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WD 2009/ 121640 1 PCT/ EP2009/ 051117 Synt hesi s of
i nproved binders and nodified tacticity Field of the
Invention 5 The invention relates to a process for
reparing polynmers for coating applications by
WO Zgw/yﬁéﬂﬂzi ng esters of acrylilc acid or of metha®CGI/EE2009/051117
acid or vinyl aromatics or other free- radically
pol yneri zabl e vi nyl conpounds or nononer m Xxtures
conposed predom nantly of such nononers by neans of a
conti nuous polynerization process. In particular, the
invention relates to a solvent-free preparation
process for polyners, through which the 10 bi nder can
be prepared for coating applications with superior
pr oceSyhthesi® At gfo ved binders ahterBdifid datticity
i nproved pignent wetting and a higher gloss. Prior art
15 (Meth)acrylate or vinyl aromatic binders for
. coatinq applications are generally prepared in the
Fieldef the Invendion suspensi on pol ymeri zation or sol ution
pol yneri zation. By (neth)acrylates are neant not only
acrylic acid and its derivatives, its esters for
The inQ¥ATBN Rlatedts a PrEeTbNBEHYING pBRNtEERSH ddafing applications by
derivatives, its esters for eXanple, and m xtures of
polymelizing etess of agrein adid ed of mearspicsacidiee vipykarematics or other free-
. n.: | . .
eciol YOO L BBUnGl P A BFer B copposed recominanty o
such moredmeemsiyeneans ohé icontiusousyddymetizatieni pretéssn rppartiesiar, the
inventigfgifstlo ¥ SOV HE Resriegagtton RIaPyTRcT Ay sts: Broush wiich the
binder(ca@tbe) pepifert 08 coafir®f asPiREROMS WER |s\ﬁﬁ8r!i@r ﬁ?B&’e&s‘irﬁd“Srogerﬁes, very
about secondary reactions such as chain transfer 2
good therzealistahility J Ripadipigatant wetlingnandadighanglossr even
pol ymer - anal ogous reactions. In addition, the
handl i ng of sol vents under production conditions poses
a safety risk. Furthernore, the choice of the sol vent
Pri may al so be restricted by the production process - by
"orﬁﬂi required reaction tenperature, for exanple. This
in turn adversely affects the

(Meth)acrylate or vinyl aromatic binders for coating applications are generally prepared in
the art by means of suspension polymerization or solution polymerization. By
(meth)acrylates are meant not only acrylic acid and its derivatives, its esters for example,
but also methacrylic acid and its derivatives, its esters for example, and mixtures of the
aforementioned components.

The present invention, in contrast, describes a bulk polymerization process and, with
particular preference, a continuous bulk polymerization process. Such a process can be
carried out without disruptive solvents. In the course of a polymerization, of (meth)acrylates,
for example, solvents may bring about secondary reactions such as chain transfer
reactions, unwanted termination reactions, or even polymer-analogous reactions. In
addition, the handling of solvents under production conditions poses a safety risk.
Furthermore, the choice of the solvent may also be restricted by the production process —

by the required reaction temperature, for example. This in turn adversely affects the
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WO 2009/ 121640 2 PCT/ EP2009/ 051117 subsequent
formulation and the application form- in respect, for
exanpl e, of excessively long drying times as a result
of a solvent whose boiling point is too high. The free

WO 28p%12648f solvent is further restricted if thePCT/EP2009/051117
intention is to nodify the mcrostructure of the
pol ymer by nmeans of precise setting of the reaction
tenperature. Moreover, the skilled person is aware 5
that the polynerization of (neth)acrylates or vinyl
aromatics at high tenperatures |eads to a higher
fraction of what are referred to as head-to-head
| i nkages. Bonds of this kind in a polynmer chain

subsequgnt formalatibly anddihe applivativh ésrml irsteapbtt, for eXbriphe of excessively

long R Shies Th o P 6 SR RRG RS RRRUInG:pia s &onBigihy Ene free choice of
solverit§sRYHer Pdsttibted Wh!%&nﬁ’cﬁfg tE‘?ﬁodlﬂ/qhanQi H)%irb Ure of the polymer by

necessitates an additio want ed pro uc I on
means pepregitg satiing oftthecm@cbtlmrtemp@eatufe tMaredvér reeskilled person is aware

vt R o R EREE R SRR Bk BB oo

a highpofraotion afavhatrerefrefestedrts aefl'lle@dﬁtblhsadam@géﬁ Bftfnds of thls kind in a
met hacrylic acid or o in argmatics or of non
polympg Q‘P%IPe%J ftﬂ@ﬁﬁxsg%ﬁi rtéaﬁrﬁr siapilisy ot fherpghgReranGmay lead to a
higherk@8idlial dnbih pebm@hpla%a thePEHRBeRSede! | is
' ecarrlugd oat |en sol vent -?‘n;ac;% eorm Aseco?rpared Wi th -
An altgynpkve srrpen iof the snlveriowed dor, themirgdystionawsensitatehign additional,
urwarfle BFodcRaH (R A9FaIs 0 e AT BB AL cfersPiclants fo
preparsition aas @pﬁtabttanatmmsasrwbwdeatmsthqwmrodmyenng Thi's
drying is usually inconplete. In coating applications,
however, even low |levels of residual water lead to a
The stﬁp@hsmtpdﬂﬁﬁ@r ABbALOf @Btdrd of A&ryRPhEIEr o?hf&ﬁéér&l?@a&@ or of vinyl
such for exanple, the gloSs or the dispersing o
afomafj?@ﬁéﬁﬁ mOWébv@kture@ §QF§B@$\%¢ predenninarfy Qfaqucbnn@rmmgus is known
in panEleC. &h 5 &GCé’ég §%ﬂ i Xﬁut pwus[folvé}?ttf dfo?rﬂnAs %Sm ared with bulk
carried out onyln atc oper ati on roce 'S
polymérézsdioh| eowvéNes, tilpretesshasnthet greaadlsyadvamagé ttwm aaarge amount of

vetor SRR RELYPRLL S50 AP 0 BRSS9 o anc

subsed @it RYihd.arhi® Bryirdisist@fy fRempletehfh &c?dti@@ dppesiorl however,
auxi liarles such as dispersants, enulsifiers, anti f oam

even low levels of residual water lead to a distinct deterioration in the optical properties

such as, for example, the gloss or the dispersing of pigment.

Moreover, a suspension polymerization cannot be carried out continuously, but instead can

be carried out only in batch operation. Such a process is less flexible and efficient to carry

out than a continuous polymerization.

Another disadvantage of suspension polymerization in relation to other polymerization

processes is the large number of auxiliaries such as dispersants, emulsifiers, antifoam

agents or other auxiliaries that must be employed and that are also still present in the end

product after work-up. As contaminants, these auxiliaries in a coating may result, for

- example, in reduced gloss levels, impaired dispersion of pigments or gel specks as a result

of insufficiently washed-out dispersants which are insoluble in organic solvents.
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agents or other auxiliaries that nust be enpl oyed and
that are also still present in the end product after
wor k-up. As contami nants, these auxiliaries in a
coating may result, for exanple, in reduced gl oss
WO 208%&240i npai red di spersion 6f pigments or gel PEEYRE2009/051117
as a result of insufficiently washed-out dispersants
whi ch are insoluble in organic solvents. WO
2009/ 121640 3 PCT/ EP2009/ 051117 Anot her di sadvant age
is the highly restricted copol ynerizability of polar
conononers such as (neth)acrylic acids, and
am no-functional or hydroxy-functiona
(nmeth)acrylates. The fraction of these nononers as a

Another disatvariagefs thehigias pagtittee cﬁp@l‘yﬁﬁlzﬁbmytﬁfﬁpo@%bnhﬁtomers such
ted severeI , on account of their wat

as met&t BYIIG 36/ds. sandninerfugstional af %H%erlﬁtj?@%@' (getfparsiaas. The
fractnd?t%f%ﬁ@éé %\%ﬁbﬁ’%ﬁé 8s bNSop&ach 'o@fhet 85 %Snoﬁlgﬂh‘f&tﬁ% must be

A process of I's kind can be ca out only wt
llmlteéswylysmlapcwwﬁwérctmnuweterwolubmw QNI ng to the wat er

AnotnBE et babla R ATEIL BRI IR nd Brbnssrpperater
reqUIrémd@ prouess of trés Rindl i lieea’ﬂﬁédbut enlyandwea vb@ﬁ&nlaﬁ temperature
e further | npr gvenent und

W'ndoyuw"e@ ﬁﬁ{*ﬁ \ts%fvev'r hed, HHS?H“%T‘%!B?I'Y vwdtfﬂ@%t%ﬁtéﬂ@%rawres
abovel 100 beTH@&%'tlcélhﬁ‘ﬁ?eméﬁtaﬁ&?Eﬁaé}IMé@sﬁ:r& hald a'%rtgmperatures above

excessi vel Yy |OW In contrast, t he suspensi o
100°Cs inashvisapla, iowding & therfurteerdmpapitroent ungenslieh ecpnctamha dfthe

) . h . .
solusi B Bhomerd )3 bidhes APRAh Gl i HiE egessivty tow i
contrat, éipasadpensionf palyspezationns petwsrmwsar@s&orbhcrdgglgtef ‘fhd the setting of a
ti I found in 0.1
il G O BBl S0 2 Skl oS A e e
preparfa‘ﬁbﬁtolf 8lispehsiit folPREBS bindkiOBr b§at|r¥d1§ppﬁi'&§f &Ys is found in
bal ance: the heating of an approxi mately 50% wat er

DE 0 1#024@3.and the required cooling of this water phase

A furtt%otdgad(/?ﬁagg oy QE%F%%H rf’g%gﬁ’lgﬁg nelﬂerEQt’l And bgfkrB‘ao lymerization is

n-confi ndous P zation iR Seirr e
the enerpsediandes dus heatiny chan phErorimatelty G026 waterghasetamd the required

i reﬁ&tlﬁibon%ro t he noponers and hence to high reS| uaI
cooling, gty 1ater ROEFG RS NGRANMPHZRoP FARsYMFRNa By and

coat-fil mproperties or nust be renoved, in a costly

and
Non-continuous bulk polymerization in stirred tanks or vessels leads in principle only to
incomplete reactions of the monomers and hence to high residual monomer fractions,

which in turn disrupt the coat-film properties or must be removed, in a costly and

inconvenient operation, before the formulation stage.

The skilled person is aware of a large number of different continuous bulk polymerization
methods for the preparation of poly(meth)acrylates. EP 0 096 901, for example, describes
the continuous feeding of a stirred tank with a monomer mixture composed of styrene,
a-methylstyrene and acrylic acid, and the simultaneous removal of the polymer. By way of
reaction temperatures a range between 170°C and 300°C is described, without any

inﬂuencihg of the polymer microstructure by the conditions or any distinction of the
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I nconveni ent operation, before the fornul ation stage.

The skilled person is aware of a |arge nunber of

di fferent continuous bul k polynerization 25 nethods

for the preparation of poly(neth)acrylates. EP 0O 096
WO 28011216406 exanpl e, descri bes 4the conti nuous feeBCHERN009/051117

a stirred tank with a nononmer m xture conposed of

styrene, a-nethylstyrene and acrylic acid, and the

si mul t aneous renoval of the polyner. By way of

reacti on tenperatures a range between 170C and 300C is

descri bed, wi thout any influencing of the polyner

m crostructure by the conditions or any distinction of

the WD 2009/ 121640 4 PCT/ EP2009/ 051117 performance

perforidBABE bidRsties eat i nportance for the inplenmentation of
conti nuous bul k polynerization is now possessed by

Great impritancadening imaprogntelign el eriinripye bulknolybatizaliens now
posse%{ey ﬁltblqua&EhS. W?@S‘%Pﬁgﬁ& é&ﬁb@% ) C&ﬂﬂﬁb%ﬁ?f@)a‘?&ion of

rene, a-nethylstyrene and acrylic acid.
acrylateakegime rar oA topolyinsralr styede patimethylatyrempand banytic beidwéba

180 1d 260C.  Th ti f o .
polym g onea amsul Pl S B dsty Sr BRI B PBDIG gfhe preparation
tromao b ol s g
temper S PBAAPAINRN $10 SIHEA A4 G Eciatou! i WS AADRS T GhaNBro0 23119

_ : . ¢ ; )

camshe QR SETHANS SERSIALIE, s JANTAE A oo

betweertl h@@‘i?\/asd éﬂO%@ﬁW&DﬁQﬁ@%ﬁ%lG&ﬂainﬁe mlepm'ab'dbn phbesimelt

adhes RES} Bl LS nORMPYSC, NELE' ih8o LRARLHENREEPEr, refers o

the inflleac® 6t theddifisrenbdifeattien pvhysratsed bn tioa niiespedtiiey ofthe @olymers or
roperties that result therefrom in a coating

P . ,
on the PEHR{M@NFORIOPEBIesdR@nisslt therfgomaifea Featindsiorppigiopsfor example.
The sa&rﬁr}fiss%w frBE Iof Bld S81yRERSSh &%ﬁééé BegkrinRq OV gthﬁﬁzé%g. This

' involves a variant of the tube reactor:
involvesi a variant iob ther iwhetreactomtiee girenlation reactarotles aim 6f Hiegiroeess

. t r . i
el SRR S RLNIENIREL K30 DS bRB RIS, g oces
describierl ladreveliyitodts aveladvge natroneterrirgstubetangerbetwdén a88°C and

o~ 150C, w thout such restriction bein ?ubst antiated in
150 C,axﬁlywq%lsleMe%m‘ctm pg éHbsttﬁrétl:i;@qj w@gy orm by an eftect on the polymer

microstructure. ,

A new generation of reactors for the continuous bulk polymerization of (meth)acrylates is
represented by what are called the Taylor reactors. These reactors as well may be
employed across a broad temperature range. A comprehensive description of a
corresponding process for preparing binders for coatings or adhesives or sealants is given
in WO 03 031056, but the microstructure of polymer chains is not addressed therein.

One alternative to the continuous feeding of reaction reactors is that of reactive extrusion.
WO 2007 087465 presents a process for the continuous preparation of poly(meth)acrylates
for adhesive applications. Reactive extrusion has the great advantage that a high
conversion can be achieved with short residence times. To date, however, no deliberate
setting of the microstructure of the products has been described.

Reactive extrusion is in principle very similar to the kneading apparatus technology.
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m crostructure. A new generation of reactors for the
conti nuous bul k polynerization of (nmeth)acrylates is
20 represented by what are called the Tayl or reactors.
These reactors as well nay be enployed across a broad
WO 2089pet&0ur e range. A conprehénsive descripti on ®ICRHEP2009/051117
correspondi ng process for preparing binders for
coatings or adhesives or sealants is given in WO 03
031056, but the microstructure of polynmer chains is
not addressed therein. One alternative to the
conti nuous feeding of reaction reactors is that of
reactive extrusion. 25 WD 2007 087465 presents a
process for the continuous preparation of
WO ZOOBA(XSIIBVB)d@QdSnHe%taEQOCE% far R ghvcustik bR iRation, more particularly
active extrusion has the great advantage that a gh
for the, gﬁwglymr@aﬂorber seRmlwDezalionef Sharonasica @ﬁé@lqs;tﬂr@@rs above

the gla&s fahQiiol RNEYES ur?ﬂ'\eg%lab fx%H eﬁﬁﬁﬁ FQQ%}BF 16 tfl‘fat it process,

m crostructure o produ cts escrib
monoReas;t ¢alalysiRt inilistars, éts. ane passad |cphmuzmsyy istontheaeactor ehe

. I ratuys,te ol o WO 2009/.121640 5 .
backn 0 Ml BRRE I noEALBR Bhnso S SRR A e Brte pe, reactes
produf:bls remol e uoumlwlsly fRsrh e hriizertkireade mapgarafust The |pad5de_‘$s can be

t he nmerj zation or copolynerization
applieth o A 16 e e is2u Bhik KoL BBRATOT A AMYAad 5 Unreacted
monoHe@Fb%éﬂa‘?QteH%pr éﬁ’églguél"ﬂe@o%ﬁfépdﬁ%dcéﬂ"@@% &Qpphed to the reactor.

reactor. In that” process, nononers, cataly
lefer$nf|nqhan@?zsatlomt%mpaf%urpamddhelo ﬁffemmu@leytacmw qf e product were
and 5 backm xed wi th product which has al ready
not mv&gﬁa one reaction. At the sane tinme, reacted product

WO 20871 éﬁ%‘bdesmmbs rumetiod cffrtmmtlhb @istoye Ipfcb’dl@mj @fore particularly of

camy BB B A e SiaoBBE o e Bl Statomers,

which&@ésietHeh oNYIRNEISY% $s SEHAVET. %rﬂfnf\er*@é/) @até%t(g}l%hd/or initiator(s)
devol atilizer and can be re-supplied to thé reactor.

and/oirghiaia regulater(s) atsr sunplied sontinHsaisht torakackmixeh sixerdfrieader
appar e 3o 36 cBfot B BEUMInSH Sl i pas aeacy
undergmmteamgom aocbihe rpaciedgireductis eerpavdd tomnehé ynigér-kneader apparatus.
carrying out ho ol ri zation or_c ri.zation of
In th:stqﬁag?%%ggﬁfﬁcgg] tgg nggggg(ﬂp@@gat@ IS heaqgg tcy nPbomng temperature, parts
of the reactants are vaporized, and the exothermic heat from the product is absorbed by
evaporative cooling. This process can be carried out without solvents or with only very
small amounts of solvents. The optimum boiling temperature is set by altering the pressure.
Backmixing takes place until a defined product viscosity is reached. The viscosity is
maintained by continuous addition of the reactants. No investigation is described of the

effect of the preparation temperature on the tacticity of the product.
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whi ch a conversion of 90% - 98%is achieved.
Mononer (s), catalyst(s), and/or initiator(s) and/or
chain regulator(s) are supplied continuously to a
backm xed m xer-kneader 15 apparatus or to a kneadi ng
WO 208%t240and are backm xed wi tth product which ha®CT/EP2009/051117
al ready wundergone reaction, and the reacted product
is renoved fromthe m xer-kneader apparatus. |In this
case the product in the kneadi ng apparatus is heated
to a boiling tenperature, parts of the reactants are
vapori zed, and the exotherm c heat fromthe product is
absorbed by evaporative cooling. This process can be
carried out wthout solvents or with only very 20
Probte | anmounts of solvents. The optinmum boiling
tenperature is set by altering the pressure.
Backm xi ng takes place until a defined product

Vi, SCOSI| i s reached. The viscosity is  maintai.ned b
The palem AsolResad it Pa R rert Heyandgt vias Bt QTP HOBGH MpheYeAorylate-
and/of fetiesctyibleeshRid %Méth)ﬁé@%@é-bgée& i SAERRRIGW) BIRders for coating

tenperature on the tacticity of the product. W
formulzign$.121640 6 PCT/ EP2009/ 051117 Probl em The probl em

. S, . .

A pertlSf RS o s Bel R YR P R e s s bty having
pigmefi wettingawopédies dndsposs levels Hioattarb éinprgveldiimdelatsorf tar the prior art.

i s P Prb AP RS o APEteE ol piab 87at tomperatures
of apphbXigeitsly RayiQIThiP iR eNglrbd B? réaResitd Sartiamer@ld¥e fraction of

| evel s that are inproved in relation to the prior art.
head-fonheggiinkagss in Hie prIwaer ehaife to posses a hi gh t her mal
MorecveRhk idventivdi0t Vo lbfhd inf i
ore appr oxil mqtneleg)ﬂ C. 8‘th?‘ns e?ésab@%@%ﬁ%@é'”@fﬁ?&%ﬁ%m& prepared
from thempaare ioptibpallyytol poas éssimproved probessiog ¢romeriies duch as reduced melt
, ki nk in.the.polyner.chain. ,Mreover, the
V'Scosl'tlﬁe\geaﬁ?f%e °§/Utk9pe\6§?° 'S f?&@?‘?mﬂ% hence the coating
formul ati ons prepared fromthem-are optionally to
ossess i nproved processing properties, such as

A furttlog @biesh Bl Profide ggienvisnaRaially camPatiblsProsassaxhich ean be

carried 81t &ﬁ%’?’%bﬁ/en%ﬁeé"ofr With! %aQPhlﬁﬁtso%mFrgﬁtﬂfrPch' ‘gﬁ/o Y weight, and
envi ronnental [y conpati bl e process I ch can be

that can be carried out with high conversion or with only a very small fraction of residual

monomers. _

A further object arose from the imposed requirements concerning the high gloss properties

of the binder, to the effect that the process can be carried out without addition of auxiliaries

such as emuisifiers, stabilizers or defoamers.
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carried out either solvent-free or with a maxi num
sol vent fraction of 10% by wei ght, and that can be
carried out with high conversion or with only a very
smal|l fraction of residual nononers. A further object
WO 20093216400m t he i nposed requi rrements concerni ng PI/EP2009/051117
hi gh gl oss properties 20 of the binder, to the effect
that the process can be carried out w thout addition
of auxiliaries such as enulsifiers, stabilizers or
def oanmers. WO 2009/ 121640 7 PCT/ EP2009/ 051117
Sol ution The objects have been achi eved by the
nodi fi ed depl oynent of specific continuous bul k
pol yneri zati on processes, which allow the
Scﬂufgﬁ{h)acrylates to be polynerized in solvent- 5 free
ormand with a high conversion, and which in
principle may al ready be regarded as state of the
The advantage of a bul k hénerlzatlon pr ocess.

The ofipsis MR RN %?h'%\tﬁcy%mezfapﬂlaﬁd Playeneitt ghsprifia gordinuous bulk
polym%ﬁﬁaﬁ’dr%‘r‘é%%esww Eéﬂ‘hémﬂv b e?ﬁ)%rcﬁqlat‘é%tt@glélt iogg?%ﬂzeeﬂn solvent-

auxiliaries s as erru I fiers st a
free fQIE‘f anadhwith adhighcheyersionpend whichainxgrincipié ewy areatiybetregarded as

state @ﬁ%g%&ggﬁgeﬁg%ﬂﬁgg ﬁ%‘ﬁ‘é 88 %éhéli@mctegg Ve sus%ensmn

polympfdikgtiver iszhd high guritg oethiel progddts bivhichedndeoprgbarssl without addition of
perties a d.in so cases. dis erS|ng roperties as
auxm%s ﬁ@

ISUCH asipiaifers Stanilizess. dpfpamersit Qther L&pﬁwautaamhenes A
furtheP8dvatitade Isthb MBseRSd YMRbteMiohPH BoHUEE Bh‘ldfer@hl%%afféﬁ by means of

the polynmer's residual noisture content I's an
suspengigarRatitmerizadion figfquenty pxlmbésgduqadfgjesm@rppadxeamr@g@ sofne cases

depergwgkp g']s%g@ra'féﬁé” Bt %gllﬁé n?oéiérﬁzggﬁr gﬁ%h%g%rtér@é{ 'b%nnét only to the

polymeonmroamm‘stumﬁmh erb& {ontbepchangd's :es&tuaﬂmo:smreacmm@at which is an
droxy-functional (neth)acrylates. The

. f {i |
'“hereggggﬂé‘gggthegig@ﬁg% to solution polynerization is the

A furtiRysRINEARtaRE Pk b’cﬂ{/Meh,@é(’t’ Jnf &\ris@Bp&siory Bb@Hénﬁatlon is the use of
constituents in the polymerization process and in the

any desifegeanouits @f By drophitic gginancasss stich Be (medvasylie pcidheor amino-
functidrfdY BPhy @axP¥HctBndctRplATR 2t f on in batch mode is

The advantage relative to solution polymerization is the absence or only very low fraction of
volatile constituents in the polymerization process and in the primary product. |

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

a broader possibility for variation in the operating parameters.

A particular aspect of the solution according to the invention is the possibility of individual
choice of the polymerization temperature as a function of the requirements concerning the
particular product and/or particular a'pplication. The properties of the binder to be prepared,
in respect of gloss, thermal stability, dispersing and wetting properties for pigments and

processing properties of the binder and/or of the coating formulation are dependent,
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20 the significantly higher conversion that can be
achi eved and hence the |lower fraction of residua
nmononers in the end product. Further factors include a
hi gher production rate and a broader possibility for
WO 208¥12464@n in the operating pdraneters. A parti cBCAVEP2009/051117
aspect of the solution according to the invention is
the possibility of individual 25 choice of the
pol yneri zation tenperature as a function of the
requi renents concerning the particular product and/or
particul ar application. The properties of the binder
to be prepared, in respect of gloss, thernal
stability, dispersing and wetting properties for

surprmm@?aﬁ@tsw@ln tHe OSRpesifien, IheBelIaH feidght, rhbrchiah %i%dlstnbutlon
and/ or of the coati ng formul ati on are dependent

functiopglites 206 20d graupr: brbalgoimparticylar anithe migregirycturroef the polymer
chains? Bly)fﬂi%desftPu%t FTPRRIhE mhxs'@s‘é%{a R cHiR) ghg 'théTg‘Ec?tde & head-to-head
end groups,

stri utlon functionalities
Imkag@suln thlemalrmfrihetpiowmea‘r The skiled ustesiensige e gl thatpés alﬁlﬂnc’cion of the
rostructure i

monorB W hesifdE d Bev PRI MEbpio At el RBlkio D e rdpgymer formes

of syndinbﬁi@ﬂ@ &hd ldﬂaéthﬁse“ch@hél (tfhdé N RitA DR émaThl%cﬁlSh bl‘ %6tac’uc triads.
son i s awar as a function of the

POWm%‘iB‘ﬁ‘ﬁB’éﬁ“?F it %?FFM@UY a@hcsa(m*s@t%ﬁﬂééac@ans can be prepared only by
mean s T Il R SRR B Plymefzagon o
particudarinhaiv tefnpecatiuas ofwiths med\aitlmbateld| gidsp transfer polymerization (GTP)

using a?éll\éggg\ﬂg&i lﬁ@%gssrg%\d S?l%&{ltl & ILIPQHE/ %gtag 6‘8'0 tmae%'m contrast,
can bet relahzectalhiqst oalyyi mtla@brpﬁlemlasalsthw pBsgibiligforax@ting

merization at rticul ar ow t enperatures Qr
stereogglegiivedniiende o aPElTRRHAIOR f:IRsad 2 SOMplRN 1S a8en the form of
an optléﬁféct% r6§ @lgt t@%é‘|p}15l55fn~?er}ﬁ4%hSrli1 sBRY8n Qnsrb%rh@ﬁ%? bggtdee for

%_ I sot act'i c p yners, In contrast, can
examplﬁe ErFéélmﬂe@?a Thissaprsnagh, tpweiver, hestavariaty nbdlsaﬂvan’cag@rs it can be

v
omor SR o 6 B PR W S 85588 o e
polymérlzatmmf:orrmnept Whl.@h|eﬂhéﬁh1llMEbé leagev@d tvath drj]tﬂ;t and inconfvenience, or
merjzatjon solution, In relation to this, see, for
else m@g(%{ﬁ:ﬁlséhe ep '(iar] @aPeres offliesenghpioghel, however, has a
The pré{@éﬁa%b{ affl ﬁéé@@&ﬁ%@%&atlbﬁ oFé(BIyﬁ’)%rsl@ltﬁ ARy Egntl ies wo worth more

ficiently only in a solution polynerization,
than 953@>qan|l@ﬁr5ﬁadespﬁe@Emt@rmaﬂmttahe(MacmglﬂeuhezaZ(i)QJh Vo! 34, p 14), for

exampféo mgﬁ&itlségn@ét’@gﬁl\m,efror gyac’r%p%? haf gpasgqran\%tlolﬂ tg%?)teraamldes of below

I'hcon
50°C or 60°C. A highly syndiotactic PMMA, in contrast, has glass transition temperatures

of well above 130°C. Changes in the thermal properties, however, are also accompanied

by changes in macroscopic properties of the polymer.

As the skilled person is aware, altering the tacticity also affects the glass transition

temperature, or in the rare case of a crystalline polymer, the melting temperature. Along
with the thermal properties, macroscopic properties of the polymer are modified as well.
The glass transition temperature can be regarded as an indicator of the chain flexibility.

This flexibility also determines properties such as the melt viscosity or the solution



10

15

20

25

el se influences the optical properties of the end
product. The preparation and precise characterization
of polynmers with triadic purities worth nore than 95%
can be read out in Frauenrath et al. (Macronol ecul es,
WO 28091216401 . 34, p. 14), for 20 exanple. A highl YCT/EP2009/051117
isotactic PMVA, for exanple, has glass transition
t enperatures of bel ow 50C or 60C. A highly
syndiotactic PMVA, in contrast, has glass transition
tenperatures of well above 130C. Changes in the
thermal properties, however, are al so acconpani ed by
changes in macroscopi c properties of the polyner. 25
As the skilled person is aware, altering the tacticity
behav?é&%rﬂfﬁe‘?’ﬁ%smttt]ﬁw %é‘%luﬁ& %'cbélgn?f th@'ﬁﬁ’&éﬁalgr?? tﬁH sRiIrbd person it
he rare case of 'a crystalline yner
is therﬁécvrpeaaaym ece Kiadipy vanying thédreicrbsiruatlirey aopaspeeslly the taCthlty of a

oty EEh 8RS 5P RS bS5 s BBaros of e

polymeeg&rrcé&drrme aNe cagaciBtfor fapmuldidndh ai sdlVdrexhbidryihy rate of a coating,
This flexibi]ity also determ nes propertjes such
or the telEPREANIS ANV qEF raRIangH ot 4 SN2 G SisAtamiance of tacticity

on the':> sEMAAP A %@aﬁf%?maﬁ?ﬂ %nkioé}’éo 8h @hé@fé?rﬁal erpEer@ of Eeﬁypropylene,

ution viscosity o e materi al s.
for eX@i@ﬂtﬁoﬁan e regd sheutihdeyreelyyettab (Eemtmbl@t 2593 ,vram y’ﬁ%@S 1973).
the mcrostructure, and especially the tacticity of a
pol ymer chain, it is also possible to adjust aspects

It is alsoi&hown thdtehe roniessh fign mhﬂokxﬁstsi ofs @fatfhb&s vyl depehdent on the self-
for for [ [

organifgg{icglréﬁfl etqpéyrhg% cﬁg&e age andYy e,f‘gﬂtalirgﬂ%plfigl{i%eThése important
aspecisembéétw Coatal50 be MRALORID fooBk $A@RAE onhe%cﬂ%br fn' duBstion. A
gr eat |an uence of tacticity on the crystallinity

detall%@vema@pﬁ@tf fis with M Meoceatingrecantisr iegd ahogp sy Grahensfet al. (Mat.
I be read about in
Res. Sg% WWOES%Q &:Egin?l ndi a 9 %@?@) pp. 19-28, 1973).
is also known that the mn| mum filmthi ckness of a
W KRR AT R

compétibﬂ?fy Rithidther pOMaRErs é‘ﬁlpirnttﬁetinteﬁb%%ﬁtvﬁth%o%aﬁﬂ;aédrf&e'éa@ne reason
al so be attrlbuted to the tacticity of the polyner

for thigjmaythep for exampie.dhe @wlarity ek thegealyroar, dvhlt:fhpléamqswwﬁwﬁferences in
tac,“c'l& oatings can be read about in Gohens et al. (Mat.

Soc. Symp. Vol. 629, FF1.7.1-FF1.7.7, 2001).
A further advantage of polymers having different tacticities is therefore that the

microstructure - in particular the tacticity - of a polymer, influences the interaction at
interfaces. This relates on the one hand to adhesion to different substrates such as metals,
ceramics or concrete. Particularly in relation to metal surfaces such as zinc or else steel, it
has been possible to demonstrate significantly improved adhesion properties with the
inventively prepared binders. As a function of the polymer composition, however,
corresponding effects are also likely in relation to other surfaces — such as ceramic, plastic
or concrete.

On the other hand, however, the dispersing of pigments or of additives present in coating
materials is influenced in particular. The quality of the wetting of pigments by the binder in

a coating material is critically important to the colour intensity and colour quality of the
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15 Surprisingly it has been found that, along with the
tacticity, there are changes in the conpatibility
with other polyners and in the interaction with
inorgani c surfaces. One reason for this may be, for
exang) the polarity of the polymer, which chan
WOZW)Q/F! Ki4Pf erences in tactici ﬂ& A further advantP E82009/051117
pol ymers having different tacticities is therefore
that the 20 mcrostructure - in particular the
tacticity - of a polynmer, influences the interaction
at interfaces. This relates on the one hand to
adhesion to different substrates such as netals,
ceram cs or concrete. Particularly in relation to
metal surfaces such as zinc or else steel, it has
coatlrtge dhepotesadiibe dof pighesr Esidranderds getdrmiesd We;rymbstamhallly by the

ot B BB i s Y e BB PRRL % conceabe
for exBﬁWPé’ Qkat, #Pa §¥’r‘idn@t§@9@ﬁla@9 tﬁfé‘eeiﬁfe?aéﬂr@ GoBPs lchk %b)brb@ght with

relation to other surfaces - such as ceramc, p astic
therm@ﬂy@@n@r@eﬁ;erer@e ine acﬁnaélal viginlly theneaepther that in the case of an

ISOtaC%b%ﬁrﬁdLP@ I?éd ﬁgﬁ ePge aﬂjagh b EESheP ICRA teht.'illﬁffects or

'S | Iuen in particula
mteraqtu:ais arye likelyt dz&ew%tEmrngstahcqm\gltfetht&spcbjymehnatmrTMemadmf the mventlon,

tis pRonadh 08 TR g Isterhl authimm PR Agion 62 bitieh By Fians of an
extrerﬁgy/sﬁﬁamcp@éxlﬁly adpRedtI@ BolyfitRizbHibe hfé@lﬁcbd) ﬂNltﬁ re@E@@t&th least to a

nd binder is determ ned very substantially
specﬁﬁfo@@mb@ﬁt'm of siebstiate folee pﬁ@teérar\dLm@mﬁahtﬂ b@fiﬁeﬁéseénn ghe matrix.

Anoth{éﬁ LypEL: iS Bl fso é)-gly%f e é&n?l‘égébeéc%a;’l@geformuI%oﬁ*ﬁ'{@élﬁlied person is

In a syn actic tr |nteract|ng
awareglrhau pdneo amorgembrpmg;ghmts, fair eamipes rame tyrmautated pn efoorting eyaterial, the

viscosiiR oyt gk Kb etk fts AEHTRHL B bdMaraghilpween binder
and pRfiveritsmddS ahnndiessr onthe qAigr oftheisufasd hettirg cﬁﬂthe colourmg
interactions are |ikel % as well. For. instance,

addltIYGhéN peN yventvaly PrrPared Riswest aregsqchiy isforpg, surpwsnpgly, that the initial
visco ISBER affBle%IIEﬁorf\ béﬁbetl%\ﬁgr tRd RN ?¥ bt fS%urﬁHFé‘ than that of a

preparation o bi nder by neans o extrenely
standanmfprreuahdn fwittna mryesmands@mlse)epsmmwmm Viith thet padymers of the

ventl Sep SRR, 108 hesSBBt ok ishar JRie o 6 SR BHirber BB g more

efficiehhe matri x.

A further aspect of the quality of a coat film is the gloss. It has already been observed that
the gloss is greatly influenced by the water content or solvent content of the coating matrix.
Surprisingly, however, it has additionally been found that the microstructure may also bring
about a large and measurable effect on the gloss values of é coat film. As a function of the
polymer composition it has been possible to show that polymers having a relatively low
syndiotactic fraction exhibit improved gloss values as compared with suspension polymers
prepared at 80°C, which are viewed as the standard.

Hence with these processes it is possible to produce polymers in a more targeted manner
as regards these macroscopic properties that are important from a performance standpoi}nt.

All of the processes known to date for stereochemical control in the polymerization of
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10 Anot her aspect is the viscosity of the conpleted

coating fornulation. The skilled person is aware that

when i norganic pignments, for exanple, are fornul ated

in a coating material, the viscosity is greatly

i nfluenced. This effect is attributable to the
WO 2009/#28d0i on bet ween bi nder &ahd pignent and i s ®&CT/EP2009/051117

i ndicator of the quality of the surface wetting of the

colouring additive. Wen inventively prepared binders

are used it is found, surprisingly, that the initial

15 viscosity of such a formul ation can be | ower, and

hence nore favourable, than that of a standard

formulation with a correspondi ng suspensi on pol ymner.

Wth the polymers of the invention, accordingly, it
(meth)&crplasss dreeextiendl Gﬁrﬂgﬁcaﬁéé BAHHr&Bat&d BR thPhE&diliaR bfifurther

and nore efficient further aspect of the
compgu@nts syichas speeific inifiatars er ¢araplgking agents. Aemple Bgiipd of
eS8 (AP BOINES 4y oLy LB GRS Sp ke WUBRERT o e o
great taxthnical int&espri si ngly, however, it has additionally

tructure al so. br.jn o
To sclg s F4Prt L SR T L LS Pl Sigb Boymerzatr
tempetatute aingf oﬁl&%ﬂ% dddptingABe mifiatbgidgamte sylshsm, PR pdBRible to vary the
osition it has been possible to showt hat pol ymer s

tactlcwagp # Qolé(meéwathm/bwndasw%afsﬁhmteﬁfalemt%d faraoevemheless of definite
interegﬁfébhhlEamg]%%gh&lR& $o %84 ‘é@gltlglﬁalg B \Arﬁe?ﬁqﬁ {he system, such as

suspensi nmers - prepare ar e
Compwmg@@ﬁarfdaemmblenﬁélawuelentfhm rporecesss datiin tl'iis respect - for

reasof 3ieday gl RieE Rk HOUEET iR S ngs! Sidplenei ™’

Furthémfsre! @iy edgyoim @n@ﬁﬁ%Qhaﬂh%edeﬂie@@éﬁw ot tactidityl orOfJoﬂyl‘h%rization
rocesses, known to date for steregchem cal control

tempeg'ﬁgjr%@W\fezg\(qrbgfegfer\@eg@@g/pfg epymicrostructures are compared,
in moﬁ’@:/el%t’ﬁé\ﬂﬁé Qﬁéyillga@lcaqgﬁ\tatﬂb?éfa\‘%ﬂtt%n AR P HrbGE |s¥|ch as in MMA. The

i cated and are based additionm of furt
samec@gg@rtem # pagiculas, ofwepplymers fommest fisers roenaoers! @wrrq;radlcals

WhIChaCﬂﬁErtm t{'éfgie?’@ﬁ’%l thod of influencing the polyner

tac "he pol ynerization process would

A furthé\e&i@famlta@eb@f the procesatofities mveatidn Isthat ©8an be tremspossdwithout
this grobl emit has been found, surprisingly, that by
GOPHRUS PHZRYQpProcess.

A further aspect of the present invention is the preparation of (meth)acrylate-based binders,
which have a thermal stability up to 214°C, preferably up to 230°C, very preferably up to
250°C. The thermal stability at a specified temperature means a loss of mass of less than
2% by weight when a thermogravimetric analysis (TGA) is conducted. In particular, the
polymerization at relatively high temperatures promotes the formation of what ére called
head-to-head linkages. These bonds in the polymer chain at which, in the case of
poly(meth)acrylates, two quaternary carbon atoms are linked to one another, exhibit
thermal instability at temperatures above 150°C and in the case of scission may initiate the
depolymerization of a chain. This leads to reduced production yield and to an increased
residual monomer content in the polymer. Furthermore, as a result of unstable bonds, such

products may exhibit reduced storage stabilities and/or weather stabilities.
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tenperature and, optionally, adapting the
initiator/regulator system it is possible to vary the
tacticity of a polyner w thin boundaries that,
although Iimted, are nevertheless of definite
interest technically, w thout having to add additiona
WO 2009p2ieaat s to the system suth as conpl exi ng a@€m/BP2009/051117
for exanple. It has been found, noreover, that in this
respect - for 10 reasons already elucidated - bul k
pol yneri zation is the nost suitable nethod.
Furthernore, it is easy to conclude that this
dependency of tacticity on polynerization tenperature
may have even greater effects, when different
m crostructures are conpared, in nononmers having
The fdttretioniAhegalts heaalinRéded ISR ridhRRCHRAEY bt BAANRS high
such as in MVA same is also’true, 1n particular,
polym@rlzaﬂ;p‘otemmf@tweﬁ ﬁﬂfd)ffonb/rﬁ pbﬁmmeeomwhiqh\gcanamﬁ ebsasvadin bulk
f.fer rd
poiym§ ifbuf b Roulsb OB I hE abo 88 SR p TS RS A Eoen
prepatercha’saosuedspwtdh@fempyraﬂmk@rrs to a conti nuous

Inthe %%%ﬁ:lrl’l\{z Qﬂt ﬁp‘?{%@%ﬁh qﬁag{)tg%ngﬁ'ﬁggce and hence of the reduced

therméf@bbﬂx%é@ &Gt SvEd b?bﬂgj%ﬁn%théopr%h&r{o hRPha oftBRFHRent when
stabili'ty up to 214C “prefera to 230C, ver

y
the pqlyrapézatisnys @pn@ude@s‘ti@ temwrah@@ ﬁhpvesﬂa@u@ inrgfesably above 160°C,

more ?ﬁe?&‘afbyﬁ%é E‘; 4 wﬁ QJ%FHPessﬁﬁesb&(N SSmBhy Laﬁé %IDO mbar,

er nmogr avi metri c anal ysi's
preferabligt)etivecn 6rrdb|art ad 400 rr[hmrlanduhcme prefezablp bleywesn 2@ b and

relatlvel hi h te tures tes e formati on
100 nifar, By Sfelvala ] RTRH S Hreshih it R et R TR il as
reSIdUdﬂ rﬂd?ﬁ)nmls bﬁ@blv@h@é&o@éptmgw bult %Islohﬂe%}%@-t@fhe%@ bonds are opened
y(meth)acryl ates, two quaternary carbon atons are

and thq Pﬂﬂé@ef 6NaiRe ImAvesion aretereiare statilizes) oridepolypigrizeg, and the
resultﬁr\gmrrﬁél%xﬂér ﬁ%@g%gﬁ%%f;n@ggré Rrh&feL aRe rﬂ%nﬁél%?ﬁ?é‘vered in this

y Initrate t merization of a c
way claeaadent optionaily, dxb lmcgdladttm te yolytmtnaambrt proaass$.nfaT epredch of this

i dual, _npbno t in the rthernore
ind 8 B bl M BREH TraGR b nrbietotS BB o flbe SRS feactve
extrustod)ithe T ayief HsRForsarl /Be rehabt, Idrid e kﬁ@gdlﬁ](; é@@kﬁ@é technology, by
st abl lities. WD 2009/ 121640 12 PCTI EP2009 he

means §f aaEdgRIEN Presess steRsxgh lasrikBRfdsdg vplatilization or a (second)
devolé’tﬂiz}f{d@&md%? A BitEaftve BS!! & 13"’[8'&{)epétg%ne of the last implemented

zones of the continuously operated reaction reactor at an appropriate temperature and,
optionally, under subatmospheric pressure. This might be, for example, the last zone of an

extruder or the like.

Monomers polymerized are selected from the group of (meth)acrylates such as, for
example, alkyl (meth)acrylates of straight-chain, branched or cycloaliphatic alcohols having
1 to 40 C atoms, such as, for example, methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate, pentyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, stearyl (meth)acrylate, lauryl (meth)acrylate, cyclohexyl

(meth)acrylate, isobornyl (meth)acrylate; aryl (meth)acrylates such as for example benzyl
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pol yneri zation tenperatures is not only a phenonenon

whi ch can be observed in bulk polynerization but

| i kewi se occurs in the case of solution polyners which

have been prepared at a correspondi ng tenperature 5

In the present invention, the problem of head-to-h
WO 2004k $d0and hence of the redbted thernal stabi IPQTYEPZOOWOSHU

has been sol ved by subjecting the product to thernmal

aftertreat nent when the polynerization is concl uded.

At a tenperature above 120C, preferably above 160C,

nore preferably above 180C, and internal pressure

between 1 nmbar and 800 nbar, preferably between 5

nbar and 400 nbar and nore preferably between 10 nbar

and 10 100 nbar, not only are volatile constituents
(methpaarglate on pharye(mpethirnrylates mibiedmay uic badls caseebacrualtyl radicals which

are BRI s BUHAEY AFbpEnUnS! Aatia pBpGH S Rmplyacryiates

such aélfd]léeéhipwnéﬁlﬂh?lﬂﬂ’fe@lﬁ)&b@lﬁbaﬁiohb@ﬁdh%crﬂ@té@'dﬂmﬁéréeﬁblyethylene
and the resulting | ow nol ecul ar mass _conpounds are

glycolsep@lyR@pyrene dhvsnother Bixtees Jereafl havipg pLO Pansyshes, for

oxanf B FOLE S DA ) AR, oy

propyl mettidcryatec e;sdelsemwmdﬂeyj methdatyte, sbmizyl@xymeﬁtyl meéhacrylate

b
furturf St SR e e bR Er o S i el et RE
allylomdymemb@qmé sletioxguatyl Aetitadryiaeh 1deNetyeityl Iniahachylate
51 ond) devolatilizing extruder, Anals ative

ethoxw@ﬂty meéhaqsy'ak?e PabEEBHENBONGD Maky! ¢thpr Eneihiasylate and
poly( &’BBﬁéné’ IB/EBQ SRy é’ih’éf’rg(fr%éfh%?ﬂé‘tteeq*hé BRIt s‘e‘?é&lbﬁrmév also

te tenpe re and, 20 optionally, under

, encorsum ma@ﬁe«el hydopastknctionaliaed amgiﬁtanbeo fyrntioprliagsl and/or

mercéébgﬁf/%@cﬂbgé@i@ r%rﬁd@lln 8{?@%&!@@50{?%5{1 9 & ahg)%]r c%&?leiruﬁctlonahzed

acryldteeand/ac metizdceplatiscduchsas, fo?rexamfﬁtmdllgl, matHaﬂylate or hydroxyethyl
(meth)acryl ates of straight-chain, branched or
meth%yy,lp’g% i phat i c aI cohol s having 25 1 to 40 C at orrs
such as, for met hyl (meth)acrylate, ethy

BeS'dFﬁﬂi%fa%tP%C&Y'éteSrﬁ% eyyﬁbwemﬁ aemppeifigns tos%e?lymenzed may also

’comp%@ﬂﬁgh%? UK éﬁ:?ate& grrdn exyg‘?%m ﬁﬁ?%b@ ﬁ\enE&%ﬂr cog?lymerlzable

acrylate, acrylate, stear
with tmemtdn&mengrd)rm@(méthhaoyyla(eseifhésa&:mphatrers m;ctud@h erying others,

1-alkenes, such as 1-hexene, 1-heptene, branched alkenes such as vinylcyclohexane, 3,3-
dimethyl-1-propene, 3-methyl-1-diisobutylene, 4-methyl-1-pentene, and acrylonitrile, for
example, vinyl esters such as vinyl acetate, for example styrene, substituted styrenes with
an alkyl substituent on the vinyl group, such as a-methylstyrene and a-ethylstyrene, for
example, substituted styrenes including one or more alkyl substituents on the ring, such as
vinyltoluene and p-methylstyrene, halogenated styrenes such as monochlorostyrenes,
dichlorostyrenes, tribromostyrenes and tetrabromostyrenes, for example; heterocyclic
compounds such as 2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-
vinylpyridine, 2,3-dimethyi-5-vinylpyridine, vinylpyrimidine, 9-vinylcarbazole, 3-
vinylcarbazole, 4-vinylcarbazole, 2-methyi-1-vinylimidazole, vinyloxolane, vinylfuran,

vinylthiophene, vinylthiolane, vinylthiazoles, vinyloxazoles and isoprenyl! ethers; maleic acid
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(nmeth)acrylate, isobornyl (neth)acrylate; aryl
(met h)acryl ates such as for exanple benzyl WO
2009/ 121640 13 PCT/ EP2009/ 051117 (meth)acrylate or
phenyl (meth)acrylate, which may in each case have
aryl radicals which are unsubstituted or substituted
WO 2009121648s; ot her aromati cal | y4substi t ut ed PCT/EP2009/051117
(meth)acrylates such as for exanpl e napht hyl
(et h)acryl ate; nono(neth)acryl ates of ethers,
pol yet hyl ene gl ycols, polypropyl ene glycols or
m xtures thereof having 5-80 C atons, such as, for 5
exanpl e, tetrahydrofurfuryl methacryl ate,
nmet hoxy(m et hoxyet hyl net hacryl ate, 1-butoxy- propyl
met hacryl ate, cycl ohexyl oxynet hyl nethacryl ate,
derivaiRBaysrydeihaldic aBh Ry hlidmidd, Lméthywarémﬁdmewrbaéﬁ/rmarermlde
- but oxyet hyl met hacryl ate, 2-ethoxyet
for ex,ammgcqrﬂ dieres siygh 38 gwy\yg:tqwenﬁefphg@rypét and also the respective
hydroky —?L?] Pfr%e\e ar{‘ﬂ?{)p&‘ﬁm@ R 8|orrlal|‘2%@%Wi‘)trWercapto-funotlonalrzed and/or
thacrylate,

acr
oreﬁni@auy(mﬁyharizedgjoyrumu)wdsermde mumymensetunmunyreammeo be

prepaat o S YT £ by AL e oo e tingichaity andior

an ol Tl ML bHENS) in@@hbs&ﬁ@erﬂnﬂk@rﬁp%@dﬂ@uéwﬁﬁdoﬂﬂﬁé lafedinylpiperidine, 1-
and/ or _nercapto-functionalized and/or ol efinicall

vrnylrmrﬂ«?@ple@ﬁbyrpylgmrrgm 2eanyiwielidopgchivimapyriligine, 3- v¥nylpyrrolrd|ne
-vrnglﬁ%ér: it aNCVrWIb 'WH@%&%' QES%{yﬁH{gfénﬁf% it %Sd

acrylate’or hydfoxye acry at e.
hydrogesattelsvinyiexgaokashn) acryl at es set out above, the
conpositions to be polynerized may al so conprise
further unsaturated nononers which are

Polynhkﬂmch Wﬁ&tbmmrﬁcmarmdygmférzlabﬂo&hethrh)nﬁérmhase are the free-

racical ARG DARGIN UBERANS s PATHaH REHBETORKRSTHLAE0 FRIgasdnds. In corain

crrcur%ét'é%%@ﬂ‘?na)bﬁélﬁemaéé&ﬂ‘t%%s%u& Hﬂﬂﬁré’ binyi&nsat PRRXGEEThe amount

Ryl - 1- propeéne, - di i sobutyl ene,
used zs gmqry!lly srl_uqm]tr‘ethe rangel batwqﬁrb(%“ltemd &perfcent l;z\owerght based on the

C Ay t f
monofiHieBe Vopd i Wletoid el (PR Ik agrpigobutyronitie
1,1 -aiubifs(ct)lcllmekar@ébetrb@ntﬂl@)y(N\r/],gKOJ@N%E),uZi(lcairSamoylazo)rsobutyronrtrrle
styrene and a-et rene X

i TE Y 3% Rt BubhieBrbas. SiswE ibRyeroxide (OTBP),
di(terB4RS/ %&&é |9T‘AF> Figogy (BL3thyih I&%Hﬁ‘é‘r% @BBHEHC) and

(e ﬁré/)r?‘e | st yr Ea?o ggfatp %Qt esé%s‘(/uc an
furthermne@@hdeﬂ wi;[cpr@o;empose at a high temperature as free radrcal initiators. Further
examples of suitable initiators are octanoyl peroxide, decanoyl peroxide, lauroyl peroxide,
benzoyl peroxide, monochlorobenzoyl peroxide, dichlorobenzoyl peroxide, p-ethylbenzoyl

peroxide, tert-butyl perbenzoate or azobis(2,4-dimethyl)valeronitrile.

~ To adjust the molecular weigh’r of polymer formed it is also possible to add to the monomer

phase, in a typical way, up to 8% by weight of one or more conventional chain regulators.
Examples that may be mentioned include the following: mercaptans, such as n-butyl
mercaptan, n-octyl mercaptan, n-dodecyl mercaptan, tert-dodecyl mercaptan or
mercaptoethanol; thioglycolic acid or thioglycolic esters such as isooctyl thioglycolate or

lauryl thioglycolate; aliphatic chlorine compounds; enol ethers or dimeric a-methylstyrene.
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di chl orostyrenes, tribronostyrenes and

tetrabronostyrenes, for exanple; heterocyclic 25

compounds such as 2-vinyl pyridine, 3-vinylpyridine,

2-met hyl - 5-vi nyl pyridi ne, 3-ethyl-4- vinylpyridine,
WO 20091216#6t hyl - 5- vi nyl pyri di nel5vi nyl pyri m di ne, PCT/EP2009/051117

9-vi nyl carbazol e, 3- vinyl carbazol e, 4-vinylcarbazol e,

2-met hyl -1 -vinylimdazol e, vinyloxol ane, vinylfuran,

vi nyl t hi ophene, vinylthiolane, vinylthiazoles,

vi nyl oxazol es and i soprenyl ethers; maleic acid WO

2009/ 121640 14 PCT/ EP2009/ 051117 derivatives, such as

mal ei ¢ anhydri de, mal ei mi de, nethyl nal ei m de,

cycl ohexyl mal ei m de, for exanple, and dienes such as

If brafihedpydiasEedre o ferprepaiaal the MBAoALS ?hé&en{a@%&mgnn atup to
hydr oxy-functional i zed and/ or am no-functionalized

aboutém?/ RRI GRbt Eamedghtumwuaﬁmnai SPNMETEr EXaNRIES BEEE gthylene glycol
d.(mewa&ﬁ/\é?é‘ %dtéﬁé’dl& ga%qégféeérednﬁﬂ Suf%r{ Phat they

urt her nore, prepare
have a hydroxyl and/or am no and/ or nercapto

in ordfg[IECt Itﬁﬁ%!){itstc:ééggyn%pqrbgptgﬁuﬁugﬁeln%%&fqggp éa%lfswoper%ted’] reactor it is

possnMe rRyptiphaiey tociddeup fo 109y Wiy BBaod §olvent or a plasticizer to the system. In
vi_nyl pyrrolidone, 2-vinylpyrrolidone

the cqqe\gfmﬁwﬁr& high melt \gsqps,iﬂﬂspw asditignt. this kind may be necessary in

order NS éh&@%&)ﬁﬁﬁ]n@%ﬁﬁl{; I?F\I};\Hz@ol e'c{?é’ﬁ gélﬁ tiastigm r‘Partefé]%red to add not more than

droge Vi ny s and hydroge
5% bwwawhtbt@ﬂwl regnomgombdusenYittzpartionlar pretfenamoe $he phlyaterization is

carrieg:oglé aﬁtﬁggﬁ %gcﬁf?clgrﬁ%)f]t% g{)lg?r&thc?r)pg%) g:llr%%rr \&qg &&Q%?tg tl%] Substances that
can b@adtjbd uhard grepes msitrdﬁ@nanﬂw@wmpommmotmeshﬁn eedtisd, for example,
i rcu ances may pe advant ageous to uyse a nmixture :
aceta@ls ak'é@é'fc%rﬂromt'ts? 8E§ po?wgh%{ﬁ[ﬂj or piekaiaies. general Iy
S|tuat ed in the range between 0.1 and 5 percent by

i ght, based on the 15 nononmer phase. Used with
One ppqef@rr@dmﬁ@@es&rf@r Rrepadoatiot pdymsne bf e invention is the continuously

operaffAMSLBFIILAAN Hebiidear. A garerintienf abaeyec sacing reactor of
this kidd foracdmtinnylisbolkipphmdizatioh] fromethe CONRad LstMS Qivedrin
t suych - |_peroctoate,

woO 2@5%@3{4%%99&:3 V\&é@bﬁ{’}déggé}f—B e polmn@(%@tgorhﬁﬁa;ned out above the

| h& itiators, et
glass 93 yl‘i?@gerrg%rgﬁ)ge o @id E?—|C§}Hé'r MSﬁﬁ?ﬁ%éﬁsg rcﬁfpa[l;?é]& Ilral tiator e ie. are passed
contlnu@wmgéh@re%ctw @'hi arerhaakatixadewitha praduse whiah feas already undergone
reactlérp.',&\t' 1At Qe tFrHé,t J@S{:ted produce is removed continuously from the mixer-
kneader apparatus. The unreacted monomer is separated off by means of a residual
devolatilizer and can be returned to the reactor. In this residual devolatilizer, at the same

time, the thermal aftertreatment of the polymer is carried out.

There is a broad field of application for the inventively prepared products. The
(meth)acrylate-based bulk polymers are used preferably in coatings on surfaces, for
example, of metal, plastic, ceramic or wood. One example for a coating material is the use

of the polymers of the invention as binders in architectural paints, marine paints or
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20 exanples of suitable initiators are octanoyl

per oxi de, decanoyl peroxide, |auroyl peroxide,

benzoyl peroxide, nonochl or obenzoyl peroxide,

di chl orobenzoyl peroxi de, p-ethylbenzoyl peroxide,
WO 20812140yl per benzoate or 16 PCT/EP2009/051117

azobi s(2,4-dinethyl)valeronitrile. To adjust the

nol ecul ar wei ght of polyner forned it is al so possible

to add to the nononmer 25 phase, in a typical way, up

to 8% by wei ght of one or nore conventional chain

regul ators. Exanples that nmay be nentioned include

the foll owi ng: nercaptans, such as n-butyl nercaptan,

n-octyl mercaptan, n-dodecyl nercaptan, tert-dodecyl

contaiffer paIptAThelpolyRésapbp akéwige lbe dseidas kinefd earkdedsd fledr coatings,
t hi ogl ycolic esters such as isooctyl thioglycolate or

prlnthgdnlﬁgﬁ|hqaﬁ§@§|pqg;l@pg@%rs eaachvrabptnelhadigsiesc g gebesives or

seala§BO! ethers or dineric a-methylstyrene. WO 2009/121640
15 PCT/ EP2009/ 051117 If branched polyners are to be
prepared, the nononer phase may al so contain, at up to

The e%@kjﬁu sﬁ&e&ﬁﬁﬂa&i&?ﬁﬁ%%v‘%é%m%w% % E)ﬁg%t%rg&xs)grag? rfrﬁ‘{esg\’)resent
inventio, doeHawd ndichpadity) eaoykiag eheinvehtidring theiggtnrss Esdidsed herein.
order to set the viscosity at an optinumlevel in a
conti nuously operated reactor it is possible
optionally to add up to 10% by wei ght of a solvent or
a plasticizer to the system In the case of
parti cularly high nelt viscosities, an addition of
E !gs kind may be necessary in order to ensure opti mum
Xamp ‘T’lg of the reaction solution. It is preferred to
add not nore than 5% by weight to the nononer
m xture. Wth particular preference the polynerization
Determination chthe tedticityt ofvihepolpmerddi ti on of a sol vent or
pl asticizer. Wth regard to the substances that can
be added, there are no restrictions. The conmpounds in
The tagtieis} ofothepryyrhers ﬁr@par@&aﬁﬂb&rmlmﬁm)ﬁmans af melhaldem magnetic
aromatics or else yet hers and/ or phthal at es.

resongjicsr IRETPSHYRC 5 ’T‘@Wybﬁéﬂﬁqufl@hfrﬂ%thﬁ%ryﬁ%? i i5p-, hﬁtero- and
syndndté‘é’tﬁ;‘lhb&é‘ shéw& P@s&%‘%b%%ﬂ)%t&f’sﬁ&,@ﬁuﬁ{ 80, %‘?e@@grand 1.21 ppm

appar at us technol ogy. A description of a backm x
(deutekoaidariofernr witb tefraroethytsilage ke starfdard cfcﬂnCu) riutﬁgsatmm dxver these peaks

. lyneri zation, fromthe conpany List, is given in WO
gives %%dé%é’f@'?‘gng\ﬁd in WD 2007/ 112901 The pol ymeri zati on
is carried out above the

Determination of the metal adhesion of coat films

The metal adhesion of a binder on a surface of zinc or of steel was inVestigated by means
of the cross-cut test in accordance with DIN EN ISO 2409. The result is evaluated with
values between 0 (particularly good adhesion pattern) to 5 (no adhesion). In the tables, two
valueé are reported: the first is a visual assessment after the cutting has been carried out.
The second value is for the assessment after an additional test, conforming to the standard,

using an adhesive tape.
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glass transition tenperature of the polynmer. Mononers,
catal ysts, initiators, etc. are passed continuously
into the reactor and are backm xed with product which
has al ready undergone 20 reaction. At the sane tine,
WO 20@4t218d0 pr oduce i s renoved cbhtinuously from t h@CT/EP2009/051117
m xer - kneader apparatus. The unreacted nononer is
separated off by neans of a residual devolatilizer
and can be returned to the reactor. In this residua
devol atilizer, at the same tine, the thermal
aftertreatnent of the polyner is carried out. 25 There
is a broad field of application for the inventively
prepared products. The (neth)acryl ate-based bul k
DetermpirafioR o tHy glovs ediupsef erably in coatings on surfaces,
for exanple, of netal, plastic, ceram c or wood. One
exanple for a coating material is the use of the
9 r .
The o8 YERES o R kIR ST FaR, a0 TiseRUidient oo i
indicate@ThER2D@9SO©51117 contai ner paints. The pol yners may
i kewi se be used in traffic markings, floor coatings,
printing inks, heat-sealing | acquers, reactive hotnelt
Measwréhesit gbthe dyinbatic aidbesitves or seal ants. 5 The
exanpl es given below are given for the purpose of
better illustration of the present invention, but
The dyFASiIcVSCOIRAE! th¥aded HIEEAS dhRG WM BN 156 d308.
eatures di'scl osed hereirn. 1o Exanples Determ nation
of the tacticity of the polyners The tacticity of the
r r I+ 8 ] by nmeans of 1 H
Meas fIRERELFIHBIFAR féndidor BLBTRAES (T oscopy. The
met hyl signal of polynmethacrylates in iso-, hetero-
The o30S e B aplures o Beaoar A RAns o o harh RS 3h
thermdRisp @SHE PASIRaIRy W DINtEN 130etfaglzs{ | ane as standard,
50C0)". Integration over these peaks gives the triad
frequency. 20 Determ nation of the netal adhesion of

ThermBQlaatvir%i!ri'EEmg r%rr‘?uteﬁjcs adhesi on of a binder on a surface
0 [ ‘ ee

zinc or of's was i nvestigated by neans

The thermogravimetric measurements take place in accordance with DIN EN ISO 11358.
Example 1, Composition 1
Continuous bulk polymerization

A mixture consisting of 20% by weight methyl methacrylate, 80% by weight n-butyl
methacrylate, 0.4% by weight TBPEHC from Degussa Initiators and 0.4% by weight
ethylhexyl thioglycolate (TGEH) is supplied continuously to a backmixed kneading reactor
from List, as described for example in WO 2006/034875, and at the same time reacted
polymer is taken continuously from the reactor. The internal temperature in the reactor is
140°C. The average residence time is approximately 30 minutes. Immediately after the

reactor, the polymer melt is passed to a List flash devolatilizer in which, at a temperature of
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of the cross-cut test in accordance with DIN EN | SO
2409. The result is evaluated with values between O
(particularly good adhesion pattern) to 5 (no
adhesion). In the tables, two 25 val ues are reported:
WO 200121648t is a visual assessih®nt after the cuttiPGI/ER2009/051117
been carried out. The second value is for the
assessnment after an additional test, conformng to the
standard, wusing an adhesive tape. WO 2009/121640 17
PCT/ EP2009/ 051117 Determ nation of the gl oss val ues
The gl oss val ues are neasured according to DIN 67630.
The neasurenent angle is indicated in each case. 5
Measurenent of the dynam c viscosity The dynamc

180° O/lréﬁéﬁaltuhréécté@mﬁoﬁﬁ’erb Rré eSO ERNESMVIhE hoRIMerENd tRermally
10 Measurenent of the glass transition

unsta@lem@@ﬂat@nneééi linkages aéesbnqkawpﬁnoﬁew\@e@ethatr@ﬁcé@r ancthe flash

devo'%ﬁgéﬁ%%g oy i ?‘%ﬁ@é acc dﬁﬁj@%%"ﬁ%@% 11357- 1.
15 Ther rmgr avinmetric neasurenents The
h avi.nmetri c neasurenments take place in
ExambB, PRSI TR ' B EN | S0 11356 Exanpl e 1,
Composition 1 20 Conti nuous buI k pol yrreri zati on A
m xture consjsting_of 20% b ht nmeth
Like E#émﬁ%ﬁcﬂywt%th @@%9 E@P\ﬁéifgmt @TUU ynal rﬁe@tﬁatemm%r@@re of 120°C.
0. 4% by wei ght TBPEHC from Degussa Initiators and 0.4%
by wei ght 25 ethyl hexyl thioglycolate (TGEH) is
supplied continuously to a backm xed kneadi ng reactor

a I for exanple in WD 2006/ 034875,
Referefr{ %%%érﬁélg1 %r?gﬁ‘f S%O}?} acted polyner is taken
cont| nuously fromthe reactor. The internal

erature in the reactor is
Solutlon gglymenzat?on

80% (364 g) of n-butyl methacrylate and 20% (91 g) methyl methacrylate are mixed to form
a monomer stock solution. 91 g of the monomer stock solution and 140 g of n-butyl acetate
are charged to a 2 | jacketed reactor with blade stirrer, reflux condenser and nitrogen
blanketing. 0.3 g of TGEH is dissolved in 5 g of n-butyl acetate and the solution is
introduced into the reactor. The mixture is heated to an internal temperature of 60°C with
stirring. 0.55 g of Peroxan PND from Pergan GmbH, in solution in 5 g of n—butylv acetate
was added. Following the exothermic reaction, the remaining monomer stock solution is
metered in together with 1.2 g of TGEH and 2.2 g of Peroxan PND over the course of

3 hours at an internal temperature of 60°C. After the end of the metering, initiation is
repeated with 1.4 g of Peroxan PND in 100 g of n-butyl acetate. The subsequent reaction
time is three hours. The batch is then cooled to approximately 40°C and diluted with 240 g

of n-butyl acetate in the process.
Reference Example 2, Composition 1

Like reference Example 1, only with a total amount of 2.73 g of Peroxan PO from Pergan



140C. The average residence tinme is approximtely 30
m nutes. Imediately after the reactor, the polyner
nelt is passed to a List flash devolatilizer in which,
at a tenperature of WD 2009/121640 18

WO 2671362009/ 051117 180C, resi@ual unreacted nmonBG@AVEP2009/051117
are renoved fromthe polyner and thernmally unstable
head-to- head |inkages are broken open. Between the
reactor and the flash devolatilizer is a facility for
taking a sanple for TGA neasurenents. 5 Exanple 2,
Conposition | Like Exanple 1, but with 0.5% TBPEHC
with an internal reactor tenperature of 120C. 10
Ref erence Exanple 1, Conposition I Sol ution

GmbHP&S iniRitbrzaid With 3A%pieAfdt t@%F@ffaumemﬂngcrret hacryl ate and
20% (91 g) nethyl nethacrylate are mxed to form 15 a
nonomer stock solution. 91 g of the nononer stock

butyl acetate are charged to
Refer%@g#i ete %%ct or{'vvl th blade stirrer, reflux
condenser and nltrogen bl anketing. 0.3 g of TGEH i s

. ' | ved i t.a d
Like rete 2RISR, Prid e LB S e of PSR ko diuipsa
Imtnatdr@ aérhltlétbe renidkal tRAGLET F 01 @bf POEHES PegubdtbF, linBGn iAte?Ral
Peroxan PND from Pergan GrbH, in solution in 5 g

of
tempefﬁtuq? ®utd Cacet ate 20 was added. Fol | owi ng t he
exot herm c reaction, the renai ning nononer stock
solution is netered in together wwth 1.2 g of TCGEH
and 2.2 g of Peroxan PND over the course of 3 hours at

| er tur of 60C. After the end of the
Refereﬁ@g aﬁgoq34 b?ﬁg}

erl I'hi repeated with 1.4 g of -
Peroxan PND in 100 g of n-butyl acetate. The
subseqguent reaction tine is three hours. The batch is
Bulk p?'ﬂ@ﬁ” 8¢9%ed to approxi mately 40C and diluted with 240
g 25 of n-butyl acetate in the process. Reference
Exanpl e 2, Conposition 1 Like reference Exanple 1,
720 g efnmm-putM methearyatd, 18fwuel methybmethapryatep8rtog @h TEEH apnt3.6 g of

TBPEME 8 MY AOD3(=8 beARe I 5583984 Wrthistifring for 30 minutes. The

mixture is introduced into a mould consisting of two glass plates (20*20 cm) and a plastic
strip 6 mm thick. The strip is mounted between the two glass plates in such a way that it
ensures not only a constant distance between the plates but also the sealing of the mould.
The mould is held together by clamps. After filling, the mould is placed in an oven at 80°C
for 3 hours. The mould is then removed from the oven, allowed to cool to room temperature

and opened to allow the polymer plate to be removed.
Reference Example 5, Composition 1
Like Reference Example 4, but with 2.3 g of TGEH, 4.7 g of Peroxan LP from Pergan

GmbH and with an oven temperature of 120°C.

Reference Example 6, Composition 1



10

15

GbH as initiator and with an internal tenperature of
90C. Reference Exanple 3, Conposition 1 5 Like
reference Exanple 1, only with a total anount of 1.83
g of TBPB from Degussa Initiators as initiator, a
WO 20vB216d00unt of 0.91 g of TCEH as regul at or, anBCAMEP2009/051117
internal tenperature of 120C. 10 Reference Exanple 4,
Conposition 1 Bulk polynerization 720 g of n-butyl
nmet hacryl ate, 180 g of nethyl nethacrylate, 3.6 g of
TGEH and 3.6 g of 15 TBPEHC are m xed in a gl ass
beaker and honogeni zed with stirring for 30 m nutes.
The mixture is introduced into a nould consisting of
two glass plates (20*20 cm) and a plastic strip 6 mMm
thick. The strip is nounted between the two gl ass
plates in such a way that it ensures not only a
SUSpe@éWé‘t%ﬂlﬁmE”@t@ﬁce bet ween the plates but also the
sealing of the nould. The nould is held together by
clanps. After filling, the nould is placed in an oven
A 5L patyn3@afionvessed vhmmeaatinyro@ohmjjad:k'es egbppedeavitvstitrer mooh reflux

condoh, 24508 | AHS0h Al et B ETREISE ey s ot oo

speed3¢B60 ¢@@cﬁut@?’@rﬁéremﬁutec@ﬁ§ aBé Féé?dﬂorlls 215a’eéd<t© dreEREBRE omperature
of TGEH, 4.7 of Peroxan L

le 4, but with 2.3
of 40°¢ %(55) pof gais% @t’fﬁ'llgt&rﬁwﬁiotiﬁ salytien &f p@b'ﬁﬁryhataendearts# 0.5 g of

potes 8RR ORRLEAP TR o BN Al o lss b

200
1280 g@i0yherfinchutybmethastylpiel §2@gi(2a%) of nm&ydehemcﬂylate 7.5 g of
PeroxglE b b €681 TR A ixecalH HEas e S gt qﬂamﬂomr

stock stdutiones plund in@tthe rebdter. Sthe inBmalIemPerdtoreds ré%\ﬂ@léd&ft 85°C.
00 revoluytions per mnute, and the reactor

The palyngrizationds RYer vaapBeat 2ipes benagiven ool batcR is gogled. Using a
suctloﬁﬁlgﬁp%hnaﬁ'é? RYiForS e sEp AT PhroMh¥ Folymhdrb s dvidad af washed

thoroughly with fully demineralized water and dried in a drying oven at 85°C.

Preparation |Fraction of Fraction of Fraction of
temperature | syndiotactic triads | heterotactic isotactic
[°C] [%] triads [%] triads [%]
Reference
Example 1 60 67 31 2
Reference
Example 4 80 64 34 1
Reference
Example 6 85 62 35 3
Reference
Example 2 90 62 36 2
Reference
Example 5 - 1120 59 38 3
Reference
Example 3 120 59 38 3
Example 1 140 57 39 5
Example 2 120 59 37 4

From Example 2 (inventive preparation) and also the Reference Examples 3 (solution
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pot assi um hydr ogen sul phate are added and di spersed by
stirring. In a glass beaker, 1280 g (80% of n-butyl
nmet hacryl ate, 320 g (20%9 of nethyl nethacrylate, 7.5
g of 10 Peroxan LP and 4 g of TCGEH are ni xed and

WO 200923640 zed with stirring. THe nonomer stock sBCUtERR009/051117
is punped into the reactor. The internal tenperature
is regulated at 85C. The polynerization is over when
heat stops being given off. The batch is cool ed. Using
a suction filter, the nother liquor is separated from
t he pol yner beads which are washed thoroughly with
fully dem neralized water and dried in a drying oven
at 85C. 15 Preparation Fraction of Fraction of

polymErr Aftichpan®6 (bheRANFbEds iA b’iMOG’tl i9tassible tbrshadsthat the polymer
heterotactic isotactic [C [ triads %triads [%A

tacticitids ependenteypliysively asothgpotymerizatien derapekatyrezafs rotprgether
: e 85 62 35 3 Reference
fador%atﬁ%péﬂbﬁg%%é’%%'%@@ g?%nce Exanple 5 120 59 38 3
As alrdzelyeglecidateHx thepdrodGets 26 a3lidBolgmeEizatipl e HatdMdsié 3@l the
I%xa%)leg 120 5? 37, 4 . . .
products of a confinuous bulk polymerization process are very comparable with one
another. From Examples 1, 2 and 3 and also from Reference Examples 5,6 and 7 it is

possible to show that the process of the invention can be used within a very broad

temperature range — and hence for preparing polymers having very different tacticities.
Example 3, Composition 2
Like Example 1, but the mixture supplied to the reactor consists of 65% n-butyl

methacrylate, 34% methyl methacrylate, 1% methacrylic acid, 0.5% TBPEHC and 0.3%
thioglycolic acid from Dr. Spiess Chemische Fabrik GmbH.

Reference Exampie 7, Composition 2

Like Reference Example 4, but with 585 g of n-butyl methacrylate, 306 g of methyl
methacrylate and 9 g of methacrylic acid as monomers, 2.5 g of Peroxan PND and 3 g of
thioglycolic acid, and at 38°C.

Reference Example 8, Composition 2

Like Reference Example 6, but with 510 g of methyl methacrylate, 975 g of n-butyl
methacrylate, 15 g of methacrylic acid, 7.5 g of Peroxan LP and 12 g of lauryl mercaptan

from Dr. Spiess Chemische Fabrik GmbH.

Preparation of pigmented paints with binder/pigment ratio of 1:0.5
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the d)&%rrgf:

From Exanpl e 2 (inventive preparation) and al so the
Ref erence Exanples 3 (solution WO 2009/121640 2.1
PCT/ EP2009/ 051117 pol ymeri zation) and 5 (batch

t is possible to show that the
tacticity is dependent exclusively on the

process
pol ymer

of the

el uci dat ed,
batch node and the

anot her.

in bulk) i

parti cul ar

WO 2000/y2kdDzat i on tenperature akd not on ot her
pol ymeri zati on process.
the products of a bulk polynerization in

5 products of a continuous bul k
pol yneri zati on process are very conparable with one

Ref erence Exanples 5, 6 and 7 it
that the process of the invention can be used within a

g of ne

from.

e

t hyl

met hacr

is

From Exanples 1, 2 and 3 and al so from
possi bl e to show

of nmethacrylic acid

20

f a®CIrEP2009/051117
As al ready

A 40% %trﬁn@ﬂh@ﬂderts@m@nah BotvdsaB980- sowyﬂmt Repremiked by hand together with

preparin polgrrers havi ng very different taCtICIt
titaniurg dipxideplleod). S ermrrirtionpsa pigkentxalesiie adélﬁremf@rporated into
this mr?tgtétjérfd Wﬁ%éﬁs%%@%?ﬁ%ﬁ}dy?ﬁ%%b acr&{ fgfgﬁ/%ours After the end

of therdisirersing|cperaticing theOpaat T BRERC affidiz0a swemdcagma@urement made of

Bt iR aftite THBET o B BAth df st arawdown
with sFeRKRESs 4f 200LmMThE asiiﬁéts@n% (\j/ﬁgb&g yubsﬁié‘téb’i@nmlf@ﬁ@ateaqg, means of
ate an g

crosszuit fsitpineracordamnseghi theestendaidPND and 3 g of

thi ogl ycolic acid, and at 38C. Reference Exanple 8,
Conposition 2 Li ke Ref erence Exanple 6, but with 510 g
of et hyHractdrhefcr y|Glbes uBif§ g of |Adbasiph 25Adhesion Dynamic
met hacr pdyatiietactic g} pidmenteaditmyl |  casisebut 7. begssfeut | viscosity
Per oxan| i) 12 g20f) | auryl neresetan  frgncDr. [mPas]

ReferdiceSS [Chem sche Fabri kK GibH. Preépaati on 0f/2p3 gnent gxl4

Exani@b7ts VX h bi ndery3¥ §nent ratiojof 1:0.5 WO

Referafed/ 12164022 PCTY EP20097/ 051117 3.4/3 5/5 246

E 60 58.1

xample 8
Example 3 50 68.2 1/1 1/2 210

In comparison to a binder prepared by means of suspension polymerization (Reference
Example 8), a formulation with a polymer prepared inventively and at high temperature
(140°C) (Example 3) with the same composition exhibits significantly superior gloss values
and improved metal adhesion - particularly with regard to the zinc substrates, which are
very important industrially. With reference to the gloss values, the effect - as is also
apparent from a comparison with a bulk polymer prepared at very low temperatures
(Reference Example 7) - can be attributed in particular to the tacticity of the polymer. The
even slightly poorer gloss value of the suspension polymer (Reference Example 7) even in
relation to the harder (i.e. highér syndiotactic fractioh) bulk polymer (Reference Example 8),
shows that residual water and the adjuvants needed in the suspension polymerization
make an additional contribution to a reduction in gloss.

With regard to the metal adhesion, the effect is a combination of different tacticities (see, in
particular, comparison of zinc adhesion with Reference Example 7) and the auxiliaries

present in suspension polymers (see, in particular the lack of adhesion to zinc surfaces of



A 40% strength binder solution in Solvesso 100 sol vent
is prem xed by hand together with titanium dioxide (1
to 0.5 pignentation) as a pignment. Steatite beads are
incorporated into this mxture and the vessel is
WO 200%d2p48nd agitated on a rol B&2r bed for 24 hour $CT/EP2009/051117
After the end of the dispersing operation, the paint
is poured off via a sieve and a nmeasurenment nade of 5
the dynam c viscosity of the filtrate. The gloss is
determ ned on a dried knife drawmdown wth a thickness
of 200 m The adhesion to various substrates is
i nvestigated by neans of cross-cut tests in
accordance with the standard. Fraction of G o0ss units,
the foAdblation preiunes with doyrpiraiive meta;dh@m 8ftic pignent ed
films cross-cut cr cut viscosity triads [%
Furthermaie. i gqeof §]Wlﬁ%ewe@l:?él@n%ethséorimdatiqr@ Gorbpsingyipventively
prepaFé%ﬁB’HHSr ﬁorﬁ@%ﬁ@@%f%&ﬁt%th%{@%%teqyﬁ/aﬁgﬁgf?gﬁ k 3% ﬁer%e the best
procewn@@roqamred by neans of suspension pol yneri zatl on
5 (Reference Exanple 8), a fornulation with a pol yner
prepared inventively and at high tenperature (1400
In ordéEavepbibledp cotrigard e westhedngpesility ohthexhdibidual coatlng formulations

\ [ |cantl superior, . gl oss val ues  and inprov
with OHE%Q %Heng cater i PEFArgange with é’gea?e&p%ﬂ\t%r@e@?%ment
standé‘dhﬁér@%cté@t&@eé‘tﬁ@nn%{ %Yolldmom %ﬁb@l% %S/&l'egl tlh}é samples were

reference to oss val ues

lrradlaé%wﬂmy\ébgmraéri@ @ﬁ@n&lghtfmmaranddlneweated \wth korp:tﬂnyﬁmn at 60°C
I i€
10 for fo@)h%?tﬂ{ \afl{?%éré ;168%% Ié%b%rr@é esﬁll’thaﬁw%t r8§§5\?r§ao§;§|§@ﬁ5’%oe without
additian‘foftﬂtempm ghmﬂde The even sI ightly poorer gloss value
of the suspension polyner (Reference Exanple 7) even
in relation to the harder (i.e. higher syndiotactic

fracti on)Guddumal YeAdhEgher ence EX@pe8idp) .  Shoys
that residypheteyer angsthgt adj uvantigrfigedgd in the
suspensi ORGP | Zaliea Zine

Reference 711 0/0 171

Example 7 '

after 500 h 69.1 0/0 171

after 2000 h 63.7 11 1-2/2

Eeference 70.2 2/5 v 1/3-4

xample 8

after 500 h 67.5 2/3-4 2/4

after 2000 h 60.1 2/3-4 2/4

Example 3 77.6 0/0 1/2

after 500 h 71.5 0/0 172

after 2000 h 66.0 0-1/0-1 0-11

The comparison of the loss of gloss and the adhesion values in respect of metal adhesions

15 show that the different binders have comparable weathering stabilities.
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20 make an additional contribution to a reduction in
gloss. Wth regard to the netal adhesion, the effect
is a conbination of different tacticities (see, in
particul ar, conparison of zinc adhesion with Reference

WO 280%p16d07) and the auxiliari@$ present in susp®eSi/BR2009/051117
pol yners (see, in particular the |ack of adhesion to
zinc surfaces of WO 2009/ 121640 23 PCT/ EP2009/ 051117
the forrmul ati on prepared with conparative speci nen 8).
Furthernore, in accordance with expectations, the
formul ati ons conprising inventively prepared binder
fromExanple 2 exhibit the | owest dynam c viscosity
and hence the best processing properties. 5 In order
to be abligrh&gicrosmar e [t he wejat her| ng stabi ity of the
i ndi vi duglsyp@idtddag fornmyl ati oMEIgNhIoER on Wz%*ﬁft"l'ﬁffts,
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RefergBa®s. Cdapi ng takes peaoeci [ ggcor dance|gd b t he
Exan}lﬂ’@ar&dur g described, wthout! addition of titanium

dioxide. !doss units Adhesion Adhesi on pi gnent ed
Exampie8s- cut| cross-cut filnms 60 steel zinc|Reference 711
befor®/ 0 1/1 1dampl e 7 aff{er500h 69,1 0/0 1/ ]398 gj/ter 200G
devolttiiBlor 1M 1-2/2 Ret®fencd %2 2/5 1/ BP%°7Exanpl e |8

after o
devolatilization |20 57.5°C |0.3% 99.4%

The dependency of the glass transition temperatures T4 on the respective tacticity can be
shown by means of DSC measurements. A comparison in particular of the polymers from
Example 3 and from Reference Example 8 shows, with an identical polymer composition, a
difference in glass transition temperatures of more than 5°C. This difference is attributable

exclusively to the tacticity — and hence the polymerization temperature.

Thermogravimetric measurements (TGA measurements) on the inventively prepared
material from Example 3 - in each case before and after the devolatilization step - show a
distinct improvement in the thermal stability of the polymer. Up to a temperature of 214°C,
the thermally aftertreated samples exhibit a thermal stability which is comparable to that of
suspension polymers (Reference Example 8) and bulk polymers prepared in a batch

process (Reference Example 7).

In accordance with the invention, then, it is possible to prepare binders which in spite of a
significantly higher reaction temperature have a thermal stability and weathering stability
that are comparable to polymers prepared by means of established preparation processes.
These qualities can be attributed to a comparably low fraction of head-to-head linkages in

the polymer.
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after 500 In 67.5 2/3-4 2/4 after 2000 h 60.1 2/3-4
2/4 Exanple 3 77.6 0/0 1/2 after 500 h 71.5 0/0 1/2
after2000 h 66.0 0-1/0-1 0-1/1 The conparison of the
| oss of gloss and the adhesion values in respect of
nmet al adhesions 15 show that the different binders

WO 2000/B216d0par abl e weat hering stabilities. WO 2009PCT1ER2009/051117

24 PCT/ EP2009/ 051117 Fraction of Wi ght | oss Wi ght

| oss syndiotactic Tg up to 214C up to 420C triads

Ref erence 63 64.8C 0.2% 99. 2% Exanple 7 Exanple

Ref erence 60 63.2C 0. 3% 98. 2% Exanple 3 before n.d.
n.d. 6.5%devol atilization 98.5% devol atilization 50
57.5C 0. 3% 99. 4% The dependency of the gl ass
transition tenperatures Tg on the respective tacticity

Claim@an be shown by neans of DSC neasurenents. A

conparison in particular of the polyners from Exanple
3 and from Reference Exanple 8 shows, with an

.1 deplhfiRg faRRuYATRNs CORRRI 'eggpgﬁ‘lt)écrgi!‘afé-ﬁé%@nh@r RAASS superior

transition tenperatures o han 5C. Thi

di f tispersig propatiiesi foupighiants, supktiel gless and athigh thermal stability,
tacticity - and hence the pol ynerization tenperature.

Ther nogravi netri c nmeasurenents (TGA neasurenents) on

t hechaveetetizeeirythat epared material from Exanple 3 - in
each case before and after the devolatilization step -
show a 10 distinct inprovenent in the thernal

st alid péiymef ist frepRRIdWIE &: codBntiSuPbliIR HRRndriHaB0R hrackd&with a

reaction temperature of between 20°C and 250°C

and in that the syndiotactic fraction of the binder differs by at least 5% from that
of a polymer of identical monomer composition but prepared by means of

suspension polymerizaﬁon at 80°C.

Coating formulations according to Claim 1

characterized in that

a.) the binder is prepared from a monomer mixture composed exclusively of
monomers and initiators and also, optionally, chain transfer reagents and not
more than 10% by weight of solvent,

and

b.) the binder has a thermal stability up to 214°C.

Process for preparing (meth)acrylate-based binders for coating compositions

according to Claim 2

characterized in thét



the thermally aftertreated sanples exhibit a thernal
stability which is conparable to that of suspension
pol ymers (Reference Exanple 8) and bul k polyners
prepared in a batch process éReference Exanple 7). 15
WO 2089/42k¥0dance with the invenbon, then, it is pdEsi/BP3009/051117
to prepare binders which in spite of a significantly
hi gher reaction tenperature have a thermal stability
and weat hering stability that are conparable to
pol ymers prepared by neans of established preparation
processes. These qualities can be attributed to a
conparably | ow fraction of head-to-head |inkages in
the polynmer. WD 2009/ 121640 25 PCT/ EP2009/ 051117
A ains 1. Cbating fornmul ati ons conprising a

at e- sed bi nder, havin erior
(s 50 BF i FiG sB T Bavigt syntiaetived byalpeenie ofiassitablrreaction
a hi ghehfpefatate stability, 5 characterized in that the
pol yner is prepared via a continuous bul k
polﬁﬁﬁrlzatlon process with a reaction tenperature of

fragt e Papmite o 2 el 1 o' e 245t 35 d st of
t hat thérnzalEileytneatmeit indiBtproedssrononer conposi tion

but prepared by neans of suspension polynerization at
80C. 15 2. Coating formulations according to Claiml

4. chapasdess f@asteparind Ghet)dcriBgs- Béééiﬁ&nbérsﬁb@@@ét% cfdn%@)sntlons

a nmononmer m xture conposed excl usively of 20 nononer
andaseardingttedaighd al so, optionally, chain transfer
reagents and not nore than 10% by wei ght of sol vent,

characterized in that
the reaction temperature is above 100°C, and in that the glass transition
temperature is lower by 2°C than in the case of a polymer of identical

composition but prepared by means of suspension polymerization at 80°C.

5. Process for preparing (meth)acrylate-based binders for coating compositions

according to Claim 3
characterized in that
the polymerization is carried out in a Taylor reactor.

6. Process for preparing (meth)acrylate-based binders for coating compositioné
according to Claim 3

‘characterized in that

the polymerization is carried out in an extruder.
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WO 200911 1162009/ 051117

8.

10.

and b.) the binder has a thermal stability up to
214C. 25 3. Process for preparing (neth)acryl at e-based
bi nders for coating conpositions according to Claim?2
characterized in that WO 2009/ 121640 26

i nfl uenced by the setting of a suitable reaction
tenperature and 5 b.) the polynmers have a thernal
stability up to at |least 214C as a result of therm
aftertreatnent in the process. 4. Process for
preparing (meth)acryl ate-based binders for coating
conpositions according to Claim3 10 characterized in
that the reaction tenperature is above 100C, and in
that the glass transition tenperature is |ower by 2C
thag in the case. of mer of identica

a pol . 15 | i
© conplR&ERs & %GParﬂ?Qa%‘?tgéP%Va??e*é%%eck}?'“g‘é@ﬁghgq’%wg compositions

pol yemyrdirghd @Migt 380C. 5. Process for preparing
(et h) acryl at e- based bi nders for coating conmpositions

according to Caim3 20 characterized in that the

po'é’ﬁﬁ?&&éﬁﬁé@ﬂ\ ljhgt_carri ed out in a Taylor reactor. 6.

Process Tor preparing (meth)acryl ate-based bi nders for
coating conpositions 25 according to aim3

h terized.in.that, .
¢ at?w%cpo?yrnlweznezatlbﬁ is cgrrled out in a kneading apparatus.

Process for preparing (meth)acrylate-based binders for coating compositions

according to Claim 3
characterized in that |
the polymerization is carried out in a tube reactor.

Process for preparing (meth)acrylate-based binders for coating compositions
according to Claim 3

characterized in that

the polymerization is carried out in a stirred tank with continuous monomer

supply and continuous polymer removal.

Process for preparing (meth)acrylate-based binders for coating compositions

according to Claim 3
characterized in that

the thermal stability of the binder up to 214°C is improved by thermal

a.) the ta@ktticity of the pol PGEVEP2009/051117
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the polynerization is carried out in an extruder. WO
2009/ 121640 27 PCT/ EP2009/ 051117 7. Process for
preparing (neth)acryl ate-based binders for coating
conpositions according to Claim3 5 characterized in

WO 20004121648 pol ynmeri zation is c2¥ried out in a kneRdiTiiE§P2009/051117

11]

12.

13.

14.

15.

apparatus. 8. Process for preparing

(et h) acryl at e- based bi nders for coating compositions
10 according to U aim3 characterized in that the

pol ynerization is carried out in a tube reactor. 15
9. Process for preparing (neth)acryl ate-based bi nders
for coating conpositions according to Claim3
characterized in that 20 the polynerization is

car aftetreatthentrat @ rehclidretent patktune bhneP@ tHamutas OenDd&fice
supply and conti nuous polyner renoval. 10. Process for

pre %W{‘ﬁ@ea("‘ﬂr@fmed'@laﬂoéte based binders for coating
conpositions 25 according to Claim3 characterized in
that the thermal stablllty of the binder up to 214C is

i mpPonceds fyr prapaning (M@hRe0@AtERl@sEd H8ders for coating compositions

/ aftertreatnent at a reaction
ten%gfpoi?ggtgoaéﬁ%?e than 160C in a device downstream
of the reactor Process for preparing

met h) acr ased bi nders for coating conpositions
( hgracte ized in tl?w g P

the thermal stability of the binder up to 214°C is improved by thermal
aftertreatment in a zone of the reactor having a reaction temperature of more
‘than 160°C.

Bulk polymerization process according to Claim 3

characterized in that

the monomer mixture may comprise up to 10% by weight of a solvent or of a

plasticizer.

(Meth)acrylate-based binder for coating compositions preparable by the

polymerization process in Claim 3.

(Meth)acrylate-based binder for coating compositions preparable by the
polymerization process in Claim 3 and further comprising styrene and/or other

free-radically polymerizable vinyl compounds.

Use of the binder according to Claim 13 in coating formulations for coating metal,

plastic, ceramic or wood surfaces.



5 according to Claim3 characterized in that the
thermal stability of the binder up to 214C is inproved
by thermal 10 aftertreatnent in a zone of the reactor
having a reaction tenperature of nore than 160C 12.
WO 2121660 yner i zati on process 2tcording to C ai m BCTIBP2009/051117

characterized in that the nononmer m xture may conprise
up to 10% by wei ght of a solvent or of a plasticizer.
20 13. (Meth)acryl ate-based binder for coating
conpositions preparable by the polynerization process
in Caim3. 14. (Meth)acryl ate-based bi nder for
coati ng conpositions preparable by the polynerization
process in Claim3 and further conprising styrene

16andUse obtHeehindéSaddoeding &l Ol 15 pahsn®es pZiall & obntdther paints.
conpounds. 15. Use of the binder according to Caim13
in coating fornmul ations for coating netal, plastic,
cer %f“z : :

17'PCT/@g%>%gge/ %@%1%&%’%&%03& 0 ﬁ@%ﬁ%ﬁ‘%@%‘?ﬁ ng to
Claim15 in marine paints or container paints. 17. Use

1051, 08 CPLRIRoSE L9 Bl bR 8 pstnce

in traffic markings or floor coatings. 19. Use of the
bi nder cqarding to Cllaim13 in printing . inks. 20.

19 V5 b bipdeTtacsgeng TS NG ot el
adhesi ves or heat-sealing 10 |acquers, preparable by

the olagéeri zation process in Caim3. 21.
20-( I\/E(i\%t pilatedbaseddindsriaereactive hotvealt sdhesbessrdieahsealing
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21.  (Meth)acrylate-based binder for adhesives or sealants, preparable by the

polymerization process in Claim 3.



