Mass pol ynerization of (neth)acrylate co-polynmers which are soluble in
aqueous alkaline 5 Field of the Invention The present invention relates to
the synthesis of (meth)acryl ate-based bul k pol ynmers sol ubl e under
aqueous- al kal.ine conditions. Mre particularly the present 10 invention .
relates to the synthesis of polyners by neans of a bul k pol ynerizati on.
Bul k polynmers of this kind have significantly better solubility in
aqueous- al kal i ne nedi a than do correspondi ng pol ynmers prepared by neans of
a heterogeneous aqueous polynerization nethod, such as 15 emul sion or
suspensi on pessEclyakeiréiratBent ef $uwdtididdnvlaite chrpotynerxtwhisdnsrehat
the dissolution rate for paghLighes Of LRusShIRal$ngui cker, that there is
no significant clouding left after dissolution, and that the viscosity of
the resultant solutions, for identical solids content, is 20 | ower.
Furthernore, the conpatibility of the conpounds of the invention for
mater-basgd coating materials is at |east conparable or even inproved.
Prior Art™25riRld oF6&heddnstestibbes acryl at e- based bi nders for aqueous
coating materials, while WO 2005/ 058993 descri bes binders for the

conbi nation of acrylates and pol yurethanes. The vinyl conponent in these
cases i s prepas ed-dyememihsieanidn polyires izatthensyAnhadvantfige of emnul sion
pol ymeri zati on over nethods such as _sol ution pol rization_or as bul k

bol yrer | zat | GFP S A9 “5G0R6A8 0P APErE? R Can “CAKE FI GREHI TEETY T n the

pol ymeri zat i pn.feiumonkf + iBaWEVEAEre RafriaAsSSIIRgthakesepbace not directly
in an aqueous sol ution or dispersjon, but instead in an extruder, for
conpoundi@g, ITenteempled atwdt 6P FRSf BN 40 & aPRAYTFERI AY |§Pans of

di sadvant ageous, fIe¢i}Pne?R -2€COHNt 5L k thSL Mg Bel anibykand have
significantly better éolubility inraqueous—alkaline media
than do corresponding polymers prepared by means of a
heterogeneous agueous polymerization method, such as

15 emulsion or suspension polymerization. Better solubility in
this context means that the dissclution rate for particles
of equalrsize is quicker, that there is no significant
clouding left after dissolution, and that the viscosity of
the resultant solutions, for identical sclids content, is

20 Jlower. Furthermore, the compatibility of the compounds of
the invention for water"baséd cecating materials is at least

comparable or even improved.

Prior Art
25
EP 1 268 690 describes acrylate-~based binders for agqueous
coating materials, while WO 2005/058993 describes binders
for the combination of acrylates and polyurethanes. The
vinyl component in these cases is prepared by emulsion
30

polymerization. An advantage of emulsion polymerization
over methods such as solution polymerization or as bulk
polymerization is that agueous dispersing can take place

directly in the polymerization medium. If, however,



5 boiling point. A further disadvantage of emul sion polynerization for
coatings applications is the |large amount of auxiliaries and process
medi a, which are costly and i nconvenient to renove fromthe binder and

whi ch affect the quality of the coating material. 10 Suspension pol yners,
in contrast, can be prepared with fewer auxiliaries and process nedi a.
Conversely, polyners with high acid nunbgzrs, and hence good dispersibility
in water, are difficult to realize. A large nunber of acid groups disrupts
droplet formation at the interface of the 15 nononers with the agueous

phase, or a PEPHRSHY¥HOrIEEN Pof CEhRC hciHECOntaitdl AG RBHBHEF s® A Sl v

di ssol ved i nythei §oueous , phase iand-hence & e:ne-dsengerroavabhahleitoy t he
pol yneri zati on. One exanple of a comercially avail abl e suspension pol yner
of this kindf?s erEEG yMRETHLAJEPI2D BV HT dbIFe fnder-2Eh¥ nane Neocryl B

817 from DSM, Bs Miv A 3] R Mehiudhess boundar v, dhagenebhegt sar W chhpccur

bot h mﬁthsenuIS|on pol'ymeri zation and with suspension pol ynerization, have
the further efikibng agfoimtnod drictbem di sadvanitdasn odf epslehenaci d groups

across the p ChAINS: Aecandingly. - e chaidhs qantakniapolar and
pol ar segnenﬁéyyﬁ%ﬁé cjgﬁhf?onggruct oﬁ?hﬂghevefi in an aqued%s sol ution
results in tagoaddidi enadildiegadgaatdgesccdss stcdiaquebdshsalkat ¢onsl and

coating materials conpri.sing,such aguepus di.sper.sions _tend 30?to rds
cl oudi ng as %nge%%ﬁ?gg%nﬁa gsgosgﬁg?g idﬁ??qggggﬁ'Fggqﬁggughé% Lﬁ%ﬁ%é}'and
di spersi ons oke sagiedl isegrEntted pokyies smexdwilt. significantly hi gher
solution viscosities than simlar ner s, of re%ylar strugtur%% 3 As

'h wat er,

|
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acryl ate bi ndersr fArxnModerir saguaopysc €08 i igHisy. St ecatelyequbl gkt have
~further properties, which to date have not been adequately net by the
state of the"aFlk hidedqdy PERESHPndRPS MRFS gr%?]edﬁisé’ﬁrébgrbéﬁ%ijﬁ?ty with

a large nunbgre of difd grienti £0at LhYrsy st LB . BamR! esnbae! Ydeaciq
pol yur et hanes, other poly(nmeth)acrylates, polyesters or epoxy systems. At

the sanme ti neropwedietsuntive dscRder stotmht et s tihehavécgboas 197 prighrent

di sper si ﬂ? pﬁ&ﬁ&ﬁéﬁesﬂit@'t%ew/ghh-eghﬁpﬁagﬁ, RLLONEALS W Llop8slldn 4 a
subseque coating material, in high depth of colour and uniformty and
hence in a dblséred doatriteg ngoal npyponeEys tdves momes 1vi Wicenbivadt ionthé t h ot her

Film form ng, B 006 Ssnddle R REMBLNLACT YL & 3% QUYL 10 9 TBKE, the
polymerization. One example of a commercially available
suspension polymer of this kind is the acrylate binder

20 available under the name Neocryl B 817 from DSM B.V.
(Geleen, NL). '
These boundary phase effects, which occur both with
emulsion polymerization and with suspension polymerization,
have the further effect of a non-uniform distribution cf
25 the acid groups across the polymer chains. Accordingly, the
chains contain apolar and polar segments. This chain
construction, however, in an aqueous solution results in
twe additional disadwvantages: first, aqueous solutions and
coéting materials comprising such aqueous dispersions tend
30 towards clouding as a result of phase separations; second,
agueous solutions and dispersions of such segmented
polymers exhibit significantly higher solution viscosities

than similar polymers of regular structure,.



15 a positive contribution to these properties. Prior-art

pol y(net h)acryl ates, however, do not have the conbination of these desired
properties. Conti nuous bul k polynerization for the preparation of

aci d-20 functional poly(neth)acrylates has in principle been described
before. EP 0 143 935 descri bes copolynmers of ethyl acrylate and

met hacrylic acid which contain at |least 17% by wei ght of 25 nmethacrylic
acid and are used for producing protective filnms which can be broken down
by treatnment_with al kaline solutions. Th ol yners_are prepared using a
twi n-screw ex¥ ritRier 2FEP LG5 iﬁ%@rébﬁl?% t$ FOﬁSRé&éF§ ?Eese pol yners,
conposed of gy, &idfgnart, Uni (iSredl eafpfl1 0 sliirkrble fofheopetyners are

i nconpati ble with other systens and, because of the high acid nunber, tend
towar ds cl oURERRPUS £ARD Y 6584%18s8%e corlt Mfsud CpoPYRerP2atTon to prepare

epoxy-functigpéﬁelp@ile\/s(,%h);ﬁcwl ahes hove PR c0aHERCaBRPY I £t iBNS. They
are unSU|5ab e for aqueous systens, however. Also illustrated is the

synt hesi s” of tverstattortt- thechain peeyhtyy| dteddeRird HPRGI B HY VY ght  of

acrylic acid é‘&é RalYTeL Sy HOVBYEL . n @hie SU+ aRlrgRehthes. £ ong di spersing
pi gment s norc?g G%ﬁ%%ﬁ'diﬁg mﬁt%goghe? pol yners. 18 WO 02/%845 di scl oses
a process i nswhiahs { Bxam@detsi onciodespo hemerdldngsy ulbbghpeact ors, are used

continuously for, t synt hesi s of | d- taini acryl s, the
nmonomner conb%%f¥ﬁ%%93§y§3'ﬁ%efhepgggégagggé%{g#Q%3ﬁ§§é?§%gfi%% %ﬁ%narily
in terms of #hee fimnet, onalevgroupbef bbmidss tdvegt rdtsoc brpbsiei amod

Accordingly, mxtures, of di.fferent | ymer . conposi.tions_are . al ways
obt ai ned10f oP*Ytle ﬁﬂ%ﬁ?ﬁnﬁaggopﬁggﬁ%?h %ﬁ%%ﬂwgil F3GRS AR %}%ﬁénts

I'cgroups an cured by

an el ectron heam rJhe Nr Qeess sugenguaht yespeakj ng,tecanlbeinpetgited only

wi th addition of solvents or for ver IOM/ng%ggular.meigats.ZO Mv of much
0

| ess than 109ePNbr&overLoWh& Hol 5 b epttE I FF dGuBofi&S il SPer si ng have
an acrylic aghgand/ Qi mahei euaehdrhbas) i o @fualnalteast w30fH bynaei ght .
Such systens display the disadvantages already highlighted, and are not

sui t abl e for fpimmEsinidics persiess i Ahaghebls sy basiy 1335 s\WeredF 02938 khpl oys

the Sane1BeCQnﬁ&§4tf¥é“§%%%rﬁ%u%@€9ieg,these properties. Prior—-art

poly (meth)acrylates, however, do not have the combination

of these desired properties.

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

described before.

EP 0 143 935 describes copolymers of ethyl acrylate and
methacrylic acid which contain at least 1?% by weight of

25 methacrylic acid and are used for producing protective
films which can be broken down by treatment with alkaline
solutions. The polymers are prepared using a twin-screw
extruder. For coatings applications, however, these
polymers, composed of two different units, are not

30 suitable. The polymers are incompatible with other systems
and, because of the high acid number, tend towards

clouding.



in a tw-stage operation, a free-radical polymerization with a

pol ycondensati on. The products obtainable via this costly and inconveni ent
process represent a mxture of very 30 different polyner species, whose
conpl ete aqueous dispersibility or solubility is poor. Moreover,

het er ogeneous pol ymer architectures of this kind are 5 probably not
sufficiently suitable for the conplete dispersing of pigments. In WO

00/ 02934, in turn, continuous bulk polynerization, 5 with addition of 10%
to 15% by wei ght of a solvent, is used tq prepare, aci d-cont ai ni ng

pol yacryl at é¥ i3+ O5B4duesag iﬁ%ﬁ&ﬂﬂmﬁﬁéﬁﬁﬂgﬁFbﬁgtfﬁ? YU Sy st ens,

particul arly for ptintipg.inks:y Adeatuneiatethese polyacrodaaties i s that
t hey contalnII Yeast 8. 53685§ﬁ%?%ht ofrgéryflc estgrs of 10 éffghols

havi ng at IeasﬂjxmtganbonTh@Bn%reIqﬂﬁﬂﬁiﬁblﬁofBFoﬂﬁE%o%ﬁsﬁ%ﬁ%ﬁmﬁ lity in

aqueous systens W S gé§tgpQ;Qf pehak; ¥nhf Syednes mer s
must, cor espondrng ylgéoﬁ¥g?%§g% | east i y meléﬁt of %ﬁ?yﬁ?@k§C|d

Thi s conpYsidraim dmmmaveylatsss@mmﬁﬁﬂﬂ§n@nﬁﬁofbw geighsnaf |2 RS of

pi gnents of the Ki ed P #KS, not in
coati ng natéFFé?sT%ﬁfggggnyﬁar prSﬁ%ﬂﬂp gﬁﬁeggeéhggéP%%ipresé%#;invention
was that of prspdrdiing phphexed hinders drapedndangcwytiatetland/ or

nmet hacryl ate (herelnafter for short, (meth)acrylate) for aqueous coating

fornul ati one°28 N5e particul arly a probl em addressed was that of
provi di ng

10 WO 02/18456 discloses a process in which two reaction
zones, generally tube reactors, are used continuously for
the synthesis of acid-containing polymethacrylates, the
monomer composition added in the second reactor zone
differing primarily in terms of the functional groups from

15 the first composition. Accordingly, mixtures of different
polymer compositions are always opbtained, 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

20 M, of much less than 10T. Moreover, the polymers prepared
for aqueous dispersing have an acrylic acid and/or maleic
acid fraction of at least 30% by weilght. Such systems
display the disadvantages already highlighted, and are not

suitable for pigment dispersion in agueous systems.

25
WO 00/02933 empleys the same technical process to combine,
in a two-stage operation, a free-radical polymerization
with a polycondensation. The products obtainable via this
costly and inconvenient process represent a mixture of very
30

different polymer species, whose complete aqueous
dispersibility or sclubility is poor. Moreover,

heterogeneous polymer architectures of this kind are



a (nmeth)acryl ate binder for aqueous coating systens that allows production
of pignment preparations which can be incorporated easily and with
effective pignment distribution into established coating systens. 30 6
coating materials which have very good gl oss, hiding, .processing and

col our properties. A problem addressed at the sane tinme by the present 5

i nvention was to prepare said binder by Jreans of a continuous preparation
process. What is nmeant by this continuous preparation process isS a process
whi ch can be carrled out contlnuou |y ou rru pn consi sting

i ndi vi dual | YP'otPa e prdcasst %Féﬁgti %ﬂQL ﬁ%Fé ﬁg, ?@ Dot ymeri zat i on,
degaSS|ng %m%ggygﬁ&jzﬁnglgﬁghuglon The probl ens have been sol ved t hrough
provi sion of an 15 innovative bul k polymer. This polyner is prepared by
the nodified use of a continuous bul k polynerization process which can be

used to pol ypergg & dnekizonal, é%ﬁh)@&ﬁﬂizﬁicﬁﬁs sRhvepbh gsskyzantbwi th hi gh
conversio The advant age of a bul k golynerlzatlon process over suspen5|on

pol ymer i zat i whtlpGddi tilga RifghOBUEPt Y5 bIPY HEE IEd@ét &, SRATRRE cale Bised
prepar ed “‘t%%“ﬁréBEPé'&%EdQEoﬁﬂéhhiﬁg'5@1§%&¥}f§%e@”¥5§'££8£§¢lng

pigment preparations for agqueous systems, particularly for
' printing inks. A feature of these polyacrylates is that

they contain at least 8.5% by weight of acrylic esters of

10 alcohecls having at least 11 carbon atoms. In corder to
produce dispersibility in aqueous systems with this large
fraction of apolar units, the polymers must,
correspondingly, contain at least 18% by weight of acrylic
acid. This composition, however, is suitable only for a

15 small number of pigments of the kind employed, for example,

in printing inks, but not in cocating materials.
Problem

20 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

agqueous coating formulations.

25 More particularly a problem addressed was that of providing
a [meth)acrylate binder for aqueocus coating systems that
allows production of pigment preparations which can be
incorporated easily and with effective pigment distribution
into established coating systems.

30
A further problem addressed was the possibility of

processing these pigment preparations further into aqueous



stabilizers, defoamers or other suspension auxiliaries. In order to be
able to produce a pignent preparation in 25 accordance with the current
and future requirenments of the coatings industry in respect of VOC content
(fraction of volatile organic constituents) using the binder of the

i nvention, the binder nust have an extrenely |low fraction of volatile
conponents. This has been achieved, in 30 accordance with the invention,
by providing the binder in solvent-free and water-free form by nmeans of a

conti nuous bul k pol rization,. conbi i i t Bl after
treatnent,|ﬁﬁ%ﬁﬂ%ﬁ¥g§efé3§ﬁr% %qyﬁﬁgmhﬁggétggfﬁb 2%?%hnﬁgﬁgl'also t hat

t he resi dualprnem@hocanteatbl bsr veropdovieand the thermal stability of the
bi nders is inproved. It has been found, surprisingly, that the process of
the 5 invention can also be used to prepare (neth)acryl ate-based bi nders

whi ch cont aif hoi achddgeasps and-Hy drameyltigeobps thEopres@duci ng such
critical Biinders, the skilled person woul d pref%r to _use polynerization

met hods wher&¥aied@n WaSspacPEePdfe mfishet e ~&i PREF° hTgHt y di | ut ed

(sol ution 1OCMWLJSZ§EEPQ)CB.QIO§%ﬁE%1 Qhatche sbashst oby differ ent
pol arities (suspension po i

. ymeri zation). Furthernore, surgrisin é¥’
conposi t i onscdrevigseen PrERAEE WhPR HPFRIEE ThilP dr @786FdBI B ‘Ff}o‘?%fg Sible
under aqueouss, 15 ARl LOR:eANGLLL PNS, Al & LSOt ¥n pubdabl & oy
produci ng pi gment preparations. In addition, coating .

individually of the process steps of menomer metering,

10 polymerization, degassing, and pelletizing.
Solution

The problems have been solved through provision of an

15 innovative bulk polymer. This polymer is prepared by the
modified use bf a continuous bulk polymerization process
which can be used to polymerize functional (meth)acrylates
solventlessly and with high conversicn. The advantage of a
bulk polymerization process over suspension polymerization

20 is the high purity of the products, which can be prepared
without addition of auxiliaﬁies such as emulsifiers,

stabilizers, defoamers or other suspension auxiliaries.

In order to be able to produce a pigment ?reparation in

25 sccordance with the current and future reqguirements of the
coatings industry in respect of VOC content (fraction of
volatile organic constituents) using the binder of the
invention, the binder must have an extremely low fraction
of volatile components. This has been achieved, in

30 sccordance with the invention, 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 invention is



material s conprising these pignent preparations exhibit very good gl oss,

hi di ng, processing and col our properties. Mreover, the pignent
preparations can be produced and 20 processed, using the binders of the
invention, nore easily than in the prior art. Mre particularly, this .
techni cal probl em has been sol ved by successful provision of binders whose
acid fraction is |ow by conparison with the prior art, w thout an
acconpanyi ng adverse effect on the 25 solubility or dispersibility under

aqueous-al kaline conditions. A particular feature of the gresent |nvent|on
is the provist®h 6feta t@@nﬁieﬁét""}l% BPIPR AU Ut EeTKI R 359 A |

preci sely these-fequidgrents er the bingers ikoithi-svend, only conb|nat|ons
of the following structural "units are suitable: 8 Methacrylates which are

pol ymeri zed are selected fromthe group of al kyl nethacryl ates of

strai ght-chatp,, r %@Céﬁe%%dcyglﬁaﬁgﬁ%w af_lh%Qh%é Baylags 14 0 carbon

at ons. M tures of these can also be enployed. Preferred exanples 5 are
met hyl net hatmysratieon e:talmylalﬁet hacrytdt e memﬁyqe neehbheagtat et rhdnndy|

nEthacrylath <§ObUt lc%p%%%%r%laﬁg htggidtﬁg&qpsngkgaﬁgﬁkﬁ£ 1 J%ﬁg.
met hacryl at e, s é?%y exyl f acryFate or tyclohexyl a fﬁgt .
Particul arl yFqr qf:e:rdimimgs smehhylrln”etdamctbmcmr@ ( Mxe) ski@l@@rmmm whi ch
are POLYTS L2808l SSLCRLed LT O L g1 0B L ALK SELA RS e
atons. M xt ugesc s tdfes[@n@al@ralqaeebelew o)aeﬂﬁyPﬁefLatéed ﬁcxhﬁlﬁ:hlcﬁs 15 are
U Rl Sl ety st e, Bropil sclais byl sperylate
7 ?Egglate or syrd.oheded @%@ﬁgaggongbiyﬁ@&fﬂduuﬁmeferred is ethyl acrylate
Furthermore, surprisingly, compositions have keen found
which not only are soluble or dispersible under aqueous-
15 alkaline conditions but are also very suitable for
producing pigment 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
20 processed, using the binders of the invention, more easily
than in the priorrart. Morerparticularly, this technical
problem has been solved by successful provision of binders
whose acid fraction is low by comparison with the prior
art, without an accompanying adverse effec£ on the
25 solubility or dispersibility under aqueous-alkaline

conditions.

A particular-feature of the present invention is the

provision of a combination of structural units which
30 fulfils precisely these requirements on the binder. To this
end, only combinations of the following structural units

are suitable:



20 Besi des the above-described (neth)acrylates, the conpositions for

pol yneri zation may al so contain further unsaturated nononers which are
copol ynmeri zable with the aforenentioned (neth)acrylates. These include, in
particul ar, styrene, a-nethylstyrene or p-nethylstyrene, 25 preferably
styrene. Additionally present in the conpositions for polynerization are
(nmeth)acryl ates or mxtures of (neth)acrdlates which contain a hydroxyl
functionality. Preferred exanples are 30 hydroxyethyl acryl ate,

hydr oxyet hyl_net hacryl ate, _hydroxypropyl acrylate and hydro [ I

et haoryl at 10t CSUAES IHatH S8 TRe A AT Refi JR0roretnel e her yi i ¢
aci d and/ or geilaeylEiGkyachdthdcturdthes parddreuloar -taat oy ebodndthel prresent
invention is 5 the provision of the ortion% be en _the individual

[ t
structural uRHaliahasle ehrrapte ?%%P*%I%ﬁﬁb tﬁ@r$§8hﬂF%%f'problens. I n

this contextyittlas beernbaundan PArsd ol adrky) SRS ipSelgkYed t dbadmd hes
pol ymers gf the invention can be prepared for producing pignment 10

prepar at i ons2 whitesttharle reshabEBlake di Spersii i arFddr taquBbRY al kal i ne

condi tions WNAsA -4¢ dnlEAC | Offe 4152 4 OV e ,CAERAISONmMk & A £ 1es i O
art. The bin %? of tﬁ% fn&enti%n for %r%%hcf% pigne%i ?5 pr%p%rations IS
notabl e i n peetti-duitarl fetheheviace. thentyt nshosyBécor 2despelsbile in

aqueous al k3l fie, SQhutions. adh bas. goork ci apsrising Rugpertigefor a host

of different kin P property is achieved nore
parti cul ar | yphytdihediisdertbgi nge prapay bo exd@Misi-vel y from 20 t he
foILomﬁn?OnDnoners:

Acrylates which are polymerized are selected from the group
of alkyl acrylates ofrstraightwchain, branched or
cycloaliphatic alcohols having 1 to 8 carbon atoms.
Mixtures of these can also be employed. Preferred examples
15 are methyl acrylate, ethyl acrylate, propyl acrylate,
n-butyl acrylate, isobutyl acrylate, tert-butyl acrylate,
pentyl acrylate, 2-ethylhexyl acrylate or cyclohexyl
acrylate. Particularly preferred is ethyl acrylate (EA).

20 Besides the above-described (meth)acrylates, the
compositions for polymerization may also contain further
unsaturated monomers which are copolymerizable with the

aforementioned (meth)acrylates. These include, in

particular, styrene, a-methylstyrene or p-methylstyrene,

25 preferably styrene.
Additicnally present in the compositions for polymerization
are (meth)acrylates or mixtures of (meth)acrylates which
contain a hydroxyl functionality. Preferred examples are

30

hydroxyethyl acrylate, hydroxyethyl methacrylate,
hydroxypropyl acrylate and hydroxypropyl methacrylate.



40% to 70% preferably 45%to 65% by weight of one or nore nethacryl ates
whi ch contain an al kyl radical of 1 to 8 carbon atons, and/or styrene

and/ or a-methyl styrene. 25Preferably this nonomer is nmethyl nethacryl ate,
styrene or a mxture of nmethyl methacrylate and styrene. 20%to 40%
preferably 25%to 35% by weight of one or nore acrylates which contain an
al kyl 30radical of 1 to 8 carbon atons. Preferably this acrylate is ethyl
acrylate. 1%to 15% preferably 4%to 10% by weight of one or nore

(7t 1) ) 2428, U U og e DY s A0 T bR, s e Y
hydr oxyet hyl s fetdHBery hdtBacrylic 1910, 17% preferably 7%to 15% by
wei ght of b5acrylic acid and/or nethacrylic acid. Preferably
A further particular feature of the present invention 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
invention can be prepared for producing pigment
10 preparations which are scluble or dispersible under
aquecus—alkaline conditions and whose acid fraction is low

by comparison with the prior art.

The binder of the invention for producing pigment .

15 preparations is notable in particular for the fact that it
is soluble or dispersible in agueous-alkaline solutions and
has good‘dispersing properties for a host of different
kinds of pigments. This property is achieved more
particularly by the binder being prepared exclusively from

20 <the following monomers:

- 40% to 70%, prefefably 45% to 65%, by weight of
one or more methacrylates which contain an alkyl

radical of 1 to 8 carbon atoms, and/or styrene

and/or a-methylstyrene.

25 Preferably this monomer is methyl methacrylate,
styrene or a mixture of methyl methacrylate and
styrene.

- 20% to 40%, preferably 25% to 35%, by weight of

30 one or more acrylates which contain an alkyl

radical of 1 to B carbon atoms. Preferably this
acrylate 1s ethyl acrylate.
- 1% to 13%, preferably 4% to 10%, by weight of one

or more (meth)acrylates which contain a hydroxyl



this nmononmer is acrylic acid. In a first, relatively soft conposition,
suitable nore particularly for producing vehicle finishes, the follow ng
10 conposition is preferred: 40%to 60% preferably 45%to 60% by weight
of one or nore nethacrylates which contain an alkyl radical of 1 to 8
carbon atons. Preferably this nethacrylate is nethyl nethacrylate. 15- 20%
to 40% preferably 25% to 35% by wei ghtlOof one or nore acryl ates which
contain an al kyl radical of 1 to 8 carbon atons. Preferably this acrylate

is ethyl acryl ate. 0%to 10% preferably up tgo 5% by.wejght of
20st yrene and/ or a-neﬁﬁVFgﬂﬁpeHE.eé?eﬁiFﬁ Iﬁﬁ%%ﬁ4§'n%ﬁSﬁﬁFagéyeQ%}%siveIy
styrene. 1%to 15% pisfglabliy 4%itex}flopPy Mweitghtcel,1e8e ef nore

(meth)acryl ates which contain a hydrox%l function on the al kyl radical.
Preferably this 25nmondhE By oXPBropyFr (IfEt) acryl ate or  hydr oxyet hyl

(meth)acrylate. 1%tog14% 1ptef grabby w4 to 1V shy wei ghiqrE @crylic
acid and/ gr nethacrylic acid. Preferably this nononer is acrylic acid. 30
In an al ternative, relatiidlcy akafdas8npdsielitbicryddict aoLe - nBrelpad®tcul arly

for architectural paing}gizS kpown.as degoratjve,paj.nts, the follow ng
conposition is preferred: _

In a first, relatively soft composition, suitable more
particularly for producing vehicle finishes, the following

10 composition is preferred:

- 40% to 60%, preferably 45% to 60%, by weight of
one or more methacrylates which contain an alkyl
radical of 1 toc B carbon atoms. Preferably this
methacrylate is methyl methacrylate.

15 - 20% to 40%, preferably 25% to 35%, by weight of
one or more acrylates which contain an alkyl
radical of I to 8 carbon atoms. Preferably this
acrylate is ethyl acrylate.

- 0% to 10%, preferably up to 5%, by weight of

20 styrene and/cr a-methylstyrene. Preferably this
monomer is exclusively styrene.

- 1% to 15%, preferably 4% to 10%, by weight of one
or more (meth)acrylates which contain a hydroxyl

function on the alkyl radical. Freferably this

25 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
30 this monomer is acrylic acid.

In an alternative, relatively hard composition, suitable
more particularly for architectural paints, known as

decorative paints, the following composition is preferred:



11 0%to 10% by weight of one or nore nethacrylates which contain an

al kyl radical of 1 to 8 carbon atons. Preferably this nmethacrylate is

met hyl nethacrylate. 5- 20%to 40% by wei ght of one or nore acryl ates

whi ch contain an alkyl radical of 1 to 8 carbon atons. Preferably this
acrylate is ethyl acrylate. 40%to 60% by wei ght of styrene. 10- 1%to
15% preferably 4%to 10% by wei ght of 1dne or nore (neth)acryl ates which
contain a hydroxyl function on the alkyl radical. Preferably this nonomer

i's hydroxypropyl (neth)acrylate or hydroxyethyl -~ 1%to
17% preferably 7%t OWIS&? hﬁ?f"v@?’g‘ﬂ?y%?t a%/treyqnlyec O%S%%?\@%%ﬂrl%n@{]h%%rsyl ic
acid. Preferably thisumeaamesntsiacsylarkacihdikadepéntlent |y ofridre

conposition, the binders have a_nmass- 2Q average nolecul ar wei.ght Mv of at
| east 5T, preferably é‘ttOFléasPrﬁé?r%]?ljdya%%ﬂe% c§é’+?%ﬁré?er?%tbrg§/ of 50T.

The nol ecul ar wei ght i cpBasyledein a nmethod based on DI N 55672-1, "Gel
permeat i og -chromat ography, part 1. tetrahydrofuran (THF) as eluent" by

means of gel permeali d9%25°cAPENRY ofif 5Phy UGPOS &JalMisE aSPIMVES %t andar d.

The binders of the inygnthoR,AL81iRT 8P Ky PY-MBRAS off a poogesscudi ch is
i nnovative for the preparation of such systens. A feature of this process
is that the nonomer 3Gtwmet-uPssiprabby &tes iamtoiaticvesi Rthespect of a
continuous bul k pol ynerizatign in a kneadi ng device. Furthernore, the

pol yneri zation process is carried out free from solvents
- 40% to 60% by weight of styrene.

10 -~ 1% to 15%, preferably 4% to 10%, by weight 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.

15 - 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-
20 average molecular weight M, of at least 5T, preferably at

least 10T and at most of SOT, preferably of 50T. The

molecular weight is measured in a method based on

DIN 55672-1, "Gel permeation chromatography, part 1:

tetrahydrofuran (THF) as eluent" by means of gel permeation

25 chromatography (GPC) against a PMMA standard.

The binders of the invention are prepared by means of a
process which is innovative for the preparation of such
systems. A feature of this process is that the moncmer

30 mixtures listed are innovative in respect of a continuous
bulk polymerization in a kneading device. Furthermore, the

polymerization process is carried out free from solvents



12 and auxiliaries. In addition, the polymer is pelletized directly
subsequent to the polynerization. One advantage of bul k polynerization
over suspension 5 polynerization is the use of any desired anounts of
hydr ophi | i ¢ comononers such as (neth)acrylic acids, am no-functional or
hydr oxy-functional (nmeth)acrylates. The advantage over solution

pol yneri zation is the absence of or only2very small fraction of volatile
constituents in 10 the polynerization procedure and in the primary
product. The advantage of the process of the invention ov a. bul k
polynerizati%ﬂﬁiQP%i%%ﬁﬁlﬁﬁdeIPsa§$E$%ﬁ?ﬂﬂ?ﬁ?: IWTeﬁidﬁeFeg%%E%ﬁ%%on whi ch
can be achi eyed,-+and sheseguthe oweke fgaciiaan Qfibesi dual nononers in the
end product. Further 15 factors are a higher production rate and a broader

possibility for variation of the operational paraneters. A particular

advant age ofsthe nr.ogess oF bheki pVEMd O fQrPIeRar shgpbhaders for
coati ng tertrals or paints is the 20 formin which the Eroduct i's

obt ai ned at »hlevreard zaftivhe ipr baacesorobpEratdesd rof PREUL-FuPt her _
processi ng. %&?f’ 14he SorRbRaLE 00, Of 25 CORldH)UREShY OREE &t edakieadi ng

device for t polyneri zation, a degassing stage such as, for exanple, a
fl ash degass&unarimadegasbivigoknefdnagl oevi cened® M agir vitRéefenoval of

volatile constituents and for th h tertr tpl Lbe.pol ymer,
and a pell et z%r%éﬁ? %§g§tgngeS8%?%%ﬁ%g&%hﬁ%ifaﬁﬁfgﬁﬁgggr5 %ree Trom
sol vent s andosecondlly akeycempdseflrexclusivielw leftidensbntuentsniwhi oh

originate fromthe enpl.oyed nononers, chain-transfer .30 rea ts_ and
initiatofi@ aw&aWﬁﬁéﬁﬂﬁ&?é%éﬁnaafag?§%¥% P Ié}q%%iégl$ﬁ5ybP%§£%§%Tepared

i n accor dancenav ddvdrhiegenventhenptuséhiero £ orpys iiseemadoaoarvse gaonstlktuents,
"i.e. particles. 13 greater than 5 nm  Lar gaﬁganticles cggylea to

i nstances of PeHB¥i g~ 161 k82 2P Bt ARG S TR CE P AY pR Rl ar
di sadvant age-gfvSAChh £ QRN Se FBLEkEakch Sevd®) xR ankylokée reduced
solubility rate in organic solvents,
fraction of residual monomers in the end product. Further
15 factors are a higher production rate and a broader

possibility for variation of the operational parameters.

A particular advantage of the process of the invention for
preparing binders for coating materials or paints is the

20 form in which the product is obtained at the end of the
production operation, withoﬁt further processing. Through
the combination of a continuously operated kneading device
fbr the polymerization, a degassing stage such as, fo:
example, a flash degasser or a degassing Eneading device

25 for the removal of volatile constituents and for the
thermal aftertreatment of the polymer, and a pelletizer,
products are obtained which firstly are free from sclvents
and secondly are éompoSed exclusively of constituents which
originate from the employed monomers, chain-transfer

30 reagents and initiators and which have an adjustable pellet
size.
The binder prepared in accordance with the invention

further comprises no coarse constituents, i.e. particles



5 plasticizers or water. This is an easy-to-appreci ate consequence of the
| ess favourabl e surface area/nmass rel ationship as conpared with smaller
particles. The preferred process for solving the problemis the 10

technol ogy of a continuously operated kneadi ng device. A description of a
backm xed kneadi ng reactor of this kind for continuous bul k '

pol yneri zation, fromthe conpany List, &8 found in WO 2006/ 034875 or in WO
2007/ 112901. The polynerization is conducted at above the glass transition
15 tenperature of t pol.ynmer. Mononers,, catal ysts, Lpili efc. are
passed conti%ﬂ%ﬂ?F&qﬁﬁ?bStW@‘r%ﬁgg%¥ B é%ﬁfn%?gdiﬁn?h£%?%9d%?lf%3t has
al ready undesgonerdeact,i of. nAkzl be sadedidgve,fopr edunpluhi &hodwsi amider gone
reaction is renoved conti uoushy fromthe nixing kneadi n q§yi e.lThe 20
unreactive ndhOHEFRTSKefdr SHER 6PFT By W rEsidud Sdefi858 eV > ad Edn e
supplied to the FeaGIQr sagabllity this nesidueidegassentsat the sane tine,
the pol ynmgr undergoes thermal aftertreatnment. 25 The product can be

ther mal |y af BE2% ¥ & ZT Ween "BEFY mef Fxat o hES SHebA—8BREFTHREF At a

tenperat ure above,99G. RirehekablysapoyudhlG velratkl eregnsiid uents
present in the product, such as residual nononers or optionally used

sol vent, canrpkaitiermldd aFhecrppsner$lteciadled PATSOCLAFs way may
optionally be recycled to the pol ynerization procedure. A procedure of
this kind is easy to inplenent in the kneadi ng-devi ce technol ogy, by neans
of an attachede defgrnoecessoseep Sorhsabvinadhedegabsengls atlegassi ng

kneadi ng ,deyvice or a d ssi : r r . L Lniiiataors used,
whi ch arébge%%%%??%xﬁﬁé%g%S%ng%ﬁé&%%ﬁgﬁgﬁgptgggﬁhéggagﬁeggt%%$}g%icaI
Sinitiators thascare: tgmpictalal pausadredokespiing culkatby pérokisdsirahd azo

conpounds. Ip certain circ ances it. . he van eQus 1o use .a

m xt ure of d???e?%ﬂﬁquﬂqﬁ %gg%spo$ﬁgeﬁh%%%¥n?orrﬁ?e%gg SPTLATed gerer al | y
in the range;betyween h Weandokdc54pes senin o weioghtll2basedrion t he nmononer
phase. Used preferably as free-radical initiators are azo, conpounds such

as azobi si soBAtYFORT1F51% 182 GBPERSTAY i et “FaPef8hi tT 7 e b1

111"320?55(€¥ @ﬂﬁ%ﬂﬂ?Q&fQ%@iFbﬁ%ﬁér(VM$KXﬂQr§¢4thalysts, initiators
e

2- (car banoyl azo) i sobutyroni tri WAKQ(r) V30) or

etc. are passed continuously into the reactor and backmixed
with product'that has already undergone reaction. At the
same time, product which has undergone reacticn is removed
continucusly from the mixing kneading device. The

20 unreactive monomer is separated off by a residue degasser,
and can be suppiied to the reactor again. In this residue
degasser, at the same time, the polymer undergces thermal

aftertreatment.

25 The product can be thermally aftertreated when
polymerization has been concluded. At a temperature above
90°C, preferably above 110°C, volatile constituents present
in the product, such as residual monomers or optionally
used solvent, can be remcved. The monomers recovered in

30 this way may optionally be recycled to the polymerization
procedure. A procedure of this kind is easy to implement in

the kneading-device technoclogy, by means of an attached



15 peroxides such as tert-butyl peroctoate, tert-butyl perbenzoate,

oct anoyl peroxi de, decanoyl peroxide, |auroyl peroxide, benzoyl peroxide,
nonochl or obenzoyl peroxi de, dichlorobenzoyl peroxide, p-ethyl benzoyl

peroxi de, di(tertbutyl) peroxide (DTBP), di(tert-anyl) peroxide (DTAP), 20
tert-butyl peroxy(2-ethyl hexyl) carbonate (TBPEHC), and ot her peroxides
whi ch deconpose at a high tenperature. By free-radical initiators which
deconpose at a high tenperature are neant conpounds having a half-1ife of

an hour in a tenperature range from@85 to 150C. 25 T 1 l.ecul ar
wei ght of t BEOFEFYNEFCPorEY 71 #%“%1§§968§§P8!e? 2% %%%IF%EQFgglgﬁo add

up to 8% by uei;ght ~of 1088498 Y e=:oanvent.i onal chain regulators to the
nononmer phase. Exanpl es t%at may be nentioned include the foll ow ng:
mer capt ans, such as n-butyl mercaptan, n-octyl 30 mercaptan, n-dodecyl

mer capt an, tentydodecyh (HBL£ARL AL JERIGapheehhans! gethiogly caldea acid or
thioglyco#ic esters such as isooctyl thioglycolate or,

[ | auryl
t hi ogl ycof attey thesmappphat Peastl crihdcorpsandadienol l%%“rfg“sorogr Gferi c

a- et hyl styrene L O 30cheda palyRerss Aieuharbe peepareds ddie amnomer
phase may al'so cohtarn up to about one per cent by weight of 5

pol yf unct i onalmprwondser 1 egadiescbeduns @rpgcehd GRYCBE FFEAVREFYI at e,

butane diol di(neth)acrylate or, diyi zeney fhe byl Kk, polywei,of the
i nvention, pre gFaﬁlglﬁﬁufﬁeo o?%#%%ﬂ%#pgé ets° Ts compounded pref erably
Wi th pi gmentisse ard saptiboadl bynéual heriraddiet ireage botgeor %-bﬁgwgnt

pr epar ati on. Conpoundi IS, ferably ac i b n extrusi on

The produntEbﬁﬁ%ﬂé@&‘aggowa?ﬁéﬁye?%s?%c¥h§9¥£%ﬁ§§§g5e¥?g$€'aﬁg%% conpri se

a high fractd:reohnly psgreatsrantcathiioh tdanove Eneorporatmebiniso a

- coating conposition with binders and further 03&%”9-89&3%&# ents. For
this purposesUdhéspérretslsPByeYher Wt 1 FESE-6t her constituents, are

di ssol ved i n,analkaliine- agyeous,sedi tmc Hhckasekutbonicahide (&d®as an
aqueous coating materi al . . . ®
v40), 2-{(carbamoylazo)iscbutyronitrile (WAKO® V30) or

45 peroxides such as tert-butyl peroctoate, tert-butyl
perbenzoate, octanoyl peroxide, decanoyl peroxide, lauroyl
peroxide; penzoyl peroxide, monochlorobenzoyl peroxide,
dichlorobenzoyl peroxide, p-ethylbenzoyl peroxide, di(tert-
butyl) peroxide (DTBP), di (tert-amyl) peroxide (DTAP),

20 tert-butyl peroxy(2-ethylhexyl) carbonate (TBPEHC), and
other peroxides which decompose at a high temperature. By
free-radical initiators which decompose at a high
temperature are meant compounds having a half-1life of an
hour in a temperature range from 85 to 150°C.

25 To set the molecular weight of the polymer formed it 1is
also possible, 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

30 mercaptan, n-dodecyl mercaptan, tert-dodecyl mercaptan or
mercaptoethanol; thioglycolic acid or thioglyceolic esters

such as isooctyl thioglycclate or lauryl thioglycolate;



20 The pellets may contain between 20% and 80% by wei ght of pignents.
These pignents, w thout inposing any restriction, may be, for exanple,
carbon bl ack, organic pignents or mneral pignents. 25 Although these

pi gment preparations have been developed primarily for use in aqueous
coating formul ations, the pellets can also be used in sol vent-based
coating systens, hlgh sol i ds systens or1500@6systens 30 The field of
application for the coatlng formul ati ons prepared inthis may i s broad.
They are pref bl in_coatings on sur aces,, fLor e of netal,

ek 9n e

plastic, cer® CTEXEnpP TN T it partlcﬁfar ﬂ%% of 16 the

pi gnent prep@rﬁgﬁgymgﬁy}e@@chrtectural paints, marine paints or container
paints, and nore particularly in autonotive finishes. 5 The exanpl es given
‘bel ow are gi VerPragichsst Pef vIrRrgseFat idrPofo e rflesERe NAVERRT dH235ut have

no capacity fo, confd nefhe .l nyentl B840 dhe pfeeatclérlesbgl §gra§@doﬁ herein. 10

Exanpl es Rarticle sizes The particle sizes and the particle-size
di stri but " onsgluBir@dporeddmivebonssn errnflorsmbsfiinghet850<nal akycwer e

det er m ned Q§|E qu%%IH%tS gB%§a§g0di§bqﬁp&@q%$ gggp o1 5O 13320-1 in a

measur enent pm-an erage particle size
d50 |dentlflemwiﬂmﬂhﬁnhame.of the particle dlaneter based on the particle
20 vol une; .in other words, 50% of the total particle volune is smaller

and 50% | arger, than the average particle size. Particle sizes |arger than
2000 pm wer ergletiafIi ed ymer of the invention, preferably in the form

1g of pellets, is compounded preferably with pigments, and
optionally further additives, to give a pigment
preparation. Compounding is preferably accomplished by
means of extrusion. The product produced accordingly is in
the form of pellets which comprise a high fraction of

15 pigments and which can be incorporated into a coating
composition with binders and further coating constituents.
For this'purpose, the pellets, together with these cther
constituents, are dissolved in an alkaline-agueous medium.
This soiution can be used as an agqueous ccating material.

20 The pellets may contain between 20% and 80% by weight of
pigments. These pigments, w1thout imposing any restriction,
may be, for example, carbon black, organic pigments or

mineral pigments.

25 Although these pigment preparations have been developed
primarily for use in agqueous coating formulations, the
pellets can alsoc be used in solvent-based coating systems,
high-solids systems or 100% systems.

30 The field of application for the coating formulations

prepared in this way is broad. They are preferably used in

coatings on surfaces, for example, of metal, plastic,

ceramic or wood. Examples are, in particular, the use of



additionally using a Cansizer from Retsch Technol ogy in accordance with

| SO FDI Sml3322- 2. 2: 2006(E)-. 25 Measurenent of glass transition

t enper at ures The glass transition tenperatures Tg are neasured by neans
of dynam c scanning calorinmetry (DSC) in accordance with 30 |1SO 11357-2.
Measurenent of dissolution times 17 The dissolution tinmes of the

unnodi fied products fromthe exanple syﬁ?heses and conparati ve-exanpl e
synt heses were neasured on a 25% strength by wei ght agueous sol ution. The

tirring a Y LS. o thCi ReStigddi! dwth
stirring ss%[gér%\g%%%g E%ﬁgpgagygpﬂ%f’@ﬁt%_ RRYReL LG pe ST idAing rod w

a length of etic stirrer (heating stirring plate) fromlKA
Labort echni k@inmpdelr RETtalnea 20N, wirde megek pgrassuvesselin 70.6 g of
solvent (water .2 g.0f .ammpni a solution (25%in water) and 2.2 g of
DVEA sol uti oanu%dﬁozﬁtvﬁylféflﬁﬁ anine, 25%in water) were 10 introduced. The
pol yner sanple (25 g) was added with stirring (level 9). The Iid is closed

i medi ateky._As soon.as solids and suspended naterials cap no laqnger be
observed on VISR PiSGe8t6h, b?ﬂ%w rgeﬁeqlivc?nsg?jﬂ %F%Fgrsijt%%er Qcol%?], a
record i s mege wfe theskhieinasdtibe, sanpliavies neubpeeatety 160 toorofitriecal

eval uation. Viscosity The viscosi t%of t he ,bicﬁder sghuti ons prepared in the

context of tHE exXpeEritient §°r 6PedEERr T MY I HeSG s S8FAELdN

10 Examples
Particle sizes

The barticle sizes and the pafticle—size distributions,

15 reported below in the form of the dsg value, were
determined using a Coulter LS 13 320 in accordance with
IS0 13320-1 in a measurement range between 0.04 pm and
2000 pm. The average particle size dsp identifies the
median of the particle diameter, based on the particle

20 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 ISO/FDISm13322-2.2:2006 (E).

25

Measurement of glass transition temperatures
The glass transition temperatures Ty are measured by means
of dynamic scanning calorimetry (DSC) in accordance with

30 1s0 11357-2.

Measurement of dissclution times



20 tinme was neasured by nmeans of cone/plate geonetry using a Haake RS1
fromthe conpany Therno El ektron in accordance with DIN 53018. The
rotating body used is the C35/2 Ti cone, with a dianeter of 35.002 mm The
measurenents were made as a function of the shear rate D. 25 Test nethod.
for determning the coating properties The binder solution (6% pure resin)
was incorporated into the respective coaf/i ng system using a dissol ver at
1500 rpm 30 for 2 m' nutes The time for incorporation of the curing agent
in the case ﬁ{l 1€ - GO nent ég?ﬁ 1B, as é n%nu%es t. 2000
rpm The now fUl Ssr?adle t?p 08t n %rli1 seélpffl Cedtd a"glass plate
using a 100 éammﬁf&IQynth&s%@uaﬂmagom@wr&ﬁﬂﬂd{ﬁﬁampleFebhembﬂ@sGmﬁpiete

drying, the conpatibilit f t he bi essed Vi su neasur e
of "conpat | bi TTIST S 131k % Fatis ParEREY ant (rid Gy ree HusP FEs et

cratering, etcijrifg thechiln uée&xwplﬁlﬁé, ,p@@m@smblsoa thafBONL & nuous bul k
pol ynmeri zgtion) A mxture consisti nghof 51.5% by wei ght of nethyl
net hacr yl at eST 304 SR8t gHthof eBRGED aek i % 290@pyederght 2Bl Bfe%crylic

acid, 6.5% by,aei &flr&x@go YREOPYEr SR NTEC Rl o A% R, Webadt i,
cycl ohexyl met ha(t:ﬁﬁ/q/ate é wei ght of a 50% strength by wei ght

sol ution of ¥era Imiperigesnats ghass i phatslos "CTR GONOXSFELOSOE f r om AKZO)
and 2.8% by yeight, of 'zsgog%ygmmﬁ?glg/&ﬂl@f& ((E@*/O)lﬁ' Falarpuppli£dh 4

conti nuously to a ba m Xed kneadi ng reactor fromthe conpany List, %s
descri bed i ncfADPMEFOGIO034875, (flomeelabptls;lamda, edétednpobyaer waran t hdr awn

Continuogglyiéﬁ§gguced. The polymer sample {25 g) was added with
stirring (level 9). The lid is closed immediately. As scon
as solids and suspendéd materials can no longer be observed
on visual inspection, the magnetic stirrer is switched off,
a record is made of the time, and the sample is subjected

15 Lo optical evaluation.

Viscosity

The viscosity m of the binder solutions prepared in the

context of the experiments for determining the disscolution
20 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

ccne, with a diameter of 35.002 mm. The measurements were

made as a function of the shear rate D.

25
Test method for determining the coating properties
The binder sclution (6% pure resin) was incorporated into
the respective coating system using a dissolver at 1500 rpm
30

for 2 minutes. The time for incorporation of the curing
agent in the case of the two-component (2K) PU sysiems was
2 minutes at 2000 rpm. The now fully-made-up coating
material was applied to a glass plate using a 100 pm (NFD)



the reactor at the sane tine. The internal tenperature within the reactor
is 110C, it being possible for the 20 tenperature to fluctuate by up to
10C. The average residence tine is approxi mately 40 m nutes. The product
was collected in a suitable vessel and then ground. Exanple B2, _
conposition 2 (continuous bul k polynerization) 25 A m xture consi sting of
52.1% by wei ght of styrene, 30% by wei ght of ethyl acrylate, 13% by wei ght
of acrylic acid, 4.9% by wei ght of hydroxyethyl nethacrylate, 1.35% by

wei ght of a 50%str t h i.ght s ' f rt-hbu . peracetate in
al i phatics (%&ﬂ@i@%f%&%r#ﬂk(ﬁ? (Ijg%%ﬁgmg%(%ﬂ lv%%%ﬁ%ﬁ% slg%%t yl

t hi ogl ycol at eod&d (i 1issudpltihedbtoder uosisdysdsEeal vackmlXed Rmeadi ng
reactor fromthe corrc%ané/ Li Sty ; s, descrjbed in WO 2006/034875, for

exanpl e, 197&RA Teact s P YREFTE GF t WAF A B SRGRGSusls F¥9m t he
reactor at tbersase dqudme cylhemoptar nalkatenpesf atate )Wctthichet helmeactor i s
130C. Thegaverage residence tine is approximtely 20 mnutes. The pol yner
nmelt is transferred 5 i medi ately downstream of the reactor, via a nelt

pi pe at 140Cgxhht 0e andegasgidrd tkoaadi ngogeviead mxt Be1grapanycidst, in
whi ch residual unreacted nononers are renoved fromthe polyner at a
tenperature of 120C. The product was collected in a suitable vessel and

then ground. 5 10; Exanpl &:B3,51GQ@POSI i 083 3o GANJHIURUS nRuhk pol yneri zat i on)
A m xture consisting of 54% by "wei ght of nethyl” methacrylate, 31% by
wei ght of ethgthacrylaitce, 3% by Weight a5 ofhwlcaamive & d2® 69y byevi#ight of

ot hyl nexHROATE TTBRE 0 U0y by e SR ot o er ARy par oxi de (DTAP)

and 2. 6% by metightrpfatiesoddt ylv whiioghyedl ey el (FEVQ) mieshsupplaed, 0.9%

| ContinUOUS|yb§Owgight of a 50% strength by weight solution of tert-
butyl peracetate in aliphatics (TRIGONOX F-C50 from AKZO)
and 2.8% by weight of iscoctyl thicoglycolate (TGIO) is

15 supplied continucusly to a backmixed kneading reactor from
the company List, as described in WO 2006/034875, for
example, and reacted polymer is withdrawn continucusly from
the reactor at the same time. The internal temperature
within the reactor is 110°C, it being possible for the

20 temperature to fluctuate by up to 10°C. The average

residence time is approximately 40 minutes. The product was

collected in a suitable vessel and then ground.

Example BZ, composition 2 {continuous bulk'polymerization)
25
A mixture consisting of 52.1% by weight of styrene, 30% by
weight of ethyl acrylate, 13% by weight of acrylic acid,
4.9% by welght of hydroxyethyl methacrylate, 1.33% by
weight of a 50% strength by weight soluticn of tert-butyl
30 peracetate in aliphatics (TRIGONOX F-C50 from AKZO) and
3.3% by weight of isooctyl thioglycolate (TGIC) is supplied
continuously to a backmixed kneading reactor from the

company List, as described in WG 2006/034875, for example,



20 backm xed kneadi ng reactor fromthe conpany List, as described in WO
2006/ 034875, for exanple, and reacted polyner is wthdrawn conti nuously
fromthe reactor at the sane tinme. The internal tenperature within the
reactor is 120C, it being possible for the tenperature to fluctuate 25 by
up to 15C. The average residence time is approximately 30 m nutes. The
polymer nelt is transferred i medi at el yl8ownstream of the reactor, via a
melt pipe at 130C, into a degassing kneadi ng device fromthe conpany List,
in which residual unreacted nononers _are renoved fromlt hf gole/rrer at 30 a
t enper at ur e Y ERFELHFPLINRG d8 gaSST A" ﬁ@%&WﬁEF #ref 1T s*'passed

directly further: 4,0 a4 CorPachel2Omandeiaatrate pelll etiperattom BiG iGThH,
fitted with a 1.5 nmperforated plate. The pellets are subsequently dried
in a Master 300 reRrt@ryde, 1661 FectBY I L EUIIBFENTEsELT®ahd subj ected to

determ nat i O%}pﬂo§i%t@'yt bel gisLz8s: RS dasiGhihedeabove. + Exaapd erddd,
conposi tlgg 4 “(continuods bul k polynerization) 5 A mxture consisting of
49.5% by Wei ghmedifationy, d2evshyensi ght tht zanfcracvyPate™e 8oL i ght of

acrylic acid 6 5%hy e ght,Qt ; DY AL QXYRIAPHevIBENRG LYl 8LE, cGuPVhpy Wei ght
of a 50% strength by weight "solution of tert-butyl 10 peracetate in

al i phatics (TRHGONOX whi@H0 riesoruAKZOpr emnek 31 0%nigpewsi ght BEmesrdctsim

t hi ogl ycol at TA.0O_is supplied iou [BYAE a ] adi ng
reactor fr onﬁ%é)ocl nﬁé:n)?scLiasf?mgggggé%%i e?zﬁnwm%ggogy%gggS@or

exanpl e, andcéEasited dol yneuitsbhet hds s aehtthrepogskyntirom t he 15 react or
at the sane tine. The internal tenperature within the reactor is 110C. The
average t@sidence tinme is approximately 20 m nutes. The product was

col l ected i nEgarsglid &3, e dvagselitand §hesogriounds BhlEXaopleeBbzatcionposi ti on
5 (continuous bul k pol ynerization) A m xture consisting of 48% by wei ght
of MMA, 30.5% by weight of ethyl acrylate, 13% by weight of acrylic acid,

2% by wei ghtyz af; stWEnen 8 52%8Y oveb ghtL pfudivgitoxypmepyly 125 met hacryl at e,
0.9% by wei ght of a 50% strength by weight solution of tert-butyl
peracet at e imeEtaphatdtes CHR %m\mlgbbS@)ff?%lA@Z@Yléﬁaf2.989?15yw%ﬂequtht of

LSOOCFV' 15“99'&/ ale a@ﬁ,o)e%i %ySH.QPJf]E@doﬁWdﬂB@%%'oléytLO a backni xed
neadi ng'Peactor fromthe conpany List, as

methacrylate, 0.45% by weight of tert-bulyl per-2-
ethylhexanoate (TBPEH), 0.45% by weight of di-tert—amyl
peroxide (DTAP) and 2.6% by weight of isooctyl
thioglycclate (TGIO) is supplied continuocusly to a

20 backmixed kneading reactor from the company List, as
described in WO 2006/034875; fer example, and reacted
polymer is withdrawn continucusly from the reactor at the
same time. The internal temperature within the reacter is
120°C, it being possible for the temperatufe to fluctuate

25 by up to 15°C. The average residence time is approximately
30 minutes. The polymer melt 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 monomers are removed from the peclymer at

30 a temperature of 130°C. Following degassing, the polymer
melt is passed directly further to a Compact 120 underwater
pelletizer from BKG GmbH, fitted with a 1.5 mm perforated
plate. The pellets are subsequently dried in a Master 300



30 described in WD 2006/ 034875, for exanple, and reacted polyner is

W t hdrawn continuously fromthe reactor at the sane tine. The internal
tenperature within the reactor is 110C. The average residence tinme is
approximately 21 20 m nutes. The polyner nmelt is transferred i mredi ately
downstream of the reactor, via a nelt pipe at 130C, into a degassing
kneadi ng device fromthe conpany List, ER which residual unreacted
nononers are renoved fromthe polynmer at 5 a tenperature of 120C. The

product was collected.in a suitable. v el and.th I . _Ref erence
exanpl e R, %lb%sﬁoﬂ&ﬁ%efisﬁrslpaenss?%%a ;S)% yvr?ersiezlafaﬁgn%uggggtiﬁt%Onne react or
of VA stai nl @stsestieslticaquitpped pathidId eri-2 G sbi teerranad rabdwx.
condenser, is charged with 460 kg of DI water, the stirrer is set to a

speed of 70 revolutions per mnute, and the reactor is heated to an 15

external tenpeimdiy &19f 4RCos75008 Of (@altratioys euaei foatre attded and
di ssol vedgby stirring. In a reservoir container, 265 kg (53% by wei ght) of
met hyl nethacrylate, 155 kg (31% by wei ght) of ethyl acrylate, 50 kg (10%

by wei ght) of RcrldC a6kdst30gkes (530 by meighightob ehydrpxyps opyl 20
met hacryl ate, 5 kg of tert-butyl perpival ate (25% strength by weight in
al i phatics; TRIOGONOE 28hgispcandata ki ofPy swdety cfhisgy el ate(TA O
are mxed angd dy I et Ny §ELEGL Ay ITHE HHBROREE 8t Ogkogabytion is
drawn in undg?ﬁggggsgﬁéﬁﬂrgggﬁya re%%%%a]intgrnalg?eactor pres%ure of 25
appr oxi mat el we B0 nifar, S6%¥ertacnihe lof WS githgodatiandofheckeseytinol r

ContainegoiSpé%ggg%%t%yﬁnwgﬁgpggtkgsOfT&%GéM%b?%PC5O from AKZO) and

3.0% by weight of iscoctyl thicoglycolate (TGIO) is supplied
continucusly to a backmixed kneading reactor from the
company List, as described in WO 2006/034875, for example,
and reacted pelymer is withdrawn continuously from the

15 Treactor 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.
20 Example B5, composition 5 (continuous bulk polynerization)

A mixture consisting of 48% by weight of MMA, 30.5% by
weight of ethyl acrylate, 13% by weight of acrylic acid, 2%
by weight of styrene, 6.5% by weight of hydroxypropyl

25 methacrylate, 0.9% by weight of a 50% strength by weight
soluticon of tert-butyl peracetate in aliphatics (TRIGONCX
F-C50 from BAKZO) and 2.8% by weight of isococtyl
thioglycolate (TGIO) is supplied continuously to a
backmixed kneading reactor from the company List, as

30 described in WO 2006/034875, for example, and reacted
polymer is withdrawn centinuously from the reactor at the
same time. The internal temperature within the reactor is

110°C. The average residence time is approximately



The reactor is evacuated at a pressure of approximately 800 nmbar over a
time of 20 mnutes and then is flooded with nitrogen. The i nternal
tenperature is regulated to 45C and 30 rai sed successively to 65C over 4
hours. The pol ynerization is at an end when there is a halt in heat given
off. The batch is cooled. The nother liquor is separated fromthe polyner
beads using a suction filter 22 (1 mm<Bore size), and drying takes

pl aces at 30C. The particle size is determ ned as described above.

Reference RlZQQ%iﬁh é%q TH% Eogy%g§ Eé?gp{g %%%ﬁ%%e%@%dLghmgdiately
_ 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

5 a temperature of 120°C. The product was collected in a
suitable vessel and then ground.
Reference example Rl, composition 3 (suspension
peclymerization)
10

4 1 tonne reactor of VA stainless steel, eguipped with
Inter-MIG stirrer and reflux condenser, is charged with
460 kg of DI water, the stirrer is set to a speed of
70 revolutions per minute, and the reactor is heated to an
15 external temperature of 40°C. 750 g of polvacrylic acid are
added and dissolved by stirring. In a reservoir container,
265 kg (53% by weight) of methyl methacrylate, 155 kg (31%
by weight) of ethyl acrylate, 50 kg {10% by weight) of
acrylic acid, 30 kg (6% by weight) of hydroxypropyl
20 methacrylate, 5 kg of tert-butyl perpivalate (25% strength
by weight in aliphatics; TRIGONOX 25-C75) and 14 kg of
iscoctyl thiecglycolate (TGIO) are mixed and homogenized
with stirring. The monomer stock solution is drawn in under
suction through a reduced internal reactof'pressure of
25 approximately 800 mbar, over a time of 15 minutes, and the
reservoir container is rinsed out with 20 kg cf 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
30 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 is cocled. The mother liquor is

separated from the polymer beads using a suction filter



900 Example B4 22 100 TZ*0 800 Exanple 23 21 500 f70 O 400 Exanple 82 006
LI 600 | Exanple Bl 21 100

22

(1 mm pore size), and drying takes places at 30°C. The

~ particle size is determined as described above.



80 EZ WMdlar mass Mv g/ nol Residual nononmer content ethyl acrylate/ %

Resi dual nononer content nethyl nethacryl ate/ % 25 Clains 51.) Binder
for producing pignent preparations, characterized in that the binder is
sol ubl e i n aqueous-al kal i ne sol uti ons,
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in that the binder has been prepared exclusively fromthe foll ow ng
nononers: 10- 40%to 70 % by wei ght of one or nore nethacryl ates
characterized in that the alkyl radical is conposed of 1 to 8 carbon atons
and/ or styrene and/or a-nethylstyrene, 20%to 40% by wei ght of one or
nore 15acryl ates characterized in that the al kyl radical is conposed of 1
to 8 carbon atons, 1%to 15% by wei ght of one or nore (neth)acryl ates
characterized in that the al kyl radical contains a hydroxyl function,
20and 1% to 17% by weight of acrylic acid and/or nmethacrylic acid, and in
t hat the binder has been prepared via a continuous bul k polynerization. -
25 2.) Binder for producing pignent preparations according to Caim1l,
characterized in that the binder is soluble in aqueous-al kal i ne sol utions,
in that the binder has been prepared exclusively 30fromthe follow ng
nononers: 40%to 60% by wei ght of one or nore nethacryl ates characteri zed
in that the alkyl radical is conposed of 1 to 8 carbon atons,
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26 20%to 40% by weight of one or nore acrylates characterized in that
the al kyl radical is conposed of 1 to 8 carbon atons, 5- 0% to 10% by
wei ght of styrene and/or a-nethylstyrene, 1%to 15% by wei ght of one or
nore (meth)acrylates characterized in that the al kyl radical contains a
hydr oxyl function, and 10- 1%to 17% by wei ght of acrylic acid and/or
met hacrylic acid, and in that the binde£5has been prepared via a
continuous bul k polynerization. 15 3.) Binder for producing pignent
preparations according to Claim?2, characterized in that the binder has
been prepared exclusively fromthe follow ng nononers: 20- 45%to 60% by
wei ght of oneiaim$ore nethacryl ates characterized in that the al kyl
radical is conposed of 1 to 8 carbon atons, 25%to 35% by wei ght of one
br nore 25acryl ates characterized in that the al kyl radical is conposed of

1 to 8 cargon atons1.) Binder for producing pigment preparations,
characterized in that the binder is soluble in
aqueous—alkaline solutions,
in that the binder has been prepared exclusively
from the following monomers:

o

-~ 40% to 70 % by weight of one or more
10 methacrylates characterized in that the
alkyl radical is composed of 1 to 8 carbon
ztoms and/or styrene and/or sg—methylstyrene,
- 20% to 40% by welght of one or more
15 acrylates characterized in that the alkyl
radical is composed of 1 to 8 carbon atoms,
- 1% to 15% by weight of cone or more
(méth)acrylates characterized in that the
alkyl radical contains a hydroxyl function,
20 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.
25
2.) Binder for producing pigment preparations
according to Claim 1, characterized in that the
binder is soluble in aqueous-alkaline solutions,
in that the binder has been prepared exclusively
30 from the following 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,



0%to 5% by weight of styrene and/or a-nethylstyrene, 4%to 10% by wei ght-
of one.or nore 30(neth)acryl ates characterized in that the al kyl radical
contains a hydroxyl function, and 7%to 15% by weight of acrylic acid
and/ or methacrylic acid. 27 4.) Binder for producing pignent preparations
according to Claim1l, characterized in that the 5 binder is soluble in
aqueous-al kal i ne solutions, in that t he2Bi nder has been pr epar ed
exclusively fromthe foll owi ng nononers: 0% to 10% by wei ght of one or

nore nethacryl ates characterized Lpsthat, the@lkyl tadicgal s conposed of
1 to 8 carbon atons, 10- Zg%to 4(%96 b@ev\%ilg t gf orrlle or rmfe acryl ates

characterized in that the akkylatadi cairdstagmsosad shat the 8&tarbon
atoms, 40% Lo 60% by vei ght qf stytenc., 153% Lo 15%by weighi afoane or
nore (meth)acryl ates characterized |n? at tCT1e
5 - 0% to 10% by weight of styrene and/or
o-methylstyrene,
- % to 15% by weight of one or more
(meth)acrylates characterized in that the
alkyl radical contains a hydroxyl function,
and
10 . , ,
- 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.
15 .
3.) Binder for producing pigment preparaticns
according to Claim 2, characterized in that
the binder has been prepared exclusively from
the following monomers:

20 - 45% to 60% by weight of one or meore
methacrylates characterized in that the
alkyl radical is composed of 1 to B8 carbon
atoms, 7

- 25% to 35% by weight of one or more
25 acrylates characterized in that the alkyl
radical is composed of 1 to 8 carbon atoms,
- 0% to 5% by weight of styrene and/or
o-methylstyrene,
- 4% to 10% by weight of one or more

30 (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.



al kyl radical and 1%to 17% by wei ght of methacrylic acid, 20and in that
t he bi nder continuous bul k pol yneri zati on. 5.) Binder for producing
pi gnent preparations according to any of Clains 1 to 4; characterized 25in
that the nononers used are specifically for the nethacrylate having an

al kyl radical of 1 to 8 carbon atons, nethyl nethacrylate, for the

acryl ate having an al kyl radical of 1 t 6’8 carbon atons, ethyl acryl ate,
styrene, 30- for the (meth)acrylate having the al kyl radical containing a
hydr oxyl function, hydroxypropyl (neth)acrylate or hydroxyet hyl
(meth)acrylate, and acrylic acid. 28 6.) Binder for producing pignent
preparations accordény t®imwyr dforCraions clingop sgmeharactramiarddnsi n t hat t he

bi nder has a nDleCUla%ﬁ%%&%@%qw%bo$laim 1, characterized in that the

5 binder is soiuble in aqueous-alkaline scolutions,
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 composed c¢f 1 to 8 carbon atoms,

10

- 20% to 40% by weight 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,

15 - 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,

20 and in that the binder has been prepared via a

continuous bulk polymerization.

5.) Binder for producing pigment preparatiocns
according to any of Claims 1 to 4, characterized
25 in that the monomers used are specifically
- for the methacrylate having an alkyl radical
of 1 to B carbon atoms, methyl methacrylate,
- for the acrylate having an alkyl radical of 1
to & carbon atoms, ethyl acrylate,
- styrene,
30 - for the (meth)acrylate having the alkyl
radical containing a hydroxyl function,
hydroxypropyl (meth)acrylate cor hydroxyethyl

{(meth)acrylate, and
- acrylic acid.



at | east 10T and at nost of 50T. 7.) Process for preparing binders
according to one or nore of Clains 1 to 6, characterized in that the

pol ynmeri zation is carried out continuously in 10a kneadi ng apparatus, in-
that the nononmer mxture is free fromsolvents, and in that the polyner is
pelletized directly subsequent to the polynerization. 158.) Use of pellets
prepared according to Claim7, characteffzed in that a pignment preparation
is produced by extrusion fromthe pellets, pignments and opti onal

additives. 20 9.) Use of pellets according to Claim8, characterized in
that the pignment preparation is dissolved or dispersed with a binder and
further coating constituenmded fcan pabkatkine-pgreous 5pediaGirnd0. ) Use of

the sol ution or di spersion according, g Qalif9:a5,8, AMEPHS S9N
5- in that the binder has a molecular weight M, of

at least 10T and at most of 50T.

7.) Process for preparing binders according to one -
ér more of Claims 1 to 6, characterized in that
the polymerization is carried out continuously in

10 a kneading apparatus, in that the monomer mixture
is free from solvents, and in that the polymer is
pelletized directly subseguent to the
polymerization.

15 , _ .

8.) Use of pellets prepared according to Claim 7,
-characterized in that a plgment preparation 1is
produced by extrusion from the pellets, pigments
and optional additives.

20

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

25 medium.

10.) Use of the solution or dispersion according to

Claim 9 as an agueous coating material.

30



