WO 2009/ 007276PCT/ EP2008/ 058460 1 BRANCHED POLYMER AND ANTI FOULI NG COATI NG

COVPCOsSI TI ON COVPRI SI NG THE POLYMER The present invention rel ates
to a branched silyl ester copolyner and antifouling 5coating conposition
conpri si ngyd HeM-aached silyl ester copol yner. reHEbAGSReLhat are

subnerged i n seawater are subjected tq fouling by marine organi sns such as
green and brown al gae, barnacles, nussel, tube worns and the like. On

mari ne constructions such as vessels, oil platforms, buoys, etc. such
fouling is 10undesired and has econom cal consequences. The foul i ng may

| ead t o bi BRAYICHED FIByMERANORNTOFOINEG DATER COMROSFaRedoMPRG M
accelerate&Hg@tﬂqﬁkﬁ On vessels the fouling will increase the frictiona
resi stance whi ch | cause reduced speed and increased fuel consunption
and it can also result in reduced nmanoeuvrability. To prevent settl enent
and growth of rEel resentigantios PEatedtb iafobtchdligsig @btat Bpayreer Ueeshiiiolinghese paints:

gener al Ly GQRE Lafbodnb] LHhOIdT DBaRLRASH, oS 008LhaE, Wi Lh di [T orent

conmponent s such as pignments er vent ‘biologically active
subst ances. . The nost successful antl foul i ng coating systemon the
mar ket unEI_i | 20Ridravshdt he shbr?@'@écylh EédWa(eTBr-E)SUQQ&téd'tBQJuhrﬁ;;"Uy%nﬁ?@plo| yner
systens ulin atin e . |linear
acrylic coéﬁ?@%@%’qu ‘Si%/%re?%@ br&f §%@a§3r% B’ta musg%,%gne Mkt fgss%‘\zlﬁfé &P the
20pol yner @a@F%@RﬁéﬂWWOfﬁW@%ﬁsy@%@Gisr@ﬂ Fé%t@fnwgbwqw WWC‘C} faglingwhi ch i s an

ef fectiwe bidesidend E&l@edoma:dab@@ecﬁféﬁoéslmeeﬁm% Mﬂﬁéad tB@Wog,@gat ai ni ng

carboxyllc acl r becane S fIC ersible in
seawat er t 3% ecg%f\%sqg% Hli#oF Cr%?s(?g 39@ C?; rgf‘ﬁgf?f?s@ﬁggq Vﬁ’é)seg%d?ef ace. This

sel f - pol i slbing Mf'ﬁ@@%semﬂd@&ﬂr%@hﬂﬂ?wm@d&’lﬁ eduempduamfi spdwe atid ol ogi cal _
conpounds igehde@ ﬁ@@drismptb%w it éda&iéomestuh% (864 Ve Rk Oul i ng efficiency

and snpot h surgaces I ﬂﬁ %%' @ f frictjional resistance. The
| MO Convent i on "IPRVEP r‘f’ﬁ? POFAF"CHRVERT TBIreSIPaNFas ediRuing Paits ARYSeE ul
Ant i f ouf i nipesy stiirgemmeighimise ofin2o0iEnsbiatee dogsthat wihtdifesenproohbiiintsed to appl y

new TBT CoﬂkﬁbegﬂerﬂQtﬂhér@ébib% &%ﬁdd@%nyfercms%%ghc?&d that TBT containing
antifouling co bi t'ed hip hulls from2008. In recent

years new antif ﬁm ﬁtgsuﬁ‘i?éﬁf‘i”r?@t%%@gg ‘écﬁﬁngn%@mtf@éf?? TR L SRS 4638 tent r oduced as
a consequetipdyliof (TBRheseTBMishiag copyeetaye@ahs gire indafsydero of tiak aambdlif@ul i ng
coatings ORafidie Mllﬁ@&r a%@mpa%rﬁerg n ﬁ‘ﬁbt@lﬁrpﬂén'dﬁn%; psams'_?%l PiLiylg coatings

which mimc the ng co mer coa ose antifouling
coati ngs a‘%%/”ﬁé&’@agfa%“!r W@éﬂlys%ﬁ yie ’Q“%%l‘”ﬁ@h enadetivaiyesidsl sabl e groups
wi t hout birewridab apyiemepdynes. nohvent3ibiny darobsyid es;ndrmﬁjparmlesamass:fﬂbrbwysarre as in
the TBT cogfpiehy egpé;gﬁglnys@sm r1d B Sadilel B3 o DRLANE, fORLEQLLAE. ! ssol ution

of the pol %’mers and ereb e contro oul i ng
conpounds & THesERfshiNg eﬁ?qt REOViIFRESANtrPlieg re'epse Piifg Wplodrat doppaidee as t he
TBT cont aiimthegoatnl irdsdliihg in gheCn@diie MgnSySihe BBciency and snidde diBsdes SWCGSSf ul

sel f-pgli %b{@re@u’@eh%&}i&r{aﬂ@sn%&%e”ﬁ today are based on linear silyl ester
copol yners I near si ester copolyners and antifouling coating
conmposi ti ons c6hﬁ)W%PW§e*ﬁi%§éteb’@F avgitien of e CextenpHarmidesdr i bed in US

4, 593, 055, foliRy Bydets @3ShipsERt 200 1 24te®Midi it EiBrohin®edBo 46k neWIRG.BR&AR0, EP 1 479 :
737 and V\Qn%éigggga{%gs frcbn:; 2%)3 an@th%{'gfrrcon%m an{leuEmg coalngs ntl figuli ng coati ng

properties, varrous her cadditlves ised in the
ant i f oul i wPhied PhehicoNpsen 20%n. For exanple, EP 0 775 733 whi ch descri bes

antifoul i Ng Comtrbqgt RRANRSIdnliBNSg CEIRG b;&;ltéﬂr% Hald1R3R dé)elo}ééd Sater copol ynmer
ch, descr oul i ng coating

and chlorl par a

conposi ti on'%é%%d P Cﬁnse?%esnf:%()fq%e?rg&u??& gﬁ%g}rf)?%%p Oél)P‘f}‘i?a' %’g‘%oéﬁngcopol yner, EP
1 127 925 cﬁﬁinewru@gmhgé@dwq? the ae!-pasiiempdivuingoratiognphichsiimg tiee | i near silyl-
ester COpQ’BY@BIF-p@sBIdn@chQ:&@Mb trig§ ﬂx@&;ﬂér}ﬁm@fngcc@ﬁ%é sk B&ehag g or am de '

groups, es anti. coatin onposi tions
conpri si ng Ffoliyﬁneez‘i hawnﬁfﬁ”%ﬁ'@'ﬁ gef vww%gﬁg 'QFOP%‘?ng?yI ate group

cont ai i ngy{selynmechanenGohy ?ﬂrﬂ}ﬂawm ihe Edepsoteinibe soraimtref olilis ghgs ¢eat i ng

conposi ti @&n@@maronéalmo;bﬂ.da%a{he?bzwe@%@fhe@embx&m&uearageetsb Bres and WO

03/ 070832 whi ch describes antifouling coating conposition conprising a
linear silyl ester copolynmer and an inconpatible pol yner. The obj ect
of the present invention is to provide a branched silyl ester copolymner for
use in antifouling coating conpositions, and antifouling coating filns,
formed fromthe antifouling coating conposition, with inproved physi cal
properties, controlled self-polishing properties and excellent antifouling
per f or mance. Mot her obj ect of the present invention is to provide an
antifouling coating conposition with reduced |evel of volatile organic
conmpounds (VOC), which show a sufficiently |low viscosity in order to be



i ncreased solids content of the copol ynmer solution is obtained by using
linear silyi ester copolynmers which have a wei ght-average nol ecul ar wei ght
bet ween 1,500 and 20, 000 and hi gh shear viscosity less than 20 Poise. EP O
802 243 describes an antifouling coating conposition conprising a rosin
10conmpound and a linear silyl ester @opolyner. It is nentioned that the
linear silyl ester copolynmer solution has a viscosity that can be regul ated
to obtain solids content between 5 and 90 @6by meight It is not disclosed
in this docunment how a high solids_c ution can be tained. In
t he exanpladoding ompepwisyivar e Graie UB ‘%ﬂ%ﬁx‘@ Shig ﬁetr PETOBYYS 155 Rﬁggght are
descri bed. codahpyarfuiebdoatinggbighs. | i near pol yners have | ess cohesive
strength and lower glass . transition tenperature (T9) than anal ogous
hi gher nol ecul ar wei ght pol yners. These properties wll also i nfluence the
antifoul i ng coite mapt icbensiy apierclishivg anifpdingBysatH tafay R RFRtY BiNeHe sil yl
ester CopolyRgk d&&éyn‘ié?s e\t 4l sBteCaipbiginers bhdridtsoulittepetrgantpwiiotshe copol yner
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in the antif otd7iase EFORIAFIS5CIFPE8E.1300RP d4R° BeY @@d’b’J@@@'OW‘*Becr easi ng the

ol ecul ar wei ght. Qf toamc!;dlfg’@r%ranﬁi‘oiﬂh‘xF c@aﬁh@ﬁroﬁ@f%&' Véﬂaﬁs co-indes amBher known t hat
t he pol yner architecture w |

ence the t . 25Br anchi ng
i n pol yneraidfiveszrq coapiigeddp V\ﬁ@PU?‘é\'f‘g ﬁ?%ﬁ@ogﬁé{'@e ererggﬁEEed advant ageousl y
to nodify ralie Gesfinpantibeing seathg esnighitions comansyiglinear stepr at ure (Tg),
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bl ends . ”%o;p%\//meda r%la‘fe? pgrragxﬂrﬁFCD WM@%%&'\%@%HH&%I@ link E¥atihd)

by branchi ng t he nmer__c used to
i ncrease tmpgﬁﬁqnésm@féﬁ’lgéﬁ%m BmRoHR %I"S}??é?' yé%ett‘iftf'g%l?yr%ﬁrrdzp ﬂ@g% reduce the
VQOC cont en%h:&ﬁhe&@@e&@ﬁob% RATFPOIRh chaprsing30i8kdrylly! esttrapdpmrokbyd®ers with a
non- | i near r structure dion corrpr| sing
rqqé(};ecoB%%er &8m8nsu§qe%ctaq%l] 3 ér% 9%@9 bR GURASILL

t he polyne? earlier. descrlbes an
antifoul i ngwﬂmomlcnﬂjmgmbw%@w@ﬁﬁfﬁ'i“§?fr?@3"&S*ﬁ%PD‘HBF%%?”ﬁ’ ing at | cast 3
i nbis fr On?:é?tzfﬁﬁﬁé?:%bp Q&ﬁeﬁmn&b&iﬁn?%@@&ﬂﬁ(HN.B’ﬁl:hlci!@@dnUdﬂB‘nti&uﬂngIcaattng ester
copol yners ar strycture of: the ng

pol yf unct i WS%CHWPW&}QBP%QF&HI BBFFER gr?elréﬁgfbré%%n%ﬁk Pgﬁﬁag%lwg& nts,

pref er abl ydqoingt anttduimnaatingrocrptiéan coMisIRoINeT AT 6HETPERTD 87 460 4
chain tranﬁg g&lgﬁ%aﬁn (Antifouling coating conposition containing at |east
55 % by vo it I's clained. EP 1 201 700 describes the use of
pol yfuncfional (poly)oxyal kyl ene nercaptan conpounds to obtain star type
silyl ester copmabytedtsf benteabminvgniopsity providd k plaeeredislibeRe cariy@=ant i f oul i ng
coating co %selug %u’%ﬁ%}]tmcgwﬂr{ éo%o&trb‘ﬁ%n@%i%mﬁ@coahﬁg ﬂtrﬁs '?&m@i ﬁdrﬁﬂh@n the

solids con r solution or é}g rg q‘se The star
structures 3@@35&1?91qgéfdiglcﬁ’“?wmf‘m)ﬁi‘thd‘ﬁerﬁ}‘?éjrﬂh§8‘ BoReAFSCHTPEE P t “from the
branched Sbtﬁi'él@l!‘ig}kfr@pe'rt@sfah@eﬂfe%ﬁﬁmtsfduﬂﬂge;mfbmncm the type and degree of
branchi ng. -1 n %}08% ob ect of 194 6r§%Hh@en¥té}ﬁs Q}eg%\ﬁt% é?ﬁfan%@i'ﬂﬁ%élgg is |ow since

t he nunber of o Ints an e degree 10of rancq_é are restricted by
the functi osragdositign \aﬂi\dedlﬁéd feuglef VQH“%%@”&?W&WHW"P%\QC& FeiP¥Br initiator.

In recent yeaisNEWvRIsHRId-§Atd R pleathnbenes apiicstpn oeksses are devel oped
to obtain branched, hyperbranched polyners or well-defined polymers with
narr ow 15rr%l ecul ar weight distribution (MAD) in order to reduce the
solution v y Hyper branched and highly branched polyners are often
prepared by step growth pol ynerisation te J; ques ] node. of synt hesi s
is often nulti-%& @Séa%n?at BEIRIT BRYI99%F IR P ?°§&W?re°§m?rﬁ€guse of

pr ot ect i ve rgeatinp unisad {A)ams camdreadehiomesrahtaipiog cheypaipeopabieattivimicalivt er each
stage, whi gRARkESHoY Y AR it RO ofNindndeAB cgﬂﬁiﬁH@‘s@geé%ﬁun@tlioﬁgltyCOSt l'y and

t 20appl i cabl dustri al le. B
Cont rol | ed (RePBEUTHE WEPGRE AISCH BEIT B e BL oL 2 b el Pener

]?OSt ef f ecLiyg, Bf&%ﬁﬁo‘i@ﬁham transfer 20A0sOGHe46308 rrd:e@s’@?ﬂ Cﬁ@gkyfaefg?tée st ep plr ocess
or preparing soluble Idaadt iR efunct i ona
vinylic nnﬁ%&%?@“%f?%mﬁﬁB£f$$gﬁ@?b%ﬁ§&§%|n&p?gpngnoner as a crosslinker and
a chain tranamENm&gewmm(WD599W4639@ descri bes the same 25nmet hod as WO

99/ 46301, but the polynerisation is term nated before conpletion to obtain
a polynmer containing at |east one pol yneri sabl e doubl e bond, which nakes

t he pol yner useful as a conponent in a curable system Silyl ester
copolynmers are not described in any of the docunents. Both docunents
mention that the branched pol yners are advant ageously produced by a

non-sol ution nethod, i.e. a nmethod where the polynmer is 30not soluble in
the liquid carrier. It is not disclosed in any of the docunents how a high
solids content polyner solution can be obtained by solution polynerisation,



The branched silyi ester copolyners of the present invention are used in
sol ution when preparing the antifouling paint conposition. Therefore the
branched silyl ester 15copol yner are preferably polynerised in a solvent or
solvent m xture in which the branched silyl ester copolyner is soluble and
which is suitable for use in the antifouling coating conposition. By

avoi ding the process of isolating the po r 1 el PL gLif@n, the total
anount of sohweatondgerkct HereriapigY’ ttrﬂﬁﬁsﬁé’kgﬁ%n%re g%@ﬁ%ﬁ sﬁgy | ester copol yner
and t he ,ankidf Qb8 2 GoMbdnBg icanpasitngonatconpnikestisly the branched silyl ester
copolymer is 20reduced. This has an environnental benefit and reduces the
cost of manufacture. The use of branched silyl esteliLORahMERrS in

t he antifoulhmgmana@anQNEQWWB§W??ﬂhwﬂﬁmwﬁ€°ﬂV§§gﬂ?m¥%bent?éﬁfhas sever al
advant ages. T gzpﬁweuéé Qcnb8 65k tayid ofie trmerdetherchEePrePPy| est er copol yners
is | ower t%an the solution viscosity of analogous |inear copolyners, 25so

t hat antigﬁqiﬁggﬂ&ggghﬁ?gﬂamapsitions havi ng hi gher solids content can be

nade\MtQ?v?obu>|Ly SU e for conventional application neans, such as

airless spray. The branched silyi Pkge) 8 Rgamlcsoiverey e f | exi bl e
than the |i hedptedAAEHRS" tﬂ?ﬁ@‘*". =%§§§§‘f§8 %ﬁﬁ@%ﬁ?‘ﬁ vﬁ Loresylt in
ant i f oulyj, EhisP@ipBgidhk kotbenstiaded hen PrsiMRE: MESStE F%B‘Ef(%é 'f'éhdency. The
branched pol ey, st I UGIAILE, BRS aRdinakiuss srdebfreplations ifidhesenoishl i shi ng
e VP SpES TRt Syl i
30pr oper’ i %roperly desj neq.i man4EQ§mp§&§@@;h;ngmmbon provi des a
br anchednﬁtile)m'rgaeisb@ﬁﬁr%béir9?1‘%'%,”?%‘F\é’sshse o sai d branched silyl ester
copol yer A% arneRND ABSAdingly) sarediot arfipulnargebLTAF CBNPBSTITOR, and an
antifouling coatin nposition conprising the branched silyl ester
copolyne?wWEVEP@ﬁégY§§7276PCTTEP2008/03%}50 %cﬁmesmneééQmﬂﬁﬁﬂﬁhed silyi
ester copol ymeereafe valieuspHas EnpoERRFdMt S8 COFprS S€es Tepeat | ng units of (A
one or nppe MNANELS.&RBIHRA VDO gortere inpd gnisniingeptn s SPRVISEAMEXI | y unsat ur at ed
bond, of Ich at | east one nononmer is containing a silyl ester
functionality, (B) one or nore nonomers containing two or nore
pol ynmeri sable ethylenically 5 unsaturated bonds, and (C) one or nore chain
transfer agents, wherein the nole ratio of polynerisable ethylenically
unsaturated units of the nononers (B) to chain transfer units of the chain
transfer agents (C) is from5 to 0.2. The branched silyl ester copol ynmer of
the present invention is preferably a 10copol yner wherein at |east one of
the nmononers (A) is defined by the general formula (1): X-Si-R2 (I) wherein
15R1, R2 and R3 are each independently selected fromthe group consisting
of linear O branched Cl-20 al kyl groups, C3-12 cycl oal kyl groups and CS. 20
aryl groups; X is an ethylenically unsaturated group, such as acryl oyl oxy
group, nethacryl oyl oxy group, (nethacryl oyl oxy)al kyl carboxy group,
mal ei noyl oxy group, fumaroyl oxy group, itaconoyl oxy group and
ci traconoyl oxy group. 20 The aryl groups as definition of RL, R2 and
R3 include substituted and unsubstituted phenyl, benzyl, phenal kcyl and
napht hyl . The branched silyl ester copol yner of the present invention
conprises one or 25 nore nononers (A) having silyl ester functionality as
defined by the general forrmula (I) in the anount of 1-99 % by nole of the
total m xture of nononers, nore preferred 15-60 % by nole, nost preferred
20- 40% by nol e. Exanpl es of nononers (A) containing silyl ester
functionality defined by the 30general forrmula (I) include: silyl
ester nononers of acrylic acid and methacrylic acid, such as triethylsilyl
(meth)acrylate, tri-n-propylsilyl (meth)acrylate, trilsopropylsilyl
(nmeth)acrylate, tri-nbutylsilyi (meth)acrylate, triisobutylsilyl
(meth)acrylate, tri-tert-butylsilyl(nmeth)acrylate, tri- WO
2009/ 007276PCT/ EP20081058460 7 sec-butylsilyl (neth)acrylate,
tri-n-pentylsilyl (nmeth)acrylate, triisopentylsilyl (meth)acrylate,
tri-n-hexylsilyl (meth)acrylate, tri-n-octylsilyl (nmeth)acryl ate,
tri-n-dodecylsilyl (nmeth)acrylate, triphenyisilyi (meth)acryl ate,
tri-(p-nmethyl phenyl)silyl (meth)acrylate, tribenzyisilyl (meth)acrylate,
ethyldimethylsilyl (meth)acrylate, n-propyldl nethylsilyl 5(neth)acryl ate,
i sopropyl dinethylsilyl (meth)acrylate, n-butyldinmethylsilyl (nmeth)acrylate,
i sobutyldinmethylsilyl (nmeth)acrylate, tert-butyl dinmethylsilyl
(meth)acrylate, npentyldinethylsilyl (neth)acrylate, n-hexyldinethylsilyl
(meth)acryl ate, neohexyldinmethylsilyi (nmeth)acrylate, n-octyldinethylsilyl
(meth)acryl ate, ndecyldinethylsilyl (neth)acrylate, dodecyl dinethylsilyl
(meth)acrylate, n- 10octadecyl di methylsilyl (neth)acrylate,
cyci ohexyl di methyl silyl (neth)acryl ate, phenyldinethylsilyl (meth)acrylate,
benzyl di met hyl silyl (nmeth)acrylate, phenethyldinmethylsilyl (neth)acrylate,




but yl si | oxycar bonyl net hyl (neth)acrylate, triisobutylsiloxycarbonyl nethyl
(nmeth)acrylate, tri-tert-butylsiloxycarbonyl nethyl (neth)acrylate,
tri-sec-butyl siloxycarbonyl methyl (neth)acrylate,

tri-n-penty, ?d +&>§y7gar bonyl net hyl (meth)acryl ate, PCT/EP2008/058460
triisopentylsiloxycarbonyl nethyl (nmeth)acrylate,

tri-n-hexyl si I oxycar bonyl net hyl 30(neth)acryl ate,

tri-n-octyl sil oxycarbonyl methyl (nmeth)acrylate, tri-n-

dodecyl si | oxycar bonyl net hyl (meth)acrylate, triphenylsil oxycarbonyl net hyl
(et h) acr ylimdortanttiactor (se Afeintainl qnbve soikish Lisocginedt et smédigbolnetdi)tasr yl at e,
2[ LgFSIZBr/TLtS Wh?ﬁ(éﬁﬁr%aé?n%g%(eb%ﬁéﬁh%l\te t@%wnrﬁﬂ%gﬁggq for i;near polymers is to reduce |

npropy! di rrélerm’%quﬂab@(?@fapﬂ W’Wﬁ'hyl (et h) acr yI at e,

i sopropyl di met hyt $BJE108632Qi@édﬂ@é%}hh@tsWésté’r@ém)s%ru}fér\%th@wng a solids
Insglt')lb%/lygldl r?%nlts Ogt%grév?oﬂye cenlf%u n(oETr% i‘)aa(r:erX wlegﬁté)er %ent JThe VO
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(met h) acr y badofmeRrviiitnil i WH ﬁ#ﬁb&ég}&%&&ﬁfab@@%tﬁ&%@&l 1, §0mRhB2@cdy| at e,
n- hexyl di metcﬁql si | oxycar b% % '?7%({] nmet h) acryl ate

neohexyl di A&t HYT LIPSl BeRiP We (meth)acryl ate, 17-

oct yl di met hyl si#Ro&k§e&ai4B dascripastanypntifpying piatica sdmmpetion comprising a rosin

n-decyl di n'@érﬁyduﬁé Lxyimasan ¥iismh m&(lﬂ@ﬁ@%tﬁﬁéd’t\w&tﬂ% Imearsny ester
dodecyl di mewgll Si I écar bonyl nmet

C
oct adecyl dFTREVRGT S FRTY Y 108 (AR A s contentbetucen
cycl ohexyl dlaneemijelbswe@ktytzamm\!,dqm hytis davendr)t Aow § high eglids copolymer
phenyl di methylos hrsysasiRany k%%ﬁieé%&%@rﬁﬁé@ @kisolids content of 50 % by |
benzyl di net hyl si | oxycar bonyl net hyl (nméth)acryl ate,
phenet hyl di*RE ﬁ{ﬂ‘lﬁsﬁf’ﬁ%ar bonyl met hyl (neth)acrylate, (3-
10phenykpr opy bdicwetdtechisi Wmmbmmam‘tahylesz{ rabbdheatrendtiase, lover glass
tol yl di met né(rlsﬁaba %ﬁ%&%{ut%o i lti{gﬁtané(l %m%fdhlﬁivfewa%ht polymers. These

i sopr opyl di et oxy Car acr .
n-butyl dii g'@B‘?%‘ﬁW ‘é?‘%&%&% @fli'f?é' paingd "%R,elrtVP a_.{lthé molecular weight
noct yl di i sofphe)@syll estef Q)legzraérbﬁl)}d tﬁmblh’n)hl ceftame trhi)sadhpb@daet on the copolymer
met hyl di - ¥ @15\9 %] %WE QA*WWJ c,%taf%g film properties.

nethyldlc c SI oxy ca acr

15met h>?Pd| ﬁﬁ‘éfﬁng .w'%w@aprmwr ?Péﬁfeﬁstaéﬂeﬂ‘@émg feAting

but yl di pheyimiiliaxyse ae banyddne tdaybagryetdaeduigd atight ceantheat ersieas descri bed
in WO03/ 0897 (e The rmonomers (A) without silyl ester functionality may
conpri se any Romer 20 whi ch can be pol yneri sed by free-radi cal nechani sm
- M xture of nore than one nononer may be used to produce random

al ternating, bliagkeiDmogs a&tth@%a&mmt@mmh@ac@{he PERRIRFpedidy. W t hout
e LV U

n- propyl (medilypalgmel raeneries suph s pizks T(aﬁéﬁlmta@pgfata@@ o rﬁiemftfylsowm@tfh) acryl ate,
i sobutyl (cﬁrgérh)an:@mgaﬁ@m!saarz mmaywer@mtsh)na@mws%tue.myla@ﬂﬁay&h. edh) acryl at e,

sonctyl (L e Lo Tk t%ﬁ’ters. R Lo e AT S
(et h) acr yledice the \efel eayent @Nwt@)aamr%ma@%mﬂ%lodecyl (et h)acryl ate,

[sotridecyl (el ast bl fors A ASEIar LRI B8R a R coctrY | © 2l ky!

t f hexyl
(et h) acr yCRPEH 0o DEPET S Oy Ly e RY ST at ¢, ot hy !

(et Macryl at e, Ve B§/¢146p eericeivpplan Eniodipacaajitatasiposticoyohppewtetyy | oxyet hyl

(et h) acr yl@hkr nh$RROEIM K BB E) 8CEMALRs. TRRBbMmeRShL itiRls @arylic acid and

napht nyl . (W RABFyTRal & SR 3450 0) D0 P ITEBE I Ean by Wssbbrgiors -

hydr oxyal kyitiaters bepolyddnciee)dheio tracsfer agerts pm@mquunctfoaelmebr@uﬁh as

2- hydroxyet hyl (neth)acryl ate, hydroxypropyl (meth)acrylate, hydroxybutyl
(me,th)acrylate, poly(ethylene glycol) (neth)acrylate, poly(propyl ene
glycol) (neth)acryl ate; al koxyal kyl and pol y(al koxy) al kyl ester of acrylic
acid and nmethacrylic acid such as 52-net hoxyet hyl (neth)acryl ate,

2- et hoxyet hyl (meth)acrylate, 2-butoxyethyl (nmeth)acrylate, 2-phenoxyet hyl
(meth)acrylate, ethyl diglycol (nmeth)acrylate, ethyl triglycol
(nmeth)acrylate, butyl diglycol (nmeth)acrylate, poly(ethylene glycol) nethyl
et her (meth)acrylate, poly(propylene glycol) nethyl ether (meth)acryl ate,
tetrahydrofurfuryl (nmeth)acrylate, glycidyl (nmeth)acrylate; 10nonoal kyl and
di al kyl am noal kyl esters of acrylic acid and nethacrylic add such as



N-vinyl lactans, N-vinyl amdes such as N-vinyl pyrrolidone, and other
| actam and am de functional nononers as described in EP 1 127 902; 35ot her
vi nyl nononers such as styrene, a-nethyl styrene, vinyl toluene and
p- chl or os SR8 WO 2009/ 007276PCT/ EP2008/ 058460 10 , T,Emﬁiﬁggégpl e of the
nononers ( ? containing two or nore pgl yneri sabl e ethyleni'cal I'y unsat urated
bonds i nclude: difunctional nononers such as ethyl ene gl ycol
di (neth)acryl ate, 1, 3-butanedi ol 5di(nmeth)acrylate, 1, 4-butanedi ol
di (nmeth)acryl ate, 1,5-pentanediol di(nmeth)acrylate, neopentyl glycol
di (et h) acroydiatrensfel adgenieXaifaihgadcatthy (combds)iac cottiing, at kast$s5 nonaeeksol
di (et h) acr, Xl}c@is ciam%gdlo decandi ol di (net h) acryl ate, 1, 12- dodecandi ol
di (net h) acr 4- cycl ohexanedi ol Cg‘met h) acryl at e,
cycl ohexanedl rre?%éﬁ@ﬂl 708|"€$?§PW)"BW%PI o pelyfur ?@&@P‘@G@@KHW AEEPETOl
d: ( rrelt )h) gc TopiBdLRds tdlobt@'h et e sigl 8668 bgpoifimbRRbMYIAIRE bbbﬁﬁoﬁ\/arl]@[éhé bifxﬁk hyl ene
gl yco i tetra(et net.h) a at e,
pol y( et hyI %ﬁ%r“%{%ﬁ ? 39 Fom?cﬁjﬂg‘s col%{lae pgetaegsﬁé)%grlngrsq{ Ig ng f:ia%noqn)
di (et h) acﬁyfidatcﬁﬂf@rﬁ? Higorobpier é@%‘é*ogpy@éiﬂ)ﬂ @mpertion) acryl ate, tri (propyl ene
g! {COL %}) et hOXY!['&Ie%tad bttAREdR)RE Bb B &he tﬂ@@@ﬁﬁhbgtls a@ﬂv%’ﬁ@' dlﬁéFéhD?éﬁyihat e
i (nmeth)acr xanedi te di(ne cryl ate
L b hexanedl R SEaads PG o A0 Y 38 o e Pt ittt 1 e,
pent aer yt hisirtagire e ¢ pasendf danyitieg ie lovsynsa é;‘@tr@azb@rtoébramh@piﬁ@m@ﬁ tha cegree
di (met hpackyd-adcing Qr'e%ﬁﬂﬁf&@'by%we&hrhﬂéfdé'h@faﬁd db (MBththaskar wHnsrer jestaenol A
pr opoxyl at e d{ met h) acryl ate, 4- phenyl ene di (net h)acryl at e,
3- (acryl oyl B 2- hydroxypropyl nmet hacryl ate, allyl neth(acryl ate),
di (propylene glycol) ally! ether (neth)acrylate, nethacrylic anhydride,
crotonic anhydr!h%ent%d}g n%&&%&l@&mm %(:W%&BQ B ¥dc8PHad §re b ci)eﬂchw ene

bi s(nmet h) acr a( net h) acryl am di ur et hane

G (ot by mePPPBDENCE DB HETTEE POV SRy IS, BRSPS e | urn

di (met hipac mpleatia,wegmbpfiarbu(ién (MVIDYimeth) tacatyéeabesolutagviessiym di (et h) acryl at e,
zinc di (MeLOMAGENhal S i R rdothnbiiaBed) alo ghyinyl et her. |

1. 6- hexanedlol di vi ny - cycl ohexanedi net hanol ~di vi nyl ether
di (et hyl enBYrgEsiop "%‘}PW”:‘FW T”é’ftfﬁ%dre of F¥”i”(eé‘F MAemBUEFRES MY GMpleky! et her and
pol y( et hyl gareragliteqirgs tte vieny lprogdcher gro@5taditrerat battahal podtongespestich as

trimethyl OladEHr%Q&%‘?agErv&rﬁdﬂ%ﬂéé‘ﬁfnweé‘éﬁm o%ﬁ;'ﬂﬁ?@%@r}éhﬂlnarb& e‘co ?QR&‘X at €
trl(meth)ac;eﬁykl ate, trinet é% pr opane propox atetrl acrylate and
r

tris(2 ?-HydP M%?BP%@&% FQCWGPP'M@?FE)“%F FRqetrolied mo*ew*%[er‘g

pol yf unct i ois@Ebution sortesepatse vy asrasifple ] qetdrydiod prb@p@eﬁe) tetra(neth)acryl ate,
pent aerythritol t t te

tetra(nmeth) acryvlvg? %}4@%@%% S;ée/ér%t%lp %%L%JM%% %Ub% bh'ﬁg%%caand

di pent aer yPHYRR®PY W&%W%@@FW“QH@Y ic monomerWﬂ*é arve H%'P%ai UByiCmay be
present i NmbienABDL BlosMhked add 28ha% thysiabdganiofvotdesie s WidaboridenBaeimd A)

ol 0. 00 T008) SbIDTARGT) cib Ger Va1t TARIED bl oBhERE gyt 1 1070 DY

f uncti onal # PSYOF cHBMORRH I{B) OW@OQW@%‘EWPWﬁmh@%@%VP@ﬁvfﬁ%ﬂ |y

unsat ur at egkehoBgs cwonémlne@pwr@;e sweel pinedser a@own@rsrseé ABEd Rl
et hyl eni caI I t.ransf ent (C) may be

yy T H}nsaéuu re?i oth ?gcuments mre]agtsc? nﬁat rlveé)rarzche nt?ﬁ’ g gzﬁ &% onal and

chosen from’a ran ENRE
mul ti funct actyﬁ@tlagqomhoa}rgduc@(mn@‘ssq&ﬂiomﬁﬁw@ hetd rcm@nd vhsredhspiiymer isde:  al kyl

t hi ol s sguchutasude iarti%p@ﬂlgbmx@rl it ;enaegamhmr@loﬁhauémtnbmhnaw pr@panet hiol , 2-

thyl-2- t anet
e at o SSClet Rl ol o Pt 8 e oy SAARE pBY TPt 212 MERPAnet hi of
1- oct anet hwicﬂre the golyroertiasnbtbls inkhe ingd cardet latietdrpodies the pcnmmmtemrcﬂ

fert- nonan@lé&m@én polyn@agaaa%éuecéme&em%ﬁ@.@@maﬁei 35%%@@9@%@}“& hi ol , 1-
t et radecanet cane et hi ol ; thiogl ycoI iC

hoi 0 and PRGNS BTG PR PEEPLlER Crel ey TR BT JROPATE ot hyi

t hi ogl y€ol siufonshagindy bdtigx yonterth DIH % op vaitld wiloet mketthe \6YT egobimbe and i sooctyl
t hi ogl ycol ate; 15nercapt opropi onic acid and al kyl nercapt opropi onates such
as ethyl 2- nercaptopropionate, nethyl 3-nercaptopropionate, ethyl

3- ner capt opropi onate, butyl 3- nercaptopropionate, isooctyl

3- mer capt opr opi onat e, octadecyl 3-nercaptopropi onate and pol y(propyl ene

gl ycol ) 3-nercaptopropi onate; other thiol compounds such as 11-nercapto
undecanoi ¢ acid and 202- hydr oxyet hanet hi ol . Exanpl es of multifunctional

t hi ol s i ncl ude: di functional thiol conmpounds 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 nonanedlthlol 2, 21 (ethylenedloxy)dlethanethlol



WO 2009/007276PCT/ EP2008/ 058460 12 conpounds; such as carbon tetrachl oride
and carbon tetrabrom de and aromati c conpounds such as cenet hyl styrene
dinmer. Also, catalytic chain transfer agents such as netaloporphyrins e.g.
cobal t por, npounds are useful chain transfer r the
|nvent|on‘ﬁﬁ%#bﬂvglc chain transfer a%ents may be useﬁgﬁﬁﬂwéwggﬁgely | ow
concentrations 5conpared to conventio thiol chain transfer agents.

The use of multifunctional chain transfer agents is a useful way to

i ncrease the degree of branching in the polymer. Optionally, the chain

tT L ansf e][ agegt Eﬁ}’n\feﬁﬁpéfit%r@semiﬁ%hﬁcﬁ f&ind hman% ihfeRing AR sbb/d@%oﬁ&nt(ﬁ@ppoung 10
e preterred C ent.s ar thiol cC e preterre
monof unct i dHa Xamale%?gw@g%4ﬁ{qa§gscr%'ng SSldor p%n%enﬁﬁ%npﬁta % ?d %Qﬁg’nh t ransf er

agent (0) rseiablsdorspeting prodiigion, lea. Shumtvetght. Botly Ases B higriakpdransoiibie he t ot al

gogg[rer“(a ?)gﬁ[{é%g%’cbﬁ@é H@\ﬂeve}v@élﬁn&rsglﬁﬁfnﬁrﬁéabﬁﬁgh.@scmgﬂ%efgiﬂrg%]ﬁﬂ n tlrag eg ¢ e
e N et LY A b TR

cont ai ni ng bewblaioed wanentppdlignyene sarbbre rr@hbryderemﬂcaihfllWteﬂmuﬂisaahtyr ditied bonds to

provi de nomfala'a@%ﬁsw%orlamhe%ﬂl mé@a%%ﬁﬁﬁ@h%Q§9e é’%!réf@ly@%@ﬁ)wdr@eﬁ'e anount s
of chain tra er agent s C%ec?sny!%sé)}revent he formati on of | nsol ubl e

cross-|i nkécijo 3 fiifole bran hePPRYTE PALPENIOHYP §ReTingebl e

et hyl eni calcbgolmsambah@@d gilyl dsger obpotyhmersmo he pessnt 256MBpn teprestydian tr ansf er
units of, t k}sfs&#wom 5 @%ﬁtfafarvda\%%f@an( Qt;fduﬁngfaogmg%owos%o% colBhfgRiye! erred
from2 and The branched 'yl "ester copolynmer can be obt ai ned
by pol ynerleétlehﬁ’p%ly'ﬁ’?fxture of rmnoners (A), nononers (B) and chain transfer
agents (C) in the presence of a free- 30radical polynerisation initiator or
catal yst using | dinthe art
such as sol uti oﬁ'%%o%%fcwa\é%ﬁ%g&& c'&}}‘&,ﬂ{?gﬁi Mﬁelléreé%?%%n%%rﬁgg |r>’sohﬂ§1c§1

pol yrrer i sat"&hereraiag §b@ﬂ-§‘i‘%‘?ﬁ‘%6‘l”?%i"% PR tF%b"ﬁ‘F@%?"ﬁ’rﬁéf% sol vent borne
coat i ngisconp@sivier a8 pferadaniy AGrpadenes soiveht mrs*»oa@iwamﬁg@wssntr@ dilute the

pol ymer wi BEJ él’s%d eryggs@%r%ogo@m tsolhkge Qvﬁ}\gﬂ CQ’I tgs&tgté%%? {J%eﬁc? hlé t‘ti-?)ouhhaw ng a

conveni ent VI $COSIt ction al so
desirabl e P‘E?“é@rﬂ”ws'f'%%@)\{%ﬁgéff'? qﬁ@ﬂeyw‘ﬁwaw 53 P‘Pfﬁ’t‘ﬂ"f@@“‘eéproélaﬂtikn

pol ymer i satqie@fal mBiohadr soivw w20/ A2 RT 1HEB2AERA QhB4hd} c&&)lymer and

iP :lefl\,ﬁlr 22 ! %’Hwe ahfl%%Lﬁ g#}&%‘? gﬁ:o tDIOSCI)tEOﬂ c%m@r%m%qget t%gnched glg e(-s){gvgs%%lﬁ%grv\ﬁs,'?l:xe:’]ts m xture
sui t abl? f sdusegeThighasire ea\monm@mi ﬁ'g%fftaslatw%%ctmé@fmamdfaotqrhe step of
isolating the polyner is then avoided. This vvi |1 5require high conversion
in the polynerisatio rocess r ef erabl 9% to avoid unreacted
rononer 5 i b the DA M SGE Y eHe e RURe AT g e B SRROHET s "ahoul d be
as | ow as gd?ﬁsmrb?r%tiﬂ‘fﬁmé@ﬂéwabﬁ\w%édf\@waa% Thiusslution Virsadity lof thebrasadeet y concer ns

associ at edsii dster FRHAQIRs ICKNROSAHNERe solution visdBsBf & ér@éﬂjgﬁustlmgartéﬁm pol ymer of

t he present ention re convent al meri sation
it the o R BEHIN PERTEfo o OS Ao THEL 5P SRIETLPBAE BPIS oost -
initiator vspsiysoiabde dohentioghelicetimresst onciods drtees sgmakyyﬁfmbrsra:hed)n and

thereby r eQIVI@sﬁQc&Hﬁ@m@:@%@éls&%arH RERACHEHHARRRPES a%rgue;gh%ehﬁ)l Bdled Ni tiator can
be the sa from ator used ol ynerisation. It

is select 2% @p Hr‘ﬁ"[ rﬁ%"”é’éﬂﬁ'fo@i ’TS’LPBatTQSP” Y"h?fi Pabds '§Ssa°§a*‘H%teﬁ6Efr§?¥rerl sation
initiators. The braboteripblgsercirudture bay mchdverse pitdcyamend sftpoishingni ti at or s

i ncl udg, az M@gtﬁ%@ Meh.as 2, 2' -azobi s(2-nethyl butyronitrile),

2,2 az%blggl sobutyr onylstrfare) and 1, 11- azobi s(cyanocycl ohexane); peroxides
such as tert-butyl peroxypivalate, tert butyl peroxy- 20 2-ethyl hexanoate,
tert-butyl per drydiesdrhiphadiet atedestagrncher sili eper axpyiyaabiit ysadfeaidt er t - anyl

per oxypi Vaér@r;cﬁed éll?tretsfe@%lolymgxr Mco%pSAJM ’n%ﬁ%%%ﬁhf@oaﬂng]comp%ﬁ%w n@nyl

peroxy)cy0|onexane and benzoyl peroxid Xtures thereot. Preferred
i ni tiat or LnnEfopling cagdiga F?meqsa%@p&ﬁag fh& Pianglipg Isih et ePRAYEer 25 The br anched
silyl ester copolynmer of the present invention can be used as a conponent
in an antifouling coating conposition. The branched silyl ester
copol ynmer provides the antifouling coating with the necessary

sel f-polishing properties. The polishing rate of the branched silyl ester
30copol yner can be adjusted by the type and anount of the silyi ester
functi onal nononer(s) and the properties, such as hydrophilicity,

hydr ophobicity and flexibility, of the conmononers, crosslinkers and chain

transfer agents. The properties of the antifouling coating
conposition and the antifouling coating 35fil mcan be adjusted further by
addi ti on of other components. WD 2009/ 007276PCT/ EP2008/ 058460 14 The

antifouling coating conposition of the present invention conprises the



20et hyl enebi s(di t hi ocar bamat e), manganese et hyl enebi s(di t hi ocar bamate) and
manganese et hyl ene bi s(dithi ocarbamate) conplexed with zinc salt;

Exanpl es of organic biologically active conpounds include heterocyclic
conpounds

2-(tert-b3§§ gﬁ?ﬁ%§-4-(cyclopropylani%o)-6-(nethylthiB?yE?@?%ﬁ%?Pazine,
4,5-di chl oro-2-n-octyl-4-isothiazolin-3-one, 1,2-benzisothiazolin-3-one, 2-
25(t hi ocyanat onet hyl t hi 0) - 1, 3- benzot hi azol e and 2, 3,5, 6-tetrachl oro- 4-

(et hyl sui phonyl ) pyridi ne; urea derivatives such as

3- (3, 4-di chl or opeeryichedlsivi ested dFPHEWF B8 predht HOsntiaNEbnipAtddespeafingcar boxyl i c

act o, oul R By ) s U S5 B MHSeB cenc
N-di chl or otN@sHrHehang] af high AlleastivneendnpineNs pirdaiyiaasifiestedianctionality,

N-di chl or ofsywas ermérdohdthérs Donaidh 1B bhdibre Nopmb Radit sHléadEide 30and

N-(2,4,6-trichl orophenyl | ei m de; other organi c conpounds such as

byt 1 di ne « PTEERTBoraire (e i pian e Br SRR B RghE Do B hy

N- but yI car belymgrisabloellyigiawly tretinmtd] woitod $ophineakeii Xto thad tansfer units

p- ((di i odogEhditastshBBaRyRt @b\ 510 0.2,  Cther exanpl es may be

t et raal kyl phosphoni um hal ogeni des and guani di ne derivatives. 35The

bi ol ogically active conpounds may be used alone or in mxtures. WO

2009/ 007276 PCT/EP2G:087:0584 69erk6polymer of the nreamhtlinténtion it preferebivler anched shyl
ester GoPOokyiRmeARth-dt QG GRlok e AhbMsrs SONPRAN Sy & AL QUL HO coating
conposition according to the present invention optionally conprise one or
nore conponents sel ected anong ot her resins, pignments, extenders and
fillers. dehydratipg agents and drying agents, additives, solvents and
thinners. 5 An additional resin can be used to adjust the

sel f-poli shi ng greerRkes and the nechani cal properties of the antifouling
coating film | Exanpl es of resins that can be used in addition to
the branched silyl Réster copglyner in the antifouling coating conposition
according to the present invention 10i ncl ude: rosin material such as
wood rosin, tall oil rosin and gumrosin; rosin derivatives such as

hydr ogenat ed angheearti ally hydrogenated rosin, disproportionated rosin,

di meri sed rosi ol rised rosin | ei cid esters, fumaric acid esters
and ot agr este%;‘)% nyggf’rﬁ a d”??e)ya?%ﬁgﬁﬁff%%d?%@i I SPES e e, zi nc
resi nat e, ¥arachah Gesdyhareyos1Gragresky groupsenidise: aayidroopsher net al resi nat es

of rosin and paiysesthathaldisBuARE PIesh 8Sa RS h Bedh,i n WO 97/ 44401;
resin acids ivati al resin and sandarach

nd der es thereof such as co
resin; mEta%W%§¥y8@?%@???%€ﬁ§§¥93%8ﬁ¥%ﬁﬁ?Wﬁgéﬁﬁﬁﬁﬂﬁﬁ§“§ﬁch as abietic
aci d, neodbineiiexyaeduy, itadetnydroabiredndeitmcindylodidnudr oabi eti ¢ aci d,
t et r ahyglr oabi eti c aci d, secodehydroabietic acid, 20pimaric acid,
paramatrinic acjd, isoprimaric acid,_Jevoprimaric acid,
agathenedicarbg&ifv%”%%Fa?d?ﬁﬂﬁh@ﬁ%&ﬁ#ﬁﬁggﬁmﬁﬁ?ﬂ?mmﬁﬂﬁﬁﬁ acid, stearic
aci d, i sosteasiiictedphehyl, bdreyicprecalel) ahd mephidyic aci d, |inol enic acid,
i sononanoi ¢ acid, versatic acid, naphthenic acid, tall oil fatty acid,
coconut oil fatty acid, soyabean oil fatty acid and derivatives thereof;
aci d functi onafrh%lﬁﬂa%ﬁ’ﬁ? ?lyb‘%‘t%‘?@ﬁ’"@ﬁ%‘:t‘é\ecFi’faseQ?‘B‘t?ﬁ“Ci”sCOB‘Pfé?@k@’éP% th di val ent
met al s225 rweadedontds &) evqydliestr angamnility aseisfirdd ey the geneex aplie (s descri bed
in EP 0O 2 &R, VT e] el t 1.0.a hydroxyl
resi due, ?rgér@ggngﬁeg%a{sQ%I@é%go?%géo@m%gg}@%fmggoﬂg%c?gg%ggqgég /°324; or
am ne for ¥ mestpsefeind O R&dYimPiEP 0 529 693; hydr ophi | i ¢
copolyners-for exanple (neth)acrylate copolyners as described in GB 2 152

947 and pol y( j 0yl .don ; | yners as
described in g%%%ﬂ%ﬁggéﬁﬁﬁ%%ggwg&ﬂﬁg2ﬁ%¥%§%€?@$ﬁg%%2§@ﬁ%ggggnd copol yners,
such a¥ p@PJRA BRIt BEkda-at e), pol y(nbutyl acryl ate-co-isobutyl vinyl

et Eerg; Vi nyl  @lhater pehotees sf 2. @&p@i(dyﬁmmrymlsw@s@;a apealﬁwaigt hy: \(/i _nyll
ether), p in . : AVl ther), poly(viny

chl ori de- @*ﬁ%@E%%@V”@%ﬁ?ﬁﬁﬂ?ﬁ%??§9%§b@%§§§@é¥€YT%?“%qﬁﬁﬁﬁé“as described in
EP 1 033 89wisihepettpecrylgedrilsdntyisiil kyethrespisstidetbubtady fmeiteerRigdsir esi ns; WD
2009/ 007276PCT/ EP2008/ 058460 16 ot her condensation polyners as described in
WO 96/ 14362: and. pol yuret hanes. Preferably, the other resin is a rosin
material. In that case that the other resinis a 5rosin material, the
branched silyl ester copolyner fornms at |east 10 % by weight of the total
anmount of resin in the antifouling coating conposition, preferably at | east
30% by weight, nore preferably at |east 50 % by weight up to 90% by wei ght
The rosin material fornms at least 5 % by weight to 90 % by wei ght of the
total anmount of resin in the antifouling coating conposition, preferably at

A~ N7 PP



The preferred dehydrating agents and drying agents are the inorganic -
conpounds. Exanpl es of pignents are inorganic pignments such as
titani um di oxide, iron oxides, 30zinc oxide, zinc phosphate, graphite and
carbon bl 86K; .98 %gr c pignents such as phthal ocyani ne, 5ﬂmw§ fRnd azo

pi gment s. anpl es of extenders and fillers are mnerals such as
dolomte, plastorite, calcite, quartz, barite, calcite, nagnesite,
aragonite, silica, wllastonite, talc, chlorite, mca, kaolin 35and

fel dspar; synthetic inorganic conmpounds such as cal ci um carbonate, barium
sul phat e, cat-bityisitySmethgatviata meh-sintyistha [ mpiobyyiete | disaadiylsiyorgadce/ia®,cr ospher es
such as_holyueaid, Bk o 0 2003 007 FEOFCIEER2008.000400 17 0l ass beads,

hol | ow and sol | orous an pol ymeric
mat eri al s éﬁé‘l‘i)aﬁ%’raﬁolfv@ﬁ@’ﬂwKmfﬁ@?fﬁﬁ%f?yrﬁ"éﬂrerfhyim?r‘y}h%{"rﬁh acryfafe
met hacr yl attébeanssty hyéteaeyigley eblidigenpiikaaeinanels, nmaipyr(jr&tewe@e co- et hyl ene

82?’%. gg %E@e@r! %e)} orR/%ere(trﬁ)is}f%xﬁﬂeqh &gg%'m@d&h&%ﬁn&% m&ga rgra%é{)gng “ded to

an anti foul'?or‘?@tyié‘ﬁ"ﬁfhyh‘@’ EoipEsas it %’FV@W@FW'W'@F‘HE%‘@@M s, thixotropic
agen]E s, t hlr!ekt@lﬁimegryia@emeﬁr)acw eﬂétnlr@kﬂc&hahﬁﬂd (S0t eitat:, Exarrpl es Iof 4
reinforcin : e natural an

synt hetic %g@%?@%?rgﬁrgrgg @% h ag Ogt?lp%%mﬁféphn%% ncr%%gtéjqr bres, carbon
fibres, oxiMedngpeglyl T@T@Eﬁ'bia@edqﬁp%ﬂ%ef“%ﬁ”w ihefelefyBees, sul phr de fibres,

phos p_hafrce fdchB@gicinERMAmdt iress, crreérekwmetﬁyrhrfrq&emraaryrareal and synthetic
organi ¢ fi ]?plhgnsylosmé%lazisﬁ@/ meet!'r acrytgt%ebenzsy?cﬁme%W :b!ﬁgmeth P{ee acrylic fibres,

pol yam de drazide fibres,
pol yvi nyi crﬂhe{rﬁtfw@mﬁﬁiﬂbrsé!é m%@ﬁ%ﬁ*hy(Beh@yilpr%ﬁei@%m&ﬁf%t(rh@h)em‘é@tedescr| bed in WO
00/ 77102. Rélﬁ&ﬁré@?érw nretr@ecwaw eeprb@m:mn@w@gwherrgrdryméop% k@1 2, 000 pm

Fongth ang PRSI afRSETaRbyrell BletR s et D el %f%ﬁt fopi o
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may be used io produce random, alternating, block or graft copolymers.

Examples of monemers (A) without silyl ester functionality include:
aikyl esters of acrylic acid and methacrylic acid such as methyi (meth)acrylate,
25  ethyl (meth)acrylale, n-propyl (methjacrylate, isopropy! (methjacrylate, n-buty!
{meth)acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate, pentyl (meth)acrylate,
hexyl (meth)acrylate, 2-ethylhexyt (meth)acrylate, n-octyl (meth)acrylate, isoocty!
{meth)acrylate, 3,5.5-trimethylhexyl (meth)acrvlate, decyl (meth)acrylate, isodecy!
(methjacrylate, dodecyl (msthjacrylate, isotricecy! {meth)acrylate, octadecyl
30 (methjacrylate;
cyclic alkyl esters of acrylic acld and methacrylic acid such as cyclonexyi
(meth)acrylate, 4-tert-butytcyclohexy!l (methjacrylate, methyt {meth)acrylate,
dicyciopentenyl (meth)acryiate, dicyclopentenyl oxyethyl (meth)acrylate, isobornyl
(meth)acrylate;
35 aryl esiers of acryiic acid and methacrylic acid such as phenyl {methjacrylate,
benzyl (methlacrylate, naphtny! (meth)acrylats;



23.87 24.05 24.03 Pre-m x charge Monomers (Conp. A) Ti PSA 38.60 38.23 36.88
34.55 36. 67 MEA 4.40 4.36 4.20 3.94 4.18 MVA | 22.00 21.78 21.01 19.69
20.90 Pol yfunctional nonomers (Conp. B) EGDVA 0.41 1.60 3.75 Chai n

B.rggjsgleLBa\gsg@m&%rrp. C B3wP 0.34 19. 31 3.07 3.36 Ip@rkbﬂyf%ss@h/BN 0. 66

hydroxyalky! ester of acrylic acid and methacryiic acid such as 2-hydroxysthyl
{meth)acryiate, hydroxypropyl (methjasrylate, hydroxybutyl (msth)acrylate, poly(ethyiens
glycoly (meth)acrylate, poly{propyiene giycol) (methjacryiate;

alkoxyatkyl and poly{alkoxyjaiky! ester of acrylic acid and methacrylic acid such as

5  Z-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate, 2-butoxyethyl (meth)acrylate,

2-phenoxyethy! (methjacrylate, sthyl diglycol (methlacrylate, ethyl trigivcol {imeth)acrylats,
butyl digiycol (methjacrylate, poly({ethyiene glycal) methyl ether imeth)acrylate,
poly(propylene glycol) methy! ether (meth)acryiate, tetrahydrofurfuryl (methjacrylale,
glycidyi {meth)acryiate;

10 monoatkyl and dialkyl aminoalkyl esters of acryiic acid and methacrylic acid such
as 2-(dimethylamino)ethyl (meth)acrylate, 2-(diethylamino)ethyl (meth)acrylate, 3-
(dimaithylamino)propyl (meth)acryvtate, 3-(diethylamino)propy! (meth)acrylate, 2-(teri-
butylamino)ethyi {(meth)acryiate;

amides of acrylic acid and methacrylic acid such as (meth)acrylamide, N-propyl

15 (meth)acrylamide, N-isopropyt (methjacrylamide, N-terf-buty! {meth)acrylamide, N-phenvi
{methjacrytamide, N-methylol {meth)acrylamide, N-(isobutoxymethy!) (meth)acrylamide,
N-[3-(dimethylaminojpropyl] (meth)acrylamide, diacetone (meth)acrylamide, N, N-dimethyl
{methjacrylamide;

metal salts of acrylic acid and methacrylic acid and other metal functional
20 monomers, .9, as described in EP 1 323 745;
other functional monomers of acrylic acid and methacrylic acid such as
{methlacryionitriie, (Z-acetcaceioxy)ethyl (methjacrytate and monomers as described in
WO 96/41842 and US 4 583 055
esters of crotonic acid, maleic acid, fumaric acid, itaconic acid and citraconic acid

25 such as methyl crotonate, ethyl crotonate, isobutyl crotonate, hexyl crotonate, dimethyl
maleate, diethyl malsate, dibutyl maieate, maleic anhydride, dimethyl fumarate, diethyl
fumarate, dilsobulyt fumarate, dimethy! itaconate, dibuty! taconate, itaconic anhydride,
citraconic anhydride; '

maleimide and N-substifuted maleimides such as malelmide, N-pheny! maisimide
30 and others as described in WO 96/41841;
vinyl esters such as vinyl acetate, vinyl proplonate, vinyl butyrate, vinyt pivalate,
viny! dodecanoate, vinyl benzoate, vinyl 4-fer-butylbenzoate, VeoVa™ €, VeoVa™ 10;
N-viny! lactams, N-vinyl amides such as N-viny! pyrrolidong, and other lactam and
amide functional monomers as described in EP 1 127 202,

35 other vinyl monomers such as styrens, a-methyl styrene, vinyi tolusne and

p-chlorostyrens,



0.31 Sol vent~ Xyl ene 7.00 6.98 7.00 7.00 7.00 Boost charge Initiator AMBN
0.17 0.16 0.16 0.15 0.16 Solvent Xylene 3.50 3.49 3.50 3.50 3.50 Conp. B
in mole%of Conmp. A 0.5 2.05.0- Conp. Cin nole%of Conp. A 0.5 2.05.0

5.0 Propery;] §§09;3‘1‘,72§(0polyrrer sol utions Theoretical NVMy(m99,.60..65 65 65 65
Actual NVM (W% 67.3 66.7 67.7 10

Example of the monomers (B} containing two or more polymsrisable sthylenically
unsaturated bonds include:

difunctional monomers such as ethvlene glycol di{methlacrylate, 1,3-butanediol

5  di{methjacrylate, 1,.4-butanediol di{methjacrylate, 1.5-pentanediol diimeth)acrylate,

neopentyl glycol di{methjacrylate, 1,6-hexanediol di(methjacrylate, 1,9-nonarediol
diimethjacrylate, 1,10-decandiol di{imeth)acrylate, 1,12-dodecandiol di{methjacrytate, 1,4-
cyclohexanediol diimeth)acryiate, cyclohexanedimsthanol diimethlacrytate,
tricyclodecanaedimethanol di{methlacrviate, di(ethyiene glycol) diimeth)acrylats,

10 trifethviene glycol) dilmethjacrylate, {eiralethyiene givcol) dilmethacrylate, poly(ethylene
givcal) diimethjacrylate, di{propviene glycol) diimethlacrylate, tri{propyiene giycol)
dilmethjacryiate, tri{propylene glycol) ethoxyiate di{meth)acrylate, nsopentyl glycol
propoxylate di{methjacrylate, 1,8-hexanediol ethoxylate di{meth)acrylate, 1,6-hexanediol
propoxylate diimethjacrylate, glycerol diimeth)acrylate, pentaerythritol diimeth)acrylate

15 monostearate, bisphenol A diimeth)acrylate, bisphenol A ethoxylate di(msth)acryiate,
bisphenol A propoxylate diimeth jacrylate, 1,4-phenviene di(meth)acryiate, 3-(acryloyioxy)-
Z-hydroxypropyl methacryiate, allyi meth(acrylate), di{propyiene giveol) allyl ether
{methjacrytate, methacrylic anhydride, crotonic anhydride, N.N-methylens
bis(methjacrylamide, N,N'-ethylene bis{msth)acrylamide, N,N'-hexamethylene

20 bis{meth)acrylamide, diurethane di{meth)acrylate, bis(2-methacrvioyloxyethyl) phosphats,
barium diimeth)acrylate, copper (i1} di{meth)acrylate, magnesium di{math)acrylate, zinc
difmethjacrylate, divinyl benzene, 1.4-butanediol divinyl ether, 1,6-hexanedici divinyl sther,
1,4-cyclohexanedimethanot divinyl ether, di{ethylene giycol) divinyl ether, tri(ethylene
givsol) divinyl ether and poly{ethyiens alycol) diviny! ether;

25 trifunctional monomer such as timethylolpropane trigmeth)acrylate,
trimethylolpropane ethoxylate tri{meth)acrylate, trimethyloloropane propoxylate
triimethjacrylate and tris(Z-hydroxyethylisocyanurate triimeth)acryiats;

and polyfunctional monomers such as di(trimethyiolpropane) tetra(meth)acryiate,
pentaerythritol tetra({methjacrylate, pentaerythriiol ethoxylate tetra(meth)acrylate,

30 dipentaerythritol penta{methjacrylate and dipentaeryihritol hexa(meth)acrylate.

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



66.5 63.2 Viscosity (cP) 2,447 1,620 858 415 105 | Mv (D)i 21,036 16, 604
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4.0 The results in Table 1 show that the conbination of Conp. B and Conp.

C 10r educgg,biigofiymer solution viscosity conpared tg&%zde%g%%iyr ef erence
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| evel s used in the branched silyl ester copolynmers wll give al nost
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React or chafge, 3ok ¥eMs odYh&DEie23ol drefdaii2 polymerisable ethylenically

unsaturated bonds.

5 The chain fransfer agent (C) may be chosen from a range of thiol compounds
including monofunctional and multifunctionat thioks.
Exampies of moncfunciional thiols include:
alkyl thiols such as 1-propanethiol, Z-propanethiol, 2-methyl-1-propanethiol, 2-
methyi-2-propanethicl, 1-butanethiol, Z-butansthiol, 3-methyl-1-butanetniol, 1-pentanethiol,

10 1-hexanethiol, 1-heptanethicl, 1-octanethicl, sec-octanethiol, fert-octanathiol, 1-
nonanathiol, fert-nonanethiol, 1-decansthiol, 1-dodecanethiol, fert-dodecanethiol, 1-
ietradecansthiol, 1-hexadecanethiol, and 1-octadecanethiol;

thioglycoiic acid and alkyi thioglycolates such as methyl thioglycotate, ethyl
thioglycolate, Z-ethylhexyl thiogiycolate, octyl thioglycotate and isooctyl thicglycolate;

15 mercaplopropionic acld and alkyl mercaptopropionates such as ethyl 2-
mercapiopropionate, methyl 3-mercapiopropionate, ethyl 3-mercaptopropionate, butyl 3-
mercapiopropionate, isoocty! 3-mercaptopropicnate, octadecyl 3-mercaptopropionate and
poly{propylene glycel) 3-mercaplopropionate;

other thicl compeunds such as 11-mercapio undecansic acid and
20 2-hydroxysthanethiol.
Exampies of muliifunctional thiols include:
difunctional thicl compounds such as 1,2-ethanedithiol, 1,3-propanedithiol, 1,4-
butanedithiol, 2,3-butanedithiol, 1,5-pantanedithiol, 1,6-hexanadithicl, 1,8-octanedithiol,
1,8-nonanedithic!l, 2,2°-(sthylenedioxy)diethanethiol, ethyiene giycol his(thioglycolale),
25 ethylene glycol bis(2-mercaptopropionate) and ethylene glycol bis(3-mercaptopropionate);
trifunctional thiol compounds such as trimethylolpropane tris(Z-mercapioacstate),
trimethylolpropane fris(Z-mercaplopropionate), trimethylolpropane tris(3-
mercaptopropionate) and trimethylolpropane ethoxylate tris(3-mercaptopropionate;
tetrafunctional thiol compounds such as pentasrythritol tetrakis(z-

30  mercaptoacetaie), peniaerythritol tetrakis (2-mercapiopropionate), pentaerythritol

tetrakis(3-mercaptonropionate), dipentaervihritol hexakis{2-mercaptoacetate) and

tripentaerythrifol cctakis{2-mercaptoacetate).

Alternative chain transfer agents may be any compounds that are known to reduce
35  molecular weight in the polymerisation of ethylenically unsaturated monomers. Examples
nclude sulphides such as di-n-butyl sulphide and di-n-butyt disuiphide, halogen containing
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compounds, such as carbon tefrachloride and carkbon tetrabromide and aromatic
compounds such as o-methylstyrene dimer. Also, catalytic chain transfer agents such as
metaloporphyrins, e.g. cobalt porphyrin compounds, are useful chain transfer agents for
the invention. Catalytic chain transfer agenis may be used in relatively low concentrations

compared to conventional thiol chain transier agents.

The use of multifunctional chain transfer agents is a useful way fo increase the
degree of branching in the polymer. Cptionally, the chain transfer agent may comprise a

mixture of more than one fype of compound.

The preferred chain transfer agents are thicl compounds, more preferred

monofunciional thiol compounds,

The amount of chain transfer agent {C) may be present in the amount of 0.1-25 %
by moie of the total monomer (A} concentration. More preferred the amount of chain

transfer agent present is 0.1-10 % by mole.

The branched silyi ester copolymer of the present invention is made using
appropriate amounis of monomers (B) containing two or more polymerisable ethyienically
unsaturated bonds to provide non-linear polymer and is counterbalanced with appropriate
amounts of chain transfer agents {C) to prevent the formation of insoluble cross-linked

patymer.

The mole ratio of polymerisable ethylenically unsaturated units of the menomers
(B} {o chain fransfar units of the chain transfer agents (C} is from 5 to §.2, more preferred
from 2 and 0.5.

The branched sily! ester copalymer can be obtained by polymerising a mixture of
monomers (A), monomers {(B) and chain transfer agents (C) in the presance of a iree-
radical polymerisation initiator or catalyst using any of varicus methods well known and
widely used in the art such as solution polymerisation, bulk polymerisation, emulsion
polymaerisation, and suspension polymerisation. in preparing a solvent borne coating
composition from the polymer, it is advantageous 1o dilute the polymer with an organic
solvent to obtain a polymer solution having a convenient viscosity for coating production.
For this, it is alsc desirabtle 1o employ the solution polymerisation method or bulk

polymerisation method.

VEA

MVA 21. 84 21.31121.21120.03 19.98



1a HP-A M 114,12, PETA i 1 3.38 Chain transfer
(Comp. C) E2MP 1.09 2.58 2.58 B3MP 5.44 1.01 0.66
WO 2009/607276 PCT/EP2008/058460

10

15

20

25

30

35

13

Preferably, the polymerisation is conducted in & solvant or solvent mixtura in which
the branched silyl esier copolymer is solubie and whigh is suiiable for use in the
antifouling coating composition. The step of isolating the polymer is then avoided. This will
require high conversion in the polymerisation process, preferably above 99%, fo avoid
unreacted monomers in the polymer solution. The tevel of unreacted monomers should be
as low as possible, preferably below 1%, due to health and safety concerns associated
with monomer exposure.

Freferably the branched polymer of the present invention is preparaed by
conventional radical polymerisation with opfionally addition of a beost initiator. Addition of
a boost initiator may increase the degree conversion of the polymerisation and thereby
reducing the amount of unreacted monomers. The boost initiator can be the same or
different from the initiator used for the polymerisation. it is selected from the same group
of initiators as the poivmerigation initiators.

Exampies of free-radical polymerisaiion initiators inciude azo compounds such as
2.2-azobis(Z-methylbutyronitrile), 2,2'-azobis(isobutyronitriie) and 1,1'-
azobis{cyanocyclohexane); peroxides such as fert-butyl peroxyplvalate, tert-butyl peroxy-
Z-ethylhexancate, teri-butyl peroxydisthylacetate, terf-butyl peroxyisobutyrate, terf-amyl
peroxypivalate, fert-amy! peroxy-2-sthylhexanoate, 1,1-di{terf-amyl peroxyicyclohexane
and dibenzoy! peroxide; and mixtures thereof.

Preferred initiators are the azo initiators and fert-amy! peroxides.

The branched sityl ester copolymer of the present invention can be used as a

component in an antifouding coating composition,

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

comonomers, crosslinkers and chain transfer agents,

The properties of the antifouling coating composition and the antifouling ¢oating
fiitm can be adjusted further by addition of other components.

agents
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The antifouling coating composition of the present invention comprises the
branched silyi ester copolymer and one or mors other components. Preferably, the
antifouling coating composition of the present invention comprises a branched silyl ester
copolymer as defined hereinbefore, and one or more biologically active agents.

5  Furthermore, the antifouling paini composition optionally comprises one or more
compoenents selected among other resins, pigments, extenders and fillers, dehydrating
agents and drying agents, additives and solvents.

The biolegically active compounds are any chemicai compounds that prevent the

10 setllement and growth of marine organisms,

Exampile of inorganic biotogically active compounds inctude copper and copper
compounds such as copper oxides, e.g. cuprous oxide and cupric oxide; copper alloys,
e.g. copper-nickel alloys; copper salts, e.g. copper thiocyanate, copper suiphide; and
barium metzborats. '

15 Examples of organometaliic biclogically active compounds include zinc pyrithione;
organocoppar compounds such as copper pyrithione, copper acetate, copper
naphthenate, oxine copper, copper nanytphenolsulfonate, copper
bis{ethylenediamine)bis(dodecylbenzensuifonate) and copper bis(pentachiorophenolate);
dithiccarbamate compounds such as zing bis(dimethyldithiocarbamate), zinc

20 elhyienebis{dithiocarbamate}, manganese ethylenebis(dithiocarbamate) and manganese
ethylene bis{dithiocarbamais) complexed with zinc salt;

Examples of organic biologically active compounds include heterccyciic
compounds such as Z-(fert-butylamino»-4-({cyciopropylamino)-8-(methylthio}~1,3,5-triazine,
4 5-dichioro-2-n-octyl-4-isothiazolin-3-one, 1,2-benzisothiazolin-3-one, 2-

25  (thiocyanafomethylihio}-1,3-benzothiszole and 2,3,5,6-tetrachioro-4-
(methylsuiphonyloyridine; urea derivatives such as 3-(3,4-dichiorophenyl)-1,1-
dimethylurea; amides and imides of carboxylic acids, sulphonic acids and sulphenic acids
such as N-{dichlorofiuoromethylthio)phthaiimide, M-dichiorofluoromethylthio-~N',N-
dimethyi-N-phenvisutfamide, N-dichioroftuoromethyithio-N AM-dimethyl-N-p-tolylsulfamide

30 and N-(2.4 6-trichicrophenylimaleimide; other organic compounds such as pyridine
triphenylborane, amine triphenylborane, 3-iodo-2-propynyl N-bulylcarbamate, 2.4.5,6-
tetrachioroisophthaionitriie and p-{{dilcdomethylisulphonylitoluena.

Other exampies may be tetraalkylphosphonium halogenides and guaniding
derivatives.

35 The biologically active compounds may be used alone or in mixiures,
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in addition to the branched siiyl ester copolymer and biologically active compounds
the antifouling coating composition according to the present invention optionally comprise
one or more components selected among other resins, pigments, extenders and fillers,

dehydrating agents and drying agents, additives, solvents and thinners.

5
An additional resin can be used to adjust the self-polishing properties and the
mechanical properties of the antifouling coating film.
Exampies of resins that can be used in addition to the branched silyl ester
copolymer in the antifouling coating composition according to the present invention
10 includs:

rosin material such as wood rosin, tall oil rosin and gum rosin; rosin derivafives
such as hydrogenated and partially hydrogenated rosin, disproporiionated rosin,
dimerised rosin, polymerised rosin, maieic acic esters, fumaric acid esters and other
esters of rosin and hydrogenated rosin, copper resinate, zinc resinate, calcium resinats,
15 magnesium resinate and other metal resinates of rosin and polymerised rosin and others
as described in WO 97/44401;
resin acids and derivalives thereof such as copal resin and sandarach resin;
other carboxylic acid containing compounds such as abietic acid, necabietic acid,
dehydroabletic acid, dihydroabletic acid, tetrahydroabletic acid, secodehydroabietic acid,
20 pimaric acid, paramatrinic acid, isoprimaric acid, levoprimaric acid, agathenedicarboxylic
acid, sandaracopimalic acid, lauric acid, stearic acid, isostearic acid, oleic acid, linolsic
acld, inolenic acid, isononancic acld, versatic acid, naphthenic acid, tall ¢l fatty acid,
coconut oll fatty acid, soyabean oil fatty acid and derivatives thereof,
acid functional polymers of which the acid group is blocked with divalent metals
25  bended to a monovalent organic residue, for example as described in EP § 204 456 and
EP 0 342 276, or divalent metals bonded to a hydroxy! residue, for example as described
in GB 2 311 070 and EP 0 982 324; ar amine for example as described in EP § 528 693;
hydrophilic copolymers for example {meth)acrylate copolymers as dascribed in GB
2 1562 947 and poly{N-vinyl pyrrolidone) copalymers and other copolymers as described in
30 EP Q526 441,
{methjacryiic polymers and copolyrmers, such as poly(n-butyl acrylate), poly(n-
butyl acrylate-co-isobutyl vinyl ethar);
vinyl ether polymers and copolymers, such as poly{methyi vinyl sther), poly(ethyl
vinyl ether), poly{isabutyt vinyl ether), poly(vinyl chicride-co-isobutyl viny! ether);
35 poivesters for example as described in EP 1 033 382 and EP 1 072 €25;
atkyd resins and medified alkyd resins;



610 433 4551 020 1,482 Mwv (D) 16,578 110,529 112,485 12.275 12,685
22,92913,763 18,236 PDl 1 2.62 12.46 12.94 4.27 4.55 8.173.46 3.16 Tg

(cC) 30.0 125.825.5 16.6 12.3 7.627.6 27.9 The results in Table 2

show t hat G silyl ester copolymers with reduced | ution
viscosity\ggg&%@&%gtained by conbi nation of various ty%@@kﬁgg%%ﬁg. B 5and

Conp. C at different ratios and anmounts. WO 2009/ 007276PCT/ EP2008/ 058460
22 Table 3: Ingredients and properties of silyl ester copol yner solutions
S14 to 319 514 515 S16 i 517 S18 519 Reactor charge Sol vent Xyl ene 2716
27.25 27.39 27. 6Ber3bndbrisBdn sdynRreandescribhainyeO Momeaser s ( Conp. A)

and peclyurethanes.

Preferably, the other resin is a rosin material. In that case that the other resin is a
5  rosin material, the branched silyl ester copolymer forms at least 10 % by weight of the
total amount of resin in the antifouling coating composition, preferably at least 30% by
weight, more preferably at isast 50 % by weight up to 90 % by weight. The rosin materia
forms at least & % by weight to 90 % by weight of the total amount of resin in the
antifouiing coating composition, preferably at lsast 10 % by weight, more preferably up to
10 60% by weight.

The sifyl ester copolymer is sensitive 1o hydroiysis in the presence of water. The
dehydrating agents and drying agents are contributing to the storage stability of the
antifouling coating compaosition by removing moisture introduced from raw materials, such

15 as pigments and solvents, or water formed by reaction between carboxylic acid
compounds and bivalent and trivalent metal compounds in the antifouling coating
composition. The dehydrating agents and drying agents that may be usad in the
antifowding coating composition according to the present invention include organic and
inorganic compounds. Examples of dehydrating agents and drving agents inciude

20 anhydrous caicium sulphate, anhydrous magnesium sulphate, molecular sievas and
zeoiites; orthoesters such as trimethyi orthoformate, rigthy! orthoformate, tripropy!
orthoformate, triilsopropyl orthoformate, tributy! orthoformate, trimethyl orthoacetate and
triethy! orthoacetate; ketals; acetals; enolethers; orthoborates such as trimethyl borate,
friethyl boraie, tripropyl borete, friisopropyl borate, tributyl borate and ti-fer-bulyl borate,

25 silicates such as trimethoxymethyl silane, tetrasthyi silicale and ethyl polysilicate; and
isocyanates, such as p-toluenesulionyl isocyanate.

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

Exampies of pigmentis are inorganic pigments such as fitanium dioxids, iran oxidss,
30  zinc oxide, zing phosphate, graphite and carbon biack; 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
35  and feldspar; synthetic inorganic compounds such as calcium carbonate, barium sulphate,
calclum silicate and silica; polymeric and inorganic microsphares such as hollow and solid
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giass beads, hollow and solid ceramic beads, porous and compact beads of polymeric
materiais such as poly(methyl methacrviate), poly{methyl methacrylate-co-ethyiene glycol
dimethacrylate), poly(styrene-co-ethvlene givcol dimethacryiaie), poly{styrene-co-
divinylbenzene), polysiyrene, poly(vinyl chlorids).

Examples of additives that can be added to an antifouling coating composition are
reinforcing agents, thixotropic agents, thickening agents, plasticizers and solvents.

Examples of reinforcing agents are flakes and fibres. Fibres inciuds natural and
synihetic inorganic fibres such as silicon-coniaining fibres, carbon fibres, oxide fibres,
carbide fibres, nitride fibres, sulphide fibres, phosphate fibres, mineral fibres: metaliic
fibres; natural and synthetic organic fibres such as celiulose fibres, rubber fibres, acrylic
fibres, polyamide fibres, polyimide, polyester fibres, polyhydrazide fibres, polyvinyichloride
fibres, polyethylene fibres and others as described in WO 00/77102, Preferably, the fibres
have an average length of 25 to 2,000 ym and an average thickness of 1 to 80 ym with 2
ratic between the average length and the average thickness of at lsast 5.

Examples of thixotropic agents and thickening agents are silicas such as fumed
sHicas, organo-modified clays, amide waxes, polyamide waxes, poivethylene waxes,
oxidised polvethylens waxes, hydrogenated castor oll way, ethyl cellulose, aluminium
stearates and mixtures of thereof,

Exampies of plasticizers are chiorinated parafiing, phthalates, phosphate esters,
sulphonamides, adipates and epoxidised vegeable oils.

Examples of organic soivents and thinners are aromatic hydrocarbons such as
xylena, toluene, mesitylens; ketonas methyl elhyl ketong, methy! isobutyl ketone, maethyl
isoamyl ketone, cyclopentanons, cyclohexanone: esters such as butyl acetate, {ert-butyl
acelate, amyl acetate, sthylene glycol methyl sther acetate; ethers such as sthyiene
giyeol dimethyl ether, diethylene glycol dimethyl ether, dibutyl ether, dioxane,
tetrahydrofuran, alcohols such as n-butanol, isobutanol, benzyi alcohol; ether alcohals
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 coaling can be dispersed in an organic non-sclvent for the film-
forming components in the coating composition or on an agueous disparsion.

The present invention will be elucidated in the foliowing examples.

Examples
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Copolvmer solutions

General procedure for preparation of copolymer solufion with post-heating

5 A guantity of soivent is charged io & temperature-coniralled reaction vassel
equipped with a stirrer, a condenser, a nitrogen inlet and a feed inlst. The reaction vessel
is heated and maintained at the reaction tempserature of 95°C. A pre-mix of monomers,
chain transfer agent, initiator and solvent is prepared. The pre-mix is charged io the
reaction vessel at a constant rate over 3 hours under a nitrogen atmosphere. Affer a

10 further 30 minutes, posi-addition of a boost initiator solution is added. The reaction vessel
is maintained at the reaciion temperature of 85°C for a further 2 hours. The lemperature is
then increased fo 120°C, maintained at that temperature for a further 30 minutes and then
cooled ¢ room temperature,

Copolymer solutions S1 t0 $13 in Table 1 and Table 2 and $16 to17 in Table 3 are

15 prepared according to this procedurs.

General procedure for preparation of copolymer solution

A quantity of solvent is chargad to a temperature-controlied reaction vessel
equipped with a stirrer, a2 condenser, a nitrogen inlet and a feed inlet. The reaction vessel
20 is heated and maintained at the reaction temperature of 95°C. A pre-mix of monomers,
chain transfer agent, initiator and solvent is prepared. The pre-mix is charged 1o the
reaction vessel at a constant rate over 3 hours under a nitrogen aimosphere. After a
further 30 minutes, post-addition of a2 boost initlator solution is addec. The reaction vesse!
is maintained at the reacticn temperature of 95°C for a further 2 hours and is then cooled
25 o room temperaiure.
Copolymer scjutions §14 to 815 and S18 {o 319 in Table 3 are prepared
according fo this procedure.

Determination of copolvmer solution viscosity

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

temperated to 23.0°C £ 0.5°C before the measurements.,

Determination of solids content in the polvmer solutions

35 The sclids content in the polymer solutions are determined in accordance with

180 3281. A test sample of 0.6 g £ 0.1 g are taken out and dried in a ventilated oven at



14.00 5.40 5.40 Conmp. B in mole% of Conp- A- 5.01 5.0 5.2 Conp. Cin nole%
of Conp. A- 5.0 - 5.0 - 5.2 Properties of copolyner solutions Theoretical
NVM (wt % 60 60 60 160 46 46 | Actual NVM (w% 59.7 59.5 60.7 F60.1 46.0

46.0 Vi ScpsbiigfeR) F6. 700 913 2,105 323 555 280 My (D}, 28, Agh, 21 733

27,184 16. 67,367 PD 2.31 % 9, 3.04 15.23

150°C for 30 minutes. The weight of the residual material is considered to be the non-
volatile matter (NVM). The non-volatile matter content is expressed in weight percent.
The value given is the average of three paralieis.

5 Determination of polvmar average molecular weighis

The polymers are characterised by Gel Permeation Chromatography (GPC)
measurement. The weight-average malecular weight (Mw) and the number-average
molecular weight (Mn) are determined using & GPC instrument with refractive index (R
detector. The values given are relative to a pelystyrene reference. The polydispersity

10 index (PDI) is given as Mw/Mn,

This method gives the apparent motecular weights ralative {0 a linear polystyrene
standard and not the accurate molecular weights. The inacouracy of the GPC moiecular
weights increases as the polymers become more branched. Branching is obssrved as a

- broadening of the molecutar weight distribution.
15

Determination of the glass lransition tempsarature

The glass transition temperature {Tg) is obtained by Differential Scanning
Calorimetry (DSC) measuremants. The D3C measurements were performed on a TA
Instruments DSC Q200. Samgples of approx. 10 mg dry polymer material in open
26 aluminum pans were used and scans were recorded at 2 heating and cooling rate of
10°Cimin with an empty pan as referance.

The foliowing abbreviations are used in Table 1 to Tabie 3:

TiPSA trisopropylsiiyl acryiate
25 TBSMA tri-n-hutylsiiyi methacrylate
TIPSCMMA.  tritspropylsilylcarboxymathyt methacrylate
MEA Z-methoxyethy! acrylate
HEA 2-hydroxyethyl acryiate
MMA methyl methacryiate
30 AIBN 2,2-azodi{isobuiyronitrile)
AMBN 2,2"-gzodi(Z-methyibutyronitriie)
EGDMA ethylene giycol dimethacryiate
MAAR methacrylic anhydride

HP-A-MA J-acryloyloxy-2-hydroxypropy! methacrylate
35 PETA-4 pentaerythritol tetraacrylate
E2MP ethy! 2-mercapiopropionate



2.67 12.95 Tg (©)50.7 26.9 51.8 129.9 The results in Table 3
show t hat branchi ng can be obtained for various shy] ester copolyners. 5
The results in Table 1 to Table 3 show that the glass transition

t enper at ungg »@bBehawer for the branched copol yners CO@E%&?ﬂmM&% ot he linear
polymer Si. This confirnms that the brgnched polynmers are nore exi bl e than
t he anal ogous |inear polynmer. The results also show that the reduction in
solution viscosity is not only related to a reduction 10in the average

wei ght nol ecul ar wei ght, Mvy, but also to the degree of branching. WO

2009/ 007276PCT/ BBZD08/ 05848 0-23c=Cympairedie ve exanpl e 1 Exanpl e 26 of
WO 99/ 46301 was pfrepeat edwinlihibdicheased solids content to prepare
conparative exanple 1 ( The conposition is presented in Table 4.
5Conparative exanple 2 < droxyetpgypet nmpar ative exanple 2 (CS2) the nononer
conposition of &ganpl e 26odetandBicOAod&30hervamsanpol ymeri sed according to the
general procedure used for the other copolynmer exanples. The conposition is
presented in Table 4. 10 Table 4: Ingredients and properties of conparative
pol ynmer solutions CS1 and C52 CSI CS2 Reactor charge Mononers (Conp. A)
MVA 48. 08 TdRellyfhprdithiepadl proniemret gy @SenpoolByerEGDMAs @1 656 Chai n transfer

O\ [ ' ol o W W S | 1 HE +. . Al-DAL-O 4.9, Calyran
agent s ( Conp:—€—DBT0-96 HrtratgrTArEN O gs SaTVED
Reactor Solvent Xylena 2367 1 2360 23.87 | 24.05 | 24.03
charge
Pra-mix Mohomers TiPSA 3860 | 3823 36.88 | 3455 36867
charge (Comp. A) MEA 440 | 436 420 394 418
MMA, 22.00] 2178 21.01 | 19.89 | 20.9¢
Poiyfunctional | EGDMA - 0.4 1601 375 -
monomers
{Comp. B)
Chain transfer | B3MP - 0.34 1.31 3.07 | 3.38
agents
{Comp. C)
initiator AMEN 0.66 0.66 0.48 0.30 1 0.34
Solvent Xylens 7.00 £.98 7.00 7.00 7.00
Boost Initiaior AMEBN 017 0.16 0.16 0.15 0.16
charge  giivent Xyiene 350 | 3.49| 350 350| 3.0
Comp. B in mole% of Comp. A - 0.5 2.0 5.0 -
Comgp. Cin mole% of Comp. A - 0.5 2.0 5.0 5.0
Properties | Theoretical NVM (wi%) 85 65 85 55 65
of
copotymer Actual NVM (wi%) 67.3 66.7 67.7 665 63.2
solutions Viscosity (GP) 2,447 | 1,620 858 415 105
Mw (D) 21036 | 16,804 111,212 | 9,400 | 3,628
PDi 2.70 2881 280 330, 1.74
Tg (°C) 29.8 29.0) 237 12.2 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.
Copoelymer 85 shows that the use of Comp. C only in the levels usad in the
branched siiyl ester copolymers will give almost oligomeric material, i.e. material with very
low Mwy.

15



Totuene 49.52 Xyl ene 27.32 Pre-m x charge 1 Mononers 1 (Conp. A) MVA
57.69 i Polyfunctional nononers | (Conp. B) EGDMA 1.15 1 Chain transfer
agents . (Conp. C DDT 1.15 Initiator AMBN 0.68 Solvent Xylene 12.00 1
Conp. B i 0 np. A 2.0 2.0 Conp. Cin w % of .0
Properti e&%ﬁé%@%éﬁner sol utions The%r etical NVM (M%P@Bﬁg%ﬂs%“gm ual NVM
(wt9% gel gel F Viscosity (cP)

Table 2: Ingredients and properties of silyl ester copolymer solutions 56 o 813

S6 87 S8 8¢ 510 511 812 813
Reacior Solvent Xylene | 23.62 | 2354 | 23.43 1 2311 2375 | 2417 | 2348 | 23523
charge
Pre-mix Monomers TiPSA 38.33 1 37.39 | 37.22 1 35161 3507 | 30.64 | 3590 37.38
charge | (Comp. A} yEn 437| A26 424, 401 400| 349| 400, 426
MMA 2184 0 21311 21210 2003 | 19.88 | 1746 | 20.46 | 21.30
Polyfunctional | EGDMA, 1621 1.82 7.98 | 389 162 5
Eg%':ﬁg“g? MAAR 0.32
HP-A- 412
MA
PETA- 3.38
Chain E2MP 1.09 2.58 258
ggg:igr B3MP 544 | 101| 086
{Comp. C) MTG 0.22
HET 0.64
tnitiator AMBN 0.66 0.64 0.64 0.60 §.60 0.26 0.62 0.64
Salvent Xylene §.98 £.96 5.92 6.82 7.00 7.00 6.83 5.95
Boost Initiator AMBN 0.18 0.18 0.18 0.15 .15 0.07 0.15 £.16
charge Salvent Xylene | 3.49| 3.48| 3.48| 341, 350 | 350 3.46| 3.48
Comp. B in mole% of Comp. A 0.5 2.0 2.0 5.0 25| 12.0 5.0 2.0
Comp. C in mole% of Comp. A 0.5 2.0 2.0 5.0 50| 10.0 33 1.0
Properiies | Theoretical NVM (wt%) 85 85 65 65 &5 85 85 85
gipolymer Actual NVM (wt%) 655 | B86.2| 669 | 6611 854 | B45| 66.3] 6623
sofutions | Viscosity {cP) 1,382 775 1 1,142 610 433 455 1 1,020 ¢ 1,482
Mw (D) 16,578 110,529 112,485 |12,275 {12,685 [22,929 113,783 118,238
PDI 2.62 2.48 2.94 427 4 55 817 3.48 3.16
Tg{°C) 30.0 258 25.5 16.6 12.3 7.6 27.6 279

The resulis in Tabie 2 show that branched sliyl ester copolymers with reduced
poltymer solution vigcosity can be obtained by combination of various types of Comp. B

5 and Comp. C at different rafios and amounts.



"1 Mwv (D PDI Tg (O WO 2009/ 007276PCT/ EP2008/ 058460 24 Coati ng
conpositions 5CGeneral procedure for preparation of antifouling coating
conposition The ingredients are m xed and ground to a fineness of < 30 pm
usi ng a higghs di sperser. Any ingredients sensiti [ gh shear
forces anga?g§%§§g¥ure in the grindingzprocess IS addégyéﬁﬂ%ﬂ§g gt-domn,
The general conpositions of the coatiiig conpositions are presented in Table
5 and Table 6. 10Sone of the copol ynmer solutions were used for preparing
coating conpositions. An overview of the copol yner solutions used and the
type of codbirg: eonfioss tidpnsefiee piadilg dstar @pgiyresentieds i baldbe 7.

Cal cul at i on—of—the—votatt+teorgantec—rcorpend—Yee—econtent—of—the

J AT AR TMIED
anti f oul i ng—15coati-ng—conposi-tion ThetvolatFle-gigani.¢ conpound
(VOO) cont %jaﬁd%f t$85%nt i f olfINRE contd NE| CERpOSTEPOn27ie MUl A% i n
accor danc e--a ? STM.D5201 Dot ormipatiop-of the viscosity..oflthe

antifouling?%ﬁﬁtiﬂgmgwﬁposi1ﬁﬁﬁ\ 20The hi gh-she&®%vi ¥d8sity af the
anti f oul i Ng"¢®at i Hg°®oftposi {TeawA s dewes fized|i n accor dance vi th ASTM D4287
usi ng a cane-pl atie vi sconet erpsdaglir m nati on of poli shi ngz1atles: @f
antifouling coating filns inggea warer The polTsShgmgyate Tsdeterm ned by
measuring [t he reduction in fFHmtheckpess—of— oattAg-H-Hm-ever tine.
For thisgtest PVG-di-sc-are J@Mé. Th %ﬁﬁg fﬁ§4 fﬁgici%“‘FQ%%%p gﬁﬁﬁied as
radi al strji pes on THEHPEe USFPta filmapplicator| THE thi cknes% of the
dry coating filnsjéf Beasufedaby neans of 2a8ssuitabl e ellectrdnic flilm

t hi ckness |gauge. k?e A di‘“"Fgre rotht-ed-ona—shaflt—a rottated

contai ner |in whichag ? fl ow ng t1r8&§h. Nat urdl” iseawat eT*%hi ch has
been filtered and temperature-adjusted to 30(25C 2Cig used. The PVC

di scs are |t aken oUf—al TegUl ghgd TTET VLS fg%ere%%gn|5égiu@§§iu%igickness.
The di scs jare ri nseg—ant—at Qmed to-dry—everni-ght—at—f-oem-teAperatur e

bef ore neasuring t R8¢ i | m t hiPhess gég;

rd rotint ad In a

TARP &~ 890 ngiBdi &40 0#5%0at i ng
conposi ti grsoCoat it Coat #3YBN | Coat 0#1| CE4F | #2.1€patl-#3 Bi-tider &11Copol ymer

sol ution (i68%9 n dxaplveme) 15:42nd22. 34428| 54.00 Qumon 0si4nesol auoi|ons {60% i n

xyl ene) 7.9 3 ndilk, B .BL QCT d€s -1 50 - 50 | 52
Comp. Cin moie% of Comp. A - 5.0 - 5.0 - 5.2

Properties | Theoretical NVM [(wt%) 60 80 i 60 46 46

gipotymer Actual NVM {(wt%) 587 59.5 60.7 60.1 46.0 45.0

solutions | Viscosity (cP} 6,700 9131 2,105 323 555 280

M (D) 28,128 | 21,733 | 27,184 | 16,666 | 38,081 | 67,367

PDi 2.31 585 2.04 5.23 2867 1295

Tg (°C) 507 | 268 518, 299 - -

The results in Table 3 show that branching can be obiained for various sity! sster

copolymers.

The results in Tabie 1 to Table 3 show that the glass transition temperatures are
iower for the branched copciymers compared with the linear polymer S1. This confirms
that the branched polymers are more flexibie than the anaicgous lingar polymer. The
results also show that the reduction in solution viscosity is not only related to a reduction

10 in the average weight molecular waight, Mw, but also to the degree of branching.



Cuprous oxi de 39.38 24.84 Copper pyrithione 1.70 1.64 Zinc pyrithione
5.30 Pignents Iron oxide red 1.89 12,18 2.52 Titaniumdioxide 0.94 |1.11
11.29 Zinc oxide red seal 8.12111.19 21.31 Extender Talc 4.58 !4.71 6.95

Bari um suld@tfe |  Dolonite 5.29  Zinc phosphate Nephel i ne
syenite %&24 Hgg?%d gl ass beads 5 pm,,6.11 et

Comparative example 1

Example 26 of WO 99/46301 was repeated with increased solids content to
prepare comparative example 1 (CS81). The composition is presenied in Table 4.

5 Comparative example 2

For comparative exampie 2 (CS2) the monomer composition of example 26 of WO
99/46301 was polymerised according to the general procedurs used for the other
capolymer examples. The composition is presented in Table 4.

10
Table 4: Ingredients and propertias of comparative polymer solutions C81 and CS2

C31 cs2

Reactor Mcnomers MMA 48.08
charge {Comp. A)

Palyfunctional monomers | EGDMA 0.96

(Comp. B)

Chain transfer agents poT 0.96

(Comp. O)

Initiator AIBN 0.48

Solvent Toluens 49.52

Xylene 27.32

Pre-mix Monomers MMA 57.69
charge {(Comp. A}

Foiyfurctional monomers | EGDMA 1.15

{Comp. B)

Chain transfer agents DOT 1.15

{Comp. C}

Initiator AMBN 0.68

Solvent Xylene 12.00
Comp. B in wt% of Comp. A 2.0 2.0
Comp. C in wi% of Comp. A 2.0 2.0
Properties | Theoretical NVM (wit%) 50 60
of Actual NVM (wt%) gel | ge
copolymer
solutions | Viscasity (¢P) i ‘

Mw (D) i}

PDi " “

Tg {OC) # &

Both comparative exampiles formed inscluble gsls in conirast to the silyl ester

containing copolymers which form soiuble materials at the same or higher solids content.



Dehydrating agent Calciumsulfate 1.16 2.11 3:43 Thi xotropi c agents

Di sparlon A603-20X ! 4.31 3.11 3.60 Disparlon 4401-25X (2) 1.12 1.21 1.40
Sol vent Xylene 7.21!'8.73 11.24 Calculated TS vol% 58.0 i57.0 57.0 |

Cal cul ate 390 1393 392 (1) Disparlon A603; ' am de wax,
20% i n xyﬁgﬁgﬁb%gégﬂced by Kusunot o m cal s, Ltd. (%f%%ﬁgggFﬁ%H 4401- 25X
I s a polyethylene wax, 25%in xyl ene; produced by Kusunoto Chem cals, Ltd.
26 Table 6: Ingredients of coating conpositions Coat#4 to Coat#7 Coat #4
1Coat #5 Coat #6 Coat #7 Binders Copol ynmer solution (60%in xylene) 18.42

24.48 23.32 30.03 Gumrosin solution (60%in xylene) 7.914.33 10.01

Pl astici zer

Coating compositions

5 General procedure for preparation of antifouling coating compositian

The ingredisnts are mixed and ground fo a fineness of < 30 um using a high-speed
disperser. Any ingredients sensitive to the high shear forces and temperature in the
grinding process is added in the let-down. The general compositions of the coating
compositions are presenied in Table 5 and Table 6. .

10 Some of the copclymer solutions wers used for preparing coating compositions.
An overview of the copolymer solutions used and the type of coating compositions
prepared are presented in Tabie 7,

Calgulation of the voiafile organic compound (VOC) conient of the antifouling

15 coating composition

The volatile organic compound (VOC) content of the antifouling coating
composition is catculated in accordance with ASTM D5201.

Determination of the viscosity of the antifouling coating composition

20 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 filrn thickness of a
25 coating film over time. For this test PVC disc are used. The coating compaositions are
applied as radial stripes on the disc using a film applicator. The thickness of the dry
coating fiims are measured by means of a suitabie electronic film thickness gauge. The
PVC discs are mounted on a sheft and rotated in a container in which seawater is flowing
through. Natura! seawater which has been filtered and ternperature-adiusted to
30 25°C +£2°Cis used. The PVC discs are taken out at regular intervals for measuring the
fitm: thickness. The discs are rinsed and allowed to dry overnight at room temperature

before measuring the film thickness.



Lutonal A 25 (3) 1. 80 Bi oci des Cuprous oxide 39.23 24.77 Copper
pyrithione 1.70 1.63 i - Zinc pyrithione - 5.28 5.29 Pignents Iron oxide
red 1.89 :2.17 i 2.51 2.52 Titaniumdioxide 0.941.11 1.28 1.28 Zinc oxide

red seal 8&Q%obdokok6 21.21 21.25 Extender Talc 4.56 14-69pR09%sH,93 Barium
sulfate 6.011 - 95

Table 5: ingredients of coating compositions Coa#ft to Coat3

Coat #1 Coat#2 | Coat#3
Binders Copolymer solution 15.42 22.34 18.54
(65% in xylena)
Gum rosin solution 7.94 4,34 1006
. (60% in xyleng)
Biocides Cuprous oxide 3¢.38 24.84 -
Copper pyrithione 1.70 1.64 -
Zine pyrithione - - 530
Pigments Iron oxide red 1.88 218 252
Titanium dioxide 0.94 1.4 1.29
Zinc oxide red seal 8.12 11,19 21.31
Extender Tale 4.58 471 6.85
Barium sulfate 6.03 -
Dolomite - 5201 -
Zing phosphate ' - 7.21 -
Nepheline syenite - - 7.24
Solid glass beads 5 um - - 6.1
Déhydratiag agent Calcium sulfate 1.16 2.1 343
Thixatropic agents Disparlon AB03-20X &) 4.31 31 3.80
Disparlon 4401-25X % 112 1.21 1.40
Soivent Xylene 7.21 8.73 11.24
Calculated TS vol% 58.0 57.0 57.0
Calculated VOC (g/L} : 390 393 392

(1} Disparion AG03-20X is an amide wax, 20% in xylens; producad by Kusumoto Chemicals, Ltd.
{2} Disparion 4401-25X is a poiyethyiene wax, 25% in xylene; produced by Kusumote Chemicals, Lid.



Dol om te

5. 27

Zi nc phosphate

7.19

Nephel i ne syenite

7.21 7.22

Solid glass beads 5 pm 6.08 6.09 Dehydrating agent Cal cium sul fate

1.162. 11 3.43 3.42 Thixotropic agents Di sparion A603-20X ili
R bblod#Q1- 25X (2) 1.11 1.21 1.39 1.40 Sol veptmrdheng.t 69 6. 77

3.59 Ds

4.2913.10 3.58

1 7.78 9.20 Calculated TS vol% 58.0 5/;0 57.0 57.0 Cal culated VOC (g/L)

Table &: ingredients of coating compositions Coat#4 toc Coath?

Coat#4 | Coat#5 ! Coat#6, Coat#7
Binders Copolymer solution 18.42 24.48 23.32 30.03
{60% in xylens)
Gum rosin solution 7.91 4.33 10.01 -
(60% in xylene)
Plasticizer Lutonal A 25 @ - - - 1.80
Biocides Cuprous oxide 38.23 24.77 - -
Copper pyrithione 1.70 1.63 - -
Zine pyrithione - ~ 528 5.29
Pigmenis iron oxide red 1.8¢ 247 2.51 2.52
Titanium dioxide 0.94 1.1 1.28 1.28
Zinc oxide red seal 8.08 11.16 21.24 21.25
Extender Talc 4.55 4.69 6.92 5.93
Bariumn sulfate 8.01 - - -
Dolomite - 5.27 - -
ZinG phosphate - 7.18 - -
Napheline syenite - - 7.21 T.22
Solid giass beads 5 um - - 6.08 5.09
Dehydrating agent Calcium suffate 1.16 2.1 343 3.4z
Thixofropic agents Disparion AG03-20X 4.29 3.10 358 3.59
Disparion 4401-25X @ 1.11 1.21 1,39 1.40
Solvent Xylene 4.69 B8.77 7.78 8.20
Calculated TS vol% 58.0 57.0 57.0 57.0
Calculated VOG (g/l) 391 395 394 3g5

(3) Lutonai A-25 Is polyvinyiether produced by BASF AG.




3911395 394 395 (3) Lutonal A-25 is polyvinylether; produced by BASF AG
WO 2009/ 007276PCT/ EP2008/ 058460 27 Table 7: Properties of coating
conpositions C to C31 Coating nunmber Coating conposition Coating
propertiesyg Spatdng fornulation Copol yner sol ution Vi gepsho¥sidsefy Pol i shing
rate (pmyear) 01 Coat #1 32 260 29 02, 33 140 29 C3 %4 12% é% 04 S6 260
34 05 37 180 41 06

Table 7: Progeriies of coating compositions C1 to C31

Coating compaosition Coating properties
Coating Coating Copolymer Viscosity Polishing rate
number | formulation solution {cP) (erm/year)

ct | s2 260 29
cz ' $3 140 29
ca S4 120 28
C4 S8 260 34
C5 37 180 41
ce Coat £1 58 160 33
C7 59 180 34
C8 310 140 32
Cg 511 140 31
C10 s12 180 45
G111 513 220 34
C12 s2 260 40
c13 s3 140 32
C14 56 240 44
C15 Coat #2 S7 180 50
C16 58 220 28
Ci7 59 140 30
C18 510 100 25
C19 82 220 58
C20 33 180 45
C21 54 140 17
c22 S6 240G 45
Cc23 Coat #3 S7 180 56
C24 38 180 41
C25 56 160 43
C26 310 160 17
car 11 100 10
Cz28 Coat #4 817 200 49
Cz2g Coat #5 317 180 34
C30 Coat #6 817 200 86
C31 Coat #7 815 280 83
CC1 | SeaQuantum Classic LR - 17

{4} SeaQuantum Classic, fight red is & sily! containing antffouling coating; produced by Jotun AS.



S8 160 33 C7 99 180 34 08 310 140 32 09 311 140 31 010 312 180 45 Ci1
313 220 34 012 Coat #2 S2 260 40 013 S3 140 32 014 S6 240 44 015 - 37 180
50 016

WO 2009/607276 PCT/EP2008/058460
28

Tabie 7 shows that all antifculing coating compasitions have low viscosity and that the
coating films show good polishing rates.



SB 220 28 017 , 39 140 30 018 310 100 25 019 Coat-#3 52 220 58 020 S3 180
45 021 34 140 17 022 36 240 45 023 57 180 56 024 S8 180 41 025 39 160

43 026

WO 2009/607276 - PCT/EP2008/058460
28

Patent claims:

1. A branched silyl ester copotymer comprising repeating units of (A) one or more

monomers containing ane péEymerisable gthyienically unsaturated bond, of which

5 at least one monomer is containing silyt ester functionality, (B) one or more
monomsrs containing iwo or more polymerisable ethylenically unsaturated bonds,
and (C) one or more chain transfer agents, wherein the mole ratic of polymerisabie
ethylenically unsaturated units of the monomers (B) to chain transfer units of the
chain transfer agents {C) is from 5 to 0.2.

10
2, A branched silyl ester copolymer according to claim 1, wherein the mole ratio of

polymerisable ethyienical}y unsaturated units of the monomers (B) to chain

transfer units of the chain transfer agents (C) is from 2 t0 0.5

15 3. A branched silyl ester copolymer according to claim 1, wherein monomer (A) with
sllyl ester functionality Is defined by the general formula ().

R
X—8i—R?2

3

20 wherein
R', R? and R® are each independently selected from the group consisting of linear

or branched Cq.zn alkyl groups, Caqz cycloalkyl groups and Cegp aryl groups:;

X Is an sthylentcally unsaturated group. such as acryloyloxy group,

methacryloyioxy group, {methacryloyloxy)alkyicarboxy group. malginoyloxy group,
25 fumaroyloxy group, ifaconoyloxy group and citraconoyloxy group.

4. A branched silyt ester copolymer according 1o claim 3, wherein R', R and R® are
each independently seiected from methyl, isopropyl, n-butyl, isobutyl and phenyl.

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

acryloyloxy group or methacryloyloxy group.



310 160 17 027 311 100 10 028 Coat #4 317 200 49 029 Coat #5 317 180 1 i
- 34 030 Coat #6 517 200 86 031 Coat #7 315 280 83 001 SeaQuantum C assic LR
('t 17 (4) SeaQuantum Cl assic, light red is a silyi containing

antifouli i produced by Jotun AS, WO 2009/ 00 08/ 058460
28 Tabl e 9%5%) %d'i%at all antifouling,coating conposi |ons%1ga(1}\'5j€% ow

viscosity and that the coating filns Thow good polishing rates. WO

2009/ 007276PCT/ EP2008/ 058460 29 Patent clainms: 1.A branched silyl ester
copol ymer conprising repeating units of (A) one or nbre nononers containing
one pol ynewi sabh Braﬁ&H&&f|sﬁjﬂés£sa|cbgb!ym@5@dcurrdab&dari?@ﬂdalmﬁﬂ to)ivedreibabe breast one

mononer i s cont naa‘ézrglmn omersi/ﬂl w%!?s;g H]o%fq@, 1sgaFe[~n§ ﬁ)an%%%unqri{r%‘gomnoner S

cont ai ning two or gnsacura nds, and
(C) one or nor eb}b'h%i$ ﬁffh&taﬁ}sfﬂ*éfwea)@@ﬁ@@“ef%\wrﬁfe’ﬂ' 1581 e by melp.anest

pol yneri sabl e efbiykediocabl yy Hxsat urated units of the nonomers (B) to chain
transfer. units of the chaln transfer agents (C) is from5 to 0.2. 10 A
branched si | yi ester copolyner according to claim1l, wherein the nole ratio
of pol yner Fsabl &brndhel el esidr bgpolymsaaagprding ¢b anyiof daims 1 toife whespioners (B) to
chain transfer Méuoh%r(ﬁ)lsta?eesamaérrbnwuanc&barzsa,g3;%5186@eio@zfrom 2to 0.5

g-i)3 \//A\M PLanChed ()S()IHLEX'ItFat!eO%tO monoo G(I?Sl X%orea&gfgrred (5191(5Pby mgll m 1 wherein nonomer

10 8 A branched silyl ester copolymer according to any of claims 1 to 7, wherein the
functionality of menomer (B is 2 10 4 polymerisabie ethylenically unsaturatad
bonds per molecule, more preferred 2 polymerisable ethylenically unsaturated

bonds per molecule,

15 8. A branched silyl ester copolymer according to any of claims 1 to 6, wherein the
chain fransfer agent (C) is present in an amount of 0.1-25 % by mole of the total

concentration of monomers (A), more prefarred 1-10 % by mole.

10. A branched silyl ester copolymer according to any of cltaims 1 to 6 and &, wherein
20 the chain transfer agent {C} is a thicl compound.

11. A branched sflyl ester copolymer according to any of claims 1 to 10, wherein the
polymerisation of the copolymer is parformed in presence of a free-radical initiator.

25 12, The use of a branched silyl ester copolvmer accarding to any of claims 1 10 10 as

a component in an antifouding coating composition.

13. The use of a branched silyl ester copatymer according o any of claims 1 to 10 in
order to increase the solids content of an antifouling coating compasition.
30
14. An antifouling coating composition comprising a branched silyl ester copolymer
according fo 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

35 more other compeonents are one or more biclogically active agents.



silyl ester~functionality is defined by the general fornmula (1): X-Si-R2
20wherein R1. R2 and R3 are each i ndependently selected fromthe group
consisting of linear or branched Cl.20 al kyl groups, 03-12 cycl oal kyl
groups an yl groups; X is an ethylenically u roup, such
as acryloﬁ?gg@%gvgﬁp, met hacryl oyl oxy gro8%%IEB50%{‘%946g

(met hacryl oyl oxy) al kyl car boxy group, | ei noyl oxy group, 25fumaroyl oxy
group, itaconoyloxy group and citraconoyl oxy group. 4. A branched silyl
ester copol yner according to claim3, wherein RlL, R2 and R3 are each

i ndependent1|6y se;h eﬁ"fcﬁ%gfd’oeﬂmgmﬁrﬁ'zbt}eltmn iacﬁzealﬂrn@mydzlaimﬁ#butalbdd!ﬁoﬁ&bm yl and
phenyl . 305. A i e acc rd|n to claim3 or 4,
wherein X is acr ggc;(n% Arynlore C%Eﬁ?éneggggle&%&m?ngx er reS| %plg%

2009/ 007276PCT/ MWBPO%@@@W%Wr@*"@ﬂ@?jﬁ%ﬁ@ﬁ’@@%ﬁgﬁw agditives agbpieyirer
according to any of clainms 1 to 5, wherein one or nore nDnoners (A with
silyi ester,,fun al resent in an nol e of the
t ot al msgg(t ur'e o&érﬁ%u} %at'nﬁﬁg pOS%O? accorg@giqsc % @Vr%‘i’t%e” f%referred
20- 40% by ol e. O8N 7T rogin Berpied S|Iyl ester copolyner according to any of
claims 1 to 6, wherein nononer (B) is present in an anount of 0.1-25% by
nol e of the,tot ncentratlon 0 referred 0.1-10% by
nol e. 108. igbr a%c%”%é)u'giglC?fmngg?ra‘?os' 1o} C?ﬁ’g‘?% %18(5’ f ! Wﬁ?‘fg”gn‘(}heé‘? Mclains 1 to
7, wherei n t he ®sinetroenagivetvedfre maentiran(@B)ounist 8 ta 49 % bpebightef heabl e

ethyl enjccal | y upsabah 8 BRPSSiR FordbPE LY M%rb@wgspﬁf Bk BRelably

pol yneri sabl e etq h& bcall unsat ur at ed bonds per nolecule. 159."A branched
silyl ester cop8 é P 588@ ding to any of claims 1 to 6, wherein the chain
transfer agent (C) is present in an amount of 0.1-25 % by nole of the total

‘concentratign of, éﬁ@f&@lmﬁrcéatﬂwﬁ‘);@m;ﬂi@ﬁl& m@fﬁﬁgeo%y%f&m th%'@ne&é@ A branched

silyl ester copogyner accord to an clarns wher ei n

20t he chain t r SF8¥%E31ng gesils e gff”é’ ageqt ?fﬁlpreéﬁﬁﬁl?iﬁ‘m 11. A branched silyl
ester copol yner according to any of clains 1 to 10, wherein the

pol ynmeri sation of the copolyner i's perfornmed in presence of a free-radical
initiator. 2512. The use of a branched silyl ester copol ynmer according to
any of clains 1 to 10 as a conmponent in an antifouling coating conposition.
13. The use of a branched silyl ester copolynmer according to any of clains 1
to 10 in order to increase the solids content of an antifouling coating
conposition. 30 14. An antifouling coating conposition conprising a
branched silyl ester copol yner according to any of clains 1 to 11, and one
or nore other conponents. 15. An antifouling coating conposition according
to claim 14, wherein said one or 35nore other conponents are one or nore
biologically active agents. WD 2009/ 007276PCT1EP20081058460 31 16. An
antifouling coating conmposition according to claim14 or 15, additionally
conprising one or nore conponents sel ected anong ot her resins, pignents,
extenders and fillers, dehydrating agents and drying agents, additives and
sol vents. 517. An antifouling coating conposition according to claim 16,
wherein other resins are rosin or rosin derivatives. 18. An antifouling
coating conposition according to any of clains 14 to 17, wherein rosin or
rosin derivatives are present in an anount of 5 to 90 % by wei ght of the
10total resins in the conposition, preferably at |east 10% by wei ght, nore
preferably up to 60% by wei ght 19. An antifouling coating conposition
according to any of clainms 14 to 18, wherein dehydrating agents and drying
agents are present therein.



