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WO 2009/ 144082PCT/ EP2009/ 054364 Met hod for produci ng
silyl-functionalized ABA tri bl ock copol yners on the

basis of (meth)acrylate The invention relates to a
pvocEmS/1aogpr eparing (meth)acryl at e-based ABAT/EP2009/054364
5tri bl ock copolyners with a silyl functionalization of

the A blocks and to their use,for exanple as binders

i n adhesi ves or seal ants. Taiﬂor-nade copolymers with

fined. ca sition, chain |ength, | ar SsS
et R Stk ing Sy SRconahos d A bibioek Sanalymers on the
of the distinctions na@gs of (RetHYEER/1&kadi ent pol yners
and bl ock polyners. A vari egy of° applications are
10concei vabl e for such materials. A nunmber of them
will be briefly presented bel ow. Bl ock polyners have a
sharp transition between the nononers in the pol yner
dheiinventibhcblaies tdedf promesasorgprbpanmafryethidondate-bhsed ABA
i ndi vi dual bl ocks. A.typical nt hesi rocess for AS,
bt SsRime S A & s BhE R A oy e b Bt romnao their use
Toeaniprs adbitrs M adhdsNdd oPQUaMnts N time, the

addi ti on of nononer B. Besides sequenti al
soj ynerization by batchw se addition to the reaction
aieyanade capalymars witb slgifined gamwlosttiobectin &nutll glar mass

: erl C i tions Of t t WQ. NMDNONErS,, .
TR 2"y PRl ROTBY FerslHE i pofe BB e s
peiweies gradientipolyinerd Bh& bidtkepolpmarsadi \ﬁ%iﬂlbgﬂ@fpé{ipﬁ@ﬁﬁomssare
obtain ?I 20Suj table living or controlled
E)Qﬂ%‘r‘r‘?@%i & foriSHRN MaAtAURIS. Areimpes ohdreramilbakrighy eresented
pabyneri zation or group-transfer polynerization but
al so nodern nethods of controlled radical

ol ymeri zation such as, for exanple, RAFT
lork welyimess ihare aRharpiehaitios hedkedARE mpohgmers nahi golymer

S.. cribed in nmore detail in WO 98/0147 EP 0, 91Q
AR R B p by ndiin Y RodkhsTbiosks " dical
Antreygidpdeced fRUB BRICkZRNY MErshE e béntidiedaddlyrAc 8288 N of
deal closer to the aimof tailor-nmade polyners. The
RIrEIREARG, ehe ditet paind freime alfiecdditissl gfreencoraer BnBesides

' . he: j_nitivel Pr of.. I
TS TR 2Rl PZa SRk i o Ve Kigtiopgspet. = simiar
r?emlt carl8Bb,beldbtained B6dErpMRIR AN 8R4 éombebiebes of %o
monomers, in the case of their continuous addition, at defined points in time. In

this case, a gradient copolymer is obtained.

Suitable living or controlled polymerization methods include not only anionic
polymerization or group-transfer polymerization but also modern methods of
controlled radical polymerization such as, for example, RAFT polymerization.
The mechanism of RAFT polymerization is described in more detail in

WO 98/01478 or EP 0 910 587. Application examples are found in

EP 1205 492.

A new mode of polymerization brought the art a good deal closer to the aim of

tailor-made polymers. The ATRP method (atom transfer radical polymerization)
was developed in the 1990s definitively by Prof. Matyjaszewski (Matyjaszewski
etal., J. Am. Chem. Soc., 1995, 117, p. 5614; WO 97/18247; Science, 1996,
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272, p. 866). ATRP yields narrowy distributed

(honpo) polyners in the nolar nmass range of Mh = 10

000- 120 000 g/nol. A particular advantage here is that
byon2aodea 4qo8ecul ar wei ght and the nol ecul ar peirat$2009/054364
di stribution can be regulated. As a living

pol ymerization, furthernore, ht allows the targeted
5construction of polyner architectures such as, for

exanpl 866)r Ameehyiclalp olaymev distrikltse ftdrﬁ@}pommbmfe molar
structures of correspondlng initiators it is

A% raSﬁ%lolfMB Fo$e vl %000%@/@3@ Amﬂl%&%rrﬁﬂVénta@ﬁmﬁ@us that
‘Bbﬂ?ﬁwe@ﬁ@@cbﬁﬁ?%lﬁﬂ%nﬁtt WSF ﬁegﬁ?ﬁ%‘frﬁﬂtﬁ can be
principles relatihg to epo yier | ron nechani sm

aewlaﬂechelaatle/mg polyekaratiore surtimeriode Nig alams theetargpted
% l\/akro | ek e, Volune 1, 106th Editi on,
RS tiRP 15 661 §IYmer asaliteciyies SHEh @8- [ SeRPle: dandoammicerplymers

@é@@%@(&p@lﬁﬁeﬁ Hickbbs. Bg{ﬁééﬁél réoYrefsﬁEné i initiators it is

targeted functi ona I zation Vi n
E’éditlbaailyamossmletceecomt mrmmm eunusuai tblytk topudyrherssand star
rest

t.1
BRSS! eﬁﬂsya@ﬂa.tﬁ% T aehteareiqnmephansm are
tiekrehel Eﬂ)reﬂirehébé RelLMing Mbhy Rlord BRas, h\%ﬂoﬁ%ulé%lume 1,

of th_e_se\& ymers descri ed are prepared either by way
o Fditier thﬁirﬁﬁ%@oﬂ?yWéw zation processes or by
pol ycondensation or polyaddition. In these processes

@Bﬁtr@lﬁf@@%h% 9L 4RaPGE s{%gcz{léoogﬁté.ebiggaﬁiw%%tfoqr i

unpr o n cont r ast, ar ge
tﬁacg&ted Guradtionalizadionatf vinlyepolyaiars ePatticsiav Intéresl dt¥aches here to
FF ssbble in the case of free- radlcal addi tj on
o {))‘Wé? PIHETHNI o ek @H’B‘FLH%”X/O 'ﬁEﬂr%tt%f ?éﬁ%@'oﬁﬁl’zat'ons on

tﬁ@'d‘]@ﬁ‘i & rbrkedha e fél‘ér‘gafgz flnat}ﬁg%é?ﬁ‘( anofathglcﬂgfn

in respect of application ormul at'i constit uen
for sealants. One possibility for preparing such

At efdliese prlysndse deserthirsbiarehpwparad eitlier ytway ofdveic aoiliion
| mﬁh f dj cal, additi

S RABL Sl B L R e e

pAd B sebaho pek ghiiort BRSRIJIBNS TR Eioh8Rzed Sroda¥s is

25avai | able for the construction of corresponding

UnBrokiematic clRiqoaash e tangeteduactianelizatiorestttheichainernd is
DR FBBLDR 1Y ot bPAE PRI ud LBl e

Acmrdlmlgiynpcﬂysiyrenes&rtpb@neétdgblﬁywe hanetd aagd pizgéd enlyef minor
éﬁﬁéhﬁacr ate with olefinic %rou ps and the
oBufS et Saplisaliys 6 femyatiomeans ligarpér sotan. One
r I
PBSSIBIIR. ok pterfring! R B G S TR AR, BbfiBver, wit the
demelohme@hdgmnipcﬂleds;rdwﬁtfrebeddlbal édﬁilfﬁﬂﬂﬁd)l@fﬂbﬁ%t&m methods
Di,sadv, nta es of th| cess V%/EI ch one olefinic
Sg?*baﬁ OL R Pl that @ B i AReOudinsBase RIOMOHIESS tomare now

alAiRpM fRthdYoRstRidibh thf 'Ceﬂe%?rﬁlclﬂﬁ% B@!)@tﬂ&s‘r%f:ﬁpec‘?u'}@s n end

by organotin conpounds, 1nvo fer of an
roup, are the 5Sunavoi dable nulti-stage character of

g
Atmethet adreesy establiged ffr Arepartig a@lweuyemmmemamae is,

polbfhsE® BRADRLY FRURS ERGE PEfiastt o1 i Migsiaif Bhrdeus The
em@wn’@moﬂénie{mmdf\ée;stsw@ﬁ@thT la@kitﬁ@téfm@%? Pld ythe

single stg? Frocess for the synthesis of o
Slt@remlﬁat rpailqtiest of thess/ petups. i s described in EP 1
085 027. By addi ng non-

One possibility of providing poly(meth)acrylates synthesized by ATRP with
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10conj ugated di enes to a pol ynerization sol ution
initiated using a bifunctional ATRP initiator, the
pol ynmeri zation is discontinued and the product is
twioniovatiedosThe met hod is described in great @CT/EP2009/054364
precision in EP 1 024 153 and EP 1 153 942. Those
publications also describe thg use of the materials as
an internmediate to a further reaction to give
sildaf'yiic t'tmcﬁbmitzadotpmdbeteﬁdgMpES@daJs@ﬂmdSmrLﬁQDD@/m 18543,
\éxg t he dfrﬁﬁllylatlon and the crosslinking are

74 V@a‘t?aﬁﬁ i thigIRrapRsu §1 YhichOnesplptinic wrewp 1B Birqdgea by an

f [ r

e R R 30 1Fe RIS oD RRUENh U EbkoRitE T cHain end

traorgatdtocéors powrndsy nre/oI\ErEg frad&i@r 606n eRyledsp tdre the
roaches in a nunber of

above- d@scrlﬁ)gﬂ ter ? "th
Paeydelle gty 20% R4l OT ¢ BICsED 1BE Useaydmtieologically
%Qfe'éhbﬁ@é!@ tﬂ‘anonﬁﬁlﬁJﬁd%r thi‘%trh&‘i‘ofgﬁct?dh%? lotnow‘hrb‘ﬁl HAR out

cyclic dienes such as cycl ooctadi enes or exanp
The syrndgsis esferymamnetivical Abddrisiock cspmiymﬂsseehthasnventlon
extendi ng the pol yner architecture. A great

' duct
The AR R MDAl RIS 2B RIS Shodiueas
Wheniresd pos/ (SepobyyRiteZ & déytriobd $h E}vl t o@éfowcsy@aaing non-
nononers in accordance with the invention provides a

cPeied shienessiogypolymseiggtion selatipn injiirted asiidoybiignctional
AeRE lh@l'étc?reﬁ%r b8 ﬁiueﬂgét o‘?ﬂs{c{qécﬁ)ntnﬂﬁeétaﬁgec‘h?gh)’d%:te s fgrpinated.

addi ti1onal fy nec SSi enen
The methocis pedoyivediiz gteater predisidreintBeinaz4 ysaanhon, of

t duct ificaf _
B oL ba2 oo BNERHISR rBA asciobtha s ot Werowigrats as an
iptareRdNAL 168l MRS Fe%%ﬂ@r‘n Ed e @ﬁ&latlcﬁ“maf%rtda%céTgﬁ

process, for exanple - also, in particular
wlwmma@harﬂ,, Inu\ehjl@h tfye lwﬁrmsnkylatlogmaamtthemossimélngsaafd carried

40 U BIIRRCH B S v ST AL 8k BB Fopose

@@IL&JM&W puféw teRHATEREE prodLcEO MeHd SOReMdiyméR&escribed has a
si ngl e-st ag l%pprocess of the invention, the nultistage

blegfcaigucturaER &JG8:006 exdandsibcaalmue-dascebed t¢ynination

t:age I Lronment al |y,
R B P SRR o R S Bl S LROE I Brtnes
switbblefol fireetesmivetiongs Bxpandddytofineiotie enald diedes she &s
outer bl ocks_is the greater probability of obtaining
Qrieac@diengs: Fﬁﬂﬁxamm%tTmﬁguP@l@m%ﬁatmn %‘ﬁé’eéﬁﬂ is pat spen as

é’xﬁe’:}-\l&ﬁg He éagmleP‘é’Fd'hlt@E&rr@e of functionalization that

result's In each case In relation to the polyners of
the invention, a | ower degree of crosslinking is
A great dlsadvantage of these products as compared with those of the invention

is the two-stage preparation process. Whereas the copolymerization of silyl-
functional monomers in accordance with the invention provides a simple, one-
stage process, the polymer-analogous reaction described not only is two-stage
but additionally necessitates the implementation, between the actual
polymerization and the hydrosilylation, of a costly and inconvenient product
purification procedure. This purification must be very thorough, since not only
transition metals — from the ATRP process, for example — but also, in particular,

the polyfunctional, usually aminic ligands that are used in this process have a
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10 obtained for further followon reactions such as,

for exanple, in the curing process of seal ant

formul ations, and this | ower degree of crosslinking
apis20PUNLes, t o the nechani cal stability andpghefps@lo 54364
resi stance of the seal or adhesive |ayer. An

alternative preparation of sifyl-termnated products

is described in 15EP 0 976 76§ and in EP 1 059 308.

Thektvating ¢ffezeonnle PLOLREHats ROl W@% Karstedt catalyst,
functionalization is carried out. Besides t

4P RS mp@nw@htf@@sglﬁfsw@e potoesh @f ﬁtﬂ Wemfszon the
relat.d s of the inventi
TEIBHE ol Gedsidngt S50 PR MRy Rus LRErY Bk &Bigepys botn
|e30nemdBMyaagnﬁw&ahm@hﬁm t he reactions described there
can lead only to a IOM/IeveI of 20functionalization.
567 and EP 1 197 498 descri be three-stage

grf&é@%é sagrntege of {hinseaypdugs aé&@ﬂw@%wmgo%ymyrs having

DS T RARE S BLABIOS bR I 0 BEE M BrtRaining

eraiuctewdisoutThesteorglivatis, af oreabhg, are hydrosilyl at ed
|n a third process step. 25A di sadvant age of
Ki n woul d be

| | d d f.thj
B Pt f i BB B3I b AR Eeticsiiant EROiloh £ACh fese i
?@ét‘t’d}’ﬁfo BB doymdidalf theaflention 2 de@?fde@f‘éégéf ér@gélﬂ%@‘g

hence to reduced elasticity on the part of
gefaingst for feiiihandellayy-en rea@mnﬁrﬁeiﬁh asf fcsfuﬂ@r@mm,en kﬁb@dumg

r ra
OB Sho st o DB, LG o8 Ot PG et
owlreeufoathe tnyedhahicze stapfilitpahtl cabmical tedstahbe b ehecosed opf
a ol ecul ar wei ght distribution of this kind,
PHRGSNEIRYET -t here are unavoi dably very short-chain
pol ymers and extrenely | ong-chain polyners in the

RF @fE&atios p?edﬁ}g i&n off Qxﬁll %é}%rtlat%ﬁ zib{ﬂr]hpéfs R Qét*fﬁfg%dgﬁn

averse%/af ect the chem cal Ity o
bl Uikt 766 eng-ic A& hOBQB@Boﬂihem&sm asecomd pecstess Isézyd, B0

SfRey ARRbh A En R e TRR Uk b e e S ielaSieabBl o
ABac\ePERRRSSTI e ch¥lid b@yﬁ{e@@ﬁéléiﬂn@ttblthétm&rk &iygefof the

| ow nol ecul ar mass are effective as p.I astici zers
inyention His pfﬁqe@amf‘str@ﬁtﬁé@t Todxeskiierhgemondyiegeadily apparent

o Bl e RN et S TG M B R B

fuhctmnglizdtiom. use of a cont roI | ed pol ynerization nethod,
in the formof atomtransfer radical polynmerization,

RIS G Bt T AD & (RPISASPUbS TaRe-SHG ATocBssea s dhed
s%fH@zsfsrcﬁecorrr%ggeﬁt?%ﬁ srﬂgll tléf%%@b%eg (sﬁsgnhﬂﬁ{ﬁtl\@tegﬁméf %%Forgen

low fractio cu[a mass consti1 tuent

apony wéth onymnmnesobtﬁes;egroopseret inérotiscéd aptivet ¢hih ands. These
rease in the viscosity. Besides

g?éq'%?ccjlq Ig’bo Ee h%igr@éﬂcé%erdd{?t%ﬁhé@ Praqeds-¥Ght hesi zed

silyl-containing (nmeth)acrylate copolyners with a

A @iBslvardhgd bf et raficaRtbpafid SRy ER! cﬁQHﬂs%n g be a

di stribution represent” an aI ternative. A disadvantage
rgfdaso distiivigersf the émcmbeabgrbyperrsth@f pdlyreer ohaint Toat leads to

a t@%t Cr"o%% nk%rrllglj tang rh%?\%('& Itcgﬂr(é&%ed alasﬁxc;ty etHe parg ch the sealant.

Furthermore, impairment of substrate bonding may also result.

Polymers obtained by a free-radical addition polymerization process often
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20 advant ageous for coating systens, for exanple, but
which, in the context of fornmulation in sealants or
adhesi ves, can lead to an enbrittl enent of the end

mgdmgp/lam(o;gzhence to a greater sensitivity tpc@gﬁbj@gg/054364
Besi des ATRP, other nethods too are enployed for the
synthesis of functionalized pgl ymer architectures. The

two rel evant nethods wil | 5descri bed briefly

eghibw.madlaciibiily isgisbext weh %b@ve 9.6 |detd sadeasii dmoldcamar weight
the present invention in terns of the products and

gis&iPytion qhdhin sl degref qﬁarfﬂwe&@a@ru%@mlww sgpiteghain

R 5P gl ST B B AR
phepahaini mnpmﬁul?(sﬁcmu) adversely @HYE) th(e/%dbﬂémtteﬂ sttty of the

o ol rs _means of group transfer pol ynerization,
?ﬂe PY-Profydte ig GRNERS @radttﬁ@ Gierreppaiogate increase

Fﬂ]eb‘ﬁ%r\)z%@ty BL@'&E%?%@P%&%? l}{rﬁ ldrF ﬂh?ﬁ %ﬁ{cﬁg th no way

evident to 'ed pers ese po

mmdehgete@ byttea draam-pgisaibation e;hemscs‘lla)\,m kialgculeambsonhich are
t hus anot be storage-stable even w

SR SR TR 2o e Gver S RUGRGTo o B RAdvantages of ree-

sidicdily fplebﬁ%ér%@' (rReth) Q@r‘yhé"t'@'baséé blrﬁe@éﬁﬁéég%né%w With by

out a r'ther step of hydrosilylation
Beratiidy, téraﬁghstheylsequrec@@rtirwbd Doty meizatien eethgd andse Ifnyrm of

48 Gon A OB SR DR b M e very

mmewldmg@hba@mﬁm@m aABAVHiE mm;ﬁém@lmn‘ﬂrrée-
are to be equated with 5-bl ock 005@;{@,?”“8 of
'adipadY Pelvaerizes cmedih)acaates, haie a igys ragtiashpiduigh meplecular

rﬁé§§’€6ﬁ?tﬁuérjﬂg 95k, ¥Frpr{ ﬁu%fsftﬁ&é‘ B{Jﬁ’{t@éorﬁéo‘m é)i?rtlaular bring

articu there a nee or si ermn

zﬂmh&@nnM@tasey1ﬁmesaamﬂyor poly(neth)acrylates whi ch
in ternms of their properties mat ch or cone very cl ose
|aI chleved

Jedes e Bl Bt bk Tt R n Bt eRd st S hingiy

Hﬂétfﬁ}éch@é’tb {)élyln?t’érs%@%’%rﬁntonﬁ ARtPAR Rt WBRSE molecular
nerization activity is low or zero. Chain ends

Va?r'@h jsifibaiormrapresentan alkarnative. ée@rnedm\tanbag@ot)wqmlenders

REF T bR ks AR ia BiRpliE MRe ofe ot brdSufOha bl eptirely

acaaniagebly forfodRehd @paﬂen@ﬂ%m@me Uit v iRl in tties BbRiakess
pol y(nmeth)acryl ates, have suitability as prepolyners
fergpulatinrs inugaalanis ,oﬁ@dheswes can lead to an embrittlement of the end

product and hence to a greater sensitivity to ageing.

Besides ATRP, other methods too are employed for the synthesis of
functionalized polymer architectures. The two relevant methods will be
described briefly below. In this context there is a delimitation from the present
invention in terms of the products and also the methodology. Particular

emphasis is given here to the advantages of ATRP over other processes:

DE 38 32 466 describes, among other things, the preparation of P(AMA)-
(MMA)-(AMA) triblock copolymers by means of group transfer polymerization
(GTP). However, in the context of the materials described in the patent

specification it is clearly evident to the skilled person that these polymers readily
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20f ormmul ations, e.g. in adhesives or seal ant
applications. A further object of the invention is to

provi de polynmers containing reactive ay]

fwocoonakegz es, as binders, in such a way tpetr/g¥09/054364
nunber of the silyl groups in the polyner, while

retaining effective availabilgty for the curing

reaction, is mnimzed. 25A further subject of this

tendetot premaitsretdresdlinkivigi renafio reaan @ thusfcaphot be Atdbhgskisible

in ABA tri,PI ock copolyners thr OUQ%PI} the incorporation

BYCR With akdlizaiion: fcseeer nbriyHEF © ehlaingvi-heclieralized pgbymer,
; . Ly . . an C '

B B B AR o o o T RSBl b ks

af sipt-&uniciibnalaeidnoplgmetheg ryiates dy way efGIT&ris wakghwn from the

%i stribution of less than 1.6, preferably | ess than
CP'YUhi s nininizes not only the fractions of

rel atively high nolecul ar mass constituents, whose

ebjestt s include contributing to an unwanted increase

in solution or nelt viscosity, but 5also the fractions

of particularly |ow nol ecul ar mass constituents, which

RASW pladedn tha eevadermeoirarerthe hebleek ceprlymess desanibed dlelow.
the binder. It is an object of the present invention,

I j : i r
ABRHEbRER opBIBR P RFtbe LB AP IR oy s or
cmap osimmBEB A of CadAl.l yl groups in the vicinity of
the chain ends. Wien formul ated in seal ants, 10such

TR bRt i R B b B b RS

therd Rel nodd REtsj RS rh MR P¥bIJEn et RtesMidlomhi ch any

premature gelling is prevented. Solution 15The obj ect

reAy Mrdelacadaties weticibin teres e kheigpepsiriiesonatabforisioptskvery close
I it A with at .| t d

G ETEIRR GBS T e PR A el ok BBl HouBh the

isdwEparettioni fethei to & feat unisaedviny sityl geRals/akthe eBBnAY WBose

silyl-functionalized (nmeth)acrylates and nononers

PodIrBREZAlioN astivitnes Igatipess. Chainonslsrare ased agra terxtiar the end
. B, i ni (

e o e 2P o PRl B TR P BE g S e

tbtaheeigh of Hreepqdpigneri zed as ABA bl ock copol ynmers. |t

has been found that ABA bl ock copol yners havi ng at

. . avi g LA
FJ@?ygﬁggt%)@gﬂ/ﬁi%({% aﬁﬁéﬁ ﬁ%l‘ézlgil)élju Atiorar C#\gintem%sf grd s'u‘§!- erminated
poly(meth)acrylates, have suitability as prepolymers for moisture-curing

formulations, e.g. in adhesives or sealant applications.

A further object of the invention is to provide polymers containing reactive silyl
functionalities, as binders, in such a way that the number of the silyl groups in
the polymer, while retaining effective availability for the curing reaction, is

minimized.

A further subject of this invention is the functionalization of short A blocks in
ABA triblock copolymers through the incorporation of suitable unsaturated
monomers during the last stage of a sequential polymerization that have an

additional silyl functionality.
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Both to the copol yners of block A and to the

copol ynmers of block Bit is possible 25 to add 0-50%

by wei ght of ATRP-pol yneri zabl e nononers which are not

IWol 20ded 44082 he group of (neth)acrylates. 8pchEpkod054364
a copol ymer containing silyl functionalized

(met h)acryl ates and nononers sel ected fromthe group

of (meth)acrylates or m xtures thereof and,

@pfuﬁbeabbjyéct o hevide ATREepal tyaend aakl nEROATESIBCURF @Right

noQt Iud d in the group of (neth)acrylates, and
3}?2“% '6’@ >SRN @n mgfe(r%lvmﬁcﬁhﬁnaﬁ %! i THRINKERS et only
f frﬁ&fon%f&gah Fn'oll%«%ulécrlﬁﬁ‘%é &5}13‘?1’13\1% %Hc?’sréaéftéé’ts
urt - p |za € Nnobnoners i CH are no

lrrmldsedcecmtmtnuttr@tog;roumvarﬁted nedrbase ry$aititsn oamelt viscosity, but
A bl copol yners, it also bein

d as
Eggéf‘m frchions @iqréar}:\wﬁbﬁw RIS BaRbROAR 4SS, Weich can
ek VBRI cF&Tor DI the 1931 RP fdsidhafite bRRGiAGRO! YITE! | zed
only in block B. urt er service e present
invention is to prOV|de bl ock copol yners whi ch have
Bésan Qb@@it of mse:wmmrﬁml thesefose, darheng ndmrmftotpm@«nde a

tl
AL sERS E BRSPS HEEd S gumer o
beeaéﬁ;n Yroupd ihethe ATomityedfitre chéh&arﬂﬁVWﬁé}gﬁ)rﬁhlaﬁ‘@d in sealants,
nproved crosslinkability can also be seen in

w%'duét%'a&feﬁﬁéeuh@@ftel@wcﬁw this alsoelesulisin gn mn@n@gement in
%@%%%r?ﬁ)tﬁ%sfu‘b@ jonalization. As a result of the
|

er nunber o Feactive groups in the chain end
segnent, reaction of the silyl groups is nore likely,
Affitther edbgddt mdsrig firovide conipdeabitly welicsenk pidmatlies tellimg is
or tq fl exi bl e seal ant proceeds at a significantly
ng?% rate. Targeted control over the crosslin king
density and/or the properties of the crosslinked end
$slaegat 1s i nproved by a 20distribution of the
functionalities in the end segnents. Additionally,
di stribution of the reactive groups over the end

Hephinstanas heen acyevesby thrempKivelayatablerafibéeckosapolymers of
SREERTNh eI SRR BTy RO FESET P

biatks rohar at teaize @ 5iv/GHay blit&fksA ancopguigher a@hmm@g snlm-l‘f@dtlbaﬁhzed
nd with very particul ar preference not

0.b
(FeiatnlERES andsuyrermsis SancibnEom, tedToUp e yRein araiaies or
miR@rdd f?fé'fe&@@ﬁ& YBHIo N 8, wﬁﬁﬁfn?d(npéf‘thWéte%for@a;xtur?%e

sequent i al pol ymerizatioh process er wor ds
theyaohwhichibaverre additiots sdylritheizins acd polyendrlzedks ABAbbsck
is not added to the systemuntil the nonomer

Cﬂ??(?ﬁ"nﬁééfor the synthesis of block B, for exanple, has
undergone at | east 90% reaction, 30preferably at | east

|t beB BuRE BEASSB A Biobkasopbiyas er%f&%v%q:éﬂégﬁ ﬂéﬁd faf %st 2
from nononers of cogg/osntl on A, and that the A blocks

sibbareans indse indivdualoddlocks can also be prepared.
Both to the copolymers of block A and to the copolymers of block B it is possible
to add 0-50% by weight of ATRP-polymerizable monomers which are not

included in the group of (meth)acrylates.

One preferred embodiment is represented by block copolymers which, with an

ABA composition, have <4 silyl groups in the individual A blocks and where the
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9 preferably less than 5% of the total anount of the
nmononers of conposition B. According to this

definition, the block boundaries are |ocated at the

pYdD 20144082 he chain at which the first repeatT/B®2009/054364
unit of the netered-in nmononer mxture - in this

exanple, of the mxture A - i |located. 5An advant age

of the present invention, noreover, is alimted

nlatieA, afcopolpnter anatditing silyifuntt®naizgmeghetheacrylates and

RGO PERaTOISEAROT Ad SRRt datc s as e O osh Bidhereof and,
RERRREMNY Sudtdr ATRFpoRndreasle rfw@n@\ﬂe%qghkh%r@hog included in the

increase in the sollUtion or nelt viscosity.
aiper of asthprasyatashisedenhet oduBhcdriteinde (nbethdaylates or

SRS R oG b REAGR Rk eRbrodpali B 6 AT

WovgkceRpn MRbidrs wHith @ MitlifSsaes s RBGbHS of
odour | essness of the product produced. The possible

apsthleaniaies ase pohememzast aaABAdflocheopalymats, dralso being

[ of_only binders for sealants.or as .
Asa e BRSSP o Al ler adh PR SRS s S e haet &y in
Bidkne br tisd copEIgmerPed onhOinThésk Bor exanpl e,

descri bes a coating conposition conposed, anong ot her

thi ngs, of acrylate particles and pol yurethanes. A ,
ﬁbﬁuyrﬁ%@f sevicerd the PERRGNG iNvieRtian éotorieWERAIPRK copolymers which

havawkah isBBcih%QMfﬁn@%ﬁ%??ﬁé@‘é@@éndsnoftthg (g);&ﬁgﬁ&sa{aﬁ‘rg

properties and to a er alternative
crosslinking nmechanism Conceivabl e applications woul d
Asclomrared whthdha pineylajiovaddescribed in thegpiiararthavingssy!

ey e success, of this process, noreover, is .
Forrh el el TG P B RyeRaRER e imshgioBsiink-
abitlgr capodiyoreei seahiin ihé prstiuctPothe §e@fioni WiR adrelevantly higher
premature crosslinking reaction not at all or onl y to
degreryof furgtionakization. Asrrerasuli efteshisbponymber geigattive groups

vl . . L on. ar RO .

Blh¥icnaitheld Q9ahLARTL AR i 3h) BRUANE TndRe 12, and

CIDESICRB(Y 10) D eGhpSirdREIOBBABK G lddioinkt Br foflemible ddagant proceeds
[ R1 and each be identical or

87 FBrlie N Do fBirt raftorReseiet Pl R dhe pivSURgaREENSiy
sdbr ol Biednd RSRST a8 LR RAR A5 o,
diairibotiompbdihe. funtiionalities in the end segments. Additionally, distribution of
the reactive groups over the end segments — in this case the blocks A — rules
out excessively close-knit crosslinking. An end segment is a section of the chain
that accounts in each case for not more than 25% by mass and preferably not
more than 10% by mass, and with very particular preference not more than 5%

by mass, of the overall polymer chain.

The block copolymers are prepared by means of a sequential polymerization
process. In other words, the monomer mixture for the synthesis of the blocks A,
for example, is not added to the system until the monomer mixture for the
synthesis of block B, for example, has undergone at least 90% reaction,
preferably at least 95%. This process ensures that the B blocks are free from

monomers of composition A, and that the A blocks contain less than 10%,
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These groups may be alternatively |inear, branched or
cyclic. RL in this case may al so excl usively be
hydr ogen. Xis selected fromthe group of

hwarmbygahbse radi cal s which are other than apkeXyp@a9/054364
hydroxyl. This group includes, anong others, hal ogen,

acyl oxy, 5am no, am do, nercapto, al kenyl oxy and
simlar hydrol ysabl e groups. reover, a, b and c are

@asrbrabnt l@gemerbs%memeqoma@n%unmetwmmws bfscatnpddion B.
radi cal R3 is hydrogen or an aliphatic hydrocarbon

AREPEIENT othisi %innﬁ@nofhelblp@k bougaaninsreratetaied pE Breepemiiign in
P RiTPOPAREIN MR B ATl 20 B Beral BitPenomer mgure -

Prtefsesedrhyle RS themixkiuse A\ dus/l@bémafd al i phatl ¢ hydrocarbon
radi cal s consisti ng of 1to 20 car bon atorrB Wth

r reference R4 is - -, -(CH2
quﬁ’?@ ag ‘F 85956"!” fryenden ymorre&a%éﬁ 3 "m'mf@ﬁlmiénber of

fﬁ'c%@alglﬁg')%g %Fgﬁ%wgglmaﬁaé%%eé b&% g\[ﬁé@er fraction

ofSua Cien8 ,grdui}SSn Mhzé @Etd)ex?}eadﬁ tvEREBIBLe) prenBit(reRyelidg or at least

tosgarkﬁééjggé%% mcrg?ﬁ.] nd%@)gglutl Hﬁ}@q\/b@}%ysny EFQ’;@?{J%&]S been

acﬁhé@oqﬁ(r&)d‘?@f)n% del@bP@@ %Q%Q%Uﬁ@ of thelfRdtBn it Be @hain

-Si Me2(0 CMVe2) . brevi ati ons here are as
201 Dbmhewlmlb’rthﬁﬁ%yl Ph for phenyl, Et for ethyl,
and Pr for isopropyl or n-propyl. 20Exan‘p| es of the

SR e AU AR S RIS TG s

HROFBEBREX Y fGh € BrEudt prdd’GeaHC( 0) 0- (OH2) 3- and
H2C=CCH3C( 0) O- (Q—|2) 3-. Acomercially available

ﬁno%@\éﬁlﬁp l9§§ r exar{grpﬁﬁgo a,g e';.]%% gl%ciwgg/ohowever not
&ﬂdﬁghﬂé% r %hl%ié%roé)é’ in‘ter%@oﬁét@%r’"‘t‘?né%t’r&ﬁﬁ%on I oki$er kinds of

nt ageous that the nononers used for
fﬂuﬁanabh% il iS50 &hle fpobample zéesonbes aw:oatlh@ men‘mmxsrt;gm
BA trihl ock

AR P RSt R of Agvitte ettt anitrs Tels. A
poRenér dithe Gl eptibH 6 BIcdrredpanding Gomeliiaiedtb %n"‘rﬁ’@rovement

tr| bl ock copol ynmers woul d be equated with 5-Dbl
i oPipeepsing Prenfsties apd &9 aiferhaciemative af s @O@algémshe

QR ] égn(g%lve{dgg aﬁgﬁéagfbhé lvfo%cﬁ %%R%Q—zq for e&a%efe, powder

conposi tion
coating formulations.

Critical to the success of this process, moreover, is that the silyl group of the
silyl-functional monomer, under polymerization conditions, enters into a
premature crosslinking reaction not at all or only to a very small extent. The
monomers copolymerized for silyl functionalization are distinguished by the

following general formula:
H,C=CR>C(0)0-R*-Si(OR"),R%X;

In this formula the organic radicals R" and R? may each be identical or different
to one another. Furthermore, the organic radicals R' and R? are selected from

the group of aliphatic hydrocarbon radicals consisting of 1 to 20 carbon atoms.
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5functionalized fraction in the A blocks. In the ABA
triblock copolyners, the individual A blocks may in
turn inherently have a CA'" diblock structure. The
tWock®9oA44e82e conposed in turn of silylfunctporgpmedosdzes
(et h)acryl ates and nononers sel ected fromthe group

of (meth)acrylates or mxturgl t hereof. The

conposition of the C blocks differs 10fromthe
Joepegradmmaf behetemativenclieear nsrahanedsr tyuliy. Rbinttaisrcase
no_ Si Igl - funcfl onal i zed nononers. Furthernore, the C
B E0 SxeURNE VRS YIreged in terms of the wei ght
fraction in the polymer as a whole - in contrast to

Khe séle%ﬂéij ﬁomb[h@‘%éup 6F rQI'yQQ!B% réﬂgﬁé%&ﬁ 'ap% 8FEr than
copol ynmers woul e equa ed w th 5-block copol yners of
akexy anpdyidtaxyh TOA BALG lpeindasmlamdmg: ofheirs; metagent, acylbkg
case 1lbt.he co ition t he C k onds to
SRR s PegRE:. i AN intler BideRSRbR GRARS
fraction in the A blocks. The (nmeth)acrylate notation
Moresierf rb hhe cest &lagh Qrﬁte?@i%t@t@@ébﬂd éhaag'ﬂxéiﬁﬂn hebec is 3.
denot es not onIy rret hacrylate, such as net hyl

nmet hacryl aj e, met hacryl ate, etc.

ehanlieal Fpug wwwrﬁ@@lwh%lgmdapaﬁmmwd% pym%@f@g of 1to

R e e e e
(mm@bacnyfajesb)l ock copol ynmers of conposition ABA Using a
specific formof living polynerization, that of atom

P gEademtaBel Y, Bl AT bkt ARl

Wd?dilctér@@h W GisaBndndrtihg 8 1 it POLdPRGH bion®s Wit Padicular
ymer. 251t has been found that through the use of a

pol
mpfainees Bds —Chit r&ikdn-and-(@Hsbquent i al pol yneri zat i on
it is possible to construct ABA, ACDCA or CA BA C

f
SR B A AR AR, o0 SMestarPMesCbsRio o)
-smae(m:gwé)zt Stk (ANedR SHOTS;, -Su\a@ cash)z,fjsrnt/leg(@rmi),ewsﬁOEt) ,
at e

Eﬁé%%éﬁfs&%%ébiﬁfgf’w SN e MISA S HEIOMe).
S e oy TR EESL e oFT Sbhee

-5 (Mie(CH) (EDMd)at-8]Mey(OGiDeMe), ememmqmai)@or i sobor ny!

é@%@ﬁb?& %&%Z;T%t}{%g cg,g eloa?rsae 3 ws: WMe fcf)ror%ethyl, Ph

fé'r@(‘éﬁy@%t}fbﬁéﬁwy}“@n@bm%sb?rcﬁﬂ@Br ﬁ%?@p}h ave

unsubstituted or nmono- to tetra-substituted aryl
radi cal s; other aromatically substituted

E(Xﬁ‘ﬁtﬂh?%\@frwea(ﬂ&h)@@@cha@dloabrm@udﬁw@ =GRy CH-,
H BRI () B8 1, TRNRCER A BLES HOE =BIEIR0)0-(CHy),-

HoC=CHC(O)O-(CHy)s- and Ho,C=CCH3C(O)O-(CHa)s-.

A commercially available monomer would be, for example, Dynasylan® MEMO
from Evonik-Degussa GmbH. This compound is 3-methacryloyloxypropyl-

trimethoxysilane.

It is advantageous that the monomers used for the functionalization are

polymerized without there being crosslinking reactions.
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10pol yet hyl ene gl ycol s, pol ypropyl ene gl ycols or
m xtures thereof having 5-80 carbon atons, such as,

for exanple, tetrahydrofurfuryl nethacrylate,

ey aakedhoxyet hyl methacryl ate, 1-but oxXypeepyPr2009/054364
nmet hacryl ate, cycl ohexyl oxynet hyl nethacryl ate,

benzyl oxynet hyl net hacryl at e, 1f urfuryl nmethacryl ate,

2- but oxyet hyl net hacryl at e, 21 et hoxyet hyl

WTtMa@meyABtAetnbib'éwcbbb@/m'ﬂﬁ'é’B UF&Ik@aﬁé)Klrﬁﬂiﬁn inherently have a
1- et hoxybutyl nethacrylate, 1-ethox

ﬁ&@né(th*%ka?étéiotWhaWn@quwnﬁb{t H@o&@xéﬂ@oclpéowlwaw waeld be
Shyeel TP St AR MEDA AL ORI I s g

threlp()Hlehb&dT@/C&il@S(sScﬁirr&lpan@Q)/mel donh;ﬁosi.mﬁﬁd)ftthé nbArsilyl-
% e conpositions to be polynerized also to contain

L{ﬂcf'ﬂ%@“z@ﬁécéﬁwpﬁﬂ%&%mss whi ch are 20

copol yneri zable with the aforenenti oned

(r%bh&@&ﬁ%l@&??oﬁ?ﬂrg@ys LT el cgus %ﬁﬁocl@ﬁ%?/ih ﬂgb?@ﬁeerenﬂy

anmong ot hers Res, such exene
b&\&halﬁm chblbelne‘srustuoeh Taw blboks Akampt@nposed in turn of silyl-

3-di et hy1- 1- |
Rt eed VBt P At Motk i B GeRamene group of
WM'}MIM&*S'& mb’dd?*é!s tRSESS 5 h%%pﬁ)%ﬂ)ﬂﬂ’?’f'th?@eﬁl%% differs

styrene, substi tut ed styrenes w th
fmdbgﬁpmﬁmoemfﬁm@ﬂw prapks drasiey, assihel castam no silyl-

b
BB MRS Er b BBl e B B b Ui o
asﬂthg vt festivh nytﬁea;bcu;zm@r ang \DhéT@t—thﬁ)tnYerﬂt@ the A and A’

al ted st h f
SlaHoR RCoP et HABAdr Bl coRelMas ioukd bheaiistypibnblock

t t
SRS CSHIITERHE 987 CASICLORE AR B B
tBomatippisitidaiflyd pylodkneorraspeinby lto frevcayppyitibnlofhthe non-silyl-

2, 3-di net hyl-5-vinyl pyridine, vinylpyrimdine,
f@éf%ﬂ%%%ﬁ%ﬂrb',n%@ '%/mqgﬁr bazol e, 4-vinyl carbazol e,
2-met hyl 1-vi nyl i m dazol e, vinyl oxol ane, vinyl furan,

T‘He‘%éth)é@%ﬁ@t@%otéﬂléﬂ 'sia'hU@'f@Ptﬁe e‘é'téﬂé'oﬁém ég&giﬁ%%iﬁ%nd here

V|n | oxazol es and i sopren et hers

ssatqtwedy methacrdste, soe @ﬁa‘m@hﬁl mama@ryiatanawh de,
hs&gﬂa‘g B P IRh  h SP S eRlpeorvete, ety

abm@tbsetct tfer exapglel aMe abamoxyresfosmeti.onal i zed and/ or
am no-functionali zed and/ or nercapto-functionalized
ounds. Furthernore, these copolyners may al so be

Nﬁrég\gﬁ"ea REQeTs St Rt DearegevrlorehicnpieRAANG BlRal sepelmAEs of
o@[tnoﬁ@( sucﬂé lénsﬁféo‘ﬁ%% 'h n83}% WgﬁidttoHeﬁtat of atom

es o oners |n pi‘peri d
transﬂelnyéid:mldmiphenzaﬂcw YRGS ltmé palsyitgle to incorporate well-

anﬁqg}[%v? rq?qlﬂ lqﬂ‘?@n%@%w t %ﬁﬁé{dgglpg unot%nalltles into a polymer.
N-vi nyl but yr ol act am hydr ogenated vinyl- 10 thiazoles
It 3 Héé‘?h”@%@ﬁkﬁ%‘d%ﬁ'tﬁé@%@'o?% n‘ﬁ%ﬁér%!lnﬂﬁat@? ?ﬁ@%eéé%enttal

is given to copol rizin V|n esters, viny
polymerizaten ltnmp@wlde tow;nsmm@st\% /aeagaﬁom @NB/@@ stittckures in
s and/or B bl ocks. The process can be

aSQPVé&d %ﬁb'onn any desired hal ogen-free sol vents.

Preference is given to toluene, xylene, H20; acetates,
Mphefrirahichoareydol@eefiZdEboth in block A and in block B are selected

from the group of (meth)acrylates such as, for example, alkyl (meth)acrylates of
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15et hyl acetate, propyl acetate; ketones, preferably
et hyl nmethyl ketone, acetone; ethers; aliphatics,
pref erably pentane, hexane; biodiesel; but also

RV asigosi14&6 such as | ow nol ecul ar-mass pol yP“F‘PH@’I"Z%‘G@/OS%M
gl ycol s or phthal ates. The bl ock copol yners o

conposition ABA are prepared1 y neans of sequenti al
pol ynmeri zati on. 20Besi des sol'dti on pol ymeri zation the

AFRBhesRain! BRNBReE aF bycﬁgalﬂiﬂat@%l&)‘ﬁ%@h&ﬁng 1 to 40 carbon atoms,
m niemul si on, m croenul si on, suspension or bulk

666y Aeror axarmple, mhyﬂdmm)epmteoethyb(mnejb)a@aylaneed bouy!

e R P PR RS it Gl SR RS BT By ©
nﬁétmamt/nawlz ethih@gpIehadth) fRepmee Eteat (métrﬁta&watt@daum

the range from-20C to 200C," 25preferably f
(Be0)261daiR, tcwclsaexylc(meém aprydter l@ab@rnfyk @mtsmrylatelamt

e Sl S A RS BB B o
aneth]HyiatOwbichohay M éébm@ééd leallcalindubetiRteN6embabWeE Rt ra-

7500 /nmol and 50 000 g/nmol and with very particul ar
'éﬂ%ﬁ%@& I ragicals; oher gr%atlca”v SHE&“H@@JM%GMW'W% such as,

%’?E FEERE eBinP) et AL el A elPal L b Biners.

id!fethglene reaycol 3 ipolyarop\detdn giég%lsan nhigtures thereof having 5-80
- OpX- . - CHX- O2R -

%%5@%%%% S SR PR T RSB Pe RO CoR

RC(O) y% )WCM£1 %Ldtoyﬁoro%methacglate cyclo-

heamipxy mekzyl crehasry letrbayepioxgmeling oetbaamzase, furfuryl
T D BT T BT i 8 SOy GeB e .
NGy MR nfdteserd=06 2t-6 HdZY ButGhRIH¥ATER, 1-ethoxyethyl
r%(gtlr_%g(rylate e’a’:oxymethyl methacrylate, poly(ethylene glycol) methyl ether
(meth)acrylate and poly(propylene glycol) methyl ether (meth)acrylate.

Besides the (meth)acrylates set out above it is possible for the compositions to
be polymerized also to contain further unsaturated monomers which are
copolymerizable with the aforementioned (meth)acrylates and by means of
ATRP. These include, among others, 1-alkenes, such as 1-hexene, 1-heptene,
branched alkenes such as, for example, vinylcyclohexane, 3,3-dimethyl-1-
propene, 3-methyl-1-diisobutylene, 4-methyl-1-pentene, acrylonitrile, vinyl
esters such as vinyl acetate, styrene, substituted styrenes with an alkyl
substituent on the vinyl group, such as a-methylstyrene and a-ethylstyrene,
substituted styrenes with one or more alkyl substituents on the ring such as
vinyltoluene and p-methylstyrene, halogenated styrenes such as, for example,
monochlorostyrenes, dichlorostyrenes, tribromostyrenes and tetrabromo-
styrenes; heterocyclic compounds such as 2-vinylpyridine, 3-vinylpyridine, 2-
methyl-5-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine,
vinylpyrimidine, 9-vinylcarbazole, 3-vinylcarbazole, 4-vinylcarbazole, 2-methyl-

1-vinylimidazole, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane, vinyl-
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10 CH3CHXC( 0) C( 0) CHXCH3, XC( CH3) 2C( 0) C( 0) CX( CH3) 2,
X2CHC( 0) C( 0) CHX2, CH3CX2C(0) C( 0) CX2CH3,

XCH2- C(0) - CH2X, CH3- CHX- C(0) - CHX- CH3,

GXOCER)92r4G08) - CX(CH3) 2, X2CH- C( 0) - CHX2, PCT/EP2009/054364
O6H5- CHX( CH2) , - CHX- C6H5, CBI - 15- CX2- ( CH2) n- CX2- C6HB,
C6H5- CX2- ( CH2) n- CX2- CBHS, o-,Bm or p- XCHe- Ph CH2 X,

0-, m or p-CH3CHX-Ph-CHXCH3, 0o-, m or p-
15!@%@}:2@%37'18&@3@%@38&! ?sopbenyl Rtheds; rﬂa@ﬁ@é‘é@d@ﬂv@@%&@uch as,

goww@lgﬂe@@@w@@xm%elmlﬁe raethylmalelmlde and dienes such as

g‘w&%@%@%%lp éhené'_@é% g}igespectlve hydroxy-

Rimaicha)2ex2amtBor amjnaviunatiomneliXeCra@-rRerceRoLEtihdired
0-, m 8r [p XS02- Ph-S02X (X stands for chlorine,
SPBIRONEGS:  Hrifrmere BRege swaelyrfﬂ@fs e A§ R PraRecEHayeh that
s gl 8t eioshanl ot b A gloraPRre |
stibsfitiente Exmgplé&eofmbrrad)mdnens inolnde vanylpiperidine,

e ST o K N Rt A o
QM? bhdlﬁéelf\le&f @@prbf%oﬂérﬁeﬂ \ﬁr%/lbiﬁgr‘lﬂa&aﬁ h%?@ﬁé’tb@'vmyl-

br ono- y propi onat e) I'ene gFycol
Higzoles an@hzdrqgsngtqﬁy\hpylomm @artickilat mferenoe is glven to

bomph S AELE S, £l IR Fond DS,

aolyReithies wieh thet A byorg izgherbrtthBlocré! of the nmononer is
reacted. Catalysts for ATRP are set out in Chem Rev.
description is predom nantly of

001, 101, 2921. Th
i%%aéqceééﬁeﬂiaz?e%amefgwh@ Foheeyredrlesart-iree §aYSUKds of
ﬁﬁefe%ce@i R/EH% ‘tﬁﬂéerﬁ’i WA BUm. aeetla'iég E)?S| Lﬁ@ ép{D%‘Q'Las%etate,

ni ckel are enpl oye ['n"genér &l
ethy! acedatel prapry! aettate; @etm@and&feﬁalbtyretwltrheiﬂwlyleketone acetone;

el APEaIeR! predirabhifestiaie de boHBsPs P &5 lksfbizers
SRl 5 loWOPRRICURRIMBSS 5@!{99&@%@0919&% évgﬁt%maft@g Euh ICI S

purpose for exanple arting from Cu
CuNO2, CuNG3, CuBF4,

E‘eﬁ( @m@epolame@ pmwmo@eaé\ ale prepatady meanpef sampential
ﬂ)eﬁf, dg.ﬁ is represented by a variant of it: in so-

ca reverse ATRP, conpounds in higher oxidation

states can be used, such as CuBr2, CuCl2, CuO, CrdC 3,
Brasiess mluF@BpGIynfemnza‘emaﬂm RTRPrcdnnaise beasesed gt as emulsion,
reaction can be i n| tiated b%omeans of conventi onal

PRIV S9N B ICTORMUSIeH rYISRRRFHORST Dl PRAVARMFAIONAI BN. | n

this case the transition nmetal conpounds are first

THer esieelzatfd e bé‘@ﬁrr@deodt%@te gtﬁ%éﬁhetn'aesqt%qﬂn%@bﬁeric or

gener at ed fromthe conventional free-radica
sUAprgtaepReriReresskke. ANRRempsrdts enofdesymibzaionyis atsvomot

GG ol BgRelB. WESRE R ok Bt s s Br °C,
pAITBRALI fro BP0 €S &N BOP AYnd MhWIédl%Jefé%éﬁcé)from%@@td n

15t he zero oxidation state. a resul an assuned
1€8rfpr oportionation with the
The polymer of the invention preferably has a number-average molecular
weight of between 5000 g/mol and 100 000 g/mol, with particular preference
between 7500 g/mol and 50 000 g/mol and with very particular preference
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transition nmetal conpounds in the higher oxidation
state, an acceleration is brought about in the
reaction rate. This process is described in nore

de 02009149 98/ 40415. The nolar ratio of ”?@@I'/EPEU?)9/OS4364
metal to bifunctional initiator is generally situated

in 20 the range from0.02:1 20: 1, preferably in
the range from0.02:1 to 6:1 and with particul ar
pq@jeoegﬂao[n t he range fromO0.2:1 to 4:1, without any
intention hereby to inpose any restriction. |n order
io increase the solubility of the netals in organic

iarehean ivaddhatthe raelreuler weight distdiudion is helavol Sapiederably
%&lo% ahl g, langggﬁmppbymsrl zation-i nert

or ganomet a ounds, ligands are added to the
system Additi onaIIy the ligands facilitate the
Assiifuactiomnal inifiatohetharanah @ean@@CaIP@m (CHa), T XBYO3RERO,C-

eetanateiielis A deich l Tk ekev Al M%M?%'é% stk
usec?omx @0@ b‘?(ﬂ@‘H ??gét p[n%trfb{dg@njr(mcr gﬂnif&gazw—

as Ilga aIIy co e

@U@m@xzfmﬁmﬁ%@f@ﬂﬁ@(}%(@"@n @h@HzmﬁhfgCHRa@om@Hgyn

IRAGRACHs oo b Bar GHopr QRS s Pl BERE R o

(ua olggginv(zlcgmg@wcr@z gziﬂeg aoe b)@a@@ﬂg keppe(er e, ey
RO Ot Kol Gk b eVt ok ( PNDETA) |

RO BB ROl X G X G- (O OHX, CHe-CHX-

GGQ)LCHWCJ:Q, ¢®((®HX)@@(U%¢X¢GP%)D%@WWDB@HXE€ C6H5 CHX-
m%&% |ctl_&e8relat|n to the selection and

i Kerdfe Ve littake-Eoltp Sreblst @XatCH ) olma-Gafs, o-,
mh@rgb«thgwpéﬂgﬂno' - ﬁgé‘rﬂ@ﬁ%@% cﬁkg £€. b1 gangds, may

f orm coor di nati on’ conpounds PR Situ with the netal
(EdhpeeidRh-CX(CHely, omyn-farms€CHa@XpiRip@Xe@Haso-, m- or p-X,CH-Ph-

Gt oR A S Lo Ge P 2o OB hX and-eLP-csC X CO7P-
®C€©mxe'ﬂ+3"81 @xh rSp- et?mgg@mog@ht@@(égagﬁ{d% )9fcHifte.-co,-

gﬁg and on 't he coordi'nati on” nunb
(Q)CanaChet @l, Nt-\r.p-KeClge@@p-&lh- @ﬁ?éOh@Hé(o or at,in- orgP-XSO -

100:1.to O,
TSR sabhie B irairdpdindnel St Hogivtene
(@IGHD)@EI repRysarité 8N alipRatiteraeiial be 1 itROSRINBAY atoms, which may be
15restriction. Wien ATRP has taken place, the

lineandireneiechest dse eudisan ﬁ@rUQMeb@ap becigineiachar mpne-her

RS E0af 20 A O SRR B e
fl@read aofi rtllsm odraber b@tw&@hiﬂ amcunzeﬁ ﬁrté{jdrbndfeleiliée;ﬁﬁ?w ofuging 1,4-
alide - HBr, for

dro I|de The h droge
bﬂ%?é&@éﬁéﬁldé rﬁﬁ&%ﬁa%féx PrRRIONAigan21ethyere lveak de-biemo-2-
Ry PO ORISR, 5 difton it Bte BTIRARYTD SMtrBfoniRedte.

rest S process, ransition
Tdnerrptrex)f lrstlametmcrhedomedglvbe thé tater mokdcalariveeight, provided that

Erggh i tated After hat the pol ynmer solution can
ag84j %”@Qoﬁlﬁrl'?fe@d’ means of a sinple filtration.
The sai d sul phur

Catalysts for ATRP are set out in Chem. Rev. 2001, 101, 2921. The description
is predominantly of copper complexes — among others, however, compounds of
iron, of rhodium, of platinum, of ruthenium or of nickel are employed. In general

it is possible to use any transition metal compounds which with the initiator, or
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conmpounds are preferably conpounds containing an SH
group. Wth very 25particul ar preference they are one
of the regulators known fromfree-radica
pwoyTomo12ab80n, such as et hyl hexyl nercapt anpefr/gp2009/054364
n- dodecyl mercaptan. To increase the degree of silyl
functionalization it is also ﬁpSSIb|e to use silyl
nmer capt ans such as, for exanple

3vithiethe aiol\opeioghAi kitiaH WMSﬂa'n@fé@abl%t@ﬂmcC@@ubeare able to form
obt ai ned as_Dynasyl an(r) MIMO from Evoni k™ AG

5r6eex cvePdCePPappAn baskepiadktoghegusiem fasthis rm@f,eose for
t KO
ShARE YartRE B SEORTuBLEYR. L BBy TERBFELRY. Eino,
mmg iCUBF,TOe((eMaDPIyDraECFaCeOmled merely to serve
as random sanpl es of the broad functional capacity of

O T B PP 2 i o
|
BRI 90 APREDESRBOUAHE T hiBhefolafitEGIatia il used, such
aa;@u{iﬁezr@relﬁlzp@u@n@r@lg, &mm%e gfopekgmefe. i theee cases the
on _the on nd correspond in their basjc..
e Ry e PR meBicT Rt rishal Beeired eabiialass such
a8 dopBxampleOiAIBK. i @é%!@zttﬁbriraﬂsrtbbh ﬁré&%bﬁ’r%bnd’é‘h?éﬂr t

The preferred applications for th opol yners o
faskicCRAVERes Brevwmrereagiad viith mesedroasmeraredctmmsm C

he, i ndi vi A or D.blo

drbVer fofk' e, et Sulidhold, Re Ve hEHE, néh Bl ogaied oy,
agibag iottesrs OW dny @ttheisityigsAe0nrdi R0V &SopRseElIeNns1995), vol. 28, p.
g rt]rfcul arly appropriate uses are in seal ants for

% cations in the fields of autonotive engi neering,

shi pbui I di ng, contai ner construction, nechani cal

GREN I

200 e epO o0l LR BEEL I pAERGRPR B
thpperanxidstiofrgtatbohs prrestdt ofeah Bsalndsd obnwpcpxborbarhatmm with the

re.those f seala r ildi.n cations
LRl solRLARah BRngherSudit Rl aa Slermianis
Brb@gﬁ@bd@tﬂﬁﬂfesrdabtrbﬁ rél@s*ﬁh@'p@oéé%sﬂﬁ @R3Efbed in more detarl in
one- conponent and two- conponent el astomers for exanple
WEr9YABAHS. the recited applications. Typical
20i ngredi ents of a formul ation are t he bi nder,
ﬁw? d’ﬁ%%i&g’ud bt {rgrﬁég%rgb%g%lgé %’ifuﬂé ght%agpﬁ'ﬁofeé}%gaﬂy &ulfed in

thdﬂraﬂgerimnnCO 8ReNb20: ¢ mretdrablykn ﬂﬂe faaig@ fyoh©.02:1 to 6:1 and
ckifiers, etc. In order to reduce the viscosity it

VY' %Q%war @rqf%r%n@e i e eangs, fram A de 4pbiiEhoat SAintention
hﬂ;@g r‘éstrk% ene, xylene, etc.), esters

tate, 5 butyl acetate, anyl acetate,
CeI | osol ve acet ate, etc.), ketones (e.g. methyl ethyl

“k@fdmée inmeage thes&:cbubi{rﬂy Kehonetaldiin sodartiy kolkehtsrand at the
add as ea

same % ?(P] Qrevre tr}eg \rrgr%irorgg%/e,%z \e ar& §Rce po erYerrzatron inert
o@%ét@hb%nﬁﬁ'&%@rﬁ%rar@%‘d%@ itb Yﬂw@tsféiem AERftHNLN the

fornul ati on for exa e wth correspond
ligandateetitein e abetraﬁ@nddﬁheﬁraos@amle atta)rrmrc gread by the

trap%lﬁ?r}%f %Ola%qmaéd é%t@aoff@tgfﬁné%%ng ?oundI 1%9 example in
WO 97/18247, WO 97/47661 or WO 98/40415. As a coordinative constituent,
the compounds used as ligand usually contain one or more nitrogen, oxygen,

phosphorus and/or sulphur atoms. Particular preference is given in this context
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18 Chem cals GwH), dibutyltin diacetate, dibutyltin
di ketonate (e.g. Metatin 740 from Aci ma/ Rohm + Haas),
di butyltin dimaleate, tin naphthenate, etc. It is also

[ use reaction products of organi
Wészggén/g‘dd%%uch as dibutyltin dilaurate, c%éf)i"P2009/054364

esters (ef g. DYNASIL A and 43% as crossli nkl ng
catal ysts. 5Also, in additio titanates (e.qg.

¥o¢ﬁifr€§é‘r‘i ¥bmbbhAg& e g% ﬁ{?érgd}r *eréhé@@aetnﬁ’oe/e)%ttﬁtyamtrﬁggn-

Zl rcohnat es €. g. t et conate
¢centgininguchydlatei liganddi iéxdrmplelsammay betgyteaninnlede 2,2"-bipyridine,

&%WM?@@%@%%& Bt e CUSE ) st ar -
SRR ATHETPRERY! AN Br BEARI ARG RASIARIE g1 d

derlvatlves d m’'Xxtures thereo fraction of
1 Hed, ér0s)-hend methghitieithylsheiatrantiee f\6almablatindinaioss relatmg to the

r.ef.erabl arts.per 100 parts of Dbi

8 e bihalite PLBToH RS oFPeB e fodlEy He skiled
S43BRlieY @ogem4hel ow are given for the purpose of

i mproved illustration of the present invention, but

are not apt to restrict the invention to the feat ur es
Bm@ca ligeads meaefoim copgdipRt@m cedprHeds indkr Wil dreagetalnd

ver [
ecu O%roervt\gggﬁ{gyﬁg%?%etl 6%@%‘%&%@%{‘2%% er r%%% then
lbyomm:nmfth@ebaptMmﬁmttum chr omat ography (CRC) in
tetrahydrofuran agai nst a PMVA 5standard. Exanple 1 A

acket d th th
187 140 < a0 o 0 YRR BGamelnis GRRATORBROR i OGReI of the

F%;‘éﬁ@@inﬂ@brf HRNRordatiGNALSSE BRERItraHEiItNA ﬁbfﬁ?gmah%enerar the
nmononer la (precise identification and quantit

malaTsaiogs Bjtyatedsn e ednger Y1 t@ Ot htprefapably. bto 0.1:1 and

RERBREC s BUE e ardisyany! amerisntiondeeyisdigose any

rébeicesi.ution is stirred at 80C for 15 m nutes.
Subsequently, at the sane tenperature, 1, 4-butanedi ol
yl propi onate) (BDBIB; for anmount see

V%%'P é\Tﬁ)Pnﬁ@; takgeﬁ@a% the franpigan imetabcampawst c@n By |
p??ﬁ%@éggd {bﬁ;@%%ﬁ%@@%‘?‘éﬂ Sftabfd SGPhdM KoM ByZ2dih of
mercaptans, for example, the halogen atom at the end of the chain is
substituted, with release of a hydrogen halide. The hydrogen halide — HBr, for
example — protonates the ligand L, coordinated on the transition metal, to form
an ammonium halide. As a result of this process, the transition metal-ligand
complex is quenched and the “bare” metal is precipitated. After that the polymer
solution can easily be purified by means of a simple filtration. The said sulphur
compounds are preferably compounds containing an SH group. With very
particular preference they are one of the regulators known from free-radical
polymerization, such as ethylhexyl mercaptan or n-dodecyl mercaptan. To
increase the degree of silyl functionalization it is also possible to use silyl
mercaptans such as, for example, 3-mercaptopropyltrimethoxysilane, which can

be obtained as Dynasylan® MTMO from Evonik AG.

A broad field of application is produced for these products. The selection of the
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a sanple is taken for determ nation of the average
nmol ar wei ght M, (by neans of SEC) and a m xture of
nononer 2a and nonomer 3a (precise identification and

Wﬁ@%bg/ﬂd pTable 1) is added. The mixture 'P%T/FP2009/054364
ynerized to an antici pated conversion of east

95% and is term nated by addijlon of 2.1 g of
n-dodecyl 20mercaptan. The solution is worked up by

uéé éieﬂ’h I‘é@ IONEH siehl d<C@ r@@fncﬁﬂ% GREIHESBAMGIIS o'i‘@r@\ﬁ%ntlon

vol atil e constituents by nmeans of distillation.
Eiv%ea@f@pimme Lntamdaqérr@nelyns sdeteaagrianddm $ampleb pf thaybroad

égcﬁ'@%égi&% 3“% g %tglsohg\"%%e%&@ ygwh%%téngnoner
ifor?ABR, A@%@@@AM}@ GSCHBDEX AR RplbycBRIBRILY ds

b, 2b and 3b (precise identification and quantity in
rabPMErs fre molsture-Exagresinkingt Fibe paenolymgreacarn e

I 1
GBS B IR e P! B e st v on
tEé@'ﬂT@”Qan@ riesbbRd FrRRiVENSiASorhPosSHeTR] ®elB bIFRROARY Rot to
2d and 3d é‘@rem se identification and quant ity in

ﬂ’l’fﬁtg glogks,and aisidg. otframhand cextaimptilyl-fungtignal upBsoner 1 1
a) MMA 1 b) n-BA
The preferred applications for the block copolymers of the invention with ABA,

ACBCA, CDBDC or CA'BA’C with =4 silyl groups in the individual A or D blocks
are to be found in sealants, in reactive hot-melt adhesives or in adhesive
bonding compositions. Particularly appropriate uses are in sealants for
applications in the fields of automotive engineering, shipbuilding, container
construction, mechanical engineering and aircraft engineering, and also in the
electrical industry and in the building of domestic appliances. Further preferred
fields of application are those of sealants for building applications, heat-sealing

applications or assembly adhesives.

With the new binders it is possible to prepare one-component and two-
component elastomers for example for one of the recited applications. Typical
ingredients of a formulation are the binder, solvents, fillers, pigments,
plasticizers, stabilizing additives, water scavengers, adhesion promoters,

thixotropic agents, crosslinking catalysts, tackifiers, etc.

In order to reduce the viscosity it is possible to use solvents, examples being
aromatic hydrocarbons (e.g. toluene, xylene, etc.), esters (e.g. ethyl acetate,
butyl acetate, amyl acetate, Cellosolve acetate, etc.), ketones (e.g. methyl ethyl
ketone, methyl isobutyl ketone, diisobutyl ketone, etc.), etc. The solvent may be

added as early as during the free-radical polymerization.

Crosslinking catalysts for hydrosilylated binders in a formulation for example
with corresponding polyurethanes are the common organic tin, lead, mercury

and bismuth catalysts, examples being dibutyltin dilaurate (e.g. from BNT
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1c) n-BA 1d) MVA Anmpbunt 81.09 79.6 g 79.6 g 81.1 g
Mononmer 2 2a) MVA 2b) MMA 2c¢) n-BA 2d) n- BA Anobunt
19.9 g 19.99 20.09 20.1 g Mononer 3 3a) MEMO 3b) MEMO

WO 2009/144082 PCT/EP2009/054364

18
Chemicals GmbH), dibutyltin diacetate, dibutyltin diketonate (e.g. Metatin 740
from Acima/Rohm + Haas), dibutyltin dimaleate, tin naphthenate, etc. It is also
possible to use reaction products of organic tin compounds, such as dibutyltin
dilaurate, with silicic esters (e.g. DYNASIL A and 40), as crosslinking catalysts.
Also, in addition, titanates (e.g. tetrabutyl titanate, tetrapropyl! titanate, etc.),
zirconates (e.g. tetrabutyl zirconate, etc.), amines (e.g. butylamine,
diethanolamine, octylamine, morpholine, 1,3-diazabicyclo[5.4.6]undec-7-ene
(DBU), etc.) and/or their carboxylic salts, low molecular mass polyamides,
amino organosilanes, sulphonic acid derivatives, and mixtures thereof. The
fraction of the crosslinking catalyst in the formulation is preferably 0.01 to 20

parts per 100 parts of binder, with particular preference 0.01 to 10 parts.

The examples given below are given for the purpose of improved illustration of
the present invention, but are not apt to restrict the invention to the features

disclosed herein.
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3c) MEMO 3d) MEMO Amount 4.8 g 4.8 g 4.89 4.89
Initiator ampunt 1.25 g 1.259 1.25 g 1.259 M, (1st
stage) 21600 17800 18100 20400 D 1.21 1.22

WO 2009/144082 PCT/EP2009/054364
19

Examples

The number-average and weight-average molecular weights, Mn and Mw, and
the molecular weight distributions, Mw/Mn, are determined by means of gel
permeation chromatography (GPC) in tetrahydrofuran against a PMMA

standard.

Example 1

A jacketed vessel equipped with stirrer, thermometer, reflux condenser, nitrogen
introduction tube and dropping funnel was charged under an N, atmosphere
with monomer 1a (precise identification and quantity in Table 1), 125 ml of
propyl acetate, 0.5 g of copper(l) oxide and 1.3 g of N,N,N',N”",N"-pentamethyl-
diethylenetriamine (PMDETA). The solution is stirred at 80°C for 15 minutes.
Subsequently, at the same temperature, 1,4-butanediol di(2-bromo-2-
methylpropionate) (BDBIB; for amount see Table 1) initiator in solution in 25 m!
of propyl acetate is added dropwise. After the polymerization time of three hours
a sample is taken for determination of the average molar weight M, (by means
of SEC) and a mixture of monomer 2a and monomer 3a (precise identification
and quantity in Table 1) is added. The mixture is polymerized to an anticipated
conversion of at least 95% and is terminated by addition of 2.1 g of n-dodecyl
mercaptan. The solution is worked up by filtration over silica gel and the
subsequent removal of volatile constituents by means of distillation. The
average molecular weight is determined, finally, by SEC measurements. The
fraction of incorporated monomer 3a is quantified by means of "H NMR

measurements.
Example 2

In the same way as in Example 1, monomers 1b, 2b and 3b (precise

identification and quantity in Table 1) are used.
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1.28 1.26 M (end product) 26800 20300 22500 23100 D
1.31 1.36 1.38 1.40 MVA = nethyl nethacrylate; n-BA =
n-butyl acrylate, MEMO = Dynasyl an MEMO

(WomRidacuysoy! oxypropyl trimet hoxysil ane) 10%@@?@09/054364
t he nol ecul ar wei ght distributions of the first stage

are nononodal, the distributigns of the final stages
exhibit a nore or |ess pronounced hi gh nol ecul ar nass
Hhathgrera The latter are attributable to side
reactions of the silyl 21 groups wth partial chain
d| merl zation. After renoval of the solvent, the
grfusarse vy %ﬁe'nsﬁmplﬁz%dnwfﬁ@féﬂrﬁ?g 2g @inglalsl (@recise

ST D Tk R e o

nmol ecul ar wei ght. Exanple 5
Example 4

In the same way as in Example 1, monomers 1d, 2d and 3d (precise

identification and quantity in Table 1) are used.

Table 1

Example 1 2 3 4
Monomer 1 1a) MMA 1b) n-BA 1c) n-BA 1d) MMA
Amount 810g¢ 796 g 79.6 g 81.14¢g
Monomer 2 2a) MMA 2b) MMA 2c) n-BA 2d) n-BA
Amount 199¢g 199¢ 200g 2014¢g
Monomer 3 3a) MEMO 3b) MEMO 3c) MEMO 3d) MEMO
Amount 48¢g 48g 48¢ 48¢g
Initiator amount 125¢g 1.25¢g 125¢g 125¢g
M, (1st stage) 21600 17800 18100 20400

D 1.21 1.22 1.28 1.26

Ma (end product) 28800 20300 22500 23100

D 1.31 1.36 1.38 1.40

MMA = methyl methacrylate; n-BA = n-buty! acrylate, MEMO = Dynasylan MEMO
(3-methacryloyloxypropyltrimethoxysilane)

Whereas the molecular weight distributions of the first stage are monomodal,
the distributions of the final stages exhibit a more or less pronounced high

molecular mass shoulder. The latter are attributable to side reactions of the silyl
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5A j acketed vessel equipped with stirrer, thernoneter,

refl ux condenser, nitrogen introduction tube and

droppi ng funnel was charged under an N2 atnosphere
WoOomonaaes2 | a (precise identification and gg@yﬁpﬁmgms%@
in Table 2), 145 m of propyl acetate, 0.62 g o

copper(l) oxide and 1.6 g of N, NN, N', N'- penta-

nmet hyl di et hyl enetri am ne (P TA) The solution is

groupsewlitapafRCchgin dirberiddion. miee foemSUD S eIV, e products
the sanme te but anedi ol di (2- br or no- 2-

t I 7Y b"ﬁmgﬁ; ?&g‘%gmltab'erdﬁslmtmdn géswallie peysible to
el Yen B wihotl s BERRSR RS Rriant

hours a sanple is taken for determ nation of the

&xemgde 5nol ar wei ght Mh (by neans of SEC) and nononer
Ila (prec:lse identification and quantity in Table 2)

if\ﬁﬁéis Vasﬁﬁ%%hﬁkggsfvﬁ{%%at ¢ heroniavel. oMo ABRdeRper. nirogen
Mtr@ﬁu@tr Seise ér@ed}bbbin@%fwﬁé‘l @é@c?@gahnaéﬁﬁ ﬂela‘?mgépﬁére

added. The m xture 1s polymerize 0 an anticipate
w&'ﬁ\rﬂmr@r@w lef mClSeeldsntlfQWanmdl@Jmetyfmﬁaabmﬁb)ﬂ% ml of

f The. t
PRRE R 550 B1 RepRer B ien ™ AP Butvid s "hgehe”
meb@ﬁﬂ@tﬁmenl’emmab (PMDIETAS. IMhe LAGRSE istied s 8@3/C G S
of distillation. The average nol ecul ar wei ght

HEEeHiSbseapenty By thepsarse mﬁ@awu@nérﬂtéutamﬁ@ofdré%br@’no 2-
SR DB Ba A SeB 30l Y Ao 0 m

Fquopyg edetdte is sdded eéropwiserAferehe polyh@‘riza?{orc omedeifsBree hours

nitrogen 25i n ction, tube and droppi ng funnel was
THAY B G%Pé}}% ’?@WM% dhe axpiagerraigheeids Mn (by means

dﬂ@@@) &% h%@!éﬁefrln%a(btét”s@rb%nﬂf@ﬂo' htahd (?ﬁ%glxﬁ d@ble g?%

m ropyl acetate, O. copper
aﬁd@g bitena Malqujated &ES/qomnmbhyﬂlrmHgtaymstnm of monomer lla’ and
irred at,K 80C

oRITae el B gtRtd ehd et g s, s added. The
nixtrd i po1oticakedid an *éhﬂ@'@a?ed @&ﬂ%ﬂ%ﬁ Bf Qﬂbgé‘@@)o and is

(BDBI B; for anmount see Tab 1) initiator 1 n solution
terminatesh by aqditen e 34\ ofa@eipaeeyhrseraaa@o dhepaiugien is worked

f h
POl BOe T &8 gk s Tl S o Ry oo
cbhst(tbgnt&&gfrmeaiﬁs SEGistiltidna TR dHveF R c0holB0RMfeidhths and

n%d mer IIlb (precise identification and quantity in
deigsmines), finglly diyed C Angasurameats Jihgt feartioB s swevieeratash,

oA e STRROIREQ bl Modiiose B QR hddERkidfigat fon and

anount see

Example 6

A jacketed vessel equipped with stirrer, thermometer, reflux condenser, nitrogen
introduction tube and dropping funnel was charged under an N atmosphere
with monomer Ib (precise identification and quantity in Table 2), 150 ml of
propyl acetate, 0.60 g of copper(l) oxide and 1.6 g of N,N,N’,N”,N"-penta-
methyldiethylenetriamine (PMDETA). The solution is stirred at 80°C for 15
minutes. Subsequently, at the same temperature, 1,4-butanediol di(2-bromo-2-

methylpropionate) (BDBIB; for amount see Table 1) initiator in solution in 35 m!
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m xture is polynerized to an antici pated conversion of
at least 95% and is termnated by addition of 2.4 g of
n- dodecyl mercaptan. The solution is worked up by

fWwoOtzoavjiamogaver silica gel and the subsequenpcrrameab/os4364
of volatile constituents by neans of distillation. The

average nol ecul ar weight is determ ned, finally, by
SEC nmeasurenents. The fraction of incorporated nononer

dépicpytaeatatd isedidey dregniseoAfdHNINRD R8s EatRIMeMhS of thvé hours
2009/ 144082PCI/EP2009/ 054364 23 Table 2 Exanple 5 6
¢ is taken far giermnatomAl Kieoayrrags molyr weight i (by means

¥PBEMS ankla AbAlrd B indrdheME ATH R0 Bidprecise identification
and quantity in Table 2) is added. After a calculated 95% conversion, finally,
monomer [Ib’ (for precise identification and amount see Table 2) is added. The
mixture is polymerized to an anticipated conversion of at least 95% and is
terminated by addition of 2.4 g of n-dodecyl mercaptan. The solution is worked
up by filtration over silica gel and the subsequent removal of volatile
constituents by means of distillation. The average molecular weight is
determined, finally, by SEC measurements. The fraction of incorporated

monomer 3a is quantified by means of "H NMR measurements.



MVA Il b)) MVA Arount 4.0 g 19.8

4.29 Mononer 11' Ila")

g Mononer |11 11l1a) MEMO 111b) MEMO Anpbunt 5.9 g 5.0 g

Initiator anpunt 1.709 1.629 M, (1st stage) 17800

A £ 09144082 PCT/EP2009/054364
23

Table 2

Example 5 6

Monomer | la) n-BA Ib) n-BA

Amount 95.2¢g 96.5¢g

Monomer |l [la) MMA [Ib) MMA

Amount 19.8 g 4249

Monomer I’ lla’) MMA b)) MMA

Amount 40¢ 19.8 g

Monomer i lHa) MEMO llib) MEMO

Amount 59¢ 5.04¢

[nitiator amount 1.70 g 1.62¢g

M, (1% stage) 17800 26700

D 1.22 1.31

M, (2™ stage) 21600 30500

D 1.23 1.47

My (3 stage)’ 23400 32000

D 1.36 1.63

MMA = methyl methacrylate; n-BA = n-butyl acrylate, MEMO = Dynasylan MEMO
(3-methacryloyloxypropyltrimethoxysilane); 'GPC measurements of the third stage

before addition of the mercaptan

In the case of the pentablock copolymers as well, the molecular weight
distribution increases after the polymerization stages containing Dynasylan®
MEMO, and in the eluogram there is a more or less strongly pronounced high

molecular mass shoulder discernible.
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1.22 1.31 M1 (2nd stage) 21600 30500 D 1.23 1.47 Mn
(31d stage)1 23400 32000 D 1.36 1.63 MVA = nethyl
net hacryl ate; n-BA = n-butyl acrylate, MEMO =

RO 29yh,am4 MO _ _ PCT/EP2009/054364
(3-nmet hacryl oyl oxypropyl tri net hoxysil ane); |1GPC

measurenents of the third sta} e before addition of the
nmer capt an 5l at he case of the %ent abl ock copol yners as

wel |, the nol ecul ar wei ght glaghgi buti on increases

after the polynerization stages contai ning

Dynasyl an(r) MEMO, and in the eluogramthere is a nore
br | eBcsicopalymer obpomposiioniAgIA wish et (gast 1ramsisat most 4 silyl

shoul Sr%ﬂpglp%(?%rd?\}ig&é%'/\ block, characterized in that
block A, a copolymer containing silyl functionalized (meth)acrylates and
monomers selected from the group of (meth)acrylates or mixtures

thereof, and one

block B, containing (meth)acrylates or mixtures thereof which have no

additional silyl function,

are polymerized as ABA block copolymers.

2. Block copolymers according to Claim 1, characterized in that the
individual A blocks of the ABA block copolymers have a composition with

at least 1 and at most 2 silyl groups.

3. Block copolymers according to Claim 1 or 2, characterized in that the
individual A blocks each make up less than 25% of the total weight of the

ABA block copolymer.

4. Block copolymers according to Claim 3, characterized in that the
individual A blocks each make up less than 10% of the total weight of the

ABA block copolymer.

5. Block copolymers according to Claim 1 to 4, characterized in that the
individual B blocks may in turn inherently have a CDC triblock structure

and so lead to ACDCA pentablock copolymers.

6. Block copolymers according to Claim 5, characterized in that the

composition of the C blocks corresponds to the composition of the non-
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24 d ainms Bl ock copol yners of conposition ABA with at
|l east 1 and at nost 4 silyl groups per individual A
bl ock, characterized in that 5block A a copol yner
§P0tA0vi1Aghs | yI functionalized (nmeth)acryl apes/mn®09/054364
nononers selected fromthe group of (neth)acrylates or

m xtures thereof, and one bl ggk B, containing
(rmeth)acrylates or m xtures thereof which have no

addi t spnalinciohglizddugdtionnn tHOAr o). ymeri zed as ABA

bl ock copol yners. Bl ock copol yners according to C aim

1, characterized in that the individual A blocks of
t he ABA bl ock copol yners have a conposition with at

east [ I S S

L cor 1058 P aBh S enbosBingo GRS ehalieRieal MR

i ndi vindivéduah Abblocksmegadhturakeharpntiehavd han 2HBfok strbeture,
total weight of the ABA bl ock copol ymer. Bl ock

copol M'goka%o?wa@s"ﬂ@ MANPMETS SELQEPREPBY NS GHC¥M Ot hat
t he i pdiwi I S 109
the « bEaT G SrERe SR PR AT Eoafnar M Hade Sy
copol fjumetienaized(dhetigatylaBbaiathdrvtiee donfohraingdbéiné zechpiosition
that t indi vidual, B bl gcks .An turn inherent|

have o el HeuPl S Padhine TS veddabBEX aegiahers.
pent abl ock copol yners. Bl ock copol yners according to
Caimb5, characterized in that the conposition of the

C bl ocks corresponds to the conposition of the non-
5 si Bigrk copelymsnsabecedingriadiipion 1i aharaetenzed srihgt the

7. Bl r i f ' | zed
7Bt o ARRL YO A RERRRAIRER 0L e BB BRREIA 26
have ensGliratidlfreekradicalie polymerzbbre droaplesidA silyl group.
conpri sing nononers selected fromthe group of

(nmeth)acrylates or m xtures thereof, the C bl ocks
contai ning no silylfunctionalized (meth)acryl ates,

ot hermbsecHUNAEM ALok@ng e CIARPESEidaBeRled RethAL the
bl ocks and 'so” | eadi ng to CA-13A"C pent abl ock
copolagdiional silyl group has the form

-SI(ORM,R%X,e

where the organic radicals R' and R? are each identical or different to
one another and are selected from the group of aliphatic hydrocarbon
radicals consisting of 1 to 20 carbon atoms and being linear, branched or

cyclic, and R' may also exclusively be hydrogen,

X is selected from the group of hydrolysable radicals which are other

than alkoxy and hydroxyl,

a, b and c are each integers between 0 and 3, and the sumof a, band c
is 3.

10.  Block copolymers according to Claim 2, characterized in that the blocks
A and/or B may further contain vinyl esters, vinyl ethers, fumarates,
maleates, styrenes, acrylonitriles or other ATRP-polymerizable

monomers.
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108. Bl ock copol yners according to Claim1,
characterized in that the nononers used for
functionalization of the A segnents contain an
W abey/aieds free-radically polymerizable greuprapei®os43cd
silyl group. 9. Block copolyners according to Cl aim S8,
characterized in that the 15additional silyl group has
the form-Si (OR)bR2aX, where the organic radicals Rl
and R2 are each identical or different to one another
and are selected fromthe group of aliphatic

dr <
B o B e REE n LR Eb RIS oy ARG Rt & o
may ad;rscnpsemdhamdnﬁdjwalweblmm olgaacte)(zed;lrstelatect ed from
the group of hydrol ysable radicals which are other

t han RbdoxYa %&!Wéﬁ&%&émmgSII}b-f@rﬁtﬁloﬁa@re@l ﬁ@@f}ad:r&lb‘am%r&j

between 0 and 3,” and the sum of b and is 3. 25

10. BReeRMesssisatet omdte @muf@gﬁt(@ettna@maies or mixtures thereof,
charaaq,}ae(mezed in that the blocks A and/or B may

further contain vinyl esters, vinyl et hers, fumarates,

mal eat renes ac rlles he

ATRPa%%(F%S/ g %%tb#&rﬂa oy Tl yliEer e have no
pr epagdd}g)r@h o fieRARhYmer s of conposition ABA

Wi thsilyl groups in the individual A bl ocks,

char aa%f: SregHediny rhbats & £6 t?ansl?ercﬁé%%a)(%f nfREAMATORP) in

silyl-functionalized (neth)acrylates and 5nononers

sel edhe@reésremwetdﬁ@ngnmatmr@hd(qf@t tatalyst/ina kalogen-friertsotvent.
thereof, and one bl ock B, containing (neth)acryl ates

or m xtures thereof which have no additional silyl
functionality, are prepared by neans of

12 OMPrbassd @ praishrigl biBeH Yoy matd accofdmgd Glaim 11,

characterized in that the initiator is a bifunctional initiator.

13.  Process for preparing block copolymers according to Claim 12,
characterized in that 1,4-butanediol di(2-bromo-2-methylpropionate), 1,2-
ethylene glycol di(2-bromo-2-methylpropionate), diethyl 2,5-
dibromoadipate or diethyl 2,3-dibromomaleate is used preferably as

bifunctional initiator.

14.  Process for preparing block copolymers according to Claim 11 and 13,
characterized in that the block copolymer of composition ABA is

prepared by means of sequential polymerization.

15.  Process for preparing block copolymers according to Claim 11 to 14,

characterized in that transition metal compounds are used as catalyst.

16.  Process for preparing block copolymers according to Claim 15,
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10t he presence of an initiator and of a catalyst in a
hal ogen-free solvent. 12. Process for preparing bl ock
copol yners according to Claim 11, characterized in
W@tzob@/@“d@;lztl ator is a bifunctional initiat@t1/EP2009/054364
513. Process for preparing block copol ynmers accordi ng
to Caim 12, characterized i 2 that 1, 4-but anedi ol
di ( 2- br ono- 2- net hyl pr opi onat Y 1, 2 et hyl ene gl ycol
di (2- Qﬁé?@@te?lZ@@H"Wa@"o@ﬁip@Dﬁ&@bf céB Rl hl iroh, @f rhodium, of
di br onoadi pate or di et hyl 3-di bronpnal eate is used
pr ef eplabnymasf withememi eriﬁlmqkﬁi alieatsnd apoatalysbr ocess
for preparing bl ock copolyners according to Caim1l1l
and 13, characterized in that the bl ock copol yner of
conposition ABA is prepared by nmeans of sequenti al

ppl ynBrdceat lfd}rpreﬁéﬂrﬁg Broek @@golﬁfﬁfer@éemﬁln@mmlemk 16,
copol ymers accor aim 1l to 14, charact erl zed

i n t heftaragtgrzed irbtﬁwa%@@sawermww% as¢ &sad @g cadalyst.

catal yst. 16. Process for preparing bl ock copol yners
according to Caim15, 27 characterized in that
compounds of copper, of iron, of rhodium of platinum
03. r uPtoenbsiforqrepérimg bloek capelymeeslaasordaigabyiaim 13 to 17,

Process for ar i bl oc ol ccording. to

0 o raveseCeRed Reihel Paa e pREM Bahen S RGhintis Spuont
used @gebRl dithsd mtrl)%enPé%%ﬁssu!gﬁul%%épﬁ%@ &kpound
copol yirers accor di ng to , character| zed

i n t hafichis abletto f®m0peloymremprdmatt\haebmsa4v%thatganSItlon
br ought ther wi.t | tro oxygen, sul phur or
phos%ﬂ Pugoqg%%%m%alrf@m| ek e>élbl e to formone or

nore coordi native bonds with the transition netal to
forma netal -1igand conplex. 19. Process for preparing
bl ock_copol yners according to Caim18, char acterézed
1%t fParPCRﬁ%t?rﬁtpéﬁPﬁ”ﬁ@ llrek a@@oivmgm@%g@gdeéaa%

I 9angaracterized in that N- -containing chelate ligands are used as ligand.

20.  Process for preparing block copolymers according to Claim 19,
characterized in that 2,2’-bipyridine, N,N,N’,N”,N"-pentamethyldiethylene-
triamine (PMDETA), tris(2-aminoethyl)amine (TREN), N,N,N',N'-
tetramethylethylenediamine or 1,1,4,7,10,10-

hexamethyltriethylenetetramine is used as ligand.

21.  Process for preparing block copolymers according to Claim 10,
characterized in that the block copolymer has a number-average

molecular weight of between 5000 g/mol and 100 000 g/mol.

22.  Process for preparing block copolymers according to Claim 10,
characterized in that the block copolymer preferably has a number-

average molecular weight of between 7500 g/mol and 50 000 g/mol.
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15 20. Process for preparing bl ock copol yners
according to Claim 19, characterized in that
2,2' -bipyridine,

Wd 4d¥>- pent anet hyl di et hyl enetri am ne (FRMPEA09/054364
trdlys',2 %@rértr?dr\gget hyl)am ne (TREN), N,N,N ,N -

t et ranet hyl et hyl enedi am ne or. 81’ 1,4,7, 10, 10-
20hexanet hyl tri et hyl enet et raftne is used as |i gand.

. Prases ' | NARStoacIarh dong
2 oo 1%’f&g%rgragﬁﬁgpgcrzbgd&ipgﬁyimhﬁg S copol ymer

has acarablerized ér tigé thbleckicapoleieghas af mbleculkes WeSHT0
g/ nol ,a 00 0 nol,. .25 22. Process for preparing
bIockd@EEWU9ﬂ§$g*§gbg?ai%g to Oaim10, characterized
in that the bl ock copol yner preferably has a

nunber - aver age nol ecul ar wei ght of between 7500 g/ nol

and 50 000 g/nol. 28 23.Process for preparing bl ock
2bpol Frasess ydveaameg pentabiioh copolyarais aeeeidingele ¢lgim 10,

1= Pl PRRL YR 5 A R IR e

pr epaby agdipenbablsonin e epalpouedsnacepaitag fiomn Eeapatyher
characterized in that after the polynerization the

cat al §¢tiansbyfiletignt at ed by addition of a sul phur
conpound and separated fromthe polynmer solution by
filtration. 10 25.Process for preparing pentabl ock
copol ynmers according to Claim 24, characterized in
2hat Pheessifghuepanimgppentdbiosk &opelyowps ancading todppvuiRd,

cont ai,ni ng a thiol oup.. 26. Use of, .bl ock copol yners
o " coABORT ez Kb e dP AT S PR A R A 2
15gr %mﬁp@ljhdmtém{q/éwagreu | ocks, characterized in
that bl ock A, a copol yner cont ai ni ng
silyl-functionalized (nmeth)acryl ates and nononers
selected fromthe group of (neth)acrylates or m xtures

%érjneetr ﬁ? e 9fatﬂ§gl9@8polyme£§ of comPﬁéiﬁSrJ\(f\%ﬁh\ﬁW%ﬁis\lr}gn%gctionaiized

acry es or ar es ereo I'ch™ha
groups in the individual A blocks, characterized in that

block A, a copolymer containing silyl-functionalized (meth)acrylates and
monomers selected from the group of (meth)acrylates or mixtures

thereof, and one

block B, containing (meth)acrylates or mixtures thereof which have no

silyl function,
are polymerized as ABA block copolymers,

in reactive hot-melt adhesives or in adhesive bonding compositions.

27.  Use of block copolymers of composition ABA with <4 silyl-functionalized

groups in the individual A blocks, characterized in that

block A, a copolymer containing silyl-functionalized (meth)acrylates and
monomers selected from the group of (meth)acrylates or mixtures

thereof, and one
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15

20si lyl function, are polynerized as ABA bl ock
copol yners, in reactive hot-nelt adhesives or in
adhesi ve bonding conpositions. 27. Use of bl ock
q@@oj@()gﬁgg()@f conposi tion ABA withsilyl - fUWPC‘P?@ZO@@R‘)S%M

25groups in the individual A blocks, characterized in
that bl ock A, a copol yner co??al ni ng
silyl-functionalized (meth)acrylates and nononers
sel echpetkfy %hid?r@in%ﬁ’iéﬂw)%rﬂé’f@& R} AGktv et tBsredf wHioH MERSno
t hereof, and one bl ock "B, cont ai ni ng
( met h)Sésdrfmeiloes or m xtures thereof which have no
silyl function, are polynerized as ABA bl ock
copol grepslymenizee¢akaB/A bfank cpplyintasj ons in the fields
of autonotive engineering, 5shipbuilding, container
const rrﬂ§éalé)rﬁts foEgiRidEAGhs RNEkTRRTd dfthadfoflg @rﬁg’iﬁéermg,
engi neerin and also in the electrical industry
bui | dFhigbH ing ceantainer mtrwtlphénﬁghaﬂu@ai@n@me@fjﬁa@mcalroraﬁ
appl i C
AoA WP DR e 15 P e R P B o DT R b Acons
i ndi vaddad tha dnjxl@lmgsof dﬂiﬁé@t&i@;ﬁpl@adew that block A a
copol ynmer containing silyl-functionalized
(et h)acryl ates and nononers sel ected fromthe group
of (meth)acrylates or m xtures thereof, and one

bkock [
: Eer egge o‘FB ﬂ cg:\'p/)g@n( ?E%:?ﬁ{p)ﬁ%ﬁ%@ﬁ%% w‘"fgftél%@?functlonahzed
pol yngnrdupedn g lABAuleab@kblookmlcywwcﬁenzed ihélzdt- seal i ng
appl i cations.

block A, a copolymer containing silyl-functionalized (meth)acrylates and

monomers selected from the group of (meth)acrylates or mixtures

thereof, and one

block B, containing (meth)acrylates or mixtures thereof which have no

silyl function,
are polymerized as ABA block copolymers,

in heat-sealing applications.



