Met hod for synthesizing inproved binders having a defined grain size
distribution 5Field of the invention The invention relates to a process
for the preparation of polymers for coating applications by polymnerization
of esters of acrylic acid or of nethacrylic acid or of vinylaromatics or
of other vinyl conpounds capable of free radical polynerization or of 10
nonomer m xtures which predom nantly conprise such nononers by neans of a
continugus pol yneri zati on process. .In parti _fuéhe invention relates to
a sol villethed fomsynéhesiziag m.pmzvea Eu apingeds, by
means of which binders for coating applications with adjustable granule
si ze cabﬁhéde éfh §i% dt!gﬁ'rwﬁb' hes prepared according to the
i nvention are d t1ngurs y 1Tnproved 15processability w thout fine
fractions. Prior art Accordlng to the prior art, (neth)acrylate or
vinyl aromati c binders for coating 20 applications are prepared as a rule
by neans of suspenS|on pol yneri zati on or solution polynerization.

E%V¥ ?E ar e understood as neaning both acrylic acid and its
der va STMeINVERLIRD| ¢ esters, and methacrylic acid and its derivatives,
for exanple its esters, and m xtures of the abovenenti oned conponents. The
present invention on the ot her hand-.describes -a continuous _ mnass

pol ynefhe mveavpmaﬁtsﬁ&g presess far kslﬁdzf@@%raéarh opeolymyers &y ceatingui t hout
har nf u‘J? RLYGY %DWHBPI afforP G | #AChRB acldsr cﬁiﬂﬁﬂﬂé@wﬁ abiRgpracryl ates,

sol ven can gl o secondary redctions, as”chai n-transfer
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sol vengorfMoas polyRferizatidr Pidcess.bin pdtfician dike nventidll REEES to afsalvetrfiap) e by
the required reaction tenperature. This in turn adversely affects the
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necessgaauEs maparddﬂccondﬂg touthe dmieméidn p\lre)dustinglﬂsh@i byimprgveddi ti onal | y
pogputes thea;;ﬁﬁs\r” ks WI ng to the use of 5two different solvents for
ar BOCE Wégou efﬁ‘fé'ro sol vent residues in the product interfere
in the granul ation, the extrusion, the fornul ation and the processing of

the binder. In coating applications, these additional solvent constituents
can fu?t"ﬁéﬁfﬁ) :

According to the prior art, (meth)acrylate or vinylaromatic binders for coating
20 applications are prepared as a rule by means of suspension polymerization or solution
polymerization. (Meth)acrylates are understood as meaning both acrylic acid and its
derivatives, for example esters, and methacrylic acid and its derivatives, for example its
esters, and mixtures of the abovementioned components.
The present invention on the other hand describe_s a continuous mass polymerization
25  process. Such a process can be carried out without harmful solvents. During a
polymerization, for example of (meth)acrylates, solvents can give rise to secondary
reactions, such as chain-transfer reactions, undesired termination reactions or even
polymer-analogous reaction‘s. in addition, the handling of solvents under production
conditions constitutes a safety risk. Furthermore, the choice of the solvent may also be ’
30 limited by the production process — for example by the required reaction temperature.

This in turn adversely affects the subsequent formulation and the application form, for
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inpair the quality of the coating, for exanple with respect to gl oss,

pi gnentati on or weather stability. 10 The suspensi on pol yneri zati on of
esters of acrylic acid or of methacrylic acid or vinylaromatics or of
nmononer m xtures whi ch predom nantly conprise such nononers is known in
principle. This process, too, is carried out in the absence of a solvent.
Conpared with the mass pol yneri zati on, however, there is the ngjor

di sadvantage that 15a large a nt of water is used_ in thi rocess. This
necoss PRANES Wilbiagrthia SXEssRey Ba g litks bEcriss insrsab AR ERRuent
dryi nghighhi fentierhfige general Iy takes place only inconpletely. However, even
| ow residual water contents |lead to a substantial inpairnment of the
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can le for npl e, to reduced gl oss, poorer dispersing of pignents or
fish e@ggthgﬁgta[%ﬁﬁ)('nsuffi ciently washed out dispersants insoluble in

organi c solvents. Another disadvantage is the very lim-ted
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appl i c@t%ﬁ"s]a%gap(ga?ggfound in 10 EP 0 190 433. A further disadvantage of
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A furthér disadvantage of the suspension polymerization compared with other
polymerization processes is the large number of auxiliaries, such as dispersants,

25 emulsifiers, antifoams or other auxiliaries, which have to be used and are also still
presentin thé end product after working-up.' In a coating, these auxiliaries as an
impurity can Iead, for example, to reduced gloss, poorer dispersing of pigments or fish
eyes due to insufficiently washed out dispersants inso'luble in organic solvents.
Another disadvantage is the very limited copblymerizability of polar comonomers, such

30  as (meth)acrylic acids, aminofunctional or hydroxyfunctional (meth)acrylates. The
proportion of these monomers in the respective monomer mixture must be greatly

limited owing to their water solubility.



15proportion of fine particles. This fine fraction |leads to sone

di sadvant ages of such a material. Firstly, these product fractions lead to
problens in the purification, drying and packing of the material, _

i ncludi ng a danger of a fine dust explosion. Secondly, products having a
rel evant fine fraction cannot be used in an extrusion process. For feeding
raw materials, nbst extruders require a mninmumparticle size optinumfor
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formul ati on. addition, the granulation of the product nust be effected
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A further disadvantage of the suspension polymerization compared with the mass
polymerization is the energy balance: the heating-up of about 50% of the aqueous
25 phase and the cooling of this aqueous phase necessary after the polymerization are |

energy-consumptive and time-consuming.

The non-continuous mass polymerization in stirred vessels or tanks leads in principle
only to incomplete reactions of the monomers and hence to high proportions of residual
30  monomers, which in turn adversely affect the coating properties or have to be removed

in a complicated manner prior to formulation. In addition, the granulation of the product



mentioned here are not subject to granulation or simlar working-up in the
processes described. This corresponds to the custonmary procedure for
products in adhesive or hotnelt adhesive applications, which as a rule are
present in waxy or liquid form 25Coatings in the formof a |acquer or of
a paint are also not nentioned as an application. The sane also applies to
the pol ymerization process described in WO 98/12229. This involves a

vari ant of th ul ar rea tor: the e r& ctor of the
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produchiduchbn pRiteds ngs. Granul.ation of the products or use in coatings is
not described. Mreover, for exanple, 30 a change of formulation in a
cont i nuousl y oper at ed kneader is associated with substantially less effort
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25  Coatings in the form of a lacquer or of a paint are also not mentioned as an application.

The same also applies to the polymetrization process described in WO 98/12229. This
involves a variant ef the tubular reactor: the recycle reactor. The aim of the claimed
' process was the preparation of polymethacrylates for the production of mouldings.
Granulation of the products or use in coatings is not described. Moreover, for example,
30 a change of formulation in a continuously operated kneader is associated with '
substantially less effort than in such a tubular reactor. Moreover, the reaction zone is

substantially shorter or the mixing more efficient, and hence the residenee time in the
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30t he product or nonuniform nol ecul ar wei ght distribution. WD 2007/112901
descri bes a process for the treatnent of viscous products, in particular
for carrying out hono- or copolynerization of thernoplastics and '
el astonmers, in which a conversion of 90 - 98%is achi eved. Mononer(s),
catalyst(s) and/or initiator(s) and/or chain-transfer agents are fed

. continuously to a back-m xing kneader or 5 to a kneadlng reactor and

back-m xed wi th already react duc and reac i
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to prepare sai means aocont 1 huous preparati-on process.
consi npmxﬁxctsrlmsamcﬁtyebbem desgibadstoudalier st ood 30 as neani ng a process V\/m ch

can be carried out continuous wi t hout .interruptjon a
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pracess can be carried out without addition of auxiljaries, such as

enul si Fheuareagtedhmongges issengiatedRihRy means of a devolatilizer and can be
recycled to the reactor. Compared with the disadvantageous reactive extrusion with

25 comparable throughputs, substantially higher conversions are achievable with the
‘kneader technology. In order to realize a comparable conversion 'by means of a reactive
extrusion, a substantially longer residence time in the extrusion zone or a substantially
" Jengthened extrusion chamber must be allowed for. However, this leads to higher
thermatl loading of the material and may have disadvantages, such as discolouration of

30  the product or nonuniform molecular weight distribution.



Achi evenent The objects were achieved by a nodified use of a continuous -
mass pol yneri zation process, wth the aid of which (nmeth)acryl ates can be
pol'ymeri zed with high conversion 5 in the absence of a solvent. The

advant age of a mass pol yneri zati on process over the suspension

pol ymeri zation is the high purity of the products, which can be prepared
wi t hout addition of auxiliaries, such as emulsifiers, stabilizers,
antifoans or ot her. suspension auxiliaries. A further advaptage is the
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the conbination of a continuously operated kneader for the polynerization,
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devol ati | i zL¥ r j ti I { r thermal
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whil§h dotsmkntsanentionee afd s@ wettast, ofdlee pridt yrthave a water content of 30
| ess than 1% by weight, thirdly consist exclusively of constituents which
are based on the nononers, chain-transfer agents and initiators used and
whi ch lgmyjecen adj ustable granule size. These granules prepared according
to the invention have a fine or dust fraction, i.e. particles which are
smal l er than 250 pm of less than 0.5% by wei ght. Dust fractions can be
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sup6 aces natladrijate ((meth)acrylate for short below) for coating formulations.
~ In particular, it was an object of the present invention to provide (meth)acrylate binders
having improved processing properties compared with the prior art. For this purpose,
the binder should be present as granules after production and should have a fine or dust
fraction, i.e. particles which ,aré smaller than 250 um, of less than 0.5% by weight.
25  Moreover, the binder should contain no coarse constituents, i.e. particles which are

larger than 3 mm.

It was simultaneously an object of the present inv‘entioh to prepare said binder by means

of a continuous preparation process. A continuous preparation process is understood
30 as meaning a process which can be carried out continuously without interruption and

which specifically consists of the process steps of monomer metering, polymerization,

devolatilization and granulation.



5 for exanple, lead to bl ockage of nozzles. Mreover, for exanple,
transfer processes may result in the formati on of dust cl ouds which not
only lead to product loss and in particular necessitate respiratory
protecti on neasures but additionally carries the danger of dust

expl osions. The binder prepared according to the invention furthernore
contains no coarse l1lOconstituents, i.e. particles which are larger than 3
nm Larger particles not only may | ead to bl ockages, for exanpl e of

nozzl es, but additionally reduce the bulk density. A particul ar

-di sadvankAser ShieSUFss B AL QTEWAfdnentlyi flemay br(fdésér\rvﬁlﬁecéleﬂé @Qﬁhed
solubility rate in organic solvents, plasticizers or _ water.
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t he Ob%gwﬁhf@«f”gk@g% &%U%ﬁ§%§%Uté@QIg§]§%§%§J ?%@&ﬁ@l §§£%% des%rlptlon
of 5uc|prcqad®mrkefrmesidlugl rhnaaxdleng reactor for continuous mass pol ynerization
fromList is to be found in WO 2006/ 034875 or in WD 2007/112901. The _
pol ynerization is carried out above the glass transition tenperature of

the poly BBditior QB BHERFS shéad ih'ayé thiigh fhBirhaRdtasifty —fof exampld fdempatdtoesus! y
into the reactor and back-m xed h al ready reacted product. At the sane

tine, oéabodddredddis isdo b@rﬁs\ﬁéaectahﬁmmﬁu%ary sm%ihpﬁqw@ﬂrﬁwfﬁ@aréﬁem@ﬂ The
unr eac ated off by a devolatilizer for residual
naterl%ﬁﬁgggﬂﬂgﬁkﬁgﬁ?éggﬁfed to the reactor. At the same tine, the thernal
aftertreatnent of the polyner is carried out in this devolatilizer for

resi dugl mat eri a i cul ar t of the achlevene cording to
the | nduinGROREs arase s8R el Pogrenell Tor e dfss SR B ghng RIRle?

pol ynekg,gRiHathd greessftal Be darred siatitiout aliditibe of 8auiidrReBuch wsth regard
to the respective product or the respective application. The properties of
t he ‘30MRifiersostpbilizers paealTo@MS regard to gloss, thermal stability,

di spersing and wetting properties of pignments and processi ng properties of
t he binder or of the coating formulation surprisingly depend not only on

t he conposition, the nolecular weight, the nolecular weight distribution,
the functionalities and the term nal groups but in particular also on the
m crostructure of the polyner chain. - In this case, mcrostructure is
understood as neaning the tacticity and the proportion of head-to-head

| i nkages in the chain of the polyner. It is known to the person skilled in
the art that a 5 poly(nmeth)acrylate prepared by a free radical nethod is,
dependi ng on the nononer conposition, a copolyner between syndiotactic and
atactic segnents (triads) - with only a small proportion of isotactic
triads. Polynethacrylates having particularly large syndiotadic fractions
can be prepared only by means of technically conplicated processes, such
as anionic polynerization at particularly |ow tenperatures or a netal -
10initiated group transfer polynerization (GIP) with stereosel ective
catalysts. Highly isotactic polyners on the other hand can be realised
virtually only via the latter nmethod. A third possibility of having a
stereosel ective influence on a polynerization consists in adding a

conpl exing agent in the formof an optically active reagent to the

pol ynmeri zation solution. In this context, see, for exanple, EP 1 611162.
However, this 15procedure has various disadvantages: firstly, it can be
used efficiently only in a solution



pol yneri zation; secondly, the auxiliary constitutes a further

pol yneri zati on conponent which either has to be renoved by a conplicated
procedure or influences the optical properties of the end product. 20 A
further aspect of the coat quality is the gloss. It has al ready been

expl ained that the gloss is greatly influenced by the water or sol vent
content in the coating matri x. The nmaj or advantage of the continuously
operatgd nass | ymeri zation according to the invention in a kneader over
convenfFBIRY cesses, such as solution, suspension or emnul sion
_polynerlzatlon is that it can be carried out w thout addition of

sol vents, water  25or any process auxiliaries, such as enulsifiers,
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Mononers which are polynerized are selected fromthe group consisting of
the 5(nmeth)acryl ates, such as, for exanple, alkyl (nmeth)acryl ates of

strai ght-chain, branched or cycloaliphatic al cohols having 1 to 40 carbon
atons, such as, for exanple, nmethyl (neth)acrylate, ethyl (neth)acryl ate,
n-butyl (neth)acrylate, isobutyl (neth)acrylate, tertbutyl (neth)acrylate,
pentyl (nmeth)acrylate, 2-ethyl hexyl (neth)acrylate, stearyl

nmet h rylate, lauryl (nmeth)acrylate, cycl qhexyl. (neth ryl.at e,
 Cobo) 15rYa it HEprelancokiity o Rltnystppmates rddar M8 it Sanpi .
benzyl paARidahvatly bt SmanertRan 2ho (Rt dTIeRr thhA D5 % WY wéighBYD g fRictiongach
case unsubstituted or nono-  to tetrasubstituted aryl radicals; other
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(et h) A : . 0% HiBih ; , yl ate.. The
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copol yFigin aiiadicosolyRste ginsticizars abwates (i ikdeagiinangesntifoma |
(et h) agk ' PN j ' -t ; 1- hexene,
1- hept gﬁrgé{é%&lgg%ﬁég@e\gﬁfgﬁ@ew gHQLﬂggfab?éo?&ggérﬁ%l\}gl?m%%\?llny c;’% So'hexane,

3, 35di net hyl - 1- propene, 3-nethyl -1-diisobutyl ene, 4-nethyl-1-pentene,

lonjtril i nyl . _ f | i nyl ,
Subst | 8 Ue elrErrsH ehtkes a0 A alhg e Poietis £ Bl tonthibberdififbioar. Ysoch
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U1yt Bl EIREZATRY Bomdiship &0 PP asind ML e smranay ZReHTLER01] ghe
exanpl glkwﬁﬁﬂﬁfs%ﬁﬂéfaﬁﬁab _ecthleg,'iae,%ttvarr%ﬂ%%tehfpggste@éﬁmlé%ménd

tetrab styrenes eterocyclic conpounds, suc| 2-vinyl pyridi ne,
532&i niMompmiads, eatalgstapinhigtors - stcngiegedicontieyousleintg theaeattey Bpg badk-rdxed

2, 3-di hyl -5- vin ridin i i.n di - Vinvl car ol e,

5 i nyPEbATERAY adieq B, Br o] MM Mo crab i ebhad

Vi nyl ogehtan@uslifionh ther miking knydddri dpleameeasted yhdrivnedrag eepaniated offibpzol es,
vi nyl oxazol es and isqprenyl ether; n‘BI eic ?c' d derivati VES such as, for
exanpl gevotalilzet fofagidbplqaatenal @dzpebe ﬁ%@mm tg? fegftor. Atthe same time,
cycl ohge/hBRh& Heifeat?itht of the polymer is carried out in this devolatilizer for residual

25 material‘.

A particular aspect of the achievement according fo the invention is the possibility of an
individual chbice of the polymerization temperature as a function of the *requirements
with tegard to the respective product or the respective application. The properties of the
30  binder to be prepared with regard to gloss, thermal stability, dispersing and wetting
properties of pigments and processing properties of the binder or of the coating

formulation surprisingly depend not only on the composition, the molecular weight, the

9



10 di enes, such as, for exanple, divinylbenzene, and the respective
hydr oxyfuncti onal i zed and/ or am nofunctionalized and/ or

- nercaptofunctionalized and/or olefinically functionalized conpounds.

Furthernore, these copolyners can also be prepared in such a way that they
have a hydroxyl and/or am no and/or nercapto functionality and/or an
-olefinic functionality in a substituent. Such nononers. are, for exanple,

15vi nyl pi peri di ne zoI e, N-vin ral.i done

2-vi y P e diibit. Joe RERGhailied SRR FesGuig R Ginseput m particular

N- vi ny hearirohaGhiemstiichird B thél pothactiim. rrymrsnmaahﬁ@kowmumsazol es and
hydr ogenat ed vi-nyl oxazol es. The free radical initiators usually used, in

par ti cundersipadag @égnﬁﬁdh%i@t@@hﬁ%H&Pfoﬁgﬁ@érqweﬁg‘tﬁﬁ!e?ﬁé’m‘wﬁ igihe 7
ini-tiag aruﬁ’of\ME ﬁ‘yﬁ\%r glé’kﬁ’ g?éiis&?sl&ir@d MheR thah4se. | n certain

* Cli rcums ances, vant ageous to use a mxture of different

inisi apoiy(anefﬁbmr\jalatmmepamﬂby a fiiee rgénafmethqd is iepeading g e roorlomerd 5

D oot eradhabTpa A boRatanics Soisds SURAH s PR astcr e b RS Hithds ke,

V40), 3 Mr@aﬁ@r&rbﬁ@)so‘ﬁé&mtmaaw Pblyh@tt?dimm&é@(rfa»[n\@ﬁamcmari;pm@@t ers, such
as tert-butyl peroctanoate, (tert-butyl) peroxide (DTBP tert- arryl)

per oxi é)én(('@ﬁAW) fragtigns.asm kA P'i@@ﬁfﬁ@/?fﬂy &Y mm&%‘a}%ﬂtc@ PﬁSﬁﬁQ C) and
furth d
2" r oo PrESEK, Sich CRIRIRAC LBgn RlizAicH Hha RSN ToW Spfichaliiey idheaeed s
ocﬂanom;thjed gm@eﬁranﬂmamiyhepzﬂtmm (6, P)Iva’(!wsig!l‘eogeieokvejeatab’ém dyighlyer oxi de,

G T N T T T

For adjaugird pessibity sl iReiHgd sirésitletdive iffRiepoé Yier pdlpmetidationcdreishdindy
wei ght of one or nore chain-transfer agents known per se may al so be added

in a caddigad somplaNBag agent dhaderanet a'bﬁa%@"vmﬁve B1a95% othRay be nenti oned
as exag81yﬁ%r.zaﬁ6ﬁé&hﬁ6ﬁ 1%&&%@& DUH Ybr SBIGALEP 1 ST OP8Y | HBREGEPHAS,

n--dode mercaptan, tert-dodecyl” hercaptan or nercaptoet hanol ;
t hildgl panieduraabasjvmousrdls@wmge@ tstheribcansbe sed efficntly pinly lmatﬁg:»lym ate

or Iaur thio colat | i tic

G mor  ESmsPAAY SR, Ao RRBL cARERLEDS A AT B0h BHRBLEPY
WDnOﬂEWhmﬁéﬂ\dﬁhﬁs% Be rémblad by wcdmplit@tealmrotedure cpaifientebiheveptight of
pol yfunctional monomers, for exanple ethylene glycol di(meth)acrylate,

but anerQﬂerQﬁS(?féhﬂﬁﬁérWP‘a{‘g or divinyl benzene. 1n order to be able to
optimally adjust the viscosity in the continuously operated reactor,

optionally up to 10% by wei ght of a solvent or of a plasticizer may be
added Adutther agpesy of i coat qpality isciealess. Hi bas ﬁbﬁdwb@m@mlarégd ﬂsﬂiélme an

addi ti mipij.ng of

t he regg}sng%g'ts)e%ﬂg?rﬁ@%%g%@gr a[%rl%?érnog% ORW%?'E& an E%?E’\%@%ﬁg ng(r efﬂéadded to
t he nonBIr adviaxtagieeof tﬁ’@tbhﬁmlcﬂl‘slyyonHraﬁedrrameotyﬂnenmlqrrmdozmng tmthies
~carried out without addition of a solvent or of a ng’a“sti cizer. There are

no | i mnventiom a Kneager oyer corventional RIeaesses s B LAL SAUHIYN SUSReRION Sk,

These @RyIdIen B@Fne?&@ﬂa% G tr?aQ@th%tnaéééamé&i lobhathGut SRIGHRIM §F s oMeP R Water
sol vents or po yethers or phthalates. There is a broad field of use for

t has pr otany qumespauwam% sugh mg aneulsifiers, avdieamenstabiigeEritidisrassantat e- based
mass p P these gér?sftlﬁjc?%g% rgg\légcrggiy'zﬁ\‘fﬁﬁfe)@% %ﬁg%; %rF)Bért%émg of metal,

pl asti Fam & oF W00 a coating material is the
use of 25t he pol yrrers according to the invention as binders in paints for
struct ru?psrismn‘%r,lh%%v ver |{ vsvas additionally found that the microstructure can also
contribute a considerable measureable effect to the gioss values of a coating.
30 Depending on the polymer composition, it was possible to show that polymers having a
smaller syndiotactic fraction have improved gloss values compared with suspension

polymers considered as standard and prepared at 80°C.
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or container paints. The polymers can al so be used in road markings, floor
coatings, printing inks, heat-sealing |acquers, reactive hotnelt

adhesi ves, adhesive materials or sealants. 30 The exanpl es shown bel ow are
shown for better illustration of the present invention but are not
suitable for limting the invention to the features disclosed herein.
Exanpl es Particle sizes 5 The particle sizes and the particle size

di stributions which are stated bel ow as a d50 val ue were determ ned using
a Coulter LS 13 320 according to |1SO 13320-1 in a neasuring range between

0. 04 pR RARHPHHECPBT the (-Presaﬂﬁméﬁti@nsé #RsSprepaaition of astBANlapbaesE

additionally determ ned usin I zer from 10 Ret sch_Technol ogy

Ca
~accor dibﬂxgier%whmfmfeamsnetsﬂa&?i’qogg@@i4°9eagqﬁer@wn@p r23hE . yeRrss
transit. ' : dhe r : : : ition
t enper SR CHEFIRTERIAHIT B to 2507 TRERRASTIAY ofa it EniRfalieRs. L
anab ysiusd¢B80Od axmeadingg lbss OF hashl of 8#9s1ha% 7% by wWeighl ireadiarnobravimetric

exanp! neyneircCad aray ERENASEERRS dh o MR SulbrBRMBAA 22 o

23C.  Anjhes ednisératlirss tavavird theFofth @it 6F scotalrbddivadstorisl isshden Thedessol ver
(Get zmann VMA nodel ) and the apparatus thernostat is set. to 23C. 90 m of

sol venboBd®In PSS Ghaim cirie awp QualarRaIya800en algstbte-lNgPd &iolRssel and
t her mog, %Plirpt‘ﬁ%rcagla %?gbg/ﬂ'nggggcrmaﬁbé’,‘”shaw%%qﬁ iﬁ§tél5ifi1;yr53 *terﬁP@rraﬁﬁfEé'er 60 g
sanple are a , ely c

of the polyner the cover 1Is inmred a -l osed and 25t he
st ilor emboees $80°Caand, 200breakivigucaninitiaie the depolymerization effa dhaw.nThisheadsover

i s. d and a . Le i i d b f ' e f
opt 1 ool 8 sedibeRpibotr el L PrediaTRalR A i dhE Gullelih W £ o7 20
mn, tRelyrRRS Wk hoditibA!Richdred adte mBngtHisinediuted Storage oAResthen stbilgieki ds or

suspended substances are no |onger detectable in an optical 30assessnent,
t he st owing tojunstaliebendsthe time is noted and the entire sanple is '

opti cay SRR A heAd-1B.1138Hondk fn Rg@@rﬁgggmrg&éﬁ Aigier iinéidatibn

‘det ect e entire neasurenment > ate . rreasurerren_ts are
caifi eteropgrafuree is noteshah pbgaomenommdich carebie abservad it mesa golyareyzationt he

corr esgap gl'scr)] %c;:rt?rglir? the case of solution polymers which were prepared at a correéponding

temperature. In the present invention, the problem of head-to-head bonds and hence of
reduced thermal stability was solved by thermally aftertreating the product after the
polymerization was complete. At a temperature above 120°C, preferably above 160°C,

20 parﬁcularly preferably above 180°C, not only can-volatile constituents present in the
product, such as residual monomers or optionally used solvents, be removed but also
the head-to-head bonds are broken and the relevant polymei" chains stabilized or
depolymerized thereby and the resultant low molecular weight compounds removed.
The monomers recovered in this manner can optionally even be recycled to the

25  polymerization process. Such a procedure can be implemented in kneader technoiogy
without problems by an associated proceé.s step, such as flash devolatilization, a |
devolatilization kneader or a vented extruder. '
In a variant of this process, the thermal decomposition of the head-to-head bonds and
the devolatilization take place separately from one another. First, the polymeris

30 transported via a melt tube or a heat exchanger. The thermal aftertreatment takes place
there. After, as described above, the volatile constituents, such as the residual

monomers, solvent and the volatile constituents formed during the thermal
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Exanple El, Conposition 1 5 Continuous nmass pol ynerization A m xture

consi sting of 20% by wei ght of nethyl nethacrylate, 80% by wei ght of.
n-butyl methacrylate, 0.4% by wei ght of TBPEHC from Degussa Initiators and
0.4% by wei ght 10 of ethyl hexyl thioglycolate (TGEH) is fed continuously
to a back-m xed kneadi ng reactor fromList, as described, for exanple, in
WO 2006/ 034875, and reacted polyner is sinul taneousl y rem)ved conti nuously

fromthe rea The internal tem nth ctor 140

ver ngdHERTBRG oft P Bome=58 BE A ey it A dnkfdey Yaplbl sXHiter dhc or
t he poliyer detEhiiliZes ahd FRS RIS Baydat! éh fEthe gramatuorn vm| ch head t o- head
bonds 15thermally unstable at 190C are broken, into a devolatilization

kneader from List, in which remaining unreacted nononers are renoved from
the polyy, WBERe' Pd&p{ atilization
kneader 6?&{“3(%%\!\?151&? @i ‘?‘??'3?8%% &Elhng aesggﬁ&pé gé?%ér:'% GA f?r‘lﬁ'\;:asur enent s.
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descri bed above. Reference exa suspensi on

pol ymePudA{mstyacrlates eniyl ("Bf"‘“ﬂ%‘i'mﬁé‘-? ér‘?tﬁéfbe%ﬁdt(meﬂﬁﬁeryiﬂ#%tﬁf%@% i ntroduced
into a r and refl ux
conden ﬁ] {h)%a% 6}5@@?&@9&5@9@0%&@@& o%tﬂ ﬁ%gvgélagtelt (ﬁs per mnute
ando heémeﬂgaq:rglam fay:lt(mth)acan!ateatmch as farexamplas benayl (neth)agtate oof

I 0. t - Il dded d .
e e 50 el REDaBR St Pr M AR <t 3555 LB TetBO R Fulel 1ot 2" S0
g (Zo%etftfsulbeﬁtbtéd A9t fadivayd; dtitsr aforpaticallly teswasd (hlféthml;rwaigsoéucﬁ@'lf@f e
m xed in a beaker and honogenized with stirring noner.. st ock

sol ut i 6%ample; Raphipy| Gﬁ@%ﬁhla}%ylat@aawp(mw%aw'ﬁte&Qfaﬁth%rénB@V%MeBe|9£VC°'S-
regul ab@ﬁg@ﬁ% %,u &8s Bf)hﬂdﬁﬁr%e He%@ hb§m§%”@j E4iBolREsmE "aucheRl étvol ution

st ops. co0 not her [Tquor 1s separated fromthe
pollijrrmexam&s teipahysmfsrforfyl methastrylate, figthexy(mptboxyethyl enethacrylatd, o -

e gl e R B S B AP Fe BIFS bl S5
T T a”S 0. 8%
devol afhtIEVRGh 3 HorBoUR BTG 2t P PRRLHA MRSV B rdroREY s
passed noiinghriBed 'é(hdi;h%tlﬁr%&thﬁ%mé”ﬁlﬂétﬁyfé?:@gﬁ%%l)@i@h&d &Rt pped with a

0.6 rrmperforated ranul es are then dried and collected and the
pakfi clmetiaeydia endrpnbrépranﬂeogmppmeﬁwéﬁmep|(mem)acwlate The choice of

monomers may also comprise respective hydroxyfunctlonallzed and aminofunctionalized
and/or mercaptofunctionalized and/or olefinically functionalized andlor carboxyl
'7funct|onalszed acrylates or methacrylates, such as, for example, allyl methacrylate or

hydroxyethyl methacrylate.

25

' In addition to the (meth)acrylates described above, the compositions to be polymerized

may also comprise further unsaturated monomers which are copolymerizable or
homopolymerizable with the abovementioned (meth)acrylates. These include, inter alia,r
1-alkenes, such as 1-hexene, 1-heptene, brénched alkenes, such as, for é)iample, :

30 vinylcyclbhexane, 3,3-dimethyl-1-propene, 3-methyl-1-diisocbutylene, 4-methyl-1-pentene,
acrylonitrile, vinyl esters, such as, for example, vinyl acetate, styrene, substituted

styrenes having an alkyl substituent on the vinyl group, such as, for example, o-

12



Exanmpl e B3, Conposition 2 As in exanple 2 wth a changed presetting
of the m crogranul ator hole size by use of a 201.5 mm perforated plate
with the aimof obtaining coarser particles. Reference exanple R2,
Conmposition 2 (suspension polynerization) 25 As in reference exanple 1,

but with 510 g of nethyl nethacrylate, 975 g of n-butyl nethacrylate, 15 g
of nethacrylic acid, 7.5 g of Peroxan LP and 12 g of lauryl mercaptan from

Dr. S h F mple R3. Co [ ti 2
I e ol R RS o R e iy B A
et hackyhdiontE B the A, kRN vifipidNASTeYad B-methstyRéne! RGEURKIGALS (from.
Akzo Nobel) and 3.5g of lauryl nercaptan from pi ess Chem sche Fabrik

‘GnbH asfefrermsr. pugh gs, |fm¢>cmml@dn@@mbl@rpsﬁwc@n@¢ a%@lqmawé@%htrthﬁowétyg@msw at
L, e BB AR SRR i 00 g = 10, The
t heh eBhvapligdidirg, 2ambthyt- Eemnmyncm‘te BoSByl- qurpyudmlel B@-ditfethyhSeduct i's
S ey B o et A0l it 4 kSeptinlozens o
Egggbcgﬁqn%tpﬁ%ﬁﬂgﬁ\?&%leomrﬁﬁfxtolﬁeevfnw@ﬁahomnﬁ%ﬁ@&dw@ Rrviyfthislamef raction
vinylthiazoles, vinyloxazoles and isoprenyl ether; maleic acid derivatives, such as, for
“example, maleic anhydride, maleimide, methylmalelmlde, cyclohexylmaleimide, and
| 10 dienes, such as, for example, divinylbenzene, and the respective hydroxyfunctionalized
and/or aminofunctionalized and/or mercaptofunctionalized and/or olefinically
functionalized compounds. Furthermore, these copolymers can also be prepared in
- such a way that they have: a hydroxyl and/or amino and/or mercapto functionality and/or
an olefinic functionality in a substituent. Such monomeré are, for example,
15  vinylpiperidine, 1-vinylimidazole, N-vinylpyrrolidone, 2-viny1pyrrolidoné, N-vinylpyrrolidine,
| 3-vinylpyrrolidine, N-vinylcaprolactam, N-viny!butyrolébtam, hydrogenated vinylthiazoles

and hydrogenated vinyloxazoles.

The free radical initiators usually used, in particular peroxides and azo compounds,

20  serve as p-olyme'rization initiators, which as a rule are added to the monomer phase. In
certain circumstanceé, it may be advantageous to use a mixture of different initiators.
The amount used is in general in the range from 0.1 and 5 percent by Weight, based on
the monomer phase. Azo compounds, such as azobisisobutyronitrile, 1,1’-
-azobis(cyclohexanecarbonitrile) (WAKO® V40), 2-(carbamoylazo)isobutyronitrile

25 (WAKO® V30), or peresters, such as tert-butyl peroctanoate, di(tert-butyl) peroxide
(DTBP), di(tert-amyl) peroxide (DTAP), tert- buty! peroxy(2-ethylhexyl)carbonate
(TBPEHC) and further perox1des decomposmg at a high temperature are preferably
used as a free radlcai initiator. Further examples of suitable initiators are octanoyl
peroxide, decanoyl peroxide, lauroyl peroxide, benzoyl peroxide, monochlorobenzoyl

30 peroxide, dichlorobenzoyl peroxide, p-ethylbenzoyl peroxide, tert-butyl perbenzoate or

azobis(2 4-dimethyl)vaieronitrile.

13



0.0% 0. 0% 80. 7% 9. 3% 100. 0% 0. 0 % Rl 455 pm 7. 3% 62. 2% 99. 9% 0. 1% 100. 0%

0. 0%

10

15

20

25

30

For adjusting the molecular weight of the polymer formed, up to 8% by weight of one or
more chain-transfer agents known per se may aléo be added in a customary manner {0
ihe monomer phase. Therfollowing may be mentioned as examplesﬁ mercaptans, such
as n-butyl mercaptah, n-octyl mercaptan, n-dodecyl n"rercapfan, tert-dodecyl mercaptan
or rﬁercaptoethano_l; thioglyéolic acid or thioglycolic esters, such as isboctyl thioglycolate
or lauryl thioglycolate; aliphatic chiorine compounds; enol ethers or dimeric a-

methylstyrene.

If br'anchéd polymers are to be prepared, the rhonomer phase may also contain up to
abbut_ one percent by weight of polyfunctional monomers, for example ethylene glycol

di{meth)acrylate, butanediol di(meth)acrylate or divinylbenzene.

In order to be able to optimally adjust the vi'sdosity in the continuously operated reactor,
optioné]ly up to 10% by weight of a solvent or of a plasticizer may be added to the
system. At particularly higf] melt viscosities, such an addition may be necessary in order

to ensure optimal thorough mixing of the reaction solution. Preferably not more than 5%

~ by weight are added to the monomer mixture. Particularly preferably, the polymerization

is carried out without addition of a solvent or of a plasticizer. There are no limitations in
the case of the added substances which can be used. These may be, for example,

acetates, aliphatic solvents, aromatic solvents or polyethers or phthalates.

There is a broad field of use for the products prepared according to the invention. The
(meth)acrylate-based mass polymers are preferably used in coatings, for example of
metal, plastic, ceramic or wood surfaces. An example of a coating material is the use of

the polymers according to the invention as binders in paints for structures, marine paints

- or container paints. The poiymers can also be used in road markings, floor coatings,

printing inks, heat-sealing lacquers, reactive hotmelt adhesives, adhesive materials or

sealants.

The examples shown below are shown for better illustration of the present invention but

are not suitable for limiting the invention to the features disclosed herein.
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E2 646 pm 0.0% 8. 7% 100. 0 %0.0%n.d. n.d. E3 1706 pm 0. 0% 0. 0% 83. 8%
n.d. 100.0% 0. 0% R2 296 pm

Examples
Particle sizes

- The particle sizes and the particle size distributions which are stated below as a ds; value
were determined using a Coulter LS 13 320 accdrdin_g to ISO 13320-1ina meaédring
range betwéen-0.04 pm‘ahd 2000 um. L _

Particle sizes greéter than 2000 pm were additionally determined using a Camsizer from
10 Retsch Technology according to ISO/FDISM13322-2.2:2006(E).

Measurement of the glass transition temperatures

The measurement of the glass transition temperatures is effected by means of dynamic
15 differential thermal analysis (DSC) according to DIN EN 1SO 11357-1.

Measurement of the dissolution times

The unchanged products of the example or comparative example synthesis are

20 thermostated in a conditioned chamber for 24 h at 23°C. A dissolver disc having a
diameter of 4 cm is mounted on a dissolver'(Getzmann 'VMA model) and the apparatus
thermostat is set to 23°C. 90 ml of solvent are initially introduceqi into the 250 ml
double-walled vessel and thermostated over a period of § min with gentle stirring.
Thereafter 60 g of the polymer sample are added, the cover is immediately closed and

25  the stirrer is set at 1200 revolutions/min. At intervals of 1 min, the cover is opened and a
sample is aspirated by means of a giass pipette for optical assessment. It is then
released back into the vessel. After 20 min, the measuring intervals are lengthened to 5
min. '
As soon as solids or suspended substances are no longer detectable in an opficai

30 assessment, the stirrer is removed, the time is noted and the entire sampie is optically
evaluated as a check. If suspended substances were still detectable, the entire

measurement was repeated.

15



31.6% 98. 4% 100.0% 0. 0% nd. n.d. R3 nd. n.d. n.d. n.d. n.d. n.d. 88% The
two conparative exanpl es prepared by neans of suspension polynerization .
have rel evant fine fractions with 7.3% by wei ght and 31. 6% by wei ght,
respectively, of 15 material having a particle size smaller than 250 pm
The pol yners prepared according to the invention on the other hand are
free offfiﬂe material of this size. At the sane tinme, it is possible, by
means of the process according_to the inveption repar e_pol yner
powder Al REHeER A CATeHr Sus St R OERIey RN s el ang meat e Bhgg of
coar sejpkldofle@Bonding T8beONSt i tuents woul d adversely affect the

di ssolution rate and the 20processability of a coating.

Exampie E1, Composition 1
-Continuous mass polymerization

A mixture consisting of 20% by weight of methyl methacrylate, 80% by weight of n-butyl
methacrylate, 0.4% by Weight of TBPEHC from Degussa Initiators and 0.4% by weight
10 of ethylhexyl thioglycolate (TGEH) is fed continuously to a back-mixed kneading reactor
“from List, as described, for example, in WO 2006/034875, and reacted polymer is
simultaneously removed continuously from t_he reactor. The internal temperature in the
reactor is 140°C. The average res’idénc_e time is about 30 mindtes. Immediately after
the'reactor‘, the bolymer melt is transferred via a melt tube, in which head-to-head bonds
15 thermally unstablé at 190°'C' are broken, into a devolatilization kneader from List, in
which remaining unreacted monomers are removed from the polymer at a temperature
of 180°C. Between reactor and devolatilization kneader, there is the possibility of taking
a sample for TGA measurements. After the devolatilization, the polymer melt is passed
on directly into a Compact 120 underwater granulator from BKG GmbH, equipped with a
20 0.8mm pe'rforated plate. The granules are then dried in a Master 300 dryer and |

collected in a suitable vessel and the particle size is determined as described above.

‘Reference example R1, Composition 1 (suspension polymerization)
25

3200 ml of demineralized water are initially introduced into a 5 | HWS glass reactor
equipped with interMIG impeller and reflux condenser, the impeller is set to a speed of
300 revolutions per minute and heating is effected to an external temperature of 40°C.
200 g of polyacrylic acid and 05 g 6f pdtaésium hydrogen sulphate are added and are

30  distributed by stirring. 1280 g (80%) of n-butyl methacrylate, 320 g (20%) of methyl
methacrylate, 7.5 g of Peroxan LP and 4 g of TGEH are mixed in a beaker and

homogenized with stirring. The monomer stock solution is pumped into the reactor. The

16



Di ssolution tinmes Solvent dso Dissolution tine A ass transition
tenperature T9 EIl MEK 1788 pm 19 - 25 min n.cl. RL MEK 455 pm8-11 mn
n. d. :

internal temperature is regulated at 85°C. The polymerization is complete when the
heat evolution stops. The batch is cooled. The mother liquor is separated from the
polymer beads by means of a suction filter. The particle size is determined as described

above.

Example E2, Composition 2

As in example 1, but the mixture fed to the reactor consists of 65% of 'n—butyl
10 methacrylate, 34% of methyl methacrylate, 1% of methacrylic acid and 0.8% of lauryl
mercaptan from "Dr. Spiess Chemische Fabrik GmbH. After the devolatilization in the
devolatilization kneader, the polymer melt is passed on directly into a microgranulator
frbm BKG GmbH, equipped with a 0.6 mm perforafed plate. The granules are then dried
and collected and the particle size determined analogously to example E1. '
15

'Example B3, Composition 2
As in example 2 with a changed presetting of the microgranulator hole size by use of a
20 1.5 mm perforated plate with the aim of obtaining coarser particles. '
Reference example R2, Composition 2 (suspension polymerization)
25  As in reference example 1, 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.
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E2 Xyl ene 646 pm 15 -

17 mn 57.6C E3 Xyl ene 1706 pm 50 -

Xyl ene 296 pm 11- 14 mn 63.0C R3 Xylene n.d. 70 -75 mn

10

15

20

Reference example R3, Composition 2 (mass polymerization)

55 mn nmd. R2

10 g of methacrylic acid, 340 g of methyl methacrylate, 650 g of n-butyl methacryléte,

2.5 g of TRIGONOX 21S (from Akzo Nobel) and 3.5 g of lauryl mercaptan from Dr

Spiess Chemische Fabrik GmbH are initially introduced between two glass plates which

are sealed at the edge with sealing strip and between which the distance is 10 mm. The

entire mould is placed in a water bath for 24 h at 40°C. Thermostating is then effected

- crushed by means of a milt.

' for a further 8 h at 100°C. After cooling, the 'product is removed from the mould and

Particle | Particle Particle Particle Particle | Particle
dsg fraction fraction fraction fraction fraction fraction
<250 um |<500pm~ |<2000um |>2000 pm |<3000 pm |> 3000 um
E1 1788 pm | 0.0 % 0.0% 80.7 % 93 % 1000%  |0.0%
R1 455 um |73 % 622 % 99.9 % 01%  |1000%  |0.0%
E2 646 um |00 % 8.7 % 100.0% |0.0% nd. nd.
E3 1706 pm | 0.0 % 0.0% 83.8 % nd. 1000%  |00%
R2 296 um 316 % | 984 % 1000 %  |0.0% . nd.
R3 nd. nd |nd. n.d. n.d. n.d. 88 %

The two comparative examples prepared by means of suspension polymerization have

relevant fine fractions with 7.3% by weight and 31.6% by weight, respectively, of -

material having a particle size smaller than 250 ym. The polymers prepared according

to the invention on the other hand are free of fine material of this size. At the same time,

it is poséible, by means of the process according to the invention, to prepare polymer

powders which, exactly as the suspension polymers R1 and R2, are free of coarse

particles. These constituents would adversely affect the dissolution rate and the

processability of a coating.
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n.d. R4 Xylene <7 0 pm13 - 16 mn MEK: Met hyl ethyl ketone Reference
exanple R4 is a sieve fraction fromexanple E2 having a particle.size

snmal | er than 710 pm The conparison with reference exanple R2 shows that,
regarding the dissolution time, no mpjor effects independent of the
particle size are to be expected. It is also found that the dissolution
tinmes of exanple E2 in conparison wwth reference R2 and El in conparison
with R asgﬁgonl MO%to 37% and about 130% respectively, 10higher in
spite te and, respectively, nore than three tinesthe d50

val ues. On the other hand there is the major advantage of having no fine
fractions in the product as in the case of a suspension polyr nce,
as already mentioned, of beilpng able to ensy nti aPlegs Fsifiey
processabi | i t)g OB ough trQ “choi ce of a sg%]&gpt%g )fe;ie:dtuﬁﬂqte, i
was additiaonallly possihble wilth F\)(Fln‘pl e E2 f o-show t haf t hrnugh sl |ght :
modi f i |&t i ons,|MEKe process s {%"accordi nd '¥523 B8 i nvent8n can al so He
opti m zed WIthMEEgard to thesmeduct di sscBumnmmtl me - (wdth further
avoi dapee—of—t-he—-formati-on—of—coarse—or fimefractirons.—Theadvantage|over
a mass| polynern (reference exanple R3) prepared in a nond 20 continuou
manner|End ni || Keeheaccor di ng |64 Hhe prior arf®-1emfo be seehfin a three-ffol d
to fourgsfold clx;a@ngl ution ti rrEzosE;Mﬁn an- eXcLBﬂDlﬁrﬁlE:?)) accc hding to the

—

i nvent on—Ah-¢ has—been g+ pul-at-ed S P etard D, ! ad-g€ sar-ticlhes
T T I. © i part I [V )
shows st | §’d‘f{‘§t antially ?ggﬁ er_sol ubi | ﬂ AL 6357
R3 Xylene 70 - 75 min n.d.
R4 Xylene S =710 |Jm 13 — 16 min - ind.

. MEK: Methyl ethyl ketone

5 Referen'ce example R4 is a sieve fraction from example E2 having a particle size

smaller than 710 ym. The comparison with reference example R2 shows that, regarding
the dissolution time, no major effects independent of the paﬁicle size are to be expected.
It is also found that the dissolution times of example E2 in comparison with reference R2
and E1 in comparison with R1 are only 20% to 37% and about 130%7.rés‘pectively,

10 higher in spite of about twice and, respectively, more than three times the dso values.
On the other hand, there is the major advantage of having no fine fractions in the
product as in the case of a suspension polymer and hence, as already mentioned, of

being able to ensure substantially better processability.

15  Through the choice of a suitable perforated plate, it was additionally possible with
example E2 to show that; through slight modifications, the process still acéording_to the
invention can also be optimized with regard to the product dissolution time — with further

7 avoidance of the formation of coarse or fine fractions.
The advantage over a més_s polymer (reference example R3) prepared in a non-

20 continuous manner and milled according to the prior art is to be seen in a three-fold to
four-fold dissolution time. Even an example (E3) according to the invention which has
been granulated to give particularly large particles shows a still substantially faster

solubility.
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Patent clainms 1. Mass polynerization process for the preparation of a
(met h) acryl at e- based 5binder for coating formulations via continuous nass

pol ymeri zation, characterized in that the process a.) is
carried out at a reaction tenperature which is between 20C 10and 250C,
that b.) the nononers are netered in continuously, that c.) in a

conti nuous process step directly follow ng pol ynerization, the 15binder is
either thermally aftertreated and subsequently devolatilized or
simultaneously thermally aftertreated and devol atilized, that d.) the

bi nder pasertr@aihsat ed in a directly subsequent, fourth, continuous process
step, 20 and that e.) the granul ated binder has defined particle sizes
with a conponent of not nore than 0.5% by wei ght of particles which are

smal l er” than %Ea%s a,(r%? %;@ C&e&amom?éb RaRHRRST S @RiREHIstelseal m 1,

characteri'zed t nt1 nuous polynerizati on prooc ss is a

pol yneri zat i orbmderéorlmaadgrfornmlammlaobmmmanamp@ymeasmlmcor ding- to
Claim 1, characterized in that a.) the binder is prepared froma
mononer m xture which consists exclusively 30of nononers and initiators
and opti onal | yhahridtiZzeHangiar reagents and not nore than 10% by wei ght of
solvent, b.) the process is carried out without addition of auxiliaries,
such as enulsifiers, stabilizers or antifoans,

“the process a.) is carried out at a reaction temperature which is between 20°C
10 and 250°C,

that b.) the monomers are metered in continuously,

’thaf clina continu,bus process step directly following polymerization, the
15 binder is either thermally aftertreated and subsequently devolatilized or

simultaneously thermally aftertreated and devolatilized,

that d.) the binder is granulated in a directly subsequent, fourth, continuous
process step, |

20 -
and that e.) the granulated binder has defined particle sizes with a component

of not more than 0.5% by weight of particles which are smaller than 250 um.

2. Mass polymerization process according to Claim 1, characterized in that the

25 ~ continuous polymerization process is a polymerization in a kneader.
3. Mass polymerization process according to Claim 1, characterized in that
a.) the binder is prepared from a monomer mixture which consists exclusively

30 of monomers and initiators and optionally chain-transfer reagents and not

more than 10% by weight of solvent,

20



and c.) the polynmers have a thermal stability of at |east 214C as a result
of a 5thermal aftertreatnent in the process. 4. Mass pol ynerization process
according to Claim1l, characterized in that, as a result of a thermnal
‘aftertreatnent at a tenperature of nore than 120C, preferably of nore than
160C, in a device downstream of the reactor, 10 a.) the binder has a
thermal stability up to 214C and that, sinultaneously or in a further

conti nuously erated process.step djrectly..follow.ng. the thernal
aftertreat msn&!?) o ﬁdp&@me@t%&@ﬂghoyﬁgﬂ%go%p ay Iﬂ%\%’dslf%ﬁthe bi nder .
5. Mass pol yneri zagiu@yiides, et sisizare 0PaMiBams0 C aim1l, characterized in that,
20as a result of a granul ation and wi thout screening, a binder is obtained

whi ch _ ‘a.) contains no constituents which are larger than 3
mmn and ' i Prened ghbs @ of
constituents v%nldc?i) E’Ere e&b S!%naﬁ%ﬁé%’gguts wgﬁ%ag%égk&rﬁwg;%a%g*yng\%at %Son %r%cess

acchrdi ng to C atherrbal aiteirastresrit ethel procéss. t he reaction tenperature is
above 100C, and that the 30gl-ass transition tenperature is about 2C | ower
than in the case of a polymer with the sanme conposition which was prepared

by means of sSuspaNSHIPNReRLAOTEIToEaIY Aitording &Claim. 1 Mabiactaizetan ehdyased
bi nder for coati ng materials; which is preparabl e accordj 59 to the nmass
pol yneri zat i ofep# @f@&qrrﬁa@@rﬁpgt_n?%_a( ﬁ’é‘?'ﬁ?ﬁ@t%eé%fén?ﬁstg Be@der for

- coating materipls - a6¢06f HoRdidah BerEMn/a d¥it& Bownstream of the reactor,

10 S : '

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

that, simultaneously or in a further continuously operated process step difectly

following the thermal aftertreatment,

15
b.) volatile constituents are removed from the binder.
5. Mass polymerization process according to Claim 1, characterized in that,
20 : as a result of a granulation and without screening, a binder is obtained which

a.) contains no constituents which are larger than 3 mm and

b.) contains not more than 0.5% by weight of constituents which are smaller
25 than 250 um. '

6. Mass polymerization process according to Claim 1,

characterized in that the reaction temperature is above 100°C, and ih.at the
30 glass transition temperature is about 2°C lower than in the case of a polymer
with the same composition which was prepared by means of suspension -

polymerization at 80°C.

21



additionally contains styrene and/or other vinyl conpounds capable of free
radi cal pol ynerizati on. 9. Use of the binder according to Claim?7
in coating formulations for the coaling 10of netal, plastic, ceramc or
wood surfaces. 10. Use of the binder according to Claim?7, in marine or

cont ai ner paints. 11. Use of the binder according to daim?7 in
paints for structures. 15 - 12. Use of the binder according to
Claim7 in road markings or floor coatings. 13. Use of the binder

according to Caim7 in printing inks. 2014.Use of the binder according to

Caim7 in reapleticiiRidBhte vkl Vetcoating editerifigalvhiod id peparige 15. Use of
t he binder according'to Caim?7 in adhesive materials or seal ants.
according to the mass polymerization process in Ciaim 1. .

5 8. .—(Meth)acrylate—based binder for coating materials according to Claim 7, which
additionally contains styrene and/or other vinyl compounds capable of free

radical polymerization.

9. Use of the binder according to Claim 7 in coaﬁng formulations for the boéfing'

10 - of metal, plastic, ceramic or wood surfaces.
10.  Use of the binder according to Claim 7, in marine or container baints.

11. Use of the binde-r according to Claim 7 in paints for structures.
15 "

12. . Use of the binder according to Claim 7 in road markings or floor coatings:
13.  Use of the binder according to Claim 7 in printing inks.
20 14.  Use of the binder accordihg to Claim 7 in reactive hotmelt adhesives or heat-

sealing lacquers.

15.  Use of the bihder according to Claim 7 in adhesive materials or sealants.
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