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BRANCH ED POLYMER AND ANTI FOU LI NG COATI NG COWPCSI Tl ON
COVWPRI SI NG THE POLYMER The present invention rel ates

wo oooa/obmanched silyl ester copol yner and anti f pCl/EPD08/058460
coating conposition conprising the branched silyl
ester copolyner. Surfaces that are subnerged in
seawat er are subjected to fouling by marine organisns

such as green and brown al gae, barnacl es, nussel, tube
BRANGHED BOLMMERI AN ARIFRAULING CORNTENE COMROSI TKIN GOMERISING

MesselvveRi | platforms, buoys, etc. such fouling is
undesi red and has econom cal consequences. The fouling

may | ead to biological degradation of the surface,
I NCr eas Fﬁésbrﬂﬁﬁd/eﬁm raaesh®s BaRchdaodi I9I%§te®60pol;ﬂér\éﬁ§§ﬁlf&mng

the fou w Il increase tlon resi st ance
R AL A e R DR A i
consunption and it can also result in reduced

ma n 0 GSH% c%g tiLat taye sug%epgfe% Yrieé‘eaw%%"r Exlrees”%%%teg I:t]odfogIrn(z;\.'#%/hmaor ne

Ine org
Opmnmr@ sglelmess arlelely agdbbowh Q@aa, tfarnmiesgnmSﬁgtttbewws and the like.

drPﬂ@Mé%nMJchor%‘ JuE%@OéssaQrml%ﬁFnﬁs UG, 8. RicH RMSis
fillers, solvents and bi ol ogica ec%%iactlve subst ances.

UFH%S"ﬁééf‘d 8 R%08eTGR %H?qqﬂérﬂﬂeﬁnﬂ‘ 1o ARy dgAck te Riokgiceh e

dégfalﬂgﬂionlbﬂHd suA8Es3 mWﬂa%sédWI@ad éhdJéHcWefdtéd doTng_bn On vessels the
i shi i nder, ste

t
Rih 2R P RERR BB HaRoa T v e Ta s peed'sh
inuqEsky et sonalimptidnrankduttoph lsh reeeih drartiugpdonsgr®eudrability.

sea r . .
ot eao PRy TR W S oL R g eomggro vees.
Thisee paintaopneigllycempriseca Boyemyingpindeiolagetbertvirifiegent components

sl Q@bﬁyﬂnbﬁ%s améd, @@H@%md%%%%%llysé&fn@é SUiRBks. SO Ub' e or
di spersible in seawater to be washed out or erode

away TH? GBIt Hecrss B #HEP g $oRUR0 SYRRS o BiPmasiAt vak] .2%3 was the
tedutyBtt Tsrrpselfct@dsrm@ﬁopowneldsy@@hﬁa:a@ [sthddr Bgstérh of mgw:@itufoulmg
GRIRRSS s Pet e CaRaPn e bbb AR sbhieal BtBRa weer e
pobychec wds fraidadliy bpdriolysessielsbsing gibuyiie, WD i€aneéedtivehiotide. The
rgrﬂ%ilﬁirng%Eﬂy%q(%po%@}’,%Bﬁicgﬁaﬂmgtcg%ogﬂm%&elgr&%s,'@[:%é’Eufficiently
soluble or dispersible in seawater to be washed out or eroded away from the coating
surface. This self-polishing effect provided controlled release of the biological compounds
in the coating resulting in the excellent antifouling efficiency and smooth surfaces and
hence reduced frictional resistance.

The IMO Convention "International Convention on the Control of Harmful Anti-
fouling Systems on Ships" of 2001 states that it is prohibited to apply new TBT containing
antifouling coatings from 2003 and that TBT containing antifouling coatings will be
prohibited on ship hulls from 2008.

In recent years new antifouling coating systems have been developed and
introduced as a consequence of the TBT ban. One broad group of biocidal antifouling
coatings on the market today are the self-polishing antifouling coatings which mimic the
TBT self-polishing copolymer coatings. Those antifouling coatings are based on linear
copolymers having pendant hydrolysable groups without biocidal properties. The
hydrolysis mechanism is the same as in the TBT containing copolymers. This gives the

same controlled dissolution of the polymers and thereby the controlled release of
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fouling Systenms on Ships" of 200 1 states that it is
prohi bited to apply new TBT contai ning antifouling
wa@eabioom3e f rom 2003 and that TBT cont ai ni ng ane¢T/BP100SIgF8460
coatings will be prohibited ogn ship hulls from 2008.
In recent years new antifouling coating systens have
been devel oped and i ntroduced as a consequence of the
TBT ban. One broad group of biocidal antifouling
aptifatlinggempnundsdrometh& eeating fliay resutding Inesimitdr perfeymants argthe TBT

C%Httafnfn%lgnhi‘a@m‘é%gt'lr@gs?/st%%Ch mmc the TBT

el f-polishing copol'yner coatings. Those antifouling
coatlngs are based on |linear copolynmers having pendant

hydr qrhysn@bd sﬁnc@:‘fs@l‘ép@lf\%dlmar*ﬂfo@ﬁrhgj@lsteﬁ{sQWytalreﬁ%sea-Bﬁ linear
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rrance as the cont al hi ng
ant i frerriqénig Mgt ihﬁ@nta‘yts;lmeweatlmmeomﬁgs vawigiesespstfinders or other

a38kifesRPé béﬁbr&@d ahé faﬁ’t%dhﬂ& cSABRG %Uﬁp&éﬂ%ﬁ#&%ﬁarﬁﬁé ath 8775
i near si ester copolyners. ' Linear silyl ester

7@6&'6‘@ ﬁ€?§%§ﬁa”t5M'P$ ERAN GOBRAHHIORY CUBRASHYilin s §4Y! ester
c@@@fmuserzang %gbg%@j %gbmﬁgio g%zezw‘\gncred@ﬁm? &, andig%lﬁfglcb@ldwg
UNA!

SoPSGE RTBYSTS i GePRUTE A eSS S SPRRBREER 1 177 925
vdvdietestribesaulifyling hempasitioh @udnpmsgflg:a)Htelanglypeame:opolmer and a

h&ﬁr;bmhbsc 8I'yfﬁep9c§rq |sf?1 IaQ:H?‘r?Br MQ% P#.o\ﬂﬁss Eﬁﬂeexa %js'sg'lbes

e ant | I'ng oat ng conpositr
apifiguling FoaigcempesiqnisisemIrasing fneal SIIMIgeSée@a@Mgner and a metal

BRIRASE G RBToREIRMGIpdlyR@r, Mi® 8177 $dd Whi r?éés%Fbé%%ﬁﬂoMl f'coati
and c¢hl tg“ Eatoe grpgfy i EP 0 802 2|313 V\Ih|ICh des %Coa Ing

i_bes
CRRPPE AN qoﬁ‘@”%%& @S'&’b‘%%%§PP‘?'¥mer@<5‘ﬁﬁPre§ PRG YR 970832 Which
dé@(ﬂ‘m@u aatifeundg tostiagcordpdsition @sinptisitPirernsilyl estdr cdpdider and an
mco \Aﬂ)lch describes antifouling conposition conprising
MPRE $p%yrp§/| ester copolynmer and a hydrophilic
copol ymer conprising |actam or am de groups, EP 1 277

816 whi eﬁe&%m p&%nﬁﬂfénﬁ@r\"ﬂs't@&o&ﬁ?%'rtr)e@cﬁéﬂmlglséstérgﬁﬁblymer

conpri si 't near si ester copo
f@avseaxa}ntlaxuangﬁqgu@g @mnoaitlﬁnﬁq gnﬁemtwng cegting fimp7fpgped from the
Ao Githg &8 &g BRP oS, I |rh A8/ QRY4idH properties, controlled self-
polishing properties and excellent antifouling performance.
Another object of the present invention is to provide an antifouling coating
composition with reduced level of volatile organic compounds (VOC), which show a

sufficiently low viscosity in order to be applied by common application methods.

Stricter regulations on the emission VOC are requiring the level of organic solvents
in coating compositions to be reduced. For example, in EU the regulations limit the total
emission of VOC from the shipyards and in the USA federal regulations limit the content of
volatile organic hazardous air pollutants to less than 400 grams per litre for antifouling
coatings. There is, accordingly, a need for antifouling coating compositions that comprise
a lower content of VOC.

There are various ways to increase the solids content of the silyl ester copolymer

solution in order to reduce the VOC content in the antifouling coating composition. An
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conposition conprising linear silyl ester copol yner
and fibres and WO 03/070832 whi ch descri bes

wa@edowhdazié ng coati ng conposition conprising a PCTIER2008/058460
silyl ester copolynmer and anzi nconpati bl e polymer. The
obj ect of the present invention is to provide a
branched silyl ester copolyner for use in antifouling
coating conpositions, and antifouling coating fil ns,
impertaatifatiooimte maintan & fowdalutign gieeasitngf the sifybestericopolymersielution

WHER TRV ERiINE MY HA PN EdnfRon &d?)%arcf;? kdrGRes Bbiy ARl is B B8uce

properties and excellent antifouling performnce.
tmm@PF@Na@%i@EPf@Fp?%@ebresent invention is to provide
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iroeBsBd saljip cottartiod theroebdlgrder. solition istobtaired diluaing bmsar sityl ester

Ry SR EF B B il i, L9000

apstaighIsesariviscerily ddse thaeg’iﬁ)l Reideons linmit the total

em SE‘PQT‘BGQf%\g%sérfb@érbﬁ Qﬁlf&hh@)f@d’t|9§ céﬂ&osﬁtﬁn%&%gﬁ% a rosin
f eder al égu ations limt th cont ent vol a

cergaridandaZareoily esier CoraMMEr dhe snanlioned diat thedivearitfy! ester
cgb@yfﬁemrunbm hdsta fisdosinthhf @ bk RgyuEREd tolt®&in SINEE €onitéht between

0ok B kel v glsger € s eGP R porgeeonoymer
sﬂihlmrecalrte obgainagiu B therysantipes antyr @pslgmefsavithalolidtscootent &0 % by

ht B8 fklieqest er copol ymer solution in order to
réﬁuce th MV content in the antifouling coating

conp&8Y makeulapypighidinezirholymees iaveilesscehqstierstrangih and lower glass

2R8I RMpYREOBI | MarPhndidRus hightdr rfsié@iar GRRAL YoRRfers. These
sol ution when 1 ncreasing the solids content. ‘A co

pé?pﬁftﬁggwl 33 Inilqeﬁg%}heﬁa} W{glgé:oiatygtf@n PEOREiEs-{The molecular welght

offthleasiyl lestier Wog'h{er bis tolbe v@tﬁinyﬁﬁaln lifnfts, HepehblaBttsh the copolymer
c%r%@??r]tlona osaalf){(}g?we%ne% tlve élect pn &%%lgwm I&%\Aégtlﬁﬂlm 8ropertles
P_cr;e@rtimglbutls irrmtedrt@weaitlemthsol%cgmnt frethe eetmulmg' h@tlng
%@?5&%3%8%9lréﬁl%e§ b Eashy thd'@ oo ORA! WIGH: o§é3||deta|' 9 I é er

al ned by usi ng near si'lyl ester copol yners
CRBY¥MY- wei ght - aver age nol ecul ar wei ght between 1, 500
and 20, 000

It is well known that the polymer architecture will influence the polymer properties.
Branching in polymers is a useful structural variable that can be used advantageously to
modify polymer properties such as glass transition temperature (T,), flexibility, solubility in
organic solvents and miscibility in polymer blends. Improved solubility by branching of the
polymer can be used to increase the solids content of the polymer solution and thereby
reduce the VOC content in the coating compositions.

Silyl ester copolymers with a non-linear polymer structure and antifouling coating
composition comprising the polymers have been described earlier.

WOQ 96/03465 describes an antifouling coating composition comprising a star
polymer having at least 3 limbs from a central core. This document also includes silyl
ester copolymers. The star structure of the polymer is obtained by using polyfunctional

initiators or polyfunctional chain transfer agents, preferably polyfunctional mercaptan
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and hi gh shear viscosity |less than 20 Poise. EP 0 802
243 describes an antifouling coating conposition
w@eowpndRriclg a rosi n conpound and a |inear silyPCEEPBNS/058460
copolynmer. It is nmentioned that the |linear silyl ester
copol ynmer solution has a viscosity that can be
regul ated to obtain solids content between 5 and 90 %
by weight. It is not disclosed in this docunent how a
chaig tragsfki atenisopyaifquiiey ceedihaitoroppsitian crdaioing at lnesl 55 % by volume
SH‘H% iS¥aRlhes only copol ymers with solids content of 50
by wei ght_ are described. Low nol ecul ar vvewg?n l'inear

pol y FErsZHaAP8 deeos brase PEPTinsfignah (ReexyBinesneyPersaptan

compBsidsit®@Bbthia @fé@ fpk lénﬁ eét-erlgaopbIbﬁﬁrsaj&ﬁiaﬂﬂ?l-@oﬁﬁ)og)fw{ylene blocks
erties W

| |
R e A O A s R e
sotidsemotieat ofwed gimesfsolutien @icbytingestrpositwpol ymer has to
be W'TT’]Q%Qr &ﬁfo{u%sndelskrgg ?jlsfn thgef‘\pg 99 n%%b??e%r%%%@ﬁﬂﬁ&m the
COﬁpOSl 1 on, 0 avol avi n ne a Ve e ec on e
cearonecbsilichie i bregert irvantion piBe Bipssnd Aegres di branahing: Insstar

s'trh&hfque éébréﬂ‘;h@‘tbrér%}'{ﬁb |st bR s\‘%h%%ﬁﬁ)@; of'brr‘arrch Points and the degree

anti foul 1 ng coatlng nposi t1on can be reduced

fREPEER] #E r?sﬁré’t‘??otl’ B%T%Pt'(iﬂéﬁ'téﬁf‘d e leye] ofienghaky tf%?Ffer agent or

imgdte@t copolyner. It is well known that the pol yner

architecture will influence the pol yner properties.

Branching in polynmers is a useful structural variable

t hat Ircr@perid gears eew adlyanatisegeisthnidues aod pfogegses gmeeteveloped to
t ,

oPleRRNE, SHER AR g @ﬁ“. e

naleceian MeighidistAbylien VWD) Il @aerdo radnpr hesalutest igsiosity y by

HypameNchel sd HidHy &thﬁ@ﬁrpol%\@rstb@e HRShrbSarédSy ﬁ@&&ro%ﬁﬁ

solids content of_the ¥ sol ution and 't her eby
pPE(Hl?E%a“PHéeCW%Som'%ﬁPd? A iyl‘?g‘eé'éé&‘?fﬁ‘?a ”E{Bth%%‘? i‘r?do‘i?@p'ex In

gBhénil, it esfuees Lopeé yﬂmbtsctWetngu@ rédliond dreierddiionyl peiifying operation
ant|

a‘?tsrn%ackg{ '98 v{/}hch m lfe>§n¥nthn sancg oBlgé%eCng UmlB%élﬂé’ﬂSO co%try_and not
amcgate@swa@tm@swe teanched polymére wlith adesssattraligd molecular weight
o@s@rm&?éri &dnod% &Qﬁg?éd l§9 rﬂgreasirﬁﬂlércost-effective processes.

WO 99/46301 describes a one-step process for preparing soluble branched
polymers by comprising monofunctional vinylic monomers with a polyfunctional vinylic
monomer as a crosslinker and a chain transfer agent. WO 99/46310 describes the same
method as WO 99/46301, but the polymerisation is terminated before completion to obtain
a polymer containing at least one polymerisable double bond, which makes the polymer
useful as a component in a curable system. Silyl ester copolymers are not described in
any of the documents. Both documents mention that the branched polymers are
advantageously produced by a non-solution method, i.e. a method where the polymer is
not soluble in the liquid carrier. It is not disclosed in any of the documents how a high
solids content polymer solution can be obtained by solution polymerisation, i.e. a method
where the polymer is soluble in the liquid carrier. In the examples the polymers prepared
by solution polymerisation have a theoretical solids content of 35 % by weight before
isolation of the polymer by precipitation. Coating composition made from polymer

solutions having a solids content of 35 % by weight will not meet the VOC regulations.
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pol ynmer having at least 3 linbs froma central core.
Thi s docunent al so includes silyl ester copol yners.

wabmosoare structure of the polyner is obtai nedPOEPEDSICFS460

pol yfunctional initiators orspolyfunctional chain
transfer agents, preferably polyfunctional

mer capt anchain transfer agents. Antifouling coating
conmposition containing at |east 55 % by vol une solids

i s clTh¢ myehtorE the (FosenyDPerdies faun dwt bhimcigeenwthe solids content in
ROEAFAIGIr ng/&m%Q&mmg@sluﬁ&?pm&rgaﬁmo%%mpwa@e%t

to obtain star ﬁ§° ester cop Iyners contalnlng
SH\&QH'%HPE)W&PW’IOQH%'OBI e I8 Yaky Waight: h'@n'ly |Vﬁgot@daéitﬁfﬂ?¢5 or insoluble
gélamm%btdmraSH@mw ipslyR@r sh&Ras ﬁgxhwgmgo%smég udeful R pSih@i M

sol.i cont ent , of olution o
ol Vb ies e nfe ot bV Sl e Casdde P auis pesiy
belvbtained whea et sngdreve naore mohbrhes evith syl estet fasctionality. This
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ceﬁélﬂhér {F‘Iﬁ]&dbrtah‘&leg &y %&e%op@{yﬁﬁ@%@f% géent iﬁ%rﬁbﬂ&%s@b{t a

functionality ‘and evel of the chain transfer
VSE?@W? sglphqrhtppptétno\(oc P?f“?'@ebﬁ*ﬂ“f%é%& Qoafjrgyrompositions containing silyl
Rk ¥oRiyinsal | ons techni ques and processes are devel oped
to obtain branched, hyperbranched pol ynmers or
wel | - defined pol yners with narrow nol ecul ar wei ght
di st Thébtanored(SMBster poppiyders ¢fdhe prdsre invergios @rauggediin solution

v%'eﬁ %@ahﬁfg th@énﬁ%ﬁﬂ{na S’H?%ngfbgtlgﬁ g’ﬁl&%f é%cbl?%hg@g W&ﬁér

are ofter prepared pol ynmerisati on
corQlYmerdfuie Breferdnls potyrakiised insa/sateaseresolventghixigre in which the

oaHchéd SikyP&ErBELIFRSIN Eafubld BhDNET Blsuitdble fHEEHI IR B2 dnfiBuling
use of protective group reactions and additional

CRBIISPIMRGS s PYEYY ”%F“Pé’nfocéa%ﬂf 'sqiafiga | thﬁm'y&?rmfﬂﬁé@““c"on
tlseymtalnemo@nt raoiolxmnt u/setjlfmmmrs&umgl §hebdﬂénoﬁb<$ alycwérlcxap@y\der and
oL ARRLL G308 it aL Rangned

vﬁ?'h R, CBMng st '8%0%0'P”S' Ref geﬁts' PSP ?"6’8%@ 'S
reme@eThperasan@dwby\mmtaebmeﬂmre redm;ss thefdoetatf mapufacture.
processes. WD 99/46301 descri bes a one- step pr ocess

for ﬁ)_r eparing sol ubl e branched pol yners npri sing
monof DaEse e resanchehsilyl stersaRREREYS i the aatlfwngf:@m@e Cempgsition

of tHaYprds@nt invention has several advantages. The solution viscosity of the branched
silyl ester copolymers is lower than the solution viscosity of analogous linear copolymers,
so that antifouling coating compositions having higher solids content can be made with
viscosity suitable for conventional application means, such as airless spray. The branched
silyl ester copolymers are also more flexible than the linear analogues. The improved
flexibility will result in antifouling coating film which exhibits less cracking tendency.

The branched polymer structure has no adverse effect on the self-polishing

properties if properly designed.

The present invention provides a branched silyl ester copolymer, the use of said
branched silyl ester copolymer as a component in an antifouling coating composition, and

an antifouling coating composition comprising the branched silyl ester copolymer.
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nmononer as a crosslinker and a chain transfer agent.
WD 99/ 46310 descri bes the sane nethod as WO 99/ 46301

whedonbmr7gol yneri sation is term nated before cPOPERL00L058460

to obtain a polynmer containipg at | east one

pol yneri sabl e doubl e bond, which makes the pol yner
useful as a conponent in a curable system Silyl ester
copol ymers are not described in any of the docunents.
Bot h The braneredssilyhenter evpotyiher ot the pigsent dtvedtiqnaloymweses ralmting
ARY &Qkf"%%&e 9%9%8@ @oﬁ&imﬁ\g RE {)§I9llnHrtléa9% éﬁéﬁ%lly

a nethod where the poly IS not Soluble in
Q”P?}Hra&dé’é’f‘i’ iqh which gt 'ie§3trﬁ’6§‘ "‘d’l”@’@%‘% é@f‘t’f"F\'”Qﬁ?”ﬂPStﬁhfé'”C“O”a“ty

Bp@mmt&e h@Hbrﬁer’@'chhIallﬁﬂtb Iméomcls\b@)atyn@ﬁéauméthmhmly on
i ne sol ution pa ri sa
e tRaT 2n et prete e grRRE GRS REereins o reto of
polymerigable dthylérienllp yasgplrated Lhies gf tHeymenangps 6) &0 ethirblyansfer units
' y th t I lid
AR T e E S o oot ation of the
pol ymer by precipitation. Coating conposition made

fromrpe bbéﬁ@rfed%%l%%ie@&%o%%é‘r Ban& pu%@larht%eﬁﬁ!fht@ﬁirfefé?&b@& %
wei ght will not neet VOC regul ati ons

by

CPHQMH?rd/YheEﬁ'” pHeash peasgiibe F‘ﬁv‘é‘ﬂ?rﬁ&?'l) ¢ geftngd Py e gsperal formula (1):
increasing the solids content in the exanples of WO
99/ 46301 descri bing solution polynerisation to a solid
cont ent ﬁﬂitable for coating production, e.g. 50 % by
wei ght, Highly viscous materials or insoluble gels was
obtalﬁEU'PFﬁﬁever pol ynmer sol utions havi ng
VISCOSItd%S useful for pai nt manufacture with solids
content &ove 55 % y wei ght and hi gh conversi on coul d
easi |y be obtai ned when introducing one or nore
mononers with silyl ester functionality. This was a
sur pivhsieg result. The polynerisation condi ti ons have

to be, f | h i de t | uhl .

e anGdd & e e TR grBep o it P i diiing of inear
o¢ bemshdd Cikealky goby, i, cytlelkinanpbadd Stloyyl goups;
CoPOKATEL Snbnib I (REATERL o IRCH IR LEREBRRUE, 1 o
necilzacHiQy | BEwei (redrasryiayioxripisyprybexyl gyoupema@rnowewrymr

RS oRbRNTBEH itgddn¥) 108 60p SRRAIXIFIVRxPErdupe Present
i nventi'on are used i'n solution whén preparing the

antifouling paint conposition. Therefore the branched
si | ylrThestykgroups as definition of R', R? and R® include substituted and

unsubstituted phenyl, benzyl, phenalkyl and naphthyl.

The branched silyl ester copolymer of the present invention comprises one or
more monomers (A) having silyl ester functionality as defined by the general formula (1) in
the amount of 1-99 % by mole of the total mixture of monomers, more preferred 15-60 %

by mole, most preferred 20-40% by mole.

Examples of monomers (A) containing silyl ester functionality defined by the
general formula (l) include:

silyl ester monomers of acrylic acid and methacrylic acid, such as triethylsilyl
(meth)acrylate, tri-n-propylsilyl (meth)acrylate, triisopropylsilyl (meth)acrylate, tri-n-
butylsilyl (meth)acrylate, triisobutylsilyl (meth)acrylate, tri-fert-butylsilyl (meth)acrylate, tri-



10

15

20

25

30

35

copol ynmer are preferably polynerised in a solvent or

solvent m xture in which the branched silyl ester
wa@opolyizeé i s sol uble and which is suitabl e foPCI/ER20081058460

the antifouling coating conppsition. By avoiding the

process of isolating the polyners after production,

the total anmount of solvent used for manufacturing the

branched silyl ester copolyner and the antifouling
seoattylsily! Costhlesiytate tri-coenpylsiyl impth)herylbieatiisheentgsilyl(meth)acrylate,
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benefilt "and reduce ture. "The
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i i L R hi gh

ARt bERRY TRGRTRARIGLARRIRGG 1 BT
r@ghﬁmidtrnez’gwéﬁllyla(mpthu)apmlat@m eabddimethyigih (ragthlacivlaéss 8- spr ay .
dEBﬁd.%mp@m@néhiawwaeesesaecgemtmmm@fh%c@mﬁ@ ot e

I i near anal ogues. npr oved

Wiaéﬁ?vm'm?tws'w ”retff)é%fwme PYFIORREY thaathv'ﬁy' @@&)ﬁ‘%atﬁ | m
ﬁW@Tﬁd‘m@mWBIWI (n%tlh)@&@lafér a@&yngndthmmﬁth)amﬁat@L anched

0 . Ul . eC Q
BB kL e AET RO el GBI huEPl fbiacpyate. -
tqﬂylélﬂeﬂtylsnwvreﬁm)amrylem dsopchpgld@thyisy Chettl)asiylayd, ndsityidiisopropylsilyl
fﬁgfﬂg%oy &ﬁﬁdlfééﬁro&ﬁsnzﬁhﬁtr@é@ﬁﬁgerg? )O{j yrl blﬁ)ﬁ% gf meth)acrylate

In‘an anti
%wkb@ctoh@rylsﬂﬁrﬁmeg?acmﬁte freRinyidiRp ey sitv h@et@@ﬁ?ﬁléﬁﬂ fei’Ton

b@@/m?drﬂeﬁ 1€) I(IH&] pehed S|Iyl ester copol yrrer The
branche%l gl er co mer of the presen

i nvefity 6¥e¢B eé%%f ”P%‘fd 81?' ﬁb“huﬁ?u frigthyls Vd ﬁ*y'cm%e%? 55 e
pREpY IR hpragyhinaledie Nigisoprepysiyymethyl Sedidoee, @i-hyligring alduyyl maleate

| . 9f_which at | east one nononer is
Q% aj n?@éﬁ% nbhexlyI rWﬂeat‘f“er functionality, (B) one or

rmr e Sllvtbasiaremsnomrmm ofi fwrnarie aoitbsuoh asrtiethyfsiy! gt fumatstee tri-n-
p?c?\ldg)éhﬁ W p‘F Mnﬁ%@tﬁg %ﬁ/lsm Pr%%hyl @H%ra(tcgtn grﬂ)%g/@g}fl rﬁq{u%/l

Tt ranster agent s erein the nol € rati
f%@@?‘?@l“ﬁé%tﬁ*‘é“é%"ﬁ% 'é?ﬁybfa!“??t%nsaturat ed units of the

MONORRY §stér5)mdn@m@|%adf@artbbxafé&fyﬁ(fneunéér@at@fsuérh@s chain
tl;lett?yrﬂssllgsyrcar%%n;ﬂmethyl?)neth?acrylate tg -n- propy]s%oxycarbonylmethyl
(meth)acrylate, triisopropylsiloxycarbonylmethyl (meth)acrylate, tri-n-
butylsiloxycarbonylmethyl (meth)acrylate, triisobutylsiloxycarbonylmethyl (meth)acrylate,
tri-tert-butylsiloxycarbonylmethyl (meth)acrylate, tri-sec-butylsiloxycarbonylmethyl
(meth)acrylate, tri-n-pentylsiloxycarbonylmethyl (meth)acrylate,
triisopentylsiloxycarbonylmethyl (meth)acrylate, tri-n-hexylsiloxycarbonylmethyl
(meth)acrylate, tri-n-octylsiloxycarbonylmethyl (meth)acrylate, tri-n-
dodecylsiloxycarbonylmethyl (meth)acrylate, triphenylsiloxycarbonylmethyl (meth)acrylate,
tri-(p-methylphenyl)siloxycarbonylmethyl (meth)acrylate, tribenzylsiloxycarbonylmethyl
(meth)acrylate, ethyldimethylsiloxycarbonylmethyl (meth)acrylate, n-
propyldimethylsiloxycarbonylmethyl (meth)acrylate, isopropyldimethylsiloxycarbonyimethyl
(meth)acrylate, n-butyldimethylsiloxycarbonylmethyl (meth)acrylate,
isobutyldimethylsiloxycarbonylmethyl (meth)acrylate, tert-
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The branched silyl ester copolynmer of the present

invention is preferably a copol yner wherein at |east
we@e@nd72tdhe nononers (A) is defined by the geneCEEP2008/058460

formula (1): R1 X- Si-R2 "8 . wherein Rl, R2 and R3

are each independently selected fromthe group

consisting of linear or branched G -2Qal kyl groups,

C3-12 cycl oal kyl groups and C5.20 aryl groups; X is an

batytdimethylgipkyopraonyaethy eimsth egrdate, n-serdyldinsthylsigyegrbenyimethyl

&Eﬂ’l ryIdT@trh@é(EIMIn%ﬂll)fps)ﬂbfxﬁé@liﬂllmethyl meth) acrylate
hacryl oyl oxy) al’kyl carb group fral ‘el noyl oxy

ngpwlquswlewcewn@m%w (mF’th §l'bxy group and
d%/tdr%@m%sk%wogwﬁ@myl Hﬂa,»gw @fr%déttegdi @é@ﬁlrﬁahﬂﬁ[ﬁi(y’bffbltoﬁgm@ﬁyl
n i nc e su itu unsubstitute

BRI Tp oo R R SRR TR APV, B anched
cmialdyctylohméteylsiM}zmktwmlmemyl frieth)pergstent | nventi on

having silyl ester
%ﬁgr;lﬂgeixplgna r&% © rggrg &gﬂgﬂg{ﬁ gen’eral formula (1) in
plhh@/@mﬁflbmlﬁlloeﬁcalb@gln%ﬂyj/(nirﬁim)écrwatec benzyldimgthyigiltygaomfmethyl
(nsem e, HMn@th@H%ﬁe@rWéﬁQxy%érb@ﬁMw(%tﬂM (H@lh%crﬁ%@t(s-

erred nononers (A)
p@SM%{PW'Hﬁ‘%ﬁw'%)?xyéérpe?y"F%FHYM"“SW&ICM%FG defi ned by the
t@ﬂﬂlﬁfeﬂiylsfl@(yﬁélb@'my(rhéthyl abtHherylatd, ||$6bro©§lﬂi@fhyl§m3®@b@1yﬁﬁethyl
e SR RalRh A PlcatenAPpRY REPadire 1o
oftywiiisopaaayisliadyegrbenyimediog (rogtirasiylayd, metratdirh dotyisilatyearbomyiimethyl
?ethﬁ%&dté ' +éﬁ1y|& 5%‘0'%%I%Qﬁgr%om}lrﬂaljn?Q?H%{Aﬁ@l%g :

ryl ate,

n@&th%@wﬂwmxmrtgnnymyh %?)9‘13%?@ feftr i - n- pentyl silyl
b(JFWJi ﬂ?%ﬁf/l&bék)ﬂfeﬂ)onylﬁiet@% é(érﬁbt'e}’énd(d’ﬂ?ér@)a@&éééh@éoﬂn

tri-n-hexylsil ylate, tri-n-octylsilyl
W%@’ﬂ% é’yl ate, tri-n-dodecylsilyl (neth)acrylate,
triphenylsilyl (meth)acryl ate,

tri- (I'Ré %%Q%L@QEMMOE{ sliI}//II es(erlr?utn Po‘% |t¥ may cbmprlse any monomer
which can be polymerised by free-radical mechanism. Mixture of more than one monomer

may be used to produce random, alternating, block or graft copolymers.

Examples of monomers (A) without silyl ester functionality include:

alkyl esters of acrylic acid and methacrylic acid such as methyl (meth)acrylate,
ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate, pentyl (meth)acrylate,
hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, n-octyl (meth)acrylate, isooctyl
(meth)acrylate, 3,5,5-trimethylhexyl (meth)acrylate, decyl (meth)acrylate, isodecyl
(meth)acrylate, dodecyl (meth)acrylate, isotridecyl (meth)acrylate, octadecyl
(meth)acrylate;

cyclic alkyl esters of acrylic acid and methacrylic acid such as cyclohexyl
(meth)acrylate, 4-tert-butylcyclohexyl (meth)acrylate, methyl (meth)acrylate,
dicyclopentenyl (meth)acrylate, dicyclopentenyl oxyethyl (meth)acrylate, isobornyl
(meth)acrylate;

aryl esters of acrylic acid and methacrylic acid such as phenyl (meth)acrylate,

benzyl (meth)acrylate, naphthyl (meth)acrylate;
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tribenzylsilyl (meth)acrylate, ethyldinethylsilyl
(meth)acryl ate, n-propyldinethylsilyl (neth)acrylate,

wo sopoapyd di net hyl silyl (neth)acryl ate, PCT/EP2008/058460

n- butyl di net hyl silyl (neth)agryl ate,

i sobutyl di methyl silyl (neth)acrylate,
terf-butyldinmethylsilyl (nmeth)acryl ate,

npent yl di net hyl silyl (neth)acryl ate,

n- hekydroxyatylrgstes iof 3drylic meid iz d orejtiagtyé; acid such as 2-hydroxyethyl

H@ﬂ’i%ﬁlf’étg' H@k&?’dr&ﬁ)}l ?f#etlﬁ)ﬁ&%meaﬁydf&@to@tyl (meth)acrylate, poly(ethylene

OCt di néth
SW&@ W?’hﬁ@%’ﬁfﬂ §?'V()¢ropq' 'ﬁﬁ‘? H')’%f&}(meﬁt @crylate
dOde@NﬁbﬂjalﬁWd’r‘M'p‘ély Mox{ ARy I:REe bﬁ’éoﬁjlle acid and methacrylic acid such as

noc ade%l @]eﬁ %a%: %%Iho%%yﬂgné%fg% lta% 2-butoxyethyl (meth)acrylate,
2ﬂb‘l‘&n§1)kydth§rb(h’reyd sori/lyﬂe gthp hy)yacir(yetibarylate, ’ethyl triglycol (meth)acrylate,
bkaﬁ/r' é%ﬁd Wﬁétﬂ tﬁ‘ ﬁ%ﬂ%@l%o@%ﬁﬂ?yl ether (meth)acrylate,
ppmmswmp;gry@gym)etmwﬁémerwnnsnhbqscryle(tm@tra)ha@rpgurfawbcmeth)acrylate,
d%F?JW(h%’tH%ﬁé(tles' |yl (rret h) acryl at e,

I'sopropyl diethylsilyl (nmeth) acr1ylate

n- buﬂﬂ”ﬂ"?"ﬁ% a@q @ﬁ%ﬁylﬁﬁl'%a'ky'r@lt%ﬁ chwllgta\@d and methacrylic acid such
aR-20aimdtidiidnsiepempymethhadryldteet- da)eu@layah:ad)@thylmbiwdc@uate 3-

R Rt AT BRY A 3Ry PEMRA A frs e Yt aor
bugtaniona) wwl(mbmwmatéyl (meth)acrylate; silyl ester
NDNOYRE £is Of a&tﬂic%'gﬁ ﬁ% rfaléWc Qad L rdheatsrl%leﬁ%&y}har%gyﬂl propyl

mal eate, tri
mpiho@aﬁwgfg/l%ispvppﬂémﬁy aCWiﬂ”é%ﬁ tegtiouty hmsit) g¢rélpmige. N-phenyl
Meml;acmamé eratn@th%d Meﬁh)a&ylﬁﬁ?ﬁ)é' Ai .kwut&ym@wb (A&h RakyRimide,

si.lyl ‘ester rmn acid
N3 (meamlw DFQPH%/ meﬁm%{y%@@e Q|?qetqpﬁr(@ﬁgﬂ)%qlewlde N, N-dimethyl
(meml)amyémmmar ate, trii sopropyl silyl methyl funmarate,

ate and tri-

|
:1- heX¥! %I*%a 3%{%“0 Cl“ﬁfr?é e%tbl marl'cr?ﬁ' Aothsr Otherfm etan?uxr%hona'l Y
W‘Ob@r@ alokg$ desamidd)imEPYI 32B3g46uch as

E ri eBiPﬁé ﬁlh!:t[%ﬁé(l%r*%ﬂﬁyi&%%r (ﬁ@?ﬁﬁ)n@tﬁa%/rgllﬁzta%'d such as
ri- si | oxycar t cry
F‘ﬂhl)%:@ﬂﬁrﬂ)tﬁ | @racet@@e&%&ﬁﬁw (‘F@ch)?PW@FPeQW)r&@'}Ome&% @,5 described in
Woigsnhsd yiri U9x ygaosanyl net hyl (neth)acryl ate,
TSI M UL SR p—
stich aseethbiudratbsdtd, @xytatioomy| iseiuny trotonate, hexyl crotonate, dimethyl
maleate, diethyl maleate, dibutyl maleate, maleic anhydride, dimethyl fumarate, diethyl
fumarate, diisobutyl fumarate, dimethyl itaconate, dibutyl itaconate, itaconic anhydride,
citraconic anhydride;

maleimide and N-substituted maleimides such as maleimide, N-phenyl maleimide
and others as described in WO 96/41841;

vinyl esters such as vinyl acetate, vinyl propionate, vinyl butyrate, vinyl pivalate,
vinyl dodecanoate, vinyl benzoate, vinyl 4-tert-butylbenzoate, Veova™ 9, Veova™ 10;

N-vinyl lactams, N-vinyl amides such as N-vinyl pyrrolidone, and other lactam and
amide functional monomers as described in EP 1 127 902;

other vinyl monomers such as styrene, a-methyl styrene, vinyl toluene and

p-chlorostyrene.
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(meth)acrylate, tri-n-pentylsiloxycarbonyl nethyl
(nmeth)acrylate, triisopentylsiloxycarbonyl net hyl

w@ ewblod)aes yl ate, tri-n-hexyl sil oxycarbonyl net hpeT/EP2008/058460

(nmeth)acrylate, tri-n-octyl sid oxycar bonyl et hyl
(nmeth)acrylate, tri-ndodecyl sil oxycarbonyl net hyl
(meth)acryl ate, triphenylsil oxycarbonyl net hyl
(et h) acryl at e,

tri-(p-nethyl phenyl)sil oxycarbonyl net hyl

(et BYaAREY lAhE mJth@%E{é)’!:&Hﬁ?fé’W&Wé H@&rﬂéﬂsa%l}e/ Iethylenlcally

(et hg acryl ate, ethyldinmethylsiloxycarbonyl e
upRitRTesopaRineUdeipr opyl di et hyl si | oxycar bonyl met hy!

(et QiraelioadkBnorh&ro Bl EHRY éﬂhw@{ewcan dl(ﬁ?@%%’(&iﬂ@t@)’i aBuByédiol

HTRN A B BuraPab bR o4 Y SRR L

neomrdnityl alycof lddineth) dCMdtélUlt@/-hﬂdaﬁedlbi}dh(mletlmCyﬁﬁB biogwbmapk bigl

di thl)]%c%%txl ‘Pi(?de(%nﬁgln&l W&%ﬁﬂ%s | o§§%’e§?@@ﬁ '&Yh%k{}ﬂlate, 1,4-
cyelehdxpresdi) Uém@th)aﬁe/dﬂﬁ%ﬁy¢|m%m¢¢yﬁ§h$@k9lﬁmtbk§niylamt hyl
tr(d@lbﬁéd%ﬁéd%@ﬁm@nol BR&B&‘] a‘é g, fay(btwb%y@&f )Qﬁ’(ﬂ%'t é(tle

t
RUAR AT v f&trﬁ(@{hwiéng B TR —
dlyzer bnlra@th)éb@ta@e dmmbﬁ&w&%nﬂ%b& eszwllaaegm@fdgsuemlt @@?dr?y:

| 1.1 OX ar pon nme
S REH R et B AT e s B PR B!
ptopekyitaci( yet)asryldie, mz&het(anedld)dtrmxylebeyzhz(atehwylatei ‘h§-hexanediol
pﬁ@% %@%mﬁ ﬁ{)aecm{%geg’k%%}’ bifth &SRB 1, HOX G PR InTERA Y 1ate
e RiPRIGE pigPh atiohi diipets jactyiaje Risbengl fretheyylate di(meth)acrylate,
b(s'ﬂiﬁérm ﬂ%dﬁoi‘&l@te dRh@{hyelc‘%}léf@Hhé’ hﬁén‘ yiRKY @%@lﬂgﬁéb@é tf',‘ylac?/loyloxy

acrylate, is d| et hyl Si | oxycar | met

ALY HEPY Mo (I M GH Ry GRS E Ay B ridehy |
(e de)gats yrheéth sorylio @aakydride, |oﬁcﬂ@r|@@ryiyewudepxwaﬁdnmedenet hyl
s S R S R B
bfsireeth)asptanide, elluret’eadewl(meﬁhwyatel big(2yeendomo axpethy) phOSphate
b%n@#h *a;(ﬁ\%ﬁ Rfte. LB A HEDAFIAL ShuRELGR RARH)IFHRE! zinc
diilmeth)acrylate, d|V|nyI benzene, 1,4-butanediol divinyl ether, 1,6-hexanediol divinyl ether,
1,4-cyclohexanedimethanol divinyl ether, di(ethylene glycol) diviny!| ether, tri(ethylene
glycol) divinyl ether and poly(ethylene glycol) divinyl ether;

trifunctional monomer such as trimethylolpropane triimeth)acrylate,
trimethylolpropane ethoxylate triimeth)acrylate, trimethylolpropane propoxylate
triimeth)acrylate and tris(2-hydroxyethyl)isocyanurate triimeth)acrylate;

and polyfunctional monomers such as di(trimethylolpropane) tetra(meth)acrylate,
pentaerythritol tetra(meth)acrylate, pentaerythritol ethoxylate tetra(meth)acrylate,

dipentaerythritol penta(meth)acrylate and dipentaerythritol hexa(meth)acrylate.

The monomers (B) may be present in the amount of 0.1-25 % by mole of the total
monomer (A) concentration. Preferably, the amount of monomer (B) present is 0.1-10 %

by mole.



10

15

20

25

30

35

W03/ 080747, The nononers (A) without silyl ester
functionality may conprise any nononer which can be

w@olognenrreed by free-radi cal nechani sm M xt ur BCDEP200$/@58460

t han one nononer nay be usediito produce random
alternating, block or graft copol yners. Exanples of
mononers (A) without silyl ester functionality

i nclude: al kyl esters of acrylic acid and nethacrylic
aci d The piefeired fwtctignalifyrag mohemen(Bais&, to dtplelymerisable ethylenically

u(ngawa)e%%xb%&,m&oereo H%Fe p(r@l'%Fa‘BW;Ed@n?ér%ablé éfHQI%FhQé(IIy

(meth)acryl ate, n-but (meth)acrylate, 1sobutyl
U@ﬁ%t"l‘?ge&d%oyﬁ%te tert- butyl (meth)acryl ate, pentyl

(et h) acryl ate, hexyl (net h) acryl ate, 2-ethyl hexyl

met r n- oct acryl ate, isqoctyl

ot RFacha Birerer 30T 44t movER TAeReton o heder Siohpmpginds
ibhairg rhorefumctaialdrat reyltifusaidea yhiol§.met h) acryl at e, dodecyl
(et BARON B fond SRR pt 1) 2cT vl ate, oot adecyl

acrylate; cyclic a y?

(et _ _ esters of acrylic acid
and atylHeiels gl¢rcasatpgpangdtiolaspopataiiielximethyl-1-propanethiol, 2-

n(émb)p@&;ra%mtoe 1 tfhtén%fﬁlol bzismérsafm$|0§tﬁ?%y| (Jgﬁtfahatﬁ@r Mlpah@neth.m

)acr i cycl opent enyl” ( h) acryl at e,
1&%?%‘?%6%?11“@%1‘9%525/éPﬁtﬁ‘Petb'ﬁbF?Pf%Féﬂ?m‘%"efe”'logtéﬁ‘%ﬂ"ﬁ fi-
nbﬁﬁ;dﬂ)ldczléylnaheﬁmeg%Iw d@fé}h@thi‘é)l afdoasdayibihl, agn- iﬁbcﬁﬁﬂleémol 1-I

t hacr ci d, suc en acry ate enzy
g SIS APExCRERAg "?99?%3@ AL ooy al o
est ethumg‘lyoahxrqdld andaad:kydthwg@comteh awahydsingetiay trdoghygolateasthyl
I? @Yﬁaﬁ%%}%@hex&lﬁ@%@%@% @{yﬁ?w@%%l%é%@{ %?éé(%tyl thioglycolate;
pol y (Mereapioprapiagicyasts! e)”d(aipﬁélft §rgeptoprapienaterosus pe iyl £ne
nQér&’é}%r)ropﬂd’F%HWM‘ﬂfy)’ﬁ ﬁ{e?oapﬁ#)"db?&‘\@ﬂekéfthyl @f}ﬁercaptoproplonate butyl 3-
rﬁeg | Kox aIk ester of acrylic aci nd

%I(? eaéﬁoactgl@Crnerggptgprﬁ@f)%é%%iaﬁwyl 3-mercaptopropionate and

p(znryg;trdsbyamé)gh/abm nﬂer@hstpttxpmp&mbgel (mst h) acryl ate,

- but net
(ot RSl tambd b SRR e IR M 0 o1y
Zmyidgiixyetodnethialt h) acr yl ate, butyl digl ycol
(et Qﬁﬁl)é%@ltrﬁultlfgﬁétl}ﬂhﬁttmé@ RRfag! ycol) nethyl ether

met
( dlfunctlonal thiol compounds such as 1,2-ethanedithiol, 1,3-propanedithiol, 1,4-

butanedithiol, 2,3-butanedithiol, 1,5-pentanedithiol, 1,6-hexanedithiol, 1,8-octanedithiol,
1,9-nonanedithiol, 2,2'-(ethylenedioxy)diethanethiol, ethylene glycol bis(thioglycolate),
ethylene glycol bis(2-mercaptopropionate) and ethylene glycol bis(3-mercaptopropionate);
trifunctional thiol compounds such as trimethylolpropane tris(2-mercaptoacetate),
trimethylolpropane tris(2-mercaptopropionate), trimethylolpropane tris(3-
mercaptopropionate) and trimethylolpropane ethoxylate tris(3-mercaptopropionate);
tetrafunctional thiol compounds such as pentaerythritol tetrakis(2-
mercaptoacetate), pentaerythritol tetrakis (2-mercaptopropionate), pentaerythritol
tetrakis(3-mercaptopropionate), dipentaerythritol hexakis(2-mercaptoacetate) and

tripentaerythritol octakis(2-mercaptoacetate).

Alternative chain transfer agents may be any compounds that are known to reduce
molecular weight in the polymerisation of ethylenically unsaturated monomers. Examples
include sulphides such as di-n-butyl sulphide and di-n-butyl disulphide, halogen containing



10

15

20

25

30

35

pol y(propyl ene glycol) nethyl ether (meth)acryl ate,
tetrahydrofurfuryl (nmeth)acrylate, glycidyl

w@ ewblod)aees yl at e; nonoal kyl and di al kyl am noal RgT/EP2008/058460
esters of acrylic acid and met hacrylic acid such as
2- (di net hyl am no) et hyl (et h)acryl at e,
2-(di ethyl am no)ethyl (neth)acrylate, 3-
(di met hyl am no) propyl (rmeth)acryl ate,
cgmpdlirsts hstich s narppr tstrachlgrigetanyl agnbgh tetrgbromide and aromatic
c%m%tﬁ{dfs QH&W&M%IS%Q@ dlrﬁé‘FeAE% %[a\()}h@tcﬁam B3 HE98hts such as

acry [1c acid met’h acry I'1c acid such

“Q%?FPQF@B’IF 0% £l Q%balt/pgr%lywpgqmp(qﬁlg@qﬁag\cqsyf%ﬁq%transfer agents for
theVinl & @i xdIyticrenhif ke aﬁ};@h@%ay'—deﬁs@d frr reKativEly low concentrations

t h) I d
cDEHE g PVE PR SRR dreiel SRURL | Soput oxymet hy! )
(neth)acrylan1de L/ -[ 3- (di net hyl am no) propyl ]

(et I ] :
L/, L?l) lesg rﬂjlﬂf?hct&h% C‘?}gﬂqgnéf n%ﬁga%(bgéﬁjlg\ga’yé? increase the
d&@'ie?IOT bfaa@‘i"w in it nﬁémm@monellyaths@h@in@ramfwagentgnw comprise a

rhikt0ft dr 3 thARBREBHS of &nihouR® described in EP 1 323
745; other functional nonomers of acrylic acid and

met hacrylic acid such as (nmeth)acrylonitrile,

(2- agpé g@ceﬁte@wéua&r’ayéfer(dyahth)aa@ﬂhw edrBpoangs, MYR® prefesre@s
des f ”bn WD 96/ 41842 and US 4 593 055; esters of
r@?BL@ﬁK@a oheomMpRidS, acid, fumaric acid, itaconic

acid and citraconic acid such as net hyl crotonate,

th | 9
eLhym 9&/%&59@; (ealr{tﬁé?'méh¥{;erﬁé(?) AR Fope %@%mth%@é@?wq 25 %
A o tamiojed moa@nerdf\arewymtramew(m eretafrasttby Ampuriar shain

thse0RYehy preddMIRIRY-€0 %dbyvREIBY| 1taconate, dibutyl
itaconate, itaconic anhydride, citraconic anhydride;

mal ei m de and N-substituted mal ei m des such as

mal eiThe denciédaigeygier afqioe/im@'r dethabdas@rttha/esncﬂss phade usibgd
as Vvin

a\;})Prﬁ)ﬁlat&arg&Jrﬁﬁg{ mon({/m%ﬁl é?)garet)aﬂrng gwo o ng)/rle P )nglr%% e etﬁylenlcally

unsaturated bonds to provide non-linear polymer and is counterbalanced W|th appropriate
amounts of chain transfer agents (C) to prevent the formation of insoluble cross-linked

polymer.

The mole ratio of polymerisable ethylenically unsaturated units of the monomers
(B) to chain transfer units of the chain transfer agents (C) is from 5 to 0.2, more preferred
from 2 and 0.5.

The branched silyl ester copolymer can be obtained by polymerising a mixture of
monomers (A), monomers (B) and chain transfer agents (C) in the presence of a free-
radical polymerisation initiator or catalyst using any of various methods well known and
widely used in the art such as solution polymerisation, bulk polymerisation, emulsion
polymerisation, and suspension polymerisation. In preparing a solvent borne coating
composition from the polymer, it is advantageous to dilute the polymer with an organic
solvent to obtain a polymer solution having a convenient viscosity for coating production.
For this, it is also desirable to employ the solution polymerisation method or bulk

polymerisation method.
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vi nyl dodecanoate, vinyl benzoate, vinyl
4-ferf-butyl benzoate, VeoVa(tn) 9, VeoVa(tm 10;

woRawpnyi27¢ act ans, N-vinyl am des such as N-vi NRECT/EP2008/058460

pyrrolidone, and other |actam and am de functiona
nmononers as described in EP 1 127 902; other vinyl
nmononers such as styrene, a-nethyl styrene, vinyl

tol uene and p-chl orostyrene. Exanpl e of the nononers
(B) containing two or nore pol ynerisable ethylenically

unsapirabeg tF?é’ B&|§mér%%l 6H3||§ co%lufoiéG% 4 96]94nt BREYNERE ﬁuxﬁ}ﬂém which

as et hyl ene %acr at e, 3- but anedi ol
tho ?rﬁ’@‘m‘?}j A 9Ft8't Cé)po'flm&f B G?'& le@ndwhigh (Wtﬁlﬂ"a&'}‘ﬁ%l”éhe
aihtn’éuIﬁ@%é\tﬁ@dﬂoﬁipoghdmh@%taﬁ byikabtthg tRESENARNE theh ¥edded. This will

SRR B ROV Hecess, MIOCABY SHANe e o avoid

utlrefantet! Imaaomygtsai the pblyhizr dadtisnanich leVel di rmeddgdarssndnatreshould be

a% Icﬂ/Y i o%ls%I%eFr%FE? a}ﬁﬂ)(—fl(ﬂk Q?ﬁe@%é%re& aér}% safety concerns associated

exaned acr
Wﬂnmﬁn@m@d@@@ﬁwﬁinethanol dl(neth)acrylate di (et hyl ene
egcoI) di(neth)acrylate tri(ethylene gl ycol)
(meth)acrylate, tetra( eth¥lene ycol )
dl ( ,Tgfqﬁraglyi(neé{r@nchﬁgpyzr@gw r@rfgeiﬁni,@&q;r)tlon is prepared by
th\(dﬂiﬁérfh) Qﬂfcﬁl pdyeneridht(on Mot YopesH I A Jdin)of a boost initiator. Addition of

HepRET g GCr RrBeed e LR BR TG Do ERirbharersgign apg hereby
rehll(cmgttﬂre anoqrit at ereavsopeortopiersy The bbogh mdilpax garabeethe same or

oﬂie&ﬁ*rﬁ%w M{t %Puse% f%:tﬁ(gégrﬂg%?sgllon @ﬁéc@d@rom the same group

(] )acrylate -h propoxylate
Oc'ﬂI”Gﬁ@!’fh?%@ﬁVP'W@“SG'@PW@@?@FS- di (nmet h) acryl at e,
pentaerythritol di(nmeth)acryl ate nonostearate,

bi sphenol A di (net h)acr Iate bi sphenol A et hoxyl ate
di ( mEHTRIES 9 fﬁeéadlf,%lgalp{ Regatian wpg%&ppla@eeazo compounds such as

2 {aﬂ@ﬁd@mrwlmtyeomtﬁleﬁ 2;ﬂmeiws@iaaauwrémfebmram ylate,
a§0t§ % g%lq X%/z}nea Po¥<|deg XLYC%ra%Q%{rT piYF I)pe?‘c%@}/a%t? terq butX/I peroxy-

Epropyrene
%mi'mxacw%m aQ”épUtVl'memwlytf\WeC%thydlﬁ gl pemw[sgtputyrate tert-amyl

p%mlgy[q\';él E; terl}‘lamgrﬁg?(%g ?ﬂﬁh&'aﬁéaﬁ@tmo éﬁﬁékf la@lw ﬁé}?oxtyﬁyi:lohexane

ene acrylam de, N, hexame
%Ug(bﬁﬁqgl%ﬁf@weaﬁﬂ mixtigegiiheterbine di (met h) acryl at e,

bi s( 2réiBtaaitinbRyEr@ORE L WithtdPhasPBAey| Raslidsd
di (meth)acryl ate, copper (I1) dl(neth)acrylate

magnesi um di (net h) acryl ate, zinc
The branched silyl ester copolymer of the present invention can be used as a

component in an antifouling coating composition.

The branched silyl ester copolymer provides the antifouling coating with the
necessary self-polishing properties. The polishing rate of the branched silyl ester
copolymer can be adjusted by the type and amount of the silyl ester functional
monomer(s) and the properties, such as hydrophilicity, hydrophobicity and flexibility, of the

comonomers, crosslinkers and chain transfer agents.

The properties of the antifouling coating composition and the antifouling coating

film can be adjusted further by addition of other components.
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di (nmeth)acryl ate, divinyl benzene, 1, 4-butanedi ol
di vinyl ether, 1, 6-hexanediol divinyl ether,

wd eoyrieohexanedi net hanol divinyl ether, di (ep¢HyERPIWE8/058460

gl ycol) divinyl ether, tri(et4hyl ene glycol) divinyl

et her and pol y(ethylene glycol) divinyl ether;
trifunctional nononer such as trinethyl ol propane
tri(meth)acryl ate, trinethyl ol propane ethoxyl ate

t ri ( rree hytdeulipy aeating cempasitiop 0bthp Pogsanidnyentiprosgpiises the
drarch s, QD ék@ér%béélﬁn@r%d bhé 5 r%oJéYO@He%MrﬁBMéHs' PRFFN Y ©

tri( )acryl ate; pol yfuncti onal nononers such as
aGF'fPt"ng?é@WI C@F}?P%M)thq @f’?e&‘( Wﬁ?%'}’&@?wpr&@é a branched silyl ester

o@s@yra@{aétdérmt\édq{erémdtfﬁé r@ufbl)wat@r dhloat tﬁolo%i&éﬂ? @?fﬁ/}étatbér?& ol

at e me acr at e, ent aer rito

P AoF ) 1oy e e L kS o P s O ornore
chearfamit $&) entadydnadng.othEh eesmsnmg’eerﬁs (eB)endery abe filfpre slemtdrating

a%g,?s%wg&hggf?ﬁs%d%@ a%Pe%SOf the total nononer

conc ion t he anount of nononer
(B) present is 0.1-10 %by nol e. The preferred

fun Ctl'hé’ B@Iopfciﬂlﬁctlwmﬁnés@re b8y éhdnflcat C&ﬁﬂ)dﬁﬁﬁé hafbtbent the

et hyl eni ca unsat ur at ed bonds per nolecule, nore
SﬁV'@’F‘éW&?{S‘F’W"Z"%Sf PAEIS FeNE et hyl eni cal | y unsat ur at ed

bondExaﬁﬁbIs ot:lhangamt: bRRglcaly RgeNEondolndeivc e (ﬁib@@ﬁihdfcbﬁpb'ér
ounds i ncl udi n%n nof un(?tl onal

nga%ﬁfﬁswm?wsﬁ r@ﬁu Y- SUPRLR AT dg‘?’p%% BeRRH RS
d‘.Q’JICOﬂ);Er-nmkél lalUkBjS alpkyi satthiiend. sopnec hiagariatg copzen etlphidé; ,and
baFi gf@cg) jol, 2-net hyI -1 -propanediol, 2-

net hy pr o anet hi ol , 1-butanethiol, 2-butanethiol,

3- meENgMPIgs Larganemeiaic blOiO%@Hx agiiue BerBPOUNdS Inelgmain® pysithione:

olgéh%@dp%@ﬁédﬂh&hndslsu‘éﬁta@%b;'%r%kmth%ﬁ@ c@ﬁﬁ@%@étﬁﬂeoéopperl

ferf-octaneth 1- nonanet nonanet h
”fp'b‘B%%tF‘etoh'%POppfr &SB%QH%WHGBP'S“'?O@?‘F HB&canet hi ol , 1-

Uisf@éthy’lé*%d&ﬁﬁid)blQ(Hodebylbémdﬁﬂfaﬁﬁb)‘hr@ coppdtdis(pentachlorophenolate);
qanet

dlllp]lo%ar%/coia coragour d% ﬁuch asgz c%o dlpﬁ%cllgﬁm%c& %ma@/)e%'rr]ﬁ/l
etthylengbig(dithi agaehaniate)t tmyhgaemw ethwemﬁgisyd)ﬂ)loaareama@t gnd manganese

YA IERhRESHANG ) SN WithizRglsyEo! at e;

Examples of organic biologically active compounds include heterocyclic
compounds such as 2-(ferf-butylamino)-4-(cyclopropylamino)-6-(methylthio)-1,3,5-triazine,
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, 1,2-benzisothiazolin-3-one, 2-
(thiocyanatomethylthio)-1,3-benzothiazole and 2,3,5,6-tetrachloro-4-
(methylsulphonyl)pyridine; urea derivatives such as 3-(3,4-dichlorophenyl)-1,1-
dimethylurea; amides and imides of carboxylic acids, sulphonic acids and sulphenic acids
such as N-(dichlorofluoromethylthio)phthalimide, N-dichlorofluoromethylthio-N',N'-
dimethyl-N-phenylsulfamide, N-dichlorofluoromethylthio-N',N'-dimethyl-N-p-tolylsulfamide
and N-(2,4,6-trichlorophenyl)maleimide; other organic compounds such as pyridine
triphenylborane, amine triphenylborane, 3-iodo-2-propynyl N-butylcarbamate, 2,4,5,6-
tetrachloroisophthalonitrile and p-((diiodomethyl)sulphonyl)toluene.

Other examples may be tetraalkylphosphonium halogenides and guanidine
derivatives.

The biologically active compounds may be used alone or in mixtures.



10

15

20

25

30

35

mer capt opropi oni ¢ acid and al kyl nercapt opropi onat es
such as ethyl 2- nercaptopropionate, nethyl

w@2000erpd opr opi onate, ethyl 3-nercaptopropi onBCEEP2008/058460

butyl 3- nercapt opropi onat e,15 sooct yl

3- mer capt opr opi onat e, octadecyl 3-nercaptopropionate

and pol y(propyl ene glycol) 3-nercaptopropi onate; other

t hi ol conpounds such as 11-nmercapto undecanoic acid

and = ddgdion g/ b heanshéd silyl estex aompdlwmer @hd higlogicBirastiveoeramtpounds

tﬁé“é\rQch%hhd“éﬂa‘Hﬁtﬁcon%JsMBﬁtc\bc%%rllg t'bnl'\é);.l)re%m%mgﬁ opitBINPSdmprise

hanedi t pr opanedi t
W@ ORMEE RPENeNt seleqier AN Q“Pﬁré‘l’s'”slp'smﬁétﬁt%@Pﬁsfﬁné fillers,

dbhRirxegaiaests bAd @ﬂymgbggnté?cdd@m%g E&Vets and thinners.
1, 9- nonanedi t hi ol - (et hyl enedi oxy) di et hanet hi ol ,

et hyl ene gl ycol b| s(t h| ogl ycol ate), ethyl ene gl ycol
bi s( 2Anraditaal msinaph bhate) toadjistthé géiep@isijhy poberties and the

n?écﬁ&rﬁcﬁgs%é%ﬁw tRQ%&R&Inﬁ%c?thn%EMﬂc“ onal thi ol

suc ropane
tri sﬁzam@e@afp"tem%@tamae)be used imedHiipologhe pranehed silyl ester

bpbih& |We%%glmg%bﬂ@%ﬁ‘)posm6d éB%BJ&Wg% eQPadaRt |F1\Vén§&r3

ner capt opr opi onat e) trimet hyl ol propane et hoxyl at e
IRGYde 3- ner capt opr opi onat e); tetrafunctional thiol
corrpmsmﬁat@nm Bu@sagpesddaesiy tthr dit resin bed Q@kir(fsﬁrZ'rosm derivatives

t t.at thritol t
| GERTReEHPS B parR) Ao inbiele Job; desfeboRionated rosi
dnr&errsa# ras(r3 polpmerdset] opring matsiad @] estels flembacagd bsters ahd other
%ﬁé‘:rsﬁaﬁﬁﬁ ‘eﬂ?t‘éﬂo%Fn §op%§\fjretsﬁ151%eﬂﬁcar%[é%5£réaqc%mr inate,

. nercapt oacet ternatTve chaih trans
MRPEASIYM feginairea h@mﬂi@mwtﬁﬁrow andqaatimerised fogifged others

ARG IbAI WBigdia4bn the pol ynerisation of
et hyl eni cal !ﬁy9 unsat urat ed nononers. Exanples incl ude

sul pfﬁsﬂb%c'd:? A dgdvagyes thffﬁf’fﬁucg Gid B‘Pﬂaﬂ'@s'ﬁﬁﬂd aﬁn%r%tr%'”
di subfpler eteboxyed m@nmnmmdmgmgﬁmu @ﬂsbleﬁdmfd @Boabietic acid,
etr orl tra [

d%ﬁ%dﬁg%ietlc ggﬁp(s] %j Goa%|et|8 ﬁCl%Ct l?w%mﬁ (‘t%}ll ﬁ%co erﬁ;@roabletlc acid,

prh& T, actlaparbybiricic@kigdi imortrinzemis fagid, Ia‘gm'jtr@rlsamdh agsthenedicarboxylic
a%t ?A@Q%ﬁ@&%ﬁﬁd&ld ugc a&éa k%?elah 985 Qﬂwféaﬂc gagpﬂé‘wgéd liAbIEic

chain trans gents I nven
Mt lolenjccacish ﬁpfﬁprtaf‘@!%ﬁ'éwe&f@éﬁ?@d rFé‘phtB@n'%@@ t@'ho” fatty acid,

coEdrt bivatty adi®WoFdbRER B fa8) h@ASnd derivatives thereof:

acid functional polymers of which the acid group is blocked with divalent metals
bonded to a monovalent organic residue, for example as described in EP 0 204 456 and
EP 0 342 276; or divalent metals bonded to a hydroxyl residue, for example as described
in GB 2311 070 and EP 0 982 324; or amine for example as described in EP 0 529 693;

hydrophilic copolymers for example (meth)acrylate copolymers as described in GB
2 152 947 and poly(N-vinyl pyrrolidone) copolymers and other copolymers as described in
EP 0 526 441;

(meth)acrylic polymers and copolymers, such as poly(n-butyl acrylate), poly(n-
butyl acrylate-co-isobutyl vinyl ether);

vinyl ether polymers and copolymers, such as poly(methyl vinyl ether), poly(ethyl
vinyl ether), poly(isobutyl vinyl ether), poly(vinyl chloride-co-isobutyl vinyl ether);

polyesters for example as described in EP 1 033 392 and EP 1 072 625;

alkyd resins and modified alkyd resins;
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conpared to conventional thiol chain transfer agents.
The use of nultifunctional chain transfer agents is a

was@bob72@y to i ncrease the degree of branchi NnBCT/RP10h&058460

polymer. Optionally, the chaign transfer agent may
conprise a mxture of nore than one type of conpound.
The preferred chain transfer agents are thiol
conmpounds, nore preferred nonofunctional thiol
conpothedeondFhaatiompelyrerefas desoribed i@ P 43ent (C) nmay
be pLR$EHjurkfatdie amount of 0.1-25 % by nole of the
total nononer (A) concentration. Mre preferred the
anmount of chain transfer agent present is 0.1-10 % by

ol ePréFé}ﬁbIPrtﬁél 6iABEresih ||§/é roSmtredtefed NP thalBdse Mat tHSother resin is a

b G R PEPrsReaT b e ERRoNoIOPS A Brgos s BRBPghCor e
tﬁhlrajﬂrcemt @faéényrnumesartttﬁcmngacbdnogr danmasrtrpn,mrefd@blymn lelabtrodas by

TR B0 SOUIL 96 024 ADBH 1 iy AP/ RRHHE g morr
férovsrad teiasip %fbyrvreégﬁrt o0 by wsght piikecigtab amgund of reFinen el e
Jn%hlﬁrg%a%' %%Bérﬁ&pk)r%fe%tﬁiy Ledistad Wb;}Wééﬂt%éﬁ%%%f%bl&%p to

hé nononers o chaln transfer units of
GQ%Wan?'Qrﬁnsfer agents (C) is from5 to 0.2, rrore
preferred from 2 and 0.5. The branched eryI ester

b bt d t
oo ARy 578 BaiTRe T SR VR 1§ b feloA b e
de)dratimgtagentp peg drying agénta afer aeirigdtingeb trpacdtgmm stalality ofthe
eoydrat _
ofiopin B cofiBb oy SRbNe, ABKES inkBAUcBU RolTAD Htfurals sucn

S PIgyAsES andtselyants HIMalgs iryed Py sectianoetuean asropylic acid

c@ﬁrbb!tﬁfﬁi%'aﬁéblv@l@nt AMAdriamPRBesI &ranﬂbgharﬁﬁrﬂesaaﬁ.fdarhg dd3ting
arln a sol vent borne coating osition fromthe

CBEPGRER": Th% ISR HERBIE Y eI BALRY B35S N €
aamomrrganBMgmhmemort axcomdingitmtha ppeyiBYengon MblU@eﬂor’@éMd: 108
w?orgs:aonrr]cvc%rr]r%p%ﬂﬁdsv E%grr?aest gf deRydrgt%%tagQrgrs gr (99ry|ng agents include
anhydrous calcium sulphate, anhydrous magnesium sulphate, molecular sieves and
zeolites; orthoesters such as trimethyl orthoformate, triethyl orthoformate, tripropyl
orthoformate, triisopropyl orthoformate, tributyl orthoformate, trimethyl orthoacetate and
triethyl orthoacetate; ketals; acetals; enolethers; orthoborates such as trimethyl borate,
triethyl borate, tripropyl borate, triisopropyl borate, tributyl borate and tri-teri-butyl borate;
silicates such as trimethoxymethyl silane, tetraethyl silicate and ethyl polysilicate; and
isocyanates, such as p-toluenesulfonyl isocyanate.

The preferred dehydrating agents and drying agents are the inorganic compounds.

Examples of pigments are inorganic pigments such as titanium dioxide, iron oxides,
zinc oxide, zinc phosphate, graphite and carbon black; organic pigments such as

phthalocyanine compounds and azo pigments.

Examples of extenders and fillers are minerals such as dolomite, plastorite, calcite,
quartz, barite, calcite, magnesite, aragonite, silica, wollastonite, talc, chlorite, mica, kaolin
and feldspar; synthetic inorganic compounds such as calcium carbonate, barium sulphate,

calcium silicate and silica; polymeric and inorganic microspheres such as hollow and solid
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For this, it is also desirable to enploy the solution
pol yneri sati on nethod or bul k pol yneri sati on
woredoboa2R ef er abl y, the pol ynmerisation i s condect/Be20081058460
a solvent or solvent m xturei7in which the branched
silyl ester copolynmer is soluble and which is suitable
for use in the antifouling coating conposition. The
step of isolating the polynmer is then avoided. This
aldsk beadsgidliow anid ghlidcesnaraic beads, perotshandusimpaelrtiesds dfaelymeric

& fSstch BS ﬁglg(nﬁe@rhyym@m‘%ﬁla%?%olﬂrﬁetfm%&hééﬂﬂé?@% Sfhylene glycol

MONOMers in t mer Sol ution | 'evel
dimeteagrylaig). %M@Wﬁr@ @r%hm'%ekgé’ca'sd'W‘%W%%'aﬁ%%ﬁyﬁﬁtyée”e co-
dirsRh2dde), pb@lstz,\ynao@owum tKodeal th and safety concerns

associ ated wi th nononer exposure. Preferably the
branched pol yner of the present invention is prepared
by cérarepits ofrealditivescthatadan pe Iaylmmrﬁoaatahm‘nuIw'gtcbamgtcbmpmiiiqn are

r&ggt&r{éf%eﬁtfs tﬂlxgﬁ%‘?& %ﬂ{s ﬁﬁ:&gﬁn&g é@e‘% Iggltlc?zfersaan*a%gﬁ/%rgs.

vers on
pol yfsamelas Dfdﬁmmnq ssnisteye flaes @nfih@brtesn Figempineltdefiatural and

syﬂﬁ&%ﬁ&gamé@éﬁh ad BRcOQRtaidity Adrdd %rbgr‘\aﬂ)r% o§<|'a§ fibres,
sSame or ferent fromthe initiator used fo

AEdprierass aitridg fbrep ¢ sulrbidedipesst Rpsphasniiirae ”é!%ﬁfé' f'ﬁfeéu'ﬂi‘e*@f“c

flblf‘ﬁs% maamr@raﬁnd@nthm dag)énydmdzmbh a8 célNidsk abres Subt@( arsrgi; esrylic
{ ree 1 NI |ator nc u azo .
Blssoalrmo i a8 S IPsr ey hat e PR Ee s Shioriae
fiBre®, p(ﬂ;@db/llem(elflb@blahg!DtblBrstaSIdeec)rlbadm WQ]OOJ77102 Preferably, the fibres

3¢ §x§e‘?%(;%f\8r‘?g}fr? bOAREK 3N a%%' g% 3%(% ?%, dr4/th B?EFnyvllith a

per oxypl tert- but per oxy- exanoa
ratirhetiranne parageyienain ayd ta@ averegs thickpass @natyeast 5.
per OE\(érﬁﬁlQéJBMﬁl%tﬁ)plcta%%Fts%ﬂMkhl&%ﬁlﬁé)é?érﬁﬁér%tsﬁicag &fcha8ffhed

er oxy- 2- et hﬁ hexanoate, 1,1 é n%
shie?oLIPRYEI0gREd SA%: amifedYBER PG PmisE e POV glyene waxes,

oxidkskl b&lyethjﬂafeaﬂdxes FPfyﬁfdgélﬁzﬂéH tasitdriontvax Sty eellufdge, @ Oninium
Lt of ;myl per oxi des. The branched silyl

ke@f CO n&'f(yrﬁ?rdﬁ}er‘?%e present invention can be used
as a Eo;ampemefmlastlmzem agnthidrioated pgrafioatphtiglatesiplossphate psters,

S-LIJ-‘% r?i hedlpsbd ¥ld &ﬁ&%ﬁe&@@&km&lspr ovides the
a ng coatin t he

Examples of organic solvents and thinners are aromatic hydrocarbons such as
xylene, toluene, mesitylene; ketones methyl ethyl ketone, methyl isobutyl ketone, methyl
isoamyl ketone, cyclopentanone, cyclohexanone; esters such as butyl acetate, tert-butyl
acetate, amyl acetate, ethylene glycol methyl ether acetate; ethers such as ethylene
glycol dimethyl ether, diethylene glycol dimethyl ether, dibutyl ether, dioxane,
tetrahydrofuran, alcohols such as n-butanol, isobutanol, benzyl alcohol; ether alcohols
such as butoxyethanol, 1-methoxy-2-propanol; aliphatic hydrocarbons such as white
spirit; and optionally a mixture of two or more solvents and thinners.

Alternatively the coating can be dispersed in an organic non-solvent for the film-

forming components in the coating composition or on an aqueous dispersion.
The present invention will be elucidated in the following examples.

Examples
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necessary self-polishing properties. The polishing
rate of the branched silyl ester copol yner can be

w@ayoasords by the type and anount of the silyl BSL/EP2008/058460

functional nononer(s) and thg properties, such as
hydrophilicity, hydrophobicity and flexibility, of the
conononers, crosslinkers and chain transfer agents.
The properties of the antifouling coating conmposition
and the antifouling coating film can be adjusted

furt epoRtherddiutibRy Of other conponents. The
antifoultTng coatrng conposition of the present

i nvention conprises the branched silyl ester copol yner
and  gRAe@I pro®YdRIreédfbiEHE pAr RN @Mo%md?%@lﬁﬁﬁrﬁhhﬁ’posi—t%tlnq

tifoul It
Ve ABR araPeEbE ST aRE R cregPer s bl Eae yrvee
egsippedf witreal stiver,ai ctneéraee a ritrigien indet and afeed idetoTlogieaetidnywessel
|saﬁéaté/aear}%g'gﬂﬁt§m?é: g{ th%j Fera'gpcfn“atembglrgtu%%f' S%Q(.L}l | A ngrg nP Q oﬂrhonomers
cb@nﬁenﬁmasyestelnél@toean@ﬁ@\rﬁ@t @tplmarqde§hmsre pk pradatasd to the

r@é@h@ﬁ‘%’s’éél a@%oﬁétérlt%té ovéSMedFsatndBoa ﬁ'ig&ﬁlstnsatﬁﬂébh@ife)/ hR& a
%%Pnts ditives and sol vents. The bi ol ogi cal

|y
M ve ”‘t‘:’b’ﬁ%o&?ﬁ&éd%w‘ %ﬁypoeﬂéfﬁﬁ'%%ﬂsow?ﬁa@ AR {TRg feaction vessel
iPmevieiHedtan heSeidibe Riperaturd o9 otibr eomrtﬁarzl rra)arsorrgemhﬁ)aratu re is

el dpbAr CanaEuBHa: Teb RS kA8 RE e ond ten

cogled &sroom.tgmpearatipreous OXIde and cupric oxide; copper

al | ob%p?lgmgr soft ABRES T { £ T%I% P¥rd TS&QE%‘Bg%% Y17 i T&ble 3 are
copper I ocyanat e, copper sul phide; ari um
PReRsdsorcading X iiggireesddre. or ganonet al i ¢ bi ol ogi cal |y
active conpounds include zinc pyrithione; organocopper
conmpounds such as_copper pyr|th|one copper acet at e,
Coppn alprocady i fr prgara alaleTe SalL

nony |Apj|‘;ueﬁltﬁi/ Sﬂadofv@ﬁﬁ‘sl Eharg@ptpgtemperature contrlolfled reaction vessel

e enedi anj n ec ul f.ona
<BlhE V| € o R p rER Ly 267 B Es PE HR o8 vesse
I&hﬁﬁb&ﬂm@sna;mlne@st thé reactinngtéaiperetuing dfcHiSt G Aoprarmbia obimengmers,
cﬁélﬂ?raﬁ E‘rye!g‘éﬂtemt%foq'aﬁ@%&%'f E%@ﬁ?d’ T@H@%?%echarged to the

ebi*s(di t hi ocar bamat e ?anes
reactlon vessel at a constant rate over 3 hours under a nitrogen atmosphere. After a

further 30 minutes, post-addition of a boost initiator solution is added. The reaction vessel
is maintained at the reaction temperature of 95°C for a further 2 hours and is then cooled
to room temperature.

Copolymer solutions S14 to S15 and S18 to S19 in Table 3 are prepared

according to this procedure.

Determination of copolymer solution viscosity

The viscosity of the polymers are determined in accordance with ASTM D2196
using a Brookfield DV-I viscometer with LV-2 or LV-4 spindle at 12 rpm. The polymers are

temperated to 23.0°C z 0.5°C before the measurements.

Determination of solids content in the polymer solutions

The solids content in the polymer solutions are determined in accordance with

ISO 3251. A test sample of 0.6 g + 0.1 g are taken out and dried in a ventilated oven at
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et hyl ene bi s(dithiocarbamate) conplexed with zinc
sal t; Exanples of organic biologically active

wa@eovpoen2ds i ncl ude heterocyclic conpounds suchP@EBEP2008/058460
2-(ferf-butyl am no)-4-(cycl oy opyl am no)-6-(nmethylthio
)-1 ,3,5-triazine,
4,5-di chl oro-2-n-octyl -4-isothiazolin-3-one,
1, 2- benzi sot hi azol i n- 3-one, 2-
1601 foc §aminutaset trpveibhitef the regdusémaistisliingarisideteddo be the non-
VBlaflle et RIVMAC H’h@ BQn Qolat(lé'rﬁ]tané(rl OHleRNO @%ré&’éd y rﬂ’vé]&nt pefcefk.

derivatives such 3-(3, 4-di chl orophenyl) -

Taeyatagivan isghe %Yﬁri‘%s‘)fﬁﬁ%e P?f?lfé"’s of car boxyl | c aC| ds,
sulphonlc aci ds and sul phenic aC|ds such as

L/ - ( Iorofl ororreth |th|03 hallmde

L/ - d

di meThy belivhers lrenyHasadtidriaad dyeGeI Permeatlon Chromatography (GPC)

n#asgﬂﬁﬁ@bgﬁ'ﬁ%i/vﬁg t?%};fag_xtr% éﬁ%lar i/v]elg ylgv) and the number-average
molequizr weight @) erecistrsminey walhgarﬁ%msmtnhﬁm wigh epiapteve index (RI)

CRRRP UMY RS Buvé\?ar@Yélétﬂleﬁ@aﬁoBl‘y&Dﬁ%ﬂ& Pé@é’ré%eTh@B%hﬂﬁspersuty
tri phenyl borane, 3-iodo-2-propynyl L/-butylcarbamate,

insley (ROI3Is givepag My/Mpoi sopht hal onitril e and
p- (( dhusmmd\ws)tmémmyhbremmmhtﬁdme Xamehesolysyene

et I hos honi un1ha|o e des and ni dine
e Ot Dathe SHOREE Bl e 98 e T B AR Ch B rqipuiar
veesainds |ad:rea®s@|s thenpatsimdrsl bwrﬂermcard dbretnlchmi Baartchieg ravmeedias a
' g ogically active
R 81 b R FB b, OO O oait 1 o
according to the present invention optionally conprise

one PletefBinSticH TR SrapSliiCeRBe@fPOY Ot her resins,
gnents, extenders and fillers, dehgdr ati ﬂid%ﬁ%ent s

and ap9plﬁ§s ERysiiea empegiieyly is LRIpipehP DR
O%Tbra(wyt(ﬂ)mﬁhezisaﬁdnﬁembamh@BSG&\@@hshl@n‘@dlsu@e péreormed on a TA

th ical . ..
rupeREi 5% ReBRer BarPha bl VAR e L spea
%frnmum pars wérauserbandrsanseeleirecoatidiat b baating anH eoding matk et
1%l Gt &1 o B BBferdrbndehe ant [ fouling coating

conposition according to the present invention
i nclude: rosin material such as wood rosin, tall oi

rosi fhaftflo@iHGebieliftions afd used & Tabkt 1 MERable 3:

TiPSA triisopropylsilyl acrylate

TBSMA tri-n-butylsilyl methacrylate

TIPSCMMA triispropylsilylcarboxymethyl methacrylate
MEA 2-methoxyethyl acrylate

HEA 2-hydroxyethyl acrylate

MMA methyl methacrylate

AIBN 2,2’-azodi(isobutyronitrile)

AMBN 2,2’-azodi(2-methylbutyronitrile)

EGDMA ethylene glycol dimethacrylate

MAAN methacrylic anhydride

HP-A-MA 3-acryloyloxy-2-hydroxypropyl methacrylate
PETA4 pentaerythritol tetraacrylate

E2MP ethyl 2-mercaptopropionate



such as hydrogenated and partially hydrogenated rosin,

di sproportionated rosin, dinerised rosin, polynerised
wOo o®png72m@l ei ¢ acid esters, fumaric aci d est er BCEHRP2008/058460
ot her esters of rosin and hydrogenated rosin, copper
resinate, zinc resinate, calciumresinate, nmagnesium
resinate and other netal resinates of rosin and
pol ynmeri sed rosin and others as described in WO
97/ ABAWIR; r esibuhdintkicanteprefigniateat i ves t her eof such as
copalyricesi N andemARdaditoh resin; other carboxylic acid
cont al ni ng conpounds such as abietic acid, neoabietic
aci dHEdehydr oabhetryeangihioldi hydr oabi eti ¢ aci d,
t et r gmyrdr oabi eddaecareinibl / 8&fey ehyelpRali etic acid,
pimaric acid, paramatrinic acid, isoprimaric acid,
| evoprimaric acid, agathenedi carboxylic acid,
sandar acopi malic acid, lauric acid, stearic acid,
. { . cid . . : . . . eni ¢
TaBRY: PRl R Bior el ooy PTG Bikihs o1 B
acid, tall oil fatty acid, ccjonuB20il S$att94acish

read@bedrsopid T at tyxank d angs &l Yas | 687 | hehephi oRci d
chatget i gnal pol ymers of which the acid group i$ bl ocked

A ue e es ol o T R L Y an
EP 0 34

ol

576 or 5l enf A% s4860dédo {0384 hyhitd yl

residug, for exanpVidAas de2x00 bed78n2GB1 2 1364120%0| and

EP 0 98§28k flstioRdi [ T r exqg‘pbm asidescgrbed 1 n| EP
d

0 529 G¥mnohyelr ophi lic copol ynmers for exanple
(et h) gaCohmaBe copol yners as descrilbed in GB 2 152| 947
and pol\dhBin vhayd: Mol i done)._ [copek ymers [ andz thigy
copol yrmegentas desicri bed iin EP |0 526|441
(et h) g¢€gnhp. €) pol yners amd copol yners, such as

pol y(n-/lmwiaydr acrylmie , polodebubyb | o04s| 0.30| 031
acryl Al ke sule asl 6-8%;‘ 20|, 700) . 700

olven Ien(re - A

EaValVIas-Td y Y Y
BopHer ) ,| b9y (et hy| ANBMy| |ethEr|) , 9981 yvlil8obBd 9] ity
CBi'Ber ) ,| qambyevi nyl | omher i de-Ts- || sehel yB5vi ngko et hsy ) ;

C@&Iﬂy@%ﬁ.e%%&f%ém XAMpr € as descrl D@g | nz_gJ J.sb) B3 39K

Comp. C in mole% of Comp.' A -| 05| 20| 50| 50

Properties | Theoretical NVM (wt%) 65 65 65 65 65

of Actual NVM (wt%) 67.3 66.7 | 67.7| 66.5| 632

copolymer

solutions Viscosity (cP) 2,447 1,620 858 415 105
Mw (D) 21,036 | 16,604 (11,212 | 9,400 | 3,628
PDI 2.70 268 280| 3.30| 1.74
Tg (°C) 298| 290| 237| 122| 4.0

The results in Table 1 show that the combination of Comp. B and Comp. C
10  reduces the polymer solution viscosity compared to the linear reference polymer S1.
Copolymer S5 shows that the use of Comp. C only in the levels used in the
branched silyl ester copolymers will give almost oligomeric material, i.e. material with very

low Mw.

15



al kyd resins and nodi fied al kyd resins; ot her

condensati on polyners as described in WD 96/ 14362; and
w@elgnorrhanes. Preferably, the other resin i SPEI/EPBDSI058460

material. In that case that zihe other resin is a rosin

material, the branched silyl ester copolynmer forns at

| east 10 % by weight of the total anmount of resin in

the antifouling coating conposition, preferably at

Tlablesx In@CEHidns ﬂmllltgmel‘tlenwf ellym%ér@peﬂﬁyryer@plum@rws% B®1% by

wer ght—up to 90 9% Uy Igé : Iéh r(.§8|n '§§l(‘-"$-@' '§1f1 b s12| S13

at | east— 5 9% h\l \Anl mhf l wel mhf tot

gﬁ?ﬁ‘ﬁrnt [89verbsin [ Hieffe| aRE4 | P4 ndd Boatd g 2375 | 2417 a0 | 2852

E?{%nc tion nrpf erabhl y_at east! 10 0O hy e i ght, nnrie

c

-oiker aldbyomes t o THODA by 3% B39 [THe22s)i 3516 |e$x@r| 30.64 | 35.90 | 37.38

eBPd| y pEemp sens\nEA ve| toshydrad lysis || i dihe quodsened 4.00| 426

of watpr. The defpKary DUeAUETIS! 21T Edas AR Hac 246 | 21.30

Contr| n||f|nn fn V2 cf rage S

ant i foﬁ?'ﬁ%&%‘ﬁ't |ErﬁP'V(‘:°o pOSi |1b(‘1312 by $%emvi ng_moi|stf8e 389 | 162

introng%'h? S'om el €932 s, sjuch as pi gment§ and
sol ven r‘wat

esip-Aor fred bly realcti on heioween
carboxylic acid [owkpoupds and bilal ent and trival ent

met al conpounds [igERhEl antifouling Coating  33g

that m use the anti f oul

conposHt+oer—Hhe—dgehydrattng—agents YA Tagents
agh Gl Oy 25

conpos| LA accord#Mrg to the present i nvenfti on i fetdd 01| 066

or gani ¢(Gahg. ¢ynorjowrg ¢ compounds. | Exanpl es |of

dehydrati ng agent,%Tano drying, ggents inci de arnnhydraqus

1 fatal hat
Cal CI U T oun IlJIIU.l. I Ily rGUS Ilugl S ILJIII oun Ilal. e,

mol ecu| 4198 eves AMRY 72af-0% thfeist %405 0 H26| 062] 0.64

t ri met h§dlveor t hof|otvieae e| .94 etfh%/d oF ¥hof@i2nat/el0 | 7.00| 6.93| 6.95

Hobdt PT OpWliatef t NOTIOMWER € d.d | SO ORy e [0rd 1501 W 4FHt @07 | 0.15| 0.16

trieth hoag

e ol ot ol | A | A T P ol | ade ] sas
CompHbboToRtes Caneh as trir?e‘ihylzojgréétoe, il et Bypl| 120 50| 20

d@ﬁbaCcm,moueJ%dﬂmwlA borate,o.ﬁriiz&pprqwl Barlat 8,0 | 10.0 3.3 1.0

ptr{?eggg VSR e T [ T8 [ OB YT Borarg ] STECa@T o5 g5

1| c1l ana rigoat vl 11l ~o
~J 1 \Z A\ L T ~J 1 T T A

TATTCS L\/LI

o it POTUBYY ST oot of Gl il 6t D a1 R s 645 | 6063 063

splutlod$ uawecspatyf(cﬂjyl i socyals e. 775 | 1,142 | 610 | 433 | 455| 1,020 | 1,482

Mw (D) 16,578 (10,529 |12,485 [12,275 (12,685 22,929 (13,783 18,236
PDI 262 | 246| 294| 427| 455| 817| 346| 3.16
Tg (°C) 300| 258| 255| 166| 123| 76| 276| 279

The results in Table 2 show that branched silyl ester copolymers with reduced
polymer solution viscosity can be obtained by combination of various types of Comp. B

and Comp. C at different ratios and amounts.
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The preferred dehydrating agents and dryi ng agents are

t he i norgani c conpounds.

Exanpl es of pignents are

WO pmpgerr€ pi gnents such as titani um di oxi de, PECDRP2008/058460

oxi des,

car bon

conpounds and azo pignents.
fillers are mnerals such as dolomte,

bl ack;

Zi nc oxi de,

zi nc phaggphat e,
organi ¢ pignments such as phthal ocyani ne
Exanpl es of extenders and

graphi te and

pl astorit

e,

Tebledk treredmmé&arzi prérerties of swmml‘tcepolwagrs@wmor@ 14 t0 S19

aragor l(:‘ ST cd, WOI T ast l(:‘, ar T i | QSR I Cd,
kao?:n and—feldsp synth%qau ?ii Affé CS%Zn“ngié S19
A6 ARSOMTL! um ChiHORAL ¢, BATa i 9a pRatee, 2640 i A7 | 455

CP'¥Y cate and silica: nnl \ ric Bbnd | nnrganu C

Rné-oixos pMercewrssuch| EBSAol | ow and sol i dgBa’¥s| 128ads,

HBPe ow| &REPSYI i d Cessvid C Deaslso | panolis and conpact

beads of polyneri ¢+ ral s such as [poly(methyt

nmet hacfyl ate), po DL“btny' ret-haery-ate-€o et.h."!e%.'leo9 16.66

gl ycol | di met hacry %%%) D Iy(styrene-cd%%%hyFé%=

gl ycol | di net hacr y| &ivé) , 33.31 | 2094 | 2472 | 2219 | 2491 | 22.05
pol y(s wmlmfén&@m E@ylRenzene) , | pol ystyrene, 3gelyvinyl 2.9

chl ori gdepnonfexanpl € f—additive Izlég camm pe adiedt

an ant | fCombiB)g coating conpositjonaije reijnforcing

agent s{ cikdH nepbfeopl gagent s, thickenhng agent s4g 2.38
pl asti caggews and sol vents.| Exanpl es of rei|nforcing

agent s| @ompf¢lakes| and fibres. F bres|include nafural

and syhnifagbi C I nof gaBnC Tibresy suelods 04s| 029 050| 044

S L COISHIE a1 T T BTeS CERPOTSGh T S0 OXHEL ras0 [ 1a50

Bopir es | NyAes phat e| AMBNes, | i hek al OfBthr e12 mefdl [i 913 011

P8t es| sonahtr al  ahEylsgnt het i £oof gano¢ f4.torles4sa¢h 2@ | 540

R SRR (RERE A TUPDeT TDTeS) BEYTTT TIDTEs| | 52
UT yﬂ.ll IJF UI yl LILILI LIC, pG ‘y’es I‘r I es

CREPH DAIER COFPHY as ~ pol Yvi nyl phl BPilde £1br e | 52

Roaplesied hYtieersticaf NV 68%and ot her& fas @escrield | BOWD 46 46

$%Y77% Rotud K@ @IaD! Y, the |Tisyes Baye ap.AVesade 460| 46.0

A Z, UUU TTITT il I aVv al -ITI U DO L

SP'Bt'Ogg VISCOSI&F(C@_r_afl o0 _bhet\ g’rz e sﬁb ,Egrla(?aé | nn@ngh anér? 280

the aveMH@® t hi ckness of a@8/28is3!753 | BX Al 15061 36,061 | 67,367

t hi xot [Ppi ¢ agents and t hi|ckesi hg5agentsodar e528 1 i caay | 12.95

such a>T§§@pd siTicas, orqangrﬁndbgged gu@ysgggn1de j

VWAATS, PO ydarm UC VWAATS, [JUI yCl II I CITIT VWAATS, UAXT Ul DCU

pol yet hyl ene waxes, hydrogenated castor oil wax, ethyl

cel | Whegsultsih JﬁblﬁiBLﬁhpw that branching can be obtained for various silyl ester

copolymer:

S.

The results in Table 1 to Table 3 show that the glass transition temperatures are

lower for the branched copolymers compared with the linear polymer S1. This confirms

that the branched polymers are more flexible than the analogous linear polymer. The

results also show that the reduction in solution viscosity is not only related to a reduction

in the average weight molecular weight, Mw, but also to the degree of branching.
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stearates and m xtures of thereof. Exanples of
pl asticizers are chlorinated paraffins, phthalates,

w@bmspbmre esters, sul phonanm des, adi pates andPCT/EP2008/058460

epoxi di sed vegetable oils. BEganples of organic
solvents and thinners are aromatic hydrocarbons such
as xylene, toluene, nesityl ene; ketones nethyl ethyl
ket one, methyl isobutyl ketone, mnethyl isoanyl ketone,

cycl @pmmﬂim@s_mzi&lohexanone esters such as butyl
acet algmplb 96 tof Ak 09746308 LAk FepcditY lwith G HsEd s&u*dg‘%rﬁé‘rﬁ to

gl ycol met et her acetate; ethers such as eth ene
p@?%?%‘l’oanaﬁ%'b’ﬁwa’%ﬁ'%él(csﬂr Eﬁ%ﬁﬂ”&?é't'@? 5 PEIsenierint Tﬂh‘e
et her, dibutyl ether, dioxane, tetrahydrofuran,
al com%wut anol , isobutanol, benzyl
al cofrSRaglyexa ol s such as butoxyet hanol ,
1- meFboooyrprgtive peamadle 2 aC$7) iz mondmysticomaodimnof sxaipl@ss of WO

| ] t e

9\S§/21|6§§1 ?Qé Ml%n?rﬁgg agc%H r?%% t}Ley %e%telFQ\I/ é{o;(}&ﬁﬁé; Lsceg\g?ri tﬁ% ofggrﬁl
copolyingrxemplgs. |Tmemmpgm| ig pmwtsd)lnvr@hle 4% or the
filnmform ng conmponents in the coating conposition or
on an aqueous di spersion. The present invention wl|
be elucidated in the foll owi ng exanpl es.
TasRP | rRrdapel aﬁemfro;fealeutor edispdaive palymer Suh@idbs esf and Cs2

preparati-on—et—copelyrer—soluton_wth go,t heating A

guantity of solvent is charged
Reactper atMeoneraont rol | ed [¥8éti on |[v898el equi pped with a
cgarpe r er] (Cancdhdenser, al nitrogen inlet and a feed

i nl et. | Pogfunciacd moroméas SEGDAS heatoed |and mai nt ai ned at
t he reac@anomB} enperature of 950C. A pre-m x of
MonNoNel $haik Radsker bdeddST ef pggent, |1 migsijat or |and sol vent
IS prepaceth. cCYhe pre-mx is changed tjo the reaction
vessel @T;,t,ag,rconst ant taf geRVer 3 RQyis under a
nitrog aLnuopnCl e—Af a—futrther—30—m nut es,
post-adé‘)'f’?%n of a boos ﬁ?"f‘?“?l at d222q1 it | on i s added.
The reaction vessel is p¥yleveai ned at [tZA82reacti on

AremRer atbhends 95C Tor Bydrtherl 2 haupgg | The
cha@gper alcend. Ap t hen incyreased to 120 |C, mai ntai ned at

that t eTRER AL FmbmeR [EEBART $0 M UEgs| and then

(Comp. B)

Chain transfer agents DDT 1.15

(Comp. C)

Initiator AMBN 0.68

Solvent Xylene 12.00
Comp. B in wt% of Comp. A 20 2.0
Comp. C in wt% of Comp. A 2.0 2.0
Properties | Theoretical NVM (wt%) 50 60
(c)cfapolymer Actual NVM (wt%) gel gel
solutions Viscosity (cP) “ “

Mw (D)

PDI

Tg (°C)

Both comparative examples formed insoluble gels in contrast to the silyl ester

containing copolymers which form soluble materials at the same or higher solids content.
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cooled to roomtenperature. Copolyner solutions Sl to
S13 in Table 1 and Table 2 and S 16 tol 7 in Table 3

wae@porpar ed according to this procedure. GenECHEP2008/058460

procedure for preparation ofz4copol yner solution A
quantity of solvent is charged to a
tenperature-controll ed reacti on vessel equipped with a
stirrer, a condenser, a nitrogen inlet and a feed
inlet. The reaction vessel is heated and mai ntai ned at
the reaction tenperature of 95C. A pre-m x of
nmononers, chain transfer agent, initiator and sol vent
i s pleptinggompesitions:_njx i s charged to the reaction
vessel at a constant rate over 3 hours under a
ni trogen trmsphefre Aftter ft rvher 30 mnutets
post i ' i
The MTeadigredientisass eilxedsmdgrdmhatmtmmew dfec 30gqac tisiogna hlgh speed
S e
d‘é:sg%%% %g{n red en? s%n];e{r?\g tgrtlxee%%gg{ela?fﬁgc%g go ?e%eh%uréimdrt'ﬂfzo
agndisg aﬂ@dessmaq!d?dﬂ%ﬁ the l4tdowablhe qenanabcqmr@plae@dofétmtﬂmmg

cbRpbdHichs RFL T&@Qél'ﬁ@d in Pabie5HnAakbie®. of copol ymer sol ution
vi scosity The viscosity of the polyners are determ ned

in a§86‘Pd’éW@é’°9\ﬁ"¥rﬂer§3*F 152418 g hey eR B9 GORNISPRPPRAIGNS.
Ahl @@@m & ltheddpBlyka¥r %I@?n#%e?g@gltﬁgtlyge gﬂéogﬂ}deogh@ws
ners are .t r at to : : efore the
gﬁfraéﬁv??ﬁsgme&n%b%fati on of solids content in the
poI ymer sol utions The sol ids content in the pol yrrer

30' Ub‘af&[]l%n%' & 4

CD&“@ opBERPsilic ed oven at 1500C for 30 m nut es. The

wei ghte QbladibiBrgafie b&Hé&unH@@% &ntdn® otRO ShHSUIRE cdAin§e
the non volatile matt e non-volatile matter

CETRPEIR" ip §a'%$l?§?%§‘§é’8°rf’?m%&'tﬁlﬁﬂ% Pt . The val ue

given is the average of three paral l el s. Determ nation
of p?)e}/ermmafaon of%%ewsr(rzgls&/ olf the an\{\%u%q coating composition

The high-shear viscosity of the antifouling coating composition is determined in

accordance with ASTM D4287 using a cone-plate viscometer.

Determination of polishing rates of antifouling coating films in sea water

The polishing rate is determined by measuring the reduction in film thickness of a
coating film over time. For this test PVC disc are used. The coating compositions are
applied as radial stripes on the disc using a film applicator. The thickness of the dry
coating films are measured by means of a suitable electronic film thickness gauge. The
PVC discs are mounted on a shaft and rotated in a container in which seawater is flowing
through. Natural seawater which has been filtered and temperature-adjusted to
25°C £ 2°C is used. The PVC discs are taken out at regular intervals for measuring the
film thickness. The discs are rinsed and allowed to dry overnight at room temperature

before measuring the film thickness.



The polyners are characterised by Cel
Chr omat ogr aphy (GPC) neasurenent.

Per meat i on
The wei ght - aver age

wordoeoei2a6 wei ght (Mdy) and t he nunber - aver age POI/ER2D&058460
wei ght (MWn) are determined usging a GPC instrunment with

refractive index (R') detector.

relative to a polystyrene reference.

pol ydi spersit

y index (PDl)

The

is given as MM WMnh. This

The val ues given are

Treblerfo thggridiests theat@ppamemlthm@IC@ewfﬂ & Co@#@ hts relative

_l—o_a_l—l—nFaT_p]m yStyT ene_ stanmdpr g ZpiTEd iy
rolecular—weight sl. Fhe—i-haccufFacy—o QU &E—ngie?
BidPght s i ncr eLé‘&’?V'ﬁgrsP'H@” pol yher $5feco re 195
branched. Bra H]rf(yliege observkd _as a hr rmdp N ng of
mol ecul ar wei g@!m @i selitisnt i on| Def-84 hi nafbh ofl0PAE
glass transitjé#*inemsdPat ure The glass transition
Biceidper at ur e (T@)prqusomdta: ai ned py DBb.B$ erertiddl Scanni
Calorinmetry (Qg‘zg;))errwﬂﬁmeenent 5. Theg PSC n@asur enent
el AR 77 T RN S e s
Pﬂ%’ﬁ‘@sv\ere useldRg9®EEns wer el r echBHed af 18| hea?i5ﬁ(1
and cool i ng rdatienioh didd€ m n W th apd enpt y.1pan as.29
reference. ThiezifQxla@¥aREa2DDr VI ag 1HNS ak 89 S€01I3h
ST PSAtritsopy ylbll acryiaf]
TRER 1ion aﬁw b 5%
triispropylsi|Baieasy@eynet hyl | nmet BaEt vI at e- VEA
2- met hoxyet hy| Daiitgl at e HEA 2+ hydr oxyet hgko acryl at ¢
MVA et hyl @tﬁ@cﬁ{h}{épﬁétg ATB - 7.21 -
2,2'-azodi(is . —e)j—ANMBN
2,2'-azodi (2- rﬁequ%}'lnﬁ t<':'rml trile) - - 7.24
Solid glass beads 5um - - 6.11
Dehydrating agent Calcium sulfate 1.16 2.1 3.43
Thixotropic agents Disparlon A603-20X " 4.31 3.11 3.60
Disparlon 4401-25X @ 1.12 1.21 1.40
Solvent Xylene 7.21 8.73 11.24
Calculated TS vol% 58.0 57.0 57.0
Calculated VOC (g/L) 390 393 392

(1) Disparlon A603-20X is an amide wax, 20% in xylene; produced by Kusumoto Chemicals, Ltd.

te
| ar

t he
ng

S
S

¥ num

(2) Disparlon 4401-25X is a polyethylene wax, 25% in xylene; produced by Kusumoto Chemicals, Ltd.



EGDVA et hyl en

e gl ycol

anhydri de HP- A-MA 3-acryl oyl oxy-2- hydr oxypr opyl
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t he |inear po|Bawen s@fafe. Thi s ponféons that -{he - -
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a reduction ipNerhelinag¥entge wej ght no ecul ar | wei gt 7.22
My, but al so [ slili hiessdtegdssqunof | br anchi ng. Conpar asioge 6.09
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Solvent Xylene 4.69 6.77 7.78 9.20
Calculated TS vol% 58.0 57.0 57.0 57.0
Calculated VOC (g/L) 391 395 394 395

(3) Lutonal A-25 is polyvinylether; produced by BASF AG.




prepare conparative exanple 1 (CS1).

is presented in Table 4 .
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api7 fouling coatingsdilng i nigea water 3o

C18 $10 100 25

C19 82 220 58

C20 S3 180 45

C21 S4 140 17

C22 S6 240 45

C23 | Coat #3 s7 180 56

C24 S8 180 41

C25 S9 160 43

C26 $10 160 17

c27 S11 100 10

C28 | Coat #4 S17 200 49

C29 | Coat#5 S17 180 34

C30 | Coat #6 S17 200 86

C31 | Coat #7 S15 280 83

CcC1 SeaQuantum Classic LR - 17

(4) SeaQuantum Classic, light red is a silyl containing antifouling coating; produced by Jotun AS.



The polishing rate is determ ned by neasuring the
reduction in filmthickness of a coating film over

wWo 20w/ 00Ro¢ this test PVC disc are used. The cOBLT/RB2008/058460
conpositions are applied as ggadial stripes on the disc
using a filmapplicator. The thickness of the dry
coating filns are neasured by neans of a suitable
el ectronic filmthickness gauge. The PVC discs are
Tablent shawe thatalsdrdifqulishepating earerpsitinnahavehavaisesity andihatdhe
coalingdires shoy gaodwoklingHaiesigh. Nat ural seawat er whi ch
has been filtered and tenperature-adjusted to 250C
20C i s used. The PVC discs are taken out at regul ar
intervals for neasuring the filmthickness. The discs
are rinsed and allowed to dry overni ght at room
tenperature before nmeasuring the filmthickness. Tabl e
5 : Ingredients of coating conpositions Coat#l to
Coat#3 ( 1 ) Disparlon A603-20X is an am de wax, 20%
in xyl ene; produced by Kusunoto Chemi cals, Ltd. (2)
Di sparl on 4401-25X is a pol yet hyl ene wax, 25%in
xyl ene; produced by Kusunmoto Chem cals, Ltd.(3)
Lutonal A-25 is polyvinylether; produced by BASF
AG (4) SeaQuantum Cl assic, light red is a silyl
containing antifouling coating; produced by Jotun
AS. Tabl e 7 shows that all antifouling coating
conpositions have | ow viscosity and that the coating
films show good polishing rates.Patent clains: 1. A
branched silyl ester copol yner conprising repeating
units of (A) one or nobre nononers containing one
pol ymeri sabl e ethyl enically unsaturated bond, of which
at | east one nononer is containing silyl ester
functionality, (B) one or nore nononers containing two
or nore pol ynerisable ethylenically unsaturated bonds,
and (C) one or nore chain transfer agents, wherein the
nole ratio of polynerisable ethylenically unsaturated
units of the nononmers (B) to chain transfer units of
the chain transfer agents (C) is from5 to 0.2. 2. A
branched silyl ester copol yner according to claim1,
wherein the nole ratio of polynerisable ethylenically
unsaturated units of the nononers (B) to chain
transfer units of the chain transfer agents (O is
from2 to 0.5 3. A branched silyl ester copol yner
according to claim1, wherein nononer (A) with silyl
ester functionality is defined by the general fornula

(1):



R1X- Si-R2"" . wherein Rl, R2 and R3 are each
i ndependently selected fromthe group consisting of
wo povemn7206 branched C - 2QGal kyl groups, C3- | 2PCT/EP2008/058460

cycl oal kyl groups and C6-20 @yl groups; X is an
et hyl enical ly unsaturated group, such as acryl oyl oxy
group, nethacryl oyl oxy group,
(et hacryl oyl oxy) al kyl car boxy group, mal ei noyl oxy
Ratemtiplainfsiimar oyl oxy group, itaconoyl oxy group and
citraconoyl oxy group. 4. A branched si I yI ester

opol yner according to claim3, where and R3
1ar e AN AE slybeRiRPOPYyrBRi COEPEBNg Fe@ﬁ?tﬁ’ét%w Of (A) One or more

i sop H@)IﬁMﬂnersftobMthg,onb%@@h‘kb{éab@'ﬂh)@é}ﬁiﬂiw unsaturded b&g BBGhich
silyl ester co nmer accor

5 wher el Reskone FRRTYHOS Petgap Sl S el (e more
gr oumoGomérsizoatabimgdws bf ybregetyeterisaipoétiyrericalg aosadiragd tonds,
any I n
Wi t hgéd fd))% r]no efc@gxg\ttygg%frgfég{l} Ps %hgr:egg{g% ﬁofé‘?&?o"&% rrgwlsable
of 16@9'6%@9’ umﬁ$t9ra¢ﬁd uneoft the monﬁm%mB)etOGhalﬁﬁﬁmi@rL@ItS of the
mor ecﬁ’é’n@fr&rﬁs’i‘é?% drs B iderbi SWQbQ nost preferred 20-40%
by nole. 7. 8ranc hed silyl ester copolyner according
0 to any of cI a| ms 1 to 6, wherein nononer (B) is
pres Nﬁraﬁcﬁe(ﬂiﬁlyaéfﬁi’éﬂ’bbp@f/m&- abz&ain&d(b&dalﬁﬂ ?\/h@felrt:I the nt]fﬂﬁlrai;) of
concent r at nonpner s nore . preferre 0
e i e B e S A g e e
t o atrgngiér unitadfitee ghairotrahsfanagerds (C)tidiieorh Arc0bonal ity of
mononer (B) is 2 to 4 polynerisable ethylenically
unsat urated bonds per nolecule, nore preferred 2 .
15 3pol yherranchpd alybesigricepelyaen accerdisataigiaimed wherpirsmpramer (A) with
nol egfgll BsterFunoR4IRYNE B@ﬁe@ 'bk/YHe &ﬂ%l%‘ fofRRL Iy Mer

according to any of clains to 6, wherein the
R
X—:Si—R2
© 0
20 wherein

R', R? and R?® are each independently selected from the group consisting of linear
or branched Cy.» alkyl groups, Cs.12 cycloalkyl groups and Ce.» aryl groups;

Xis an ethylenically unsaturated group, such as acryloyloxy group,
methacryloyloxy group, (methacryloyloxy)alkylcarboxy group, maleinoyloxy group,

25 fumaroyloxy group, itaconoyloxy group and citraconoyloxy group.

4. A branched silyl ester copolymer according to claim 3, wherein R', R? and R® are

each independently selected from methyl, isopropyl, n-butyl, isobutyl and phenyl.

38 5. A branched silyl ester copolymer according to claim 3 or 4, wherein X is

acryloyloxy group or methacryloyloxy group.
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chain transfer agent (C) is present in an anmount of
0.1-25 % by nole of the total concentration of

worenvenenss (A), nore preferred 1-10 % by nol e. BOI/EER008/058460

branched silyl ester copol ymgr according to any of

clainms 1 to 6 and 9, wherein the chain transfer agent

(C is a thiol conmpound. 11. A branched silyl ester

copol ymer according to any of clains 1 to 10, wherein

& he Pdirgnebed silyt éter copolyrer asoding teanyi of claimrs biorfe svherein one or

Pr es aReEmBhorRerk [OSuithaihi ©&er uktidnditPls: é)lrés%nt in BR aH%ﬁntQﬂ‘f 189 %

branched silyl ester copol yner accor ny
cl ai ﬁﬁm'etqftfmot@km&t% ‘Pf‘émeW ﬁ‘oé%pr&fﬂrﬁefjdéﬁp by mole, most

coat bRGerkAMPARRs bPholel3. The use of a branched silyl
ester copol yner according to any of clainms 1 to 10 in
order to increase the solids content of an antifouling
7coat Algarcbepeilyl ¢stervopdmerArtcaming toanyi aiglamaat forg) wherein

conp nghgp(gggrﬂpééeﬁl F%n%n%ﬁﬁtrbqBquSS%lb%ln%ogesﬁr‘ilﬁe tghaé one

copol yner “a 0 an

or rmere:eowen oé@np@m@rﬁ(/é), mo. priarrech®.1 1084 hyngoleoat i ng

conmposi tion according to claim14, wherein said one or

nore ot her conmponents are one or nore biol ogical

8act i (Pranghd silvhester&AryneTasarring Ieom 9T Ao h9ds WPF"@H‘ the

accomhicngnatny ofmahdmer4B ik 2154 palglﬂhbﬁsa@readtwhemn_\plnqsatmed
re c onent s anong 0 r. resins

o orB B PeEEBe Tk e 744 Sr L aRAIa kY BhigE B Rz uratec

and doydspgr ageatls, additives and solvents. 17. An
antifoul ing coating conposition according to claim 16,

wherein other resins are rosin or rosin derivatives.
98. Arbrenehpd glyl ey COBRYTPIPCETrPO &0 @Yot clatsot iy hersin the

any ehaif trih i adént(©) i presehian 8h Bmb@stiono. Q-r25r°)9§j/ Fhole of the total
derivatives are present in an anount of to 90 % by

wei gRPNEPIrtioa of @P%?m?rééA)ng‘oferPr?fﬁ'%e%6&80/%,?3( M8,

preferably at |east 10 % by weight, nmore preferably up
Lght. 19. An antifou Q

BompadTienhT SElyerho ReRb URY 4 R8BI Broggpno o, wheren

wher dierchdiatinadsfat agegt @9 é&m hichoemehupd.ng agents are

present therein.

11. A branched silyl ester copolymer according to any of claims 1 to 10, wherein the

polymerisation of the copolymer is performed in presence of a free-radical initiator.

12. The use of a branched silyl ester copolymer according to any of claims 1 to 10 as

a component in an antifouling coating composition.

13. The use of a branched silyl ester copolymer according to any of claims 1 to 10 in

order to increase the solids content of an antifouling coating composition.

14. An antifouling coating composition comprising a branched silyl ester copolymer

according to any of claims 1 to 11, and one or more other components.

15. An antifouling coating composition according to claim 14, wherein said one or

more other components are one or more biologically active agents.
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16.

17.

18.

19.

31

An antifouling coating composition according to claim 14 or 15, additionally
comprising one or more components selected among other resins, pigments,

extenders and fillers, dehydrating agents and drying agents, additives and solvents.

An antifouling coating composition according to claim 16, wherein other resins are

rosin or rosin derivatives.

An antifouling coating composition according to any of claims 14 to 17, wherein
rosin or rosin derivatives are present in an amount of 5 to 90 % by weight of the
total resins in the composition, preferably at least 10 % by weight, more preferably
up to 60% by weight.

An antifouling coating composition according to any of claims 14 to 18, wherein

dehydrating agents and drying agents are present therein.



