methacrylate, Z-sthylhexyl

" methacrylate or cyclohexyl methacrylate. Particularly

preferred is methyl methacrvlate (MMA} .

Acrylates which are polymerized are selected from the group
of alkyl acrylates of-straight—chain, branched or
cycloaliphatic aleohols having 1 to € carbon atoms.
Mixtures of thesse can also be employed. Preferred examples
are methyl acrylate, ethyl acrylate, propyl acrylate,
n-butyl acrylate, isobutyl acrylate, Tert-butyvl acrylate,
pentyl aérylate, 2-ethylhexyl acrvlate or cyclohexyl

acrylate. Particularly preferred is ethyl acrylate (EA).

Besides the above-described (methjacrylates, the
compositions for polymerization may also contain further
unsaturated monomers which are ccpolymerizable with the

aforementioned {(meth)acrylates. These include, in

particular, styrene, o-methylstyrene or p-methylstyrene,

preferably styrene.

RAdditionally present in the compositions for polymerization
are {meth)acrylates or mixtures of (meth)acrvlates which
contain a hydroxyl functionality. Preferred examples are
hydroxvethyl acrylate, hydroxyethyl methacrylate,

nydroxypropyl acrylate and hydroxypropyl methacrylate.



Lastly, the mixtures for polymerization include acrvlic
Y I Y

acid and/or methacrylic acid.

A further particular feature of the present disclosure is

the provision of the proportions between the individual
structural units that are suitable for solving the
technical problems. In this context it has been found,
particularly Surpfisingly, that the polymers of the
disclogure can be prepared for producing pigment

preparations which are soluble or dispersible under
agueous—alkaline conditions and whose acid fraction is low

by comparison with the prior art.

In a first aspect, there is provided pellets for use as binder for producing.
pigment preparations, characterized in that the
binder iz scluble in agueous-alkaline solutions,
in that the binder has been prepared eXclusively
from the following monomers:

- 40% to 70 % by weight of one or more
methacrylates characterized in that the
alkyl radical is composed of 1 to 8 carbon
atoms and/or styrene and/or oc-methylstyrene,

- 20% to 40% by weight of cne or more
acrylates characterized in that the alkyl
radical is composzsed of 1 to 8 carbon atoms,

- 1% to 15% by weight of one or more
{meth)acryvlates characterized in that the
alkyl radical contains a hydroxyl function,
and

- 1% to 17% by weight of acrylic acid and/or
methacrylic acid,

and in that the binder has been prepared via a

continuous bulk pclymerization.
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The binder of the disclosure for producing pigment
preparations is notable in particular for the fact that it
is soluble or dispersible in agquecus-alkaline solutions and
has good.dispersing properties for a host of different
kinds of pigments. This property is achidéved more
particularly by the binder being prepared exclusively from
the following monomers: _

~ 40% to 70%, preferably £5% to 653, by weight of
one or more methacrylates which contain an alkyl
radiczal of 1 to 8 carbon atoms, and/or styrene
and/or ®-methvlstvrene.

Preferably this monomer is methyl methacrylate,
styrens or a mixture of methyl methacrylate and
Styrensa.

- 20% to 40%, preferably 25% to 25%, by welght of
one or more acrylates which contain an alkyl
radical of 1 to B carbon atoms. Preferably this
acrylate i1s ethyl acrylate.

-~ 1% to 15%, preferably 4% tc 10%, by weight of one

or more (meth)acrylates which contain a hydroxyl
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function on the alkyl radical. Preferably this
monomer is hydroxypropyl (methlacrylate or
hydroxyethyl (meth)acrylate.

1% to 17%, preferably 7% to 15%, by weight cof
acrylic acid and/or methacrvlic acid. Preferably

this monomer is acrylic acid.

" In a first, relatively soft compositicn, suitable more

particularly for producing wvehicle finishes, the following

composition is preferred:

40% to 60%, preferably 45% to 60%, by weight of
cne or more'methacrylates which contain an alkyl
radical of 1 to 8 carbon atoms. Preferably this
methacrvlate is methyl methacrvlate.

20% to 40%, preferably 25% to 38%, by welight of
one or more acrylates which contsain an alkyl
radical of 1 to B carbon atoms. Preferably this
acrylate 1s ethyl acrylate,

0% to 10%, preferably up to 5%, by weight of
styrene and/or a—methylgtyxene. Preferably this
monomer i1s exclusively styrene,

1% to 15%, preferably 4% teo 10%, by weight of one
or more (methjacrylates which contain a hydroxyl
function on the alkyl radical. Preferakly this
monomer 1s hydroxyprepyl {(methlacrylate or

hydroxyethyl {(meth)acrylate.

2]

1% to 17%, preferably 7% to 15%, by weighit of

acrylic acid and/or methacrylic acid. Preferabliy

this monomer 1s acrylic acid.

In an alternative, relatively hard compesition, suitakle

more particularly for architectural paints, known .as

decorative paints, the following composition is preferred:
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~ 0% to 10% by weight ©f one or more methacryvliates
which contain an a2lkyl radical of 1 to 8 carbon
atoms. Preferably this methacrylate is methyl
methacrylate.

~ 20% to 40% by weight of one or more acrylates
which contain an alkyl radical of 1 to B carbon
atoms. Preferably this zcrylate 1z =thvyl
acrylate.

~ 40% to 60% by welght of styrene.

~ 1% to 15%, preferzably 4% to 10%, by weilght of one
or more (meth)acrylates which contain a hydroxyl
function on the alkyl radical. Preferably this
monomer is hydroxypropyl (meth)acrylate or
hydroxyethyl (meth)acrylate.

- 1% to 17%, preferably 7% to 15%, by weight of
acrylic acid and/or methacrylic acid. Preferably

this monomer is acrylic acid.

Independently of the composition, the binders have a mass-
average molecular weight M, of ai least 57T, preferably at
least 10T and at most of BOT, preferably of 50T. The
molecular wsight 1s measured in a method bassd on

DIN 53672-1, "Gel permeation chromatography, part 1:
tetrahydrofuran (THF)} as eluent™ by means‘of gel permeation

chromatography (GPC) against a PMMA standard.

In a second aspect, thers is provided a process for preparing pellets
as defined above, characterized in that the polymerization is carried
out éontinuously in a kneading apparatus, In that the monomer mixture
is free from sclvents, and in that the polymer is pelletized directly

subseguent to the polymerization.

The binders of the disclosure are prepared by means of a
process which i1s innovative for the preparation of such
systems . A feature of this process is that the monomer
mixtures listed are innovative in respect of a continuous
bulk polymerization in a kneading device. Furthermcre, the

polymerization process is carried outr free from solvents
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and auxilisries. In addition, the polymer is pelletized

directly subsequent to the polymerization.

One advantage of bulk polymerization over suspension
polymerization is the use of any desired amounts of

hydrophilic comonomers such as {(meth)acrylic acids, amino-

functional or hydroxyv-functional (methjacrylates.

The advantage over solution polymerization is the absence

of or only very small fraction of volatile constituents in

" the polymerization procedure and in the primary product.

The advantage of the process of the disclosure over a bulk
polymerization in batch mode is the significantly higher
conversion which can be achieved, and hence the lower
fraction of residual monomers in the end product. Further
factors are a higher production rate and a broader

possibility for variation of the operaticnal parameters.

A particular advantage of the process of the disclosure for
preparing binders for cozting materials or paints is the
form in which the product is obtained at the end of the
production operation, without further processing. Through
the combination of a continuously operated kneading device
for the polymerization, a degassing stage such as, for
axample,-a flash degasser or a degassing Qneading device
for the removal of volatile constituents and for the
thermal aftertreatment of the polvmer, and a pelletizer,
products are obtained whnich firstly are free from solvents
and secondly are composed exclusively of constituents which
originate from the emploved monomers, chain-transfer
reagents and initiators and which have an adjustable pellet
size.

The binder prepared in accordance with the disclosure

further comprises no coarse constituents, i.e. particles
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greater than 5 mm. Larger particles can lead to instances

. of clegging, of nozzles and dies, for example, A particular

disadvantage of such coarse material is, more particularly,
the reduced sclubllity rdte in organic solvents,
plasticizers or water. This is an easy-to-appreciate
consequence of the less favourable surface area/maés

relationship as compared with smaller particles.

The preferred process for solving the problem is the
technology of a continucusly operated kneading device. A
description of a backmixed kneading reactor of this kind
for continuous bulk pélymerization, from the company List,
is found in WO 2006/034875 or 1in WO 2007/112901. The
polymerization is conducted at above the glass transition
temperature of the polymer. Monomers, catalysts, initiators
etc. are passed continuously inte the reactor and backmixed
with produat'that has already undergone reaction. At the
same time, product which has undergone reaction is removed
éontinuously from the mixing kneading device. The
unreactive monomer is separated off by a residue degasser,
and can be supplied to the reactor again. In this residue
degasser, at the same time, the polymer undergoes thermal

aftertreatment.

The product can be thermally aftertreated when
pelymerization has been concluded. At a temperature above
90°C, preferably above 110°C, volatile constituents present
in the product, such as residual monomers or cptionally
used solvent, can be removed. The monomers recoversd in
this way may opticnally be recycled to the polymerization
procedure. A procedure of this kind is easy to implement in

the kneading-device technology, by means of an attached
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rocess step such as flash degassing, a degassing kneadin
G g

. device or a degassing extruder.

Polymerization initiators us=ed, which are generally added
to the monomer phase, are the free-radical initiators that
are typically used, more particularly peroxides and azo

compounds. In certalin circumstances i1t may be advantageous

" to use a mixture of different initiators. The amount for

use is situated generally'in the range between (.1 and

5 per cent by weight, based on the monomer phase. Used
preferably as free-radical initiators are azo compounds
such as azobisisobutyronitrile, azobis {2, 4-dimethyl)~
véleronitrile, 1,1’ -azobis (cyclohexanecarbonitrile) (WARQ®
v40y, 2~fcarbamoylazo)isobutyronitrile (WAKC® V30) or
peroxides such as tert-butyl peroctoate, tert-butyl
perbenzoate, octanoyl peroxide, decanoyl peroxide, lauroyl
pezoxide; benzoyl peroxide, monochlorobenzoyl peroxide,
dichlorobenzoyl peroxide, p-ethylbenzoyl percxide, di(tert-
butyl) peroxide (DTBP), di(tert—amyl) peroxide {(DIAP},
tert~butyl peroxy(Z-sthylhexyl) carbonate (TBPEHC), and
other peroxides which decompose at a high temperature. By
free-radical initiators which decompese at a high
temperature are meant compounds having a half-life of an
hour in a temperature range from 85 to 150°C.

To set the molecular weight of the polymer formed it is
alse possibkble, conventionally, to add up to 8% by weight of
one or more conventional chain regulators to the monomer
phase. Examples that may be mentioned include the
following: mercaptans, such as n-butyl mercaptan, n—octyl
mercaptan, n~dodecyl mercaptan, tert-dodecyl mercaptan or
mercaptosthanel; thicglycolic scid or thioglycolic esters

such as iscoctyl thioglycolate or lauryl thioglycolate:
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aliphatic chlorine compounds; encl sthers or dimeric
o~methylstyrenes.

1f branchsd polymers are tTo be prepared, the monomer phase

I~

may also contaln up to about one per cent by weight o
polyfunctional monomers, examples being sthylens glycol
di {meth)acrylate, butane dicl di(meth)acrylate or

divinylbenzene.

In a third aspect, there is provided the use of pellets prepared as
defined above, characterized in that a pigment preparation is produced

by extrusion from the psllets, pigments and optional additives.

In a fourth aspect, there iz provided the use of the sgolution or

dispersion as defined above as an agqueous coating material.

_The bulk polymer of the disclosure, preferably in the form

of pellets, is compounded preferably with pigments, and
optionally further additives, to give a pilgment
preparation, Compounding is preferably accomplished by
means of extrusion. The product produced accordingly is in
the form of pellets which comprise a high fraction cf
pigments and which can ke incorporated into a coating
composition with binders and'further coating constituents.
For thisvpurpose, the pellets, together with these other
constituents, are dissclved in an elkaline-agueocus medium.
This solution can be used as an agueocus coating material.
The pellefs may contain between 20% and 80% by weicht of
ploments. These pigments, without imposing any restriction,
may be, for example, carbon black, organic pigments or

mineral pigments.

Although these pigment preparations have been developed
primarily for use in agueous coating formulations, the
pellets can also be used 1n solvent-based coating systems,

high-solids systems or 1C00% systems.

The field of application for the coating formulatioms
prepared in this way is bread. They are preferably used in
zoatings on surfaces, for sxample, of metal, plastic,

ceramic oy wood. Examples ars, in particular, ths uss of
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the pigment preparations in architectural paints, marine

~paints or contaliner paints, and mere particularly in

automotive finishes.
The examples given below are glven for better illustratien

of the present disclosure, but have no capacity to confine

digclosure to the fesatures disclosed therein.

Examples

Particle sizes

The particle sizes and the pafticle—size distributions,
reported below in the form of the dsp value, were
determined using a Coulter LS 13 320 in accordance with
IS0 13320-1 in a measurement ranges between (.04 um and
2000 um. The average particle size dsp identifies the
median of the particle diameter, based on the particle
volume; in other words, 50% of the total particle volume is
smaller, and 50% larger, than the average particle size.
Particle sizes larger than 2000 pm were determined
additionally using a Camsizer from Retsch Technology in

accordance with ISC/FDISml3322-2.2:2C0&6(R).

Meazurement of glass transition temperatures

The glass transition temperatures T, are measured by means
of dynamic scanning calcorimetry (DSC) in accordance with

IS0 11357-2.

Measurement of disscolution tTimes

the
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The dissolution times of the unmeodified products from the

- example syntheses and comparative-example syntheses were

measured on a 25% strength by weight agueous sclution. The
stirring assembly used for this purpcose was a magnetilc
stirring rod with a length of 4 om and a magnetic stirrer

(heating stirring plate) from IKA Labortechnik®, model RCT.

In a 250 ml wide-neck glass vessel, 70.6 g of solvent

fwatexr), 2.2 g of ammonia solution {(Z25% in water) and 2.2 g
of DMEA sclution (dimethylethyliamine, 25% in water) were
introduced. The polymer sample (25 ¢) was added with
stirring {level é). The lid is closed immediately. As soon
as solids and suspendéd materials can no longer ke cbserved
on visual inspection, the magnetic stirrer is switched off,

a record is made of the time, and the sample is subjected

to optical evaluation.

Viscosity

The viscosity 1n of the binder sclutions prepared in the
context of the experiments for determining the dissclution
time was measured by means of cone/plate geometry using a
Haake RS1 from the company Thermo Elektron- in accordance
with DIN 53018. The rotating body used is the C35%/2 Ti
cone, with a diameter of 25.002 mm. The measurements were

made as a function of the shear rate D,
Test method for determining the coating properties

The bkinder sclution (&% pure resin) was incoerporated into
the respective coating system using a dissolver at 1500 rpm
for 2 minutes. The time for incorporation of the curing
agent in the case of the Ltwo-component (2K) PU systems was
2 minuvtes at 2000 rpm. The now fully-made—up coating

material was applied to a glass plate using a 100 um (NED)
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four-way bar applicator. Following complete. drying, the
compatibility of the binder was assessed visually. The
measure of compatibility i1s the transparency and the

surface guality (smcoth, cratering, etc.) of the film.
Example Bl, composition 1 {continuous bulk polymerization]

A mixture consisting of 51.5% by weight of methyl
methacrylate, 31% by weight of ethyl acrylate, 8% by weight
of acrylic acid, 6.5% by weight of hydroxyprepyl
methacrylate, 2% by weight‘of cyclohexyl methacrylate, 0.98%
by weight of a 50% strength by weight solution of tert-
butyl peracetate in aliphatics (TRIGONOX F-C50 from AKZO)
and 2.8% by weight of isococctyl thiocglycolate (TGIC) is
supplied continuously to a backmixed kneading reactor from
the company List, as described in WO 2006/034875, for
example, and reacted polymer 1is withdrawn continuously from
the reactor at the same time. The internal temperature
within the reacteor is 110°C, it being possible for the
temperature to fluctuate by up to 10°C. The average
residence time 1is approximately 40 minutes. The product was

collected in a suitable vessel and then ground.
Example B2, composition 2 (continucus bulk polymerization)

A mixture consisting of 52.1% by weight of stvrene, 30% by
weight of ethyl acrylate, 13% by weight of acrylic acid,
4.9% by welght of hydroxyethyl methacrylate, 1.35% by
welight of a 50% strength by weight solution of tert-butyl
peracetate in aliphatics {TRIGONDK F-C50 from AKZO) and
2.3% by weight of isooctyl thioglycolate {TGIC} is supplied
continuously to a backmixed kneading reactor from the

company List, as described in WO 2006/034875, for example,
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and reacted polymer is withdrawn continuously from the

~reactor at the same time. The internal temperature within

the reactor is 130°C. The average residence time is
approximately 20 minutes. The polymer melit is transferred
immediately downstream of the reactor, via a melt pipe at
140°C, into a degassing kneading device from the company
List, in which residual unreacted monomers are removed from
the polymer at a temperature of 120°C. The product was

collected in a sultable vessel and then ground.
Example B3, composition 3 (continucus bulk polymerization)

Lk mixture consisting of 54% by welght ©f methyl
methacrvlate, 31% by weight of ethyl acrylate, %% by weight
cf acrylic acid, €% by weight of hydroxvpropvl
methacrylate, 0.45% by weight of tert-butyl per-Z-
ethylhexanocate (TBPEH), 0.45% by weight of di-tert-amyl
peroxide (DTAP) and Z.6% by weight of isooctyl
thioglvcolate (TGEIO0) is supplied continucusly to a
backmixed kneading reactor from the company List, as
described in WO 2006/034875; for example, and reacted
polymer is withdrawn continuously from the reactor at the
same time. The internal temperature within the reactor is
120°C, it being possible for the temperature to fluctuate
by up to 13°C. The average residence time is approximztely
30 minutes. The polymer melt is ftransferred immediately
downstream.of the reactor, via a melt pipe at 130°C, into a
degassing kneading device from the company List, in which
residual unreacted monomers are removed from the polymer at
a temperature of 130°C. Following degassing, the polymer
meilt is passed dizectly further to a Compact 120 underwater
pellietizer from BEG GmbH, fitted with a 1.5 mm perforated

plate. The pellets are subsequently dried in a Master 300
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dryer, collected in a sultable vessel and sublected to

~determination of the particle size - as described above.

Example B4, composition 4 (continucus bulk polymerization)

A mixture consisting of 49.5% by weight of MMA, 26% by

weight of ethyl acrylate, 18% by weight of acrylic acid,

—

6.5% by weight of hydroxypropyl methacrylate, 0.9% by
walght of a 50% strength by welght sciution of tert-butyl
peracetate in aliphatics (TRIGONOX F-C50 from AKZOY and
3.0% by weight o¢f isooctyl thiogiyvcolate (TGIO) is supplied
continucusly to a backmixed kneading reactor from the
company Lizt, as described in WO 2006/034875%, for example,
and reacted polymer is withdrawn continuocusly from the
reactor at the same time. The internal temperature within
the reactor is 110°C. The average residence time is
approximately 20 minutes. The product was collected in a

suitable vessel and then ground.
Example B5, compeosition 5 (continucus bulk polyvmerization)

A mixture consisting of 48% by weight of MMA, 30.5% by
welght of ethyl acrylate, 13% by weignht of acrylic acid, 2%
by weight of styrene, 6.5% by weight of hy&roxypropyl
methacrylate, 0.9% by weight of a 50% strength by weight
solution of tert-butyl peracetate in aliphatics (TRIGOROX
F~C50 from AKZO) and 2.8% by weight of isococtyl
thioglycolate (TGIC) is supplied continuously to a
packmixed kneading reactor from the company List, as
described in WO 2006/034875, for example, and reacted
poelymer is withdrawn continuously from the reactor at the
same Time. The internal temperature within the reactor is

110°C. The average residence time ls approximately
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20 minutes. The pelymer wmelt is transferred immediately

_ downstream of the reactor, via a melt pipe at 130°C, into a

degassing kneading device from the company List, in which
residual unreacted moncmers are removed from the polymer at
a temperature of 120°C. The product was collected in a

suitakle vessel and then ground.

Reference example R1l, composition 3 (suspension

polymerization)

A 1 tonne reactor of VA stainless steel, squipped with
Inter-MIG stirrer and reflux ceondenser, is charged with

460 kg of DI watern, Lhe stirrer is set to z speed of

70 revolutions per minute, and the reactor is heated to an
external temperature of 40°C. 750 g of polyacrylic acid are
added and dissclved by stirring. In a reservoir coantainer,
265 kg (53% by welght) of methyl methacrylate, 155 kg (31%
by weight) of ethyl acrylate, 50 kg {(10% by weight) of
acrylic acid, 30 kg (6% by welight) of hydroxypropyl
methacrylate, 5 kg of tert-butyl perpivaliate (25% strength
by weight in aliphatics; TRIGONOX 25-C75) and 14 kg of
iscoctyl thioglycolate (TGIO} are mixed and homogenized
with stirring. The monomer stock solution is drawn in under
suction through a reduced internal reactof'pressure of
approximately 800 mbar, over a time of 15 minutes, and the
reservolr ceontainer 1s rinsed out with 20 kg of DI water.
The reactor is evacuated at a pressure of approximately

800 mbar over a time of 20 minutes and then is flooded with
nitrogen. The internal temperature is regulated to 45°C and
raised successively to 65°C over 4 hours. The
polymerization is at an end when there is a halt in heat
given off. The batch i1s cooled. The mother liguor is

separated from the polymer beads using a suction filter
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(1 mm pore size), and drying takes places at 30°C. The

~particle size is determined as described above.



Example Example Example |Example Example Reference
Bl B2 B3 B4 BS R1
Molar mass M,/g/mol 21 100 17 900 21 500 22 100 25 200 19 500
Residual monomer 0.38 0.09 0.04 6.21 0.07 0.43
content ethyl
acrylate/%
Residual monomer 0.23 -~ 0.05 0.08 0.05 < 0.005

content methyl
methacrylate/%

£c



Reference Rl | Example B3 Example Bl
Molar mass M,/g/mol 19 500 21 500 21 100
Particle size dsp/pm 630 2300 n.d.=*
Glass transition temperature |43 41 42
Ty/OC
Dissolution time/min 30 25 25
Appearance of solution cloudy transparent | transparent
Viescosity n (D = 100 s %) / |7620 134 334
mPas
viscosity n (D= 500 s ) / 1560 133 302
mPas
Viscosity n (D = 1000 s ) / | 825 128 289
mEas
Compatibility poor good moderate

* n.d. = not determined

144
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) Pellets for use as binder for producing

pigment preparations, characterized in that the

binder is soluble in agqueous-alkaline seclutions,

in that the binder has been prepared exclusively

from the following monomers:

40% to 70 % by weight of one or more
methacrylates characterized in that the
alkyl radical is composed of 1 to 8 carbon
atoms and/or styrene and/or o-methylstyrene,
20% to 40% by weight of one or more
acrylates characterized in that the alkyl
radical is composed of 1 tc 8 carbon atoms,
1% to 15% by weight of one or more
{meth)acryvlates characterized in that the
alkyl radical contains a hydroxyl function,
and

1% to 17% by weight of acrylic acid and/or

methacrylic acid,

and in that the binder has been prepared via a

continuous bulk polymerization.

.} Pellets according to Claim 1, characterized in

that the binder is soluble in agueous-alkaline

solutions,

in that the binder has been prepared exclusively

from the fellowing monomers:

40% to 60% by weight of one or more
methacrylates characterized in that the

alkyl radical is composed of 1 to 8 carbon

atoms,
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20% to 40% by weight of one or more
acrylates characterized in that the alkyl
radical 1s composed of 1 to 8 carbon atoms,
0% to 10% by weight of styrene and/or
c-methylstyrene,
1% to 15% by weight of one or more
(meth)acrylates characterized in that the
alkyl radical contains a hydroxyl function,
and
1% to 17% by weight of acrylic acid and/or

methacrylic acid,

and in that the binder hag been prepared via a

continuous bulk polymerization.

3.)

Pellets according to Claim 2, characterized

in that the binder has been prepared

exclugively from the following monomers:

45% to 60% by weight of one or more
methacrylates characterized in that the
alkyl radical is composed of 1 to 8 carbon
atoms,

25% to 35% by weight of one or more
acrylates characterized in that the alkyl
radical 1sg composed of 1 to 8 carbon atoms,
0% to 5% by welght of styrene and/or
o-methylstyreane,

4% to 10% by weight of one or more
{meth)acrylates characterized in that the
alkyl radical contains a hydroxyl function,
and

7% to 15% by weight of acrylic acid and/or

methacrylic acid.
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Pellets according to Claim 1, characterized in

that the binder is soluble in agueous-alkaline

solutions,

in that the binder has been prepared exclusively

from the following monomers:

0% to 10% by weight of one or more
methacrylates characterized in that the alkyl
radical is compesed of 1 to 8 carbon atoms,
20% to 40% by welght of one or more acrylates
characterized in that the alkyl radical is

composed of 1 to 8 carbon atoms,

40% to 60% by weight of styrene,

1% to 15% by weight of one or more
(meth)acrylates characterized in that the
alkyl radical contains a hydroxyl function,
and

1% to 17% by weight of acrylic acid and/or

methacrylic acid,

and in that the binder has been prepared via a

continuous bulk polymerization.

5.1

Pellets according to any of Claims 1 to 4,

characterized in that the monomers used are

specifically

for the methacrylate having an alkyl radical
of 1 to 8 carbon atoms, methyl methacrylate,
for the acryiate having an alkyl radical of 1
to 8 carbon atoms, ethyl acrylate,

styrene,

for the (meth)acrylate having the alkyl
radical containing a hydroxyl function,
hydroxypropyl {(meth)acrylate or hydroxyethyl

(meth)acryvlate, and
acrylic acid.
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) Pellets according to any of Claims 1 to 5,
characterized in that the binder has a molecular

weight M, of at least 10T and at most of 50T.

)  Process for preparing pellets according to
Claim 1, characterized in that the pclymerization
is carried out continuously in a kneading
apparatug, in that the monomer mixture is free
from solvents, and in that the polymer is
pellietized directly subsequent to the

polymerization.

.} Use of pellets prepared according to Claim 7,

characterized in that a pigment preparation is
produced by extrusion from the pellets, pigments

and optional additives.

) Use of pellets according to Claim 8,
characterized in that the pigment preparation is
dissolved or dispersed with a binder and further
coating constituents in an alkaline-agueous

medium.

10.) Use of the solution or dispersion according to

Claim 9 as an agueous coating material.



