;e3el x(1uD": d6T(Q  COPCLYMER CONTAI NI NG FLUCRO AND SI LYL GROUPS AND THEI R
USE | N MARI NE ANTI FOLTLANT COMPOSI TION | R 3626 BACKGROUND CF THE | NVENTI ON
'[0001] Marine organi sns such as al gae and barnacl es attach surfaces
of structures placed in oceans and | akes. This marine gro 'm @Mm JWF
effect on the integrity of the structure such as ships,

wat er intake and outfall (coatings) pipes. (Wrns and bores do*emwack woods
and plastics.) However, their presence can seriously hanper the operation
of these sysic@PoLyREERS CWT%W Eﬁoﬁ&S’A'Niﬂ ﬁr&etkmiduﬁéér\ PAER ! has
been common practice HEARMA p astr c and
nmetal with coating conpositions |ch |nh |t attachnent and/or grow h of
mari ne organi sms. Such coating conpositions are usually referred to as
antifoul ant coatings or antifoul ant pﬁﬁ§%§§ and consi st of a polyneric

bi nder material, a toxicant, a pignen | vents, and adjuvants to aid in
adhesi on, flow, color, vrscoslty stability, etc. The range of conpositions
for marine antifoul ant appld i has evol ved from
changi ng needs. For exanpl & ¥ wets adequate for nost
shi ps which were dry-docked every 1 or 2 years for routine mai ntenance and
wer e strrpped and repainted with new antifoulants while in dry dock. Wth

the advent df? Qlﬂé%ewﬁ@rgaflamacha@ﬁgamﬂlz@ma@ﬁaeacbr&@rwrage tSHBER R y
docki ng wer eyi5d@d ¥ b&ans ankilieS.alTh) ndarine ghowtB da$littiE RESet dhlBe RRQEiLS Ortht onger
l'ife antifoul ant coatings was created. This need was in great measure net
by the ext erfifaefufse Fychr dn pliRs, rhodts, pIsSs, b}"étcbympkﬂ ¢ rauifalh | (eoadings)f pipgsant s,
such as of 0aRakind JR'OAG b sk “graaifan@ B Paliby e BRirC a@%]an@a cRp! ymeric
bi nder. | nprovenents were al so eatr g coat ngs wh controlled
er osi on and sensustyahamper thetppezations of dleamwswarshreslﬂenélwleasr off ¢cfoling endifueknent .
[0002] In a u ant
coat i ngs, cgegf(i:éelén%pf gt%la? ﬁge%%%dgl ;Ir?cen;cg?o Ja?([)ﬁgrl[a%ﬁg @ou n% ‘8’?%%“?@ on the
envi r onnment arndmeeaimthrcam ctohxposl&mslvdpciemmbarmamnbﬁndgy:gtcemh ofimadhe at t enpt
to control fQ ou dific revention of
ot tachment (RO SHOPGREE R Rofbirk bRl Bed | s FRRARA coBirplET .

havi ng non- sintifoklant paistk eadeomsmpﬁratpcéﬁnenc bxh@@&ﬁiteﬂ'di,ea d@u@hgmmgmemnd
current state, of th [ mar. n nt i ant. coatings be din
ort cres sachngs' 48 bttt R ARt 7 Bt VWS shBan e oLf g
non-t oxi c rr&angae;fccempbsﬁtgm fézahsride dntifoBlaadypplicationGo afidrmgss deicievelgyd Vol .

72 # 900, J 000. 2. w roach in the Devel op nt and Test.i ng of
At ol g T FREERE PRl YoF GRTUS DAy BEREE VR BTGNdte FOFRRME RLIPG,
Mariette, P.whiktawa, dry’docﬁad@é'vdiy 1\6r 2-@daeH ot Soutide YairteHaBdeOdnd, welo Wirippéd Of

Coat i ngs Technol og VoI 880, y .1998 . rine Biofquling And It's
Prevention &Rd U?R? ’ébrn%ﬁraF pwlants ywhile i dey QOCENB\{}/@P the advept fhthe 998y - 22,

41-61. Mari ngnlénletdatiybasided n&rbaaaér&leapaﬂym@cﬁlﬁ)g)%ﬂe red\ﬁ{feﬂ neyRtAfyAboi Ng and

it's Prevention on Under wat er Surfaces” J. A, Mterials, Forum
(1998) 22 A¢arg1 Thysgthg nped faptongss Jifs eﬁ@r@rlvéoqt@% w Statsd Thienesd ias Bul ant
agents. AN exdeNda¥fe Bhdd! thyo HeaBi¥nded hef BRI Qﬁ%ﬂe PRsible OAyJ gegmeﬁmbfe paper
makes ref erence to binders studied such as acrylic copolytilérs with
pendant hydratifpglapise syclinas oEaBotim dehagiyiatesh | Vehighy BecapIsoPATE /o \ille GIORtNG c

bal ance. Refg : f i q,ea?g esis in
French, by IE’a%;ﬁ‘P:?lg b#ﬁé Iﬁggvg‘ﬁ%jﬁ?\\ygésa?sg e Fbk‘e@%é‘hg’gg ‘%oanﬁ%y nt e§n§012%a

Appl i cati on ehsioRani t%smﬁrlwhmt@ tp approfebithe Liysaslifgrequiratmentsur es de Nouvel | e
Generation", 1994. This reference does not disclose the conpositions of the
present i nventi on. [0005] WO 0014166A 1, Judith Stein, Ceneral Electric
Co., 2000, O0026Irdedditiothds extemddsl difesiréquirement§ cfont rriarriee antifoudmne ooaxatg's ngs and

ticl No f| i, 006 nt
o opery ookt R, SRBRNRE P BESAElent AROSh L b ORE-SPRAH
Leachant s". eﬂ&me&ha‘ HeévelopmBhie pride nseSaf destemsUwbich Ratempt toAppdxtrcﬂ afbuliny

921054A0. T S astu? ace rrafcpdD cl:a%g'rgl 1n exc'clxlm%fel 8rse€esnt1101r1] %f gt%a%hrgfent thrggéhotheg c}/f

silicon or fluorine containing polymers having non-stick or release properties.

W
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conmpounds and silicone am ne curing agents rather than
fluoro(nmeth)acrylates and silyl (neth)acrylate nononers to produce marine
antifoul ant binders. The resultant copolyners of Giffith are highly
crosslinked. (0007] JP S3113014, 19781003. Tachida, Toshij, "Material for
the Prevention of Adhesion of Organisns in Water". Rel ease coating as
antifoul ants are prepared from _ fluorinated pol yners, above, e.g.

pol ytetrafl uorethylene. No silicon is present. [0008] Additional

antifoul ant rel ease coatings are described in the foll ow ng patents and
pat ent applications, none of which describes the conpositions of the

i nstant i nveno03)The ldsve2Gphdeh® A eurddppitate af itterart dfSnARB84adfbhlant &pghgcani on, DE
2752773, EP 874‘6%% P 8 5938A2, JP 0319073A2, JP 319074A2, JP
04217902A2, BSEOWMIB SHIREASINES04264168A2, JP 04264169A2, JP 04264170A2, JP
070033191 A, JP 07138504A2, JP 11061002A2, JP 61097374A2. [0009] Further

i nformation on ant i foullng rel ease coatings, may be found in the follow ng
articles: "Thel:Anti¢lsen ithels PRttapt Beisss: slevisBgeand) iestipgraen-teNis faaripe

A arkson, Nancy. Re&ﬁm sAdYRAer MRk i V%r. Et@étﬁ @'Tgéhngl%?? Nor3 172 %79(9@ gan

" Synt he5| s of Perfluori nat ed Acryl ate and NE hacryl ate Foul 1 ng” Rél ease
Pol yners", Arios, EM0OPutnam M et aI Book of Abstracts 213 h ACS

National Meet i ng, S r A rs and
Silicone Fouli ng Re%@&a%gg%%?}ﬁé%% Jv}an;e& jﬂtﬁ)%s%gq&f AEIEH&S“ %ppiﬁ{tge
Recent Devel opnent sWithoBiQufangtin ﬂi{synvat(s)@mt KoWplldi ®elel, B8Blagiettd, BOHO:}raISeH f

2ppl i catons such adieBp Vo i I EPhIER lrRP SRS RlhneES, D8 °C,.

Ltd. Sghl bontz, CM70\88ohMiede98.bes sel f poI i shing marine paints conpri si ng
oSy A b bR RS L
have been descri bed\/{atﬁnztlmenm(w%)am 41}Q0012] "Graft Copol ynmers for Erodible
Resins, from Al pha- Hydroxyacid Qi gi mer Macronononers and Acrylic

Mononers", Vallae, Rehel, et al - J. Environnental 3 Pol ymer Degr adati on
(1999) 71 (1) 27- 34 Th| s article discusses the conpositions with defined
hydr ophobi c# lugrine giffers fromthe present invention in

t he use of al pha-npet hacryl oryl ox L]grha hydr ox _aci d macr onononers. . [ 0013]

Konst andt 04), “Mamno figtnling nd its s%en&%apd{qdaﬁva&r Ssfagest b hetisne or

its hydrophijld, Cl\ﬁ%hré%&ﬁiﬁls(l%i) 224 g dr i@ Rhvebdne c@fﬁ;srmhen&veqwéww bfakngoat i ng
boats below the water |ine. This conposi tions fers fromthe instant

i nvent i on i @ntifealant agentycBa %FWSW? b@il@graamaaﬁﬁﬁfﬁ@n@émﬂaéed [BeqnqpeEP
0801117A2 dﬂ%@%ﬁm& 1to CBRAHEL n&u&wrs@eﬁogl Gedhd é&bgry%m lith QeRipp but

does not contain the nononers of the instant invention. [00l5] JP 5214274A

- Komazaki Qﬁdrgb'ﬁ@bléfunamons anda H@%ﬂbﬂﬁshmh@bﬁ’ﬂwreprah@balame Reference #45

from which this description is taken is a thesis in French, by Fadel, A. — Thesis
Universite de Rennes I, “Synthesis et Application de Resines Erodable pour Peintures
Antisalissures de Nouvelle Generation™, 1994. This reference does not disclose the

compositions of the present invention.

[0005] WO, 0014166A1, Judith Stein, General Electric Co., 2000, 03,16 describes
curable silicone foul free release coatings and articles. No fluoro compounds are

present.

[0006] “Silicone Containing Fluropolymer Coatings Composition for Controlled
Release of Organic Leachants”. James Griffith, Stephen Snyder, U.S. Patent
Application 921054A0. This patent application discloses the use of fluoro-epoxy



hydr ophobi ¢ groups but based on N-acrylic imdazole nodifications. [0016]
US 4883852, Shigeru, Masuoka, Hiroshi Dor, N ppon Gl and Fats Co., 1989,
describes and clains marine antifouling paints which contain a pol ysil oxane
pol ymer and a copol yner which may be net hacryl ate ester/pol ysil oxane

pol ynmer. [0017] US 5767171, WMatrubara, Yoskisa et al. NOF Conp., 1995
Contains silylacrylates. Describes and clains nmarine antifoul ant coatings
cont ai ni ng copol ynmers of nononers which contain an acryl oyl oxy or

met hacryl oyl ox angd trior.ganosi Vi nyl noner

e present” s g Lk M e e Stfr G B P B e
4593055, MelsilyNim&haciylate emonafnzrsM&Tpﬂitmm wadise érﬂtﬂ&ﬁant Hdedeed. | MBs requdiahitbl e
ship bottom paints f l.1i.n fouling which are characterized
by i ncl udi ngcoaolwarse?%%ﬂ g’é’?%“%ifr ylic copolyner. No fl uoro-nononer
i s disclosed. [0019] Surface Coatr ngs International ( 1999), 82 ( 12)
Bready RF fo bes wat er borne f| uoropol yrrer coatings for marine

foul i ng I’eSI[gQQ:?I}IéE 53[1@}°(9261 1331@%3186@1}553@ OSR’UsdoMatRB? clor rtee Brevamtion1afo3,

descri bes mg{dnagombE b‘?é&Hﬂsﬁh@tm Q. ”ﬁéleél‘éé'c%@tlﬂ?a\é a‘ﬁﬁ'ﬁhﬁhﬂ a?&f;ﬁébﬁ-&@?roﬁ”d
met hacryl ates as wel | 2,2,2-trifluoro gjacry ates, but it does
1o

not descri béhroneatfe;}@en@re abpvmyarmlygtaqﬂuer%lmlmea Wlbzpelsg?‘f@ﬁqpts [0021] JP
61097374A2, Fuyuki, Toro et al, 1986. Paint additives for marine structures
are prepared by copolyrreri zing fluoroethyl nononers and (neth)acrylates. No
silylacryl at[@@SarAelditiosalamtifoulqnomﬂea]se 'cpatings iareadesdrited| i;artbq: folwngrpatbms

Properties gnd eﬁApegL agghca n’“\H?%'f' whlc}FrdQ&%bgs th%' n’fo;?ots ions Ctt‘ﬁﬁ‘ rﬁsﬁag (2)

23-32, di sciss Srs properti €s ‘and a 1AL 0hs |nated
pol yners. [Gﬁ)@ﬁ]xoﬂJ&J&&iD@@&O ARtpheation,SlJSéJ@mmet &lppll&ﬂﬁﬁ INBR2767780ER f aul | ng

Pai nt Contaigng Bl ugf i NaLed M%e 31007342, TP 319074A2, JP 04217902A2, IP
04227770A, JP 04264168A2, JP 0426416942, JP 04264170A2, TP 0700331914, JP

07138504A2, JP 11061002A2, JP 61097374A2.

[0009] Further information on antifouling release coatings may be found in the
following articles: “The Antifouling Potential of Silicone Elastomer Polymers”,
Clarkson, Nancy. Recent Advance Marine Biotechnol (1999) 3, 87-108; “Synthesis of
Perfluorinated Acrylate and Methacrylate Fouling Release Polymers”, Arios, EM,
Putnam, M. et al. Book of Abstracts 213™ ACS National Meeting, San Francisco, April
13-17, 1997; and “Fluoropolymers and Silicone Fouling Release Coatings”, Bultman,
J.D., Griffith, James R., Recent Developments in Biofouling — Control, 1994, 383-9.

[0010] Self Polishing antifoulant paints are described in several patent and patent
applications such as: EP 5193042 — Marine Paint, International Paint Co., Ltd.
Sghlbontz, CM. Which describes self-polishing marine paints comprising a copolymer

methacrylate, methylmethacrylate and a organotin monomer.

[0011] Hydrophobic/hydrophilic polymers for use in marine antifoulant paints have

been described in the prior art.

[0012] “Graft Copolymers for Erodible Resins, from Alpha-Hydroxyacid Oligimer

Macromonomers and Acrylic Monomers”, Vallae, Rehel, et al — J. Environmental



[0024] 2,2,2-Trifluoroethyl nethacrylate (matrife) is one of the nononers
used in the marine antifoulant coatings of the instant invention. Mtrife
has been used in applications other than marine paints. Exanples include:
WO 9905548A1 Yanmashita, Tonoyou (M tsubishi Rayon) 1999, G aded | ndex
Plastic Optical Fiber; W 9125962A1 - | mafuku, Sujuru et al, 1996.

Copol yners for the production of soft infra-occular |enses; [0025] JP
8134381 - Yanmshita Tatashi et al, 1998. Toray Industrial. This patent
claims an anjifouling nmeth rac jzed in that it has a conposition
that cont ai OIW?&%&%@“ @g?épﬁég) %%éﬁ%ﬁ‘ﬂfi RE'S5S tg%%oél?ﬁorsﬁg&c‘ﬁ%onents:
50 to 99 weid@ihedBydeshobiefhyarobhilio bhlafices butt différs f@mPbE yresert 2mkheonpgrer and
1 to 50% of a cgnmpound, having at .| east. 1 hydrol ysable silyl group per

nmol ecul e and*Sf Hgi‘lp%ﬁffﬁi’%b&go’ﬁr Sre¥acldRaEmPmehas reacti vity with
the hydrolysable silyl group in its side claimand/or termnal. However,

t he Japanesegopas &hnsidhdtf BLS. FFROM 45881, ARIARS a IsAVERM bPBoliy&hl%hiﬂﬂﬁJ bCRNL Ways,
such as the hydrolysable silylacrylate has pendant reactive groups, for
exanpl e, trihydidpbitp defivagivexwith athedspphidio acralik polymier for aeatipg &pats belowtike i nst ant
i nvention. L K OXHh.:S1 C 3 NP 1 S ' ed

pol ysi | oxan?a\?\ﬁ?l}%' t e1§tc irnl%cgsﬂ%/ﬁ%?? eﬁ g%?y%t%“%fl %%gtn. ﬁ@ At lrg%g%%w

Ant i f oul ant fperatetawng edmpavgdbot h fl uoro and silylacryl ate groups are

di scl osed in several patents: JP 8134381, Yamashita, Jotoshi et al, 1998,
Toray | ndustpi &S, n i e, GHscl I.nder, and .a.toxi cant for
mari ne pai nt[pbﬁép“ Pg‘?ggéglﬁﬁ%onr@%ﬁ%?%g’&aq% ﬁga%rﬁih%’g%o%&é?gn%la d(%g hrlrlécr 8T\/(\’,HPSch has
been substi thut ésks nbt donairhtitel mohyraerds bEths insydnaimwstitiahe group copol ynerized with
a fluoro (neth) acrylate nonomer and a pol ysil oxane. However, it is

apparent th sil.y crylgte pyp.can he hydrgl yzed .bqgth at the

acryl ate si ﬂb%ﬁﬁgu%@‘lh‘ﬁ%ﬁ gﬂ!&ﬂ%&lt Gt H ralsiTi(g l%ﬂ’ggﬁop@gﬁt a’& tes
since these nytfopRobid SrodhsaX Yasadl 6h FSdcriiitumidabylel ifeliyhtiondf nore than one
silicon substituent would result in extensive crosslinking between the

bi nder backbone and the pol ysil oxane additives. The silicon substituents of

the present [pouegnis 4833942 Shigehd MdstiekadRirpénd 0o, R4 ONahd Futsat L, 13sed on
non- hydr ol ysabl e al kyl. .groups. Thus, crasslinking through the palysil oxane

addi ti ve wofletFries #dflse marme gntilpyling paipis Whidhorontpans geTysilgxARg AR anes R
et al 1997. ofdhkyRiRa&@R@Nh zﬁmma&mc%s@ﬂ/ﬁdlysga@anagupﬁ\eﬁurI ng agent
conprising a polyner matrix for a binder of a teachable organic conpound
for us in marine antifouling coatings. SUMVARY OF THE | NVENTI ON [0028] The
present i nvepgi7PRisPso¢198S NIAFRbAYLY kY BT A, WS Wons, Bbaxder scdnuime! f
polishing marine antifoulant paints and the resulting marine ~ antifoul ant
pai nt cont aisiylagyletsa Pescyihesand Tiempmariponyifalant egaingreagatainingngopelymetsst t hr ee

di stinct no |t I f.ro o] I SEd 0, uQry nat ed
acryl o monaoronoEh SyRG ShE, RO CHp BONR-bIRE, Dok 4l

tri organosi ltyérganoyilyl grenpnorethid viryl gnanomee ey | bei predentreDhescnat] dagcédse and
acrylic non S . inhing an organosilyl noiety, (e.g. nethyl

met hacryl at ggss{%ﬁ?g%g%ﬁélg&g@phponent polymer (i.e. terpolynmer) can optionally
contain fromO-5 wei ght percent of a cross-Ilinking agent. The terpolyners
are novel c@®I8%USi45A3055s bfeldin &stlifrodt phM&T Thiemitaisy1986). Dagpribes erodiblei ne

antifoul ant goatings.. T erosi.on rate.and resi.stance to. cracking. of the
ol yrer of 8 Do R Ean iy SRR Rl R AR o e S B e it

ant i f oul ant apgdmtysitsie orgaidsitylhéalidyopalijmest Nogublangnoappisidisolesedof each
nononer and the amount of cross-linking agent in the copolyner. The pol yner
of the present jnvention.is copol yne o) i.si.ng .t eacti Qn product of
6 a a noi‘b%gi Sypace i@aT”&gsn@FeE?a%@?ﬁﬁ%% %E{lﬂibé“%@y g%y&r%%?lng?ﬁcg SCH3 or
H, and RF i svateébdtddbiord SPC6AngE FFr mayin&Fonlidy Wetaiced is fromO to 1, v is
firomOto 1, wis fromOto 20, xis fromOto 1, yis fromOto 20, z is

from1l to 3, and the sum of Wandla/_isfromOto 20, ) )
[0020] JP 05186715A2 — Kido, Koichiro et al, 1993, describes marine antifoulant

coatings which may contain acrylates and methacrylates as well as 2,2,2-trifluoro



b. a mongner of the formula: GOR HZC C R wherein Ris CH3 or H and Rl
al kyl or aryl, and c. a nononer of the formula: ~R~z .CGOSi_ RHCC "Rs
R wherein Ris CH3 or H and R, Rz, and R3 can be the same or different
and are non hydrol ysabl e al kyl groups containing from1 to 20 carbon atons
and/ or non hydrol ysable aryl groups containing from6 to 20 carbon atons.

[ 0029] Also provided are marine antifoul ant paints containing as a binder a
copol ymer of nononmers a, b, and c¢c as defined above. BRI EF DESCRI PTI ON OF

THE DRA~~VI NGS .7 003Q]..Fi qure is,a three di ional . pl of . of nomer
conponent s i%¥lﬂ%7]3[§%01§3 trdogﬁdlof ?qgscgger rﬂt%esBﬁeﬁecﬁcﬁggfgﬁyodg?%‘cﬁbgaf@b(c&% four)
for the resugbupsg copolynmer film Mononmer b is plotted on the axis
designated x using a scale of 0.00 noles to 0.06 noles; nononmer a is

plotted on t IS i.gnated y. using a le.of 0.to _0.005 noles; and,
nononer ¢ |sf6§?ﬂﬁtpe6dg§ﬁ7gﬁg I';W'%l 3%’&%%3%? 2 peldjtives S gparmsstyctysy ¢ o
0. 033 nol es. kﬁDbPEs‘B?R' EHERE Gruofddthyl NveHetdNafd tmiethl REREDN

El VI BCDYI\/ENTaS_rD?SOEg%l] chfi),so nyglrsgg? m?noney'rls a, b, gndTIé1 as defined ?n t he

Summary of tHA¥acHAHarolsitthve suitabl e erosion rates for use in marine
antifoul ant paints. A desired erosion rate can be achieved for a copol yner

of manoners ¢ : L dsStq . i - of: ”hgn{gﬁ used to
produce the [?g%)igl ?%Pﬁat%gﬁ%iﬁggﬁeksérlyﬁrgg&g?%éﬁdoﬁﬂggﬁoﬁ’s ac llﬂg’\r;!e}gﬁ%y

sel ecting the ar ogetual dthempf (20@MoMDr 83-32, Biscussad the | yynthesinr prapertesnviand t he
data and te 1 G b in and graphically depicted in Figure 1.
Figure 1 isaag)ml%rg%résc ingiﬂg?gdng(f%rg%rgt of nononmer conponents in the copol yner
and the corresponding erosion rate for the resulting copolynmer film The

pl ot in Fi gu0823] Ehéid36T o Robert Bapicoe,fevrl, 2983aMatinentifbuling RainttCGoatapmings ent

i nvention (:\%Ig\ouge)dvplx%tsted as a function of the nononer conponents in the
copol yner. RORET " 1S ‘plotted on the axis designated x using a scal e of
0.050 noles to 0.065 noles; nmononer a is plotted on the axis designated y

usi ng a scal[eonf] 22,2-0rifudBtthyinletacryArdmatifepi¥aine ofitle Mbadrhes ussd ihhke axi s
designated z usi ng % slcal e of 069%9 to 0,033 nol S 8f hIVbrl\)orrer .. Mononmer
a is a monorBMs AHAIY AFHRES B the EsEnREnvepiony, Matnife has been used m
applications other than marine paints. Examples include: WO 9905548A1 -
Yamashita, Tomoyou (Mitsubishi Rayon) 1999, Graded Index Plastic Optical Fiber;
WO 9125962A1 — Imafuku, Sujuru et al, 1996. Copolymers for the production of soft

intra-occular lenses;

[0025] JP 8134381 — Yamashita Tatashi et al, 1998. Toray Industrial. This patent
claims an antifouling method characterized in that it has a composition that contains a
copolymer obtained by polymerizing as essential components: 50 to 99 weight percent
of a fluorine containing polymerizable monomer and 1 to 50% of a compound having
at least 1 hydrolysable silyl group per molecule and that contains an organo-
polysiloxane that has reactivity with the hydrolysable silyl group in its side claim
and/or terminal. However, the Japanese patent differs from the instant invention in
significant ways, such as the hydrolysable silylacrylate has pendant reactive groups, for
example, tri alkoxy silylacrylate versus alkyl silylacrylate in the instant invention. The
alkoxy silylacrylate form will react with a substituted polysiloxane while the tri-
alkylsilylacrylate will not.



R wherein Ris CH3 or H and RFis (O (CH),, (CH)WCF) X(CFZ)y(CF3) Z where a
is fromOtol, vis fromOtol, wis fromO to 20, xis fromOto 1, yis
fromO to 20, z is from1l to 3, and the sumof wand y is fromO to 20.
[0032] 2,2,2-Trifluoroethyl nmethacrylate (matrife) is the preferred
selection for nononmer a. Qther preferred sections for nononer a include
trifluoronethyl acrylate and nethacrylate, 3,3,3-trifluoropropyl acrylate
and net hacryl at e, hexafl uoroi sopropyl acrylate and net hacryl ate,

comoner o of (RS AN Bl uonBRin PR UG nh cithorli: AENIR Fe e &> O
of the preseintsevavlepsmanm JHDBPS%BB,bYammn‘mrosla es hulods, c'Ddfw i[rﬁiastﬁésom 0.5

mole %to 10 noje % of t ereact used to. make the. co r h from1
%to 5% bei nBPtfark |a?5’ V%F%%Sﬁﬂéﬂ arl\qbﬁo%‘rcalﬁ For ‘“Byn;g homer of

the fornul a: colcn;ﬁsfagla(iﬂzﬁ) STy lRte\Wa B Siner xﬂutlsha@’daerogubkﬂ;mﬁaduﬁa hlyaroglskmé or
aryl. [0033] Sone_typical exanples of song of these are: al pha-acetoxy

ethyl acryl a%lléflacaﬂ%%gw eRRolmaTiRed vty 91 oz0 (meth) ASEATE rReIRIET A0A\A at e,
i sobutyl acryliafiexan@nddueesy it @@ﬁpﬁk@t Ehat mel%mwn&bhae ro¥dut &8 be lix?ﬂ‘x%)’}’zed

al kyl met hacrylate, chl oronet hyl kyl met hacryl ate, cyanoneth

al kyl met hacrBatheethe 2cpiaty skigest @Wﬂlmmﬂan@ ehherntlar yilicon sulzsnﬁweh@tehwnce

al kyl met hacrylat e r I \ t hyl
met hacryl at e%%us?tﬁ {ehﬂkeﬁc %rlxglt?se%tfssg IﬁlQ Oylnﬁg%rﬂg/ap;%ﬁeé, m?‘%éo%?%ﬁueggr yl at e,
2- et hyl hexy| wouwd ha@rltyllat @ctensomyk:roasimyilnat bctwn@hyhe riéndeacackbane, andaithy|

et hacryl at & 1?518% Qv m%‘h %‘ich méHt n? Mdn ¥11.a%tt§e
2- met hoxyet C] acry ag S e acr nh

acrylate, t- :hcu_stlgﬁb ﬁmanmmﬂlt)yére rbasekiamrr;ohdwérolysaﬁw hlﬂtgb(gfoupvetﬁms rqxbsahnﬂumd
acryl ate, t and t hacryl a butyl acrylate and
nmet hacryl ate 085%%3 éfé'Fl& H’e%(iuﬁeb g%{ %%tr?&l benzyl acrylate and
met hacryl ate. [0034] Pr eferred sel ections for nononer b are Met hyl

met hacryl at ejoezn) Lt&lﬁg/llzzmgr@ﬂliﬁm Jané}ehjktétcamap%myﬂhmtr@epmnymasmpsur&lmid as:
al pha- aceto t hyl . acryl ate ha-chl oro neth

et ocany! metligne Mol e =féy EuRDTS ISR PYRTE M DR aIyRen f prisaphable

Al Kyl met haCfMFﬁﬁ@@mpla@xmzmk u@inkidrie ahafot i gadottingsh| or onet hyl

al kyl met hacryl ate cyanorret hyI al kyI met hacryl ate, 2-hydroxypr opyl

al kyl met hacr yl at e henet h a | met hacryl ate nethyl acrylate, ethyl
acryl ate, u%/ I(g‘fi‘H%eg%W 1'F’Iacryl ate, butyl nethacrylate, isobutyl

nmet hacryl ate, isooctyl acrylate, 2-ethy Ihex& nmet hacryl ate, nonyl acryl ate,
nonyl net hadpwséﬂé\e FresERty MVERSIOR AEPYjdes imprayed pelymere vtshd a5 tinders m self

di met hyl ami no@tlyd B&ine! aﬁ@fou12ntn%alhgxxﬁa hyl RENINAA L Raring @ﬁtnemteww
nmet hacryl ate, 2ethyl hex acrylate, and t-butylam noet héé tmet hacryl at e.
¥

Exanpl es f orconiirengethep ret fbe mexyRolymarh ater edg &omnat leastytheee edlStht
met hoxyet hyl etk b A0 IR HRAC Y 25, com&;r}ﬂg SCiverahed andLaicnanty! at e,

ethyl acrylate and nethacrylate, and benzyl acrylate and methacryl ate.

M xt ures of (m8nQss?-3rifrorpethylmsthectylate dﬁnaﬁifﬂbnewo‘fﬁamlymémmwelﬁn maki ng
copol yners JWBALY M acHNRT HERRM Y, rL%HBE mprise
from 40 nol gte& toetgglgif?g%e&ol/o g}gﬁt)lhe raeca%{:t ants usse to ?’ﬂg&%‘g"ﬁg ymer

wi t h from 578¢itty, @Umbdymetbaarylatell Hreltbmepp@nmnpetdoolmémtemlmerhcamnorrer

Rz, and R CHROWUY R 5 89 Glight o & SE AN B ProQbpthoB
groups cont aréinogl fcbmpmslndns wefut as lpolymhommdarsch/nollonglmlﬁe imadine laytsfatlest ar yl
groups cont al n| ng f'Il:h erosmn ra?e a arregllgtance to crackﬂ'lg of the polymer of the present
invention when used as a binder in a marine antifoulant paint is controlled by adjusting
the proportions of each monomer and the amount of cross-linking agent in the

copolymer. The polymer of the present invention is a copolymer comprising the

reaction product of :



[ 0035] Preferred for nononer c are acrylic or nethacrylic esters having a
hydr ol ysabl e functional group, e.g., a silylacrylate. There is al so present
one or nore copolynerizable ethylenically unsaturated nononers. Preferably
nmononer ¢ should conprise fromb5 nole %to 65 nole % of the reactants used
to make the copolynmer with from12%to 40% being particularly preferred.

M xtures of nononers of the forrmula for nononmer ¢ may be enpl oyed i n nmaking
copol ymers of the present invention. [0036] Mononer a's function in the
copol ~~rner is to inpgrt hydr %Bﬁgpéf(‘tﬁ]%rr}xﬂal he copolyner film The

copol yner functions as a bi nder tor € marine antifoul ant paint.
Controlling the quantity of nmonoger a in the copolyner affects the

hydr ophobi city of the copol yner ich affects the softening and erosion
rate of a filmof the polynmer in a-oardnegnvironment. [0037] The

hydr ophobi ¢/ hydrophi l i ¢ bal ance of the copol 5~ner is controlled by varying
t he proportion of nonomerspgg=bzcand c in the copolyner. [0038]
Cross-linking agent: If it is des\ed to obtain additional control over the
hardness and erosion rate of the cdpol yner, a cross-linking agent may be
included in the reactants used to make the copol yner. Preferred

cross- | i nki nghergjalt is G or &, endeRr 1§ ChiGRe(CHihvE @F u(Cat o Fak mdweensis $wooh0 as

i nalyl acetat.e,,: t i l. i.pate, d Lonal i zed

but adi ene co%bﬁﬁ{i[@ P%Oaffg’segfpo? glrma#dégsls ﬁo%@t&?’cffg@ﬁ?ﬁ% hélsag%%tﬁ%houl d
be enpl oyed. 3,[a00 8@ ]suviaf ivrend gns frbm@l tad0, paints. In addition to a binder or
filmformer, marine antifoul ant paints may contain other optional

i ngredi ents. Exanpl es,of such ingredients.are a toxicant, a pigment,

sol vents and adj uvant E to %fnan?%gfé’gﬁ"ee??%lfla'f | ow, color, viscosity,
stability, etc. The range of corgositions for marine antifoul ant
application is enornous, has evg&ed from changi ng needs, and is well known
to those skilled in the art of thyWs inyentien. 11 Erosi on Rate: [0039]
The procedure used to neasure theserosion rates of polyner filnms and
formul ated paints is the sgrp—agydescribed in USP 4021392, columm 6, lines
27 to 54, which is incorpor?ited rein by reference with the foll ow ng
nodi fications: A The substrate us& is a poly(nmethyl methacrylate) or

pol y(carbonate) disc having a dianmeter of 8 inches. This disc is coated
directly with radial stri pekerein RoelCHyer Hs and®' eyl poaryhubnt ed pai nts. B. The
t hi ckness of the dried filns are neasured using contact profilonetry;
specifically a Tencor cAl phamseaper®fthedgemfuld:er, as a function of seawater

i mrersion/revolution tine. C. The speed of the disk at the neasured
circunference point (8.0 cmradigys) is 17 kmdts, and the tenperature of the
seawater is nmaintained at 20+3 C\ [0040] "@osion Rates" as used herein is
defined as the erosion rate deter @-rmed-byS Bbove referenced procedure.
The preferred Erosion Rates are ¢rosion rat of 1-200 E.il nonth,
especially preferred are BEigsoe Rates of 1.5%0 p/nonth, and nost
preferably 1.5-15 ~lnonth. InitiaMfilmthickness was typically 35-90

. . . R : ! .
m crons with an average thickness of 60 mcrons. For marine antifoul ant

pai nts, the I e f b g2 f] i ~ship hull depends on
pai nt corrpos‘%’l{%egﬁR lggég roé%{’]lg??gt’irﬁnéfa%cjfﬁ]t %%P%%?%tsglg%%{]ﬁlg%%ﬁlPfmd;aﬁa ng?fpt he
er osi on r at erydfolyskigde pdkyht griobpsd eontaining frami hetoe20i capbome atomsExmaif@d @sn{ 0041]

Pol yners of ,t he,pr.esent inventijon re hesi zed in the nmanner descri bed
bel ow, fr Omkp@w&p&%bﬁg?ryg qQURS Y OF%QI%V%O%P?%&%@%&?%UM s stated in Tables
1, 2, 3 and

[0029] Also provided are marine antifoulant paints containing as a binder a copolymer

of monomers a, b, and ¢ as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS



4. Also |isted in those tables are conparative polyners. A total of 54
different polyners were synthesized and are reported in Tables 1, 2, 3 and
4: Synthetic Procedure: [0042] A 250 nlL 3-neck round bottomreaction flask
equi pped with a dry ice condenser, an addition funnel, and a thernoneter
was placed under a nitrogen atnosphere. One-half of the total vol une of
degassed anhydrous m xyl ene was 12 transferred to the reaction fl ask
under nitrogen, and the liquid was stirred and heated to 85 t 2C. [0043] In

a 250 ni Er '[ﬁﬁ%ﬁhﬁ%é ‘i’ssifthr AR ﬁl% de&n}S\ﬁoﬁné?r ﬁﬁﬁ&?‘eﬂ 3% tlfe]hc%ggiy{%%{the

flask with t I ning volune o rous mx
nonomer, t hemel ltﬂewoa'egdndmg erveion raElﬂWl&Ilﬂn)dbr mefesmhmgeo;mlyxmdilm. Monomer

azoi sobut yr nltrlle(AIBN ee Tahle 1 ). The qner batc S pped,
and the resul 15 FgtopRitheok ?‘%‘ﬂ‘&?d‘el’fl B1iC Ft°?§3’é’ﬁ%f"3?s fbg'rqg%tﬁ‘%"ieﬁ The
monomer bat Ghordoiés a Y FIRAEEREN Vb@sa.xishﬁﬁlgﬁa{témﬁ heihg @dcdiEL0 t10.00DFRRsT Mdf he
reaction flask addition funnel. [0044] Over the cr%térse of 30 m nutes, the

monomer bat dPOTREET ¢isiRipted omiheaxitdesigratedziusing 3 Rledd 092Q{q &P melke resul ting
m xture was then heated for an additional 3 hours at 85 t 2C. After this

heating peripggrailep MpEscRIPAON' COFCIrAE IANVENFON ANy BREFEG&RER OF der

to consune tﬁﬁrngmnorrers and/or initiator. Table 1 Mononer m xtures
for the synthesis of tetrapolyners. (Amounts shown are in grans.) Run

#2,2,2- Trifiheq] eehiineTel Bohdhat %, WrOMA " as ehhid 5 Y ShinklaryTBE RCT VI ate

Invention have suitable erosion rates for use in marine antifoulant paints. A desired
erosion rate can be achieved for a copolymer of monomers a, b and ¢ by adjusting the
proportions of the monomers used to produce the copolymer. Such predetermined
erosion rate is achieved by selecting the proportions of monomers a, b, and ¢ in
accordance with the data and teachings contained herein and graphically depicted in
Figure 1. Figure 1 is a three dimensional plot of monomer components in the
copolymer and the corresponding erosion rate for the resulting copolymer film. The
plot in Figure 1 shows erosion rate for a copolymer film of the present invention
(whour) plotted as a function of the monomer components in the copolymer. Monomer
b is plotted on the axis designated x using a scale of 0.050 moles to 0.065 moles;
monomer a is plotted on the axis designated y using a scale of 0 to 0.005 moles; and,

monomer c is plotted on the axis designated z using a scale of 0.020 to 0.033 moles.



(rmononer  b) Met hyl net hacryl ate (nononer c)Butyl acrylate (nononer

c) ALBNnr - ayl enel0. 0003. 1664. 0053. 2040. 0342020. 8415. 2238. 0101. 2820. 0513130. 8
4] 3.1668. 0103. 2040. 0523140. 0005. 2234. 0051. 2820. 0332050. 8413. 1664. 0051. 2820.
0301860. 0003. 1668. 0101. 2820. 0442670. 8415. 2234. 0053. 2040. 0412580. 0005. 2238. 0
103. 2040. 0553390. 84l 3. 1668. 0101. 2820. 04628100. 8413. 1664. 0053. 2040. 03622110.
0003. 1668. 0103. 2040. 05030120. 841 -,5.223 ,8.0103. 2040. 05734 13

| 30. 0005. 2238 0101. 2820. 04930140. 00031 664. 0051. 2820. 02817150. 0005. 2234

0053. 2040. O%glég&g%égﬁ%oigéégaﬁsg%&g%%égqtﬂgﬁ%}lﬁﬁo 42| 4. 1956. 0082. 2430. 0432618

0.42141956. 0 abl é yners prepared in simlar procedures
to that described. (Amunts sho are in nole percentages.) Run #22, 2-
Trifluoroeth y | nethacrvlateTrigethyl silyl nmethacryl ateMethyl

met hacryl atet-Butyl nethacryl ate _hg%ygthyl acryl at eMet hacryl oyl oxyet hyl

H,C==C

AN

R

wherein R is CH; or H, and R is (C)u(CH)(CH2)w(CF)x(CF,),(CF3), where u is from 0
tol,visfromOto 1, wis from0to20,xi1s from 0 to I, yis from 0 to 20, z is from 1 to

3, and the sum of w and y is from 0 to 20.

[0032] 2,2,2-Trifluoroethylmethacrylate (matrife) is the preferred selection for
monomer a. Other preferred sections for monomer a include trifluoromethyl acrylate
and methacrylate, 3,3,3-trifluoropropyl acrylate and methacrylate, hexafluoroisopropyl
acrylate and methacrylate, 2,2,2-trifluoroethyl acrylate, and perfluoro-t-butyl acrylate.
Mixtures of monomers of the formula for monomer a may be employed in making
copolymers of the present invention. Preferably monomer a should comprise from 0.5
mole % to 10 mole % of the reactants used to make the copolymer with from 1% to 5%

being particularly preferred.

Monomer b. Monomer b is a monomer of the formula:

0]

\

C——0— R

H,C==C

AN

R
wherein R is CHs or H, and R' is alkyl or aryl.

[0033] Some typical examples of some of these are: alpha-acetoxy ethyl acrylate,
alpha-chloro methyl acrylate, ferrocenylmethyl acrylate, isobutyl acrylate, and phenyl
acrylate. Alkylmethacrylates;  benzyl  alkylmethacrylate,  chloromethyl
alkylmethacrylate, cyanomethyl alkylmethacrylate, 2-hydroxypropyl alkylmethacrylate,
2-phenethyl alkylmethacrylate methyl acrylate, ethyl acrylate, butyl acrylate, ethyl
methacrylate, butyl methacrylate, isobutyl methacrylate, isooctyl acrylate, 2-ethylhexyl
methacrylate, nonyl acrylate, nonyl methacrylate, lauryl methacrylate, stearyl



acet oacef at e19- 3367- - - 2013366- - - 2153362- - - 2253362- - - 23103348- - - 24153352---2
5153352---2672667---27102367- -
~-2812475---2932275- - - 3052075- - - 3171875- - - 32101575- - - 33151570- - - 347786- - - 35
--6733--36-186715--374186315- - 38--67-33-3941858- 20- 40- 1867- 15- 4141863- 15- 42
--67--3343-1867--154441863--15 14 Tabl e 3. Polyners prepared in simlar
procedures to that described. (Amounts shown are in nole percentages.) Run
#2,2,2-Trifluorethyl methacrylateTrinmethylsilyl nethacryl ateMet hyl

558401 baasTTansete P b EARAAI AN I et aavte, 2-etiryieyl o
e e e e
Che ef oot Shetietolit ate APUR el abraneis i nePag Ped fidiiendat apf ot | os
of silyl copattyiteyiste, cliabheylite dnd pethacBhitelahd baeylecrilae ehdmetiadylateat e

results and filmcharacteristics for polyners referred to in Tables 1-3.
Run #Er osi on Ratel0.85 u/h for 3 days (d)21 79 EJh for 1 d30 049 Wh for

>20d4CGone  af[be34] Prétortedlblectidhs O mndhe? bl Methyf Rethdéylatcbrad wWi8Padylate/ h f or
3d90.1 ~/h for 7d100.054 ~/h for 14d11D d not erodel?20.44 ~/h for 3 d139.55

~/h 15 145 \dtionh acrylgte mopgmeys /sHals 8% SéphgraRatoxy syl parglategzipba-chlptryone

after |d20g f d2lge r 2 k )
| d24gone af lgfe?%h%} %Cg%lag%’ne af f@r]ﬁ%%g%ag%%]g%hgéta g\?tygfgﬁ%(t)%eﬂgﬁ?g? ﬁBﬁ%rglg%ne after

| d29gone af tAlkylng8oguhtesafl benzyBdalkyoethagrylats, siryesteylafalisdmebiazreg, not

de34Di d 358 d 1 1 i d
crodo - hi ety RN MRl g SR B GBI, SRRIER 4s0. 2
~/'h (rough edlgdmethjotiate anethyl/ achdate 4GByl 2acryldte, vyl 4@ 8yl 2te~cthylhwethaTgate, ~ /
hour484.3 a AN R, $8bhyPRefiacrylate RESRA by & LAGKBER O maacr{1fR3t 00

soft 16
nonyl acrylate, nonyl methacrylate, lauryl methacrylate, stearyl methacrylate,

dimethylaminoethyl acrylate, 2-methoxyethyl acrylate, 2-ethoxylethyl methacrylate, 2-
ethylhexyl acrylate, and t-butylaminoethyl methacrylate. Examples for monomer b are
ethylhexyl methacrylate and acrylate, methoxyethyl acrylate and methacrylate, butyl
acrylate and methacrylate, ethyl acrylate and methacrylate, and benzyl acrylate and
methacrylate. Mixtures of monomers of the formula for monomer b may be employed
in making copolymers of the present invention. Preferably monomer b should
comprise from 40 mole % to 95 mole % of the reactants used to make the copolymer

with from 57% to 89% being particularly preferred.

Monomer ¢ is a monomer of the formula:

o) R!
N\ /.,
C (0] Si R
H,C==C¢C \R3
AN
R

wherein R is CH; or H, and R!, R?, and R® can be the same or different and are non-
hydrolysable alkyl groups containing from 1 to 20 carbon atoms and/or non-

hydrolysable aryl groups containing from 6 to 20 carbon atoms.

10



Marine antifoul ant paint: [0046] A marine antifoul ant paint was prepared
with the polyner of run #52. The paint was prepared by conbining the

pol ymer of run #52 with the following ingredients in the weight percentages
i ndi cated: Pol er solution (45% solids)47.0B66 ( of -Meth |Ibu I nmethac |ate;
51% sol i ds) 2. 3Cu rous oxi de50. 2l ron oxi de25.3Cab-OS il1.0Xylene -_ _ -10.4
g The conponents were mxed in a snmall paint can. Approximately 100 g of
nmetal shot was added, and the m xture was shaken for 45 mn until a finely
di spersed maypy | | I 7 Q$I8 was
det erm ned f@P%h@%g{edgﬁkﬁéﬁﬂlg%ﬁgeggrgeée&??g%l Lecgﬂ%rgg?gﬂ%rv g{g efbéﬁ?%l? oul ant
pai nt had anfuBctomelorgrévm; ee.gf 0. Glylagryidtelay  Thereefieraled pEesest @me Rat emdror

marine antifoul ant .paints .made. W th | yneric binders .of the prese

Thvent i on i <P ReGE RERES nsy i Bhnertiy o SHRRY apiblel ety 1o an
effective fidomprisé €rolo$ nioheYatot 65 mulectia tof filed rebetams asedhtb psakb uhd capolymer

o Ther soaveVik fm 17yl ey Paricyitly Gt it S argarssdt ol e 1 or
use as a narfoRfuldfor bnBe cCHBY ibRJemPIBIRIA & BBk COROIHERY oPfthe Bressht MONONET

of the fornul a: |,
mvention,

[0036] Monomer a’s function in the copolymer is to impart hydrophobicity to the
copolymer film. The copolymer functions as a binder for the marine antifoulant paint.
Controlling the quantity of monomer a in the copolymer affects the hydrophobicity of
the copolymer which affects the softening and erosion rate of a film of the polymer in a

marine environment.

[0037] The hydrophobic/hydrophilic balance of the copolymer is controlled by varying

the proportion of monomers a, b, and ¢ in the copolymer.

[0038] Cross-linking agent: If it is desired to obtain additional control over the
hardness and erosion rate of the copolymer, a cross-linking agent may be included in the
reactants used to make the copolymer. Preferred cross-linking agents are dienes or
higher unsaturated monomers such as linalyl acetate, meryl acetate, dialkyl succinate,
and fuctionalized butadiene compounds. If used, 5 or less mole % cross-linking agent

should be employed.

[0039] Marine antifoulant paints. In addition to a binder or film former, marine
antifoulant paints may contain other optional ingredients. Examples of such ingredients
are a toxicant, a pigment, solvents and adjuvants to aid in adhesion, flow, color,
viscosity, stability, etc. The range of compositions for marine antifoulant application is
enormous, has evolved from changing needs, and is well known to those skilled in the

art of this invention.
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O - ~C.ORF HOC CQ R wherein Ris CH3 or H and RF is
(O~(CH,,(CHD)WCF), ;(CF2)y.(CF3)Z where a is from0O to 1, vis fromO to
1, wis fromO to 20, x is fromO to 1, yis fromOto 20, z is from1l to
3, and the sumof wand y is fromO to 20, b. a nononer of the formula: GO
R HCC R wherein Ris CH3 or H and R alkyl, aryl, etc. c. a nononer of
the formula: '"R2 -O0Si_ RHZCCQ R3 Rwherein Ris CH3 or H and R, R2,
and R3 can be the same or different and are non-hydrol ysabl e al kyl groups
cont ai ni ng fEEMoARER: 20 carbon atons and/or a non-hydrol ysabl e aryl groups
containing from6 to 20 carbon atons. 18 2. The pol yner of claimone

wher ei n nonol®8391(Te procedure ased jtg | measre hthe| erpgiem Fates/ |04t eolymer filres pod yner of

claiml Wherl% uihia§ quessaagﬁs% %ﬁﬂ d Althyp E(?]Zq%i)fcoﬁﬁﬂlsé (lfggé‘zgf eoes4,

noi eti es. e po nner of ¢ erein the nononers
essenti al | y Whleblsomcoqiokajq@/hgclobmsefeﬁnce'ﬁw&l qhglfollewmgrmoﬁlﬁcdtlanm 3 wherein the

nononmer (c) is select gr.oup ri et hyl sl
Tethacryl at e, ~al gha. adBf GRS UBle g dt P Bl pRTeRYSHS FRRTTO ot e
f errocenyl net hyI acryldat Ehavmg abdiinittenof §liadhes. FhRnydc i@ Coxteddaectiyenily |

al kyl met hacryl at e, chI o] 1h K thac e anonet hyl

al kyl.met hacryl ate, 2- Bgl?fﬁﬂ?}yr%el fjhé%“? F%l?aéXSZ phenet hyl

al kyl met hacryl at e, rret e a@dmbsat of mtehxdhedmﬁm{sataaa Bedsited 2@EiMg abdhiacet hyl

nmet hacryl ate, butyl nethacryl ate, butyl net hacryl ate |sooctyl acryl ate,
2et hyl hexyl et hacryl 3{03? T?ﬁfﬁ'yISPS‘Eﬁiﬂ?]éft 8, T“r’i’ﬁ?fyIA Iphet Ritger 9% PETil¢re 38 2

nmet hacryl ate, stearyl aiRtiSOR6H KAt imPePRIMRL ABEARARRY! acryl ate,
2-met hoxyet hyl acrylate, 2ethoxylethyl nethacrylate, 2-ethyl hexyl acrylate,

t - but yl ami noet hyIC- et ABe speedt of, thetdisk alethy | measiTR crpyBlerence PR KER oM
acrylate, methoxyet hy¥adﬂf§f ! ﬁtl@.oaﬁsrlaw%wamt)mg SothAtes is Jamsineag{ ylate,

butyl methacrylate, ethyl acrylate, ethyl met hacryl ate, benzyl acrylate and
benzyl methacryl ate. 80*Bné&.pol yner of claim1 having an Erosion Rate of
from1l E.Jnonth to 200

[0040] “Erosion Rates” as used herein is defined as the erosion rate determined by the
above referenced procedure. The preferred Erosion Rates are erosion rates of 1-200
pw/month, especially preferred are Erosion Rates of 1.5-50 p/month, and most preferably
1.5-15 wmonth. Initial film thickness was typically 35-90 microns with an average
thickness of 60 microns. For marine antifoulant paints, the thickness of the paint film
applied to the ship hull depends on paint composition, desired lifetime of the paint on

the hull and on the erosion rate of the paint binder in a marine environment.

Examples

[0041] Polymers of the present invention were synthesized in the manner described
below, from monomers, and in the proportions and amounts stated in Tables 1, 2, 3 and
4. Also listed in those tables are comparative polymers. A total of 54 different
polymers were synthesized and are reported in Tables 1, 2, 3 and 4:

Synthetic Procedure:

[0042]) A 250 mL 3-neck round bottom reaction flask equipped with a dry ice
condenser, an addition funnel, and a thermometer was placed under a nitrogen

atmosphere. One-half of the total volume of degassed anhydrous m-xylene was

12



El /oonth. 7. The polyner of claim6 whereina =v =x =y =0and w=12z =1
for nmononer (a) (2,2,2 trifluoroethlynethacrylate). 8. The polyner of claim
1 wherein the marine antifoul ant property is obtained by controlled erosion
of the surface of the polynmer when exposed to water. 9. The pol ynmer of
claiml wherein a selection for nononer b is butyl acrylate and net hyl

nmet hacryl ate. 10. A marine antifoul ant paint containing the polynmer of
claim1,2, 3, 4, 5 6, 7, 8, or 9. 19 11. The marine antifoul ant coating
conmposi Ui on Qlcal-2l 1 0 rdadf bl GRBR' B AF et UREwASRER B8l FLA b e
group consisting of a toxicant, pignment, filter, 1eveling agent, solvent,
stabilizer, &nd2fétarder. 20 .AL. Aa

AFa. A LAl A@ Ay. AYy. A@ . A@ ASu. A@b. Ay. Af . A. ACN. ASF. A. AGAf. A" h

d- D3ncCE~yt 0] d*Y] caV] caV] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]ca]ca]c
a] c]‘a] Cg] cagoga:}]cma]zsg]mlapdaixﬁésgi flagke & hivh arherebakoh(vpes prepﬁfeyi!Hyi'chaiging] the] lcal
| " HOHRHH Xsni cal cal.calc al.ca) cal calc al cal cal cal ca] ca] cal ca
ca] ca] ca] ca] gﬁ}‘é’ﬁ?’c‘ﬂf%%{’%&%@a}: 8g}’ E?&} 6%1’}}'@%{}6\/‘%}‘ %&}’@Pa%dlj(’?%‘%r{tj“(- -5.222
23333434%( %%m&@%éz,waffoa}ewcﬁalbﬁ@h&a,]&ahgﬁl&@b@ﬁhﬁﬁw&mm see Table

U] c*a] ca] ca] ca]Tca] cal] ca] cal ca] ca] ca] ca] caLca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal
5077:. 1). The monomer baich was Cappéd, and the resulting solution was sparged with

; <- <<<=r ?2??7322 BB U atEH /N calc”a
] ca] ca] ca] ca??ggés?a] caj ca]_cal] (%T?g?ﬁicmg%g?%ﬁ%%%ﬁ%kﬁk%@%@é{g% g!a] CL! JM
MBOQORNRRRY{ Sttrqgeng n nnel.

XZXXXYYYYZZZ[ [\ % | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calcalcalcalcal % x\|\~\\D EJh]i]]]11]11]
117" @ AMNANNB044] Over theskiizad of 30 minptey] thatfooarherdiatsh]vea [dopedddatioahahentdd] ca] cal]
e call cal cadl¢al 6alee)] sablaakog icak ald sl nathos) srblambertheat i MO

aaa&a( a0a2aCiea\2XCnwgAfter WMiswheatiog Yemel tieaindaldf ceds deebfed af ddd):c2]C dbf] 8®] cal] ca

caU] ca] caU] cal caU c aUl cal cal] cal,.cal ca] ca] cal)] cal .cal] ca] calU] caVaXahaj a} a

!ataaaU]aaagaaaqdﬁﬁlhﬁéi%gérg%égﬁ%‘]ﬂ% f{’ﬂhﬁ‘*‘iﬁ?}w*}ﬁﬁ% ! %‘ft@g]U] c!at] caU]U] ca] cal] Jca% c

aU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca

] cay] caHbe[_Jg!? n]tgbbbbbbbbbc+c/ clcQccccccccccccc} xr ngb\ Ww mhe”U] ] caU] ca] ca

U] ca] cal] ca] a] cal] ca] calU] ca] caU] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca
5

Ul ca] cal] ca]Masdrea nfitiifes for the synthesis of tetrapolymers. (Amounts shown are in grams.)
ddddd, dddeeeeeeeeeeeee/ fOf Bf Ct Tf Vfj 1 f| f} xr ngb\ Ww mhc”U] ] caU] ca] cal] ca] caU

] ca] cal] ca] ¢ ] c™a]
Apit [Mmﬁv‘w]
wapwerld] ca] cal] ca] caUjcal ca

cal] ca] cay]

calcalUca]c iflupro
ghaeple ]caL’lf'E%E@'Qij Yoo GEBYRA! hith3h5hEhGht hvhhhhhhhhfih{ vpk
RO ) caldatl calcalll dalcalll callcalll calcalllcalchlll cal ral] ca

Ul ca] cal] ca
] caU] ca] caUjica] ciddoca] caU] cdpeaU] ca] calf.@a] cahhhlahtu iii"i $o.@u5i [RoFi i €iii (]

ask addition

FEEFFEFoff
Briflgp et,%xtaU] owtp

e ZUl wr mhc?

Jjjii]]=kkkgNT= [d—Zomhc” ajcajcajrarcarcaj cajcalcraicgicarcil cal
a) ca] cay] casrall] E? alll ca] r:?lférﬁa] calll ca ﬁ L] ca] PEszra] cal C"%? %‘I

I 1 Zrmmmmmd nnnge88Kol ooooo3ppgsp=qqqnuig@ov{ vql ghpoU c] calempcapta] caj ca] ca
] ca] ca] ca] cglcarcahgalc al ceE_gﬁj cajcaJ tgdsal cal gargarcajc .?%gq 9@] caJta] cal
ca] ca! vowwlxixlxn/ nnno-0<9l80000=pppp—gagruudviivgl.ghl clcalcalch]calc

a] ca] ca] ca] Fa] cal®¥] ca] ca] cqp-&¥éa] cafgg] €W ca] ca] ¢é§%a] caj m]BQ:a] dél] ] ca ca] ca

] ca] ca] ca] cgTR g g0g 3.166 8.010 ].282 044 |26
f GALOYWT &' () HE094-&—(—3-09aF&+—y- o9& ——109aF&H—1-0%eF& M-S
N \J g/ J 4 3/ /
10% & ()-@| 0.841 223 005 204 0.041 |25
8 0.000 5223 8.010 3.204 0.055 |33
9 0.841 3.166 8.010 1.282 0.046 |28
10 0.841 3.166 4,005 3.204 0036 |22
11 0.000 3.166 8.010 3.204 0.050 {30
12 0.841 5.223 8.010 3.204 0.057 |34
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10gg 10gg 10gg!; 10%g& ()- @BL0%TE&' () - @B710%& () - @OWT&' () - #-

D3z[ <dV7,)10% & ()-, 10% & ()-g@10% & ()-!Vs10% /& ()- !W10% /& ()-

Ins10% /& ()- nxmbCf10%&' ()- 10/ 10/

10/ <t 10% & () -9610% & ()-9310% & () -, 0410% & () -fncCaBnbC, 10%&' () - @ALOY%& ()

-@0%& ()-@O%&' ()-z! FYS#10%&' () - zf Z10%&' () - OEAJENDC, 6Z10%&' () - 34

109%& () -, 210%&' ()-, &10%&' ()-,.10%& ()-, +109%&' () - yAbCS@O0%& ()-f3

mov&' ()-ffml0ov& ()- 10 10

;?;‘ ;LO;/«:%'OS/ q)& WWWWW OFefoht oY O—S010%&
-1S Y

8! y! dEbC, 3@ (90%RF10%& (35 F109%& |¢P95@B. F109&2%) - S, 311098 ()@ Y10p&' ()

-fyttrett e " bQygee 1098 () - (EbeY& () - 1Q ods0 3.204 0.039 |24

10<s10%&' () %k —@-6Fp%R SeHRC)-

109 () -yZ10¥& () 9¥4g#109% ()-2H109%& ()[49Pmiov’ (1282109&' ()POBVvs$il &) & 7' dEbC

SYlO%& < 17 0.421 4.195 6.008 2.243 0.043 |26

+ 1 _ { 1 _ ] _ 1 — 1 - [ ARY mvdl PI FAAVAY
)z){)dY(N)C 101810 |0421 41 o }2;4; ) 0033 26 ' V)X)y
10< 10% ()- @ 109& () - S2FL00& () T S3LYI0%& ()- @1 109& () -{) V- 5 N 2222dE: /

10 ) Table 2.

Polymers prepared in similar procedures to that described. (Amounts shown are in

mole percentages.)

Run# | 2:2:.2- Trimethyl | Methyl t-Butyl Methoxyeth | Methacryloyl
Triflunoroeth | silyl methacrylate | methacrylate | yl acrylate oxyethyl
yl methacry! acetoacetate
methacrylate | ate

19 - 33 67 - - -

20 1 33 66 - - -

21 5 33 62 - - -

22 5 33 62 - -

23 10 33 48 - - -

24 15 33 52 - - -

25 15 33 52 - - -

26 7 26 67 - - -

27 10 23 67 - -

28 1 24 75 - - -

29 3 22 75 - - -

30 5 20 75 - - -

31 7 18 75 - - -

32 10 15 75 - - -

33 15 15 70 - - -

34 7 7 86 - - -

35 - - 67 33 - -

36 - 18 67 15 - -

37 4 18 63 15 - -

38 - - 67 - 33 -

39 4 18 58 - 20 -

40 - 18 67 - 15 -

41 4 18 63 - 15 -

42 - - 67 - - 33

43 - 18 67 - - 15

44 4 18 63 - - 15
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10<s10%& () -
@ 10%&: ()- @ 10%& ()-fyFL0%: () - zf FL0%& ()- SLO% () - 222223330P1/
FMLO%: ()-y109& ()-!f#10%& ()-2z! 109R0&0& ()-! 109%& ()- yL10%& ()-
103334$454B4} [ 91/ !cl $ 109R&& ()-& "1 $' 109%&' ()-& ": 109 ()-Yy - 109%& ()-
|| 109+& () -1 <I 109 () - B444 5v555dEL/
| ¢l S5109&’ () - SL3109%&' ()-f 1109%& ()- S,/ 10%& ()- S Y109%&' ()- S+Y10%: () - 55555077
L~ @ 10" <t 109%& () -, SL0%& () - 3! Y@10%& ()-Syl0% ()- 10 10
105<510%&: () +<-<<<gH @ 10f YZ10%&' ()-fZ10%& ()-! 109%tkt& ()-!

109%&: () -y I/é'.%f‘”(’ L 10 10<=r ?22?7"?H &
10X. K10%&" ()pdlwmwep@te[i&h(s)mﬂmw&ﬁma( YhaSBe0sEed ) (/BhodO9@cn H2 IR () - 7&
B( B) B* B+BBSQY (hCS §10% () - MLO%E () - 10% ()-z 10 10

percen ages

Run# | 2,2.2-Trifluorethyl Trimethylsilyl Methyl Butyl
methacrylate methacrylate methacrylate acrylate

45 3 33 59 5

46 3 33 54 10

47 3 33 49 15

48 3 33 44 20

49 3 33 32 32

50 3 33 0 64

51 7 18 67 8

52 7 18 55 20

53 7 18 0 75

Erosion Rates

[0045] The experimental erosion rate results are shown in Table 4. Specifically, Figure
1 showing experimental design data clearly illustrates the effect of an added fluorinated

monomer on the erosion characteristics of silyl copolymers.

Table 4.
Experimentally determined erosion rate results and film characteristics for polymers

referred to in Tables 1-3.

Run # Erosion Rate

0.85 p/h for 3 days (d)
179 wh for 1d

0 049 p/h for >20d
Gone after 3 h

1.21 wh for 3d
0.19 p/h for 2d
5.62 wh

0.67 wh for 3d

0.1 wh for 7d
0.054 wh for 14d
Did not erode

0.44 p/h for 3d
9.55 wh
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10" <s10%&' () - @ F10%&' ()- yCHHHHI _1}7?bC5 10@Y10%&' ()- @Y109%& () -

| AY+ 109%KK& () - 9!

10~F109& () -f S109& ()-y109%& () -
QQXxnbC5 10y SMLOY& ()

- 10 10

Y+ 1098 () - 9N) 10%&' () - @10%& ()- 111111 KLIMCS
10 10 10ys<109%& ()- @10%& () - JMVBOQQQ

10y<109%&' () - S+109& ()-TS! 109& ()-f ksl 10%& ()- QRNRRR{ S Ta?nbC5
101 e10% [ & ()-y! 109%€d& () -
TTi UgVpVWWIENDC5 10! @ Y10%&' () - S+F10%&' () - S) 109%&' () - Sy#Y10%&' () - f @10%&' () -

109%& () -

109%&' () -109%&' ()-ySmlO%&' () -

10%&' ()- @ Y10%&' () - f XXYYY

109& () - AP AE——1D
:|.0y9<:|.00/0&I ( Qy 094 QL6 & -34S &
zzzxv7/ 10f| Howg () I HEHH0wy& () - yy3mlou ()-y

16 16.56 w/h

17 3.89 wh

18 3.85 wh

19 gone after 1d

20 gone after 1d

21 gone after 1d

22 gone after 1d

23 gone after 1d

24 gone after 1d

25 gone after 1d

26 gone after 2d

27 gone after 3d

28 gone after 1d

29 gone after 14

30 gone after 3d

31 gone after 4d

32 gone after 7d

33 Did not erode

34 Did not erode

35 Did not erode

36 Did not erode

37 Did not erode

38 Did not erode - lifetime>1 month

39 4.3 wh

40 1.7 wh

41 Did not erode

42 Did not erode

43 6.2 wh (rough erosion)

44 9.4 u/ hour

45 5.2 u/ hour

46 3.2 u/hour

47 3.1 u/ hour

48 4.3 p/hour

49 too soft

50 9.4 1/ hour

51 film cracked

52 0.24 wh

53 too soft
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109& ()-f 109& ()-yylO9%& ()- 10Z[[\% x\-\dE7/ 10f a# 109& ()- #f

109& ()-f109& ()-fl 109& ()-yZ109%& ()-fmLO%& ()-z-\\\\\\\eF7/ 10f a#

109& ()-a# 109& ()-a# 109& ()-a# 109& ()-a# 109& ()-a# 109& ()-\\\\\]]eF7/
10f a# 109& ()-a# 109& ()-a# 109& ()-a# 109& ()-a# 109& ()-a# 109%& ()-]1]]
1"1(]1.1rS47/ 10a# 10%&' ()-a# 10%&' ()-a# 10%&' ()-5\WZZ& a# 10%&' () - a#

109 ()-.]14]:1@C| D] F] N47/ 10a# 109& ()-5WZZ& a# 109& ()-a# 109& ()- a#
109 ()-a# 10%: ()-F]L]R X1 d] g] eF7/ 10a# 10%# 109 ()-a# 10% () - a#
109& () - a# . 0 a#t 1098 h v rS47/ 10a# 109& () - a#
Toog: ()-ar THIBbEI) 2% 100w ()-oWvk 1111111 rsa7 Toas 10v (). an

109& () - a# (

109 () - 5\/\2%@0/%# %63%%“@1%83%‘4‘%’“}%‘%% f‘%‘hl hl’%g&%‘é ﬁtﬁo ] e]lf’al‘—“?/ 10a#
10%# 109%& (wWasapgterlaDodsty( Qorﬁi#mil@%& golymst dfOMk#6) wath tHo Saklowingaifigredients in

109& () - ]]]]Zt]&l}vrSM/ 10 # 10@ 31 a#t 10%& ()-a# 10%& ()-a# 10%& ()- a#
109& () - 5WZ PP W‘F §95 MYPCL00R () - a# 1098 ()-a# 109&' ()-5WIZ& a#
109& ()-a# 109&' ()-~AAAAMANAT/ 10a# 109& () - 5WZZ& a# 109%& ()-a# 10%& () - att
1098 ()-a# 109&' ()=L$AXNQABNCADNQET7/ 10a# 10%a# 1098 ()-ak# 100R' () - a#
10% () -a# 109@& () Eelymansopuion (3t 39p) () - OAmRAHAM\IAZAqu?nga#
109&' () - a# 109%&' ( “latea%l /1651%55)(\ 5WZR2-3 &
Zn Achdhgin sAr S4] soXidy 4 R \V#OZRE aitt 1098 () - a#
109&’ ()-s’\y"’\"""’\!\ltwom%# 100 O- SVWZ& ok 10%&' () a#t 10MAB ¢)|- a#

1098 ()-a#t 109%& ()CABONINeF7/ 10a# 10%# 10%& ()-a# 109R.Qg-a# 109&' ()-a#
109& ()-a# 109&' ()Xsknel0%& () - "AAAAAAY SA7] 10a# 109& () -|ap. 9% () - a#
109& ()-a# 109%&' ()-a# 109& ()- BWZ& ~"AAAAANG7] 10a# 10%& () - bBWZ& at#
109&' () - a#t 10%& ) a# 10%& ()-a# 109 ANANNANAR Y 109 $& () -1 f
109% $& () - | fIPecRoppgnenys. ygre fé%/% aa(S)mffm%’ie‘@%16?35“@@%%0% Tem&

was added, and the mixture was shaken for 45 min until a finely dispersed marine

antifoulant paint resulted.

[0047] The Erosion Rate was determined for the paint using the above stated
procedure. The antifoulant paint had an Erosion Rate of 0.07 wday. Preferred Erosion
Rate for marine antifoulant paints made with polymeric binders of the present invention
is from 0.01 to 0.10 u/day which corresponds approximately to an effective film life for
the antifoulant paint on a ships hull of approximately 5 years while the antifoulant paint

is exposed to water, either seawater or freshwater.
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i MhxX8I T 1098 $& ()-1f 1098 $& ()-9%BWnIM If 10% $& ()-1f 109 $& ()-If

109% $& () - $' (_)xX5Win1lM I f 1098 $& ()-1f 109 $& ()-1f 10% $& ()-1f
109 $& ()-1T 109%$& ()-(_+ 1 7 = C |_dDxXSWin1M I f 109 $& ()-1f
1098 $& ()-1f 109 $& ()-1T 109%3& ()-1f 10% $& () -1 f

109 $& ()-1 _L_MP V. \ b mvxX5lf 10% $& ()-1f 10% $& ()-1f 10% $& ()-If
109 $& ()-5WAnIM Tf 10% $& ()-b_h_n_ g r_u {_i MxX51f 10% $& ()-1f

109 $& ()-5WAnIM If 109 $& ()-1T 10% $& ()-1f 10% $& () -{ ) XX5WAn1M
| 10% $& ()pylfy, Q%8 $& ()-11 109 $& ()- 11 10% $& () -1 f

10% $& () - DxX5WANIM | f 1098 $& ()-1f 1098 $& ()-1f 10% $& ()-If

L0% 8¢ ()17, 1008 S8 0 LiudfABE) 2o koo RG0S Qnaind 81 & O

f 1098 10% ! & () -ddpdBet & ()-!! 109! & ()-!110% ! & ()-1110%1& ()-'110%!& ()-

11 ¢ mg x °_?2xX5
1094 10% ! & ()-1110% 1 & 11091 & ()-11109%!& ()-!!10%!& ()-1110%! & ()-

[ e oxX5 & amo omer(c?f-ﬂlhé
flo%lo%_!&'()-!!10%!&'()-!!10%!&'()-!!10%!&'()-!!10%!&'()-!!10%!&'()-
RREERRE TN X X5 \
!10%[_!&'()-!!10%[!&'()-!!10%!&'66_!__!_3001/§_!R&'()-!!10%!&'()-!5V\&W>! ““““ v
- xX5 F
!10%!&'()-!!10%!&'()-!!1g:/¢[-l_&:c§/)-!5vwvw!!1o%!&'()-!!10%!&'()-! ““““ |
- XX5 -

!)1(0%!&'()-!5V\&V\b!!10%!&'()-!!100 1& ()-11109%!& ()-!1110%'& ()-! " aaaa
a_"?xXx5

1709 ! | 1094 ! & (Wherdif Gs! GHA{ Or H) &AR i& (C) CHLAH)&KCE )(CTH L 00%:), & ere 1 0% ! & (
)-! aaaaaaanN. >(§%<5 . . Ox i s

110041 & ()-! ! 1084 &1 J.% 1 fi98% @ 19 1o .15 o 203 isifiomh84a k(s FPERedePetaa
a#a&amnmvt x X5 is from 1 to 3, and the sum of w and y is from 0 to 20,

1109 ! & ()-1110%!& ()-1110% ! & ()-!5WaW&! 1 110% ! & ()-1110%!& ()-! &) a+a-a
[ a0a3al - xX5

1109 ! & () - ! 5SWanet mopoperefthe formyes 1 & (- 111091 & ()-11109%! & ()-! 3a6a9a<a>
a@Ba_?xX5
!10%!!10%!&'()-!!10%!&'()-!!R&/@!&'()-!!10%!&'()-!!10%!&'()-!!10%!&'(
) - ! BaCaFal aLaCaQanN. xX5 5 e O e R
!10%!&'()-!!10%!&'()-!!10%[!&'(/-!!PO%[!@'()-!!10%!&'()-!5V\&W>!QaSaUaVaY
a[ a®anmivt xX5 —C

110%1& ()-1110%!8& ()-1! 107G T® (- ! 5VeMe! 1110941 & ()-!1!110% ! & ()-! ~aaacaea
gahakal - xX5 R : :

1109 ! & ()-!5V&WS! 1 10941 & ()-!1110%!& ()-!110%'& ()-!110%!& ()-!kanagat av
azal a_?xXx5 wherein R is CH3 or H, and R alkyl, aryl, etc.

11094 1110% ! & ()-!110%'& ()-!1110%!& ()-1110%'& ()-!1110%!& ()-!110%'& (
) -!| a} aaaaaanN. xX5

1109 ! & ()-!! 1094 & Riopdmeérlof B fortn(l):- | ! 10% ! & ()-!!10% ! & () - ! 5WaWs! aaaaaaaniv
- XX5

1109 ! & ()-1110%!& ()-!110% ! &) -! 5W&W&! I R10% ! & ()-!110%! & () -! aaaaaaal
- XX5

!)1(0%!&'()-!5V\&W>!!10%!&'()-!!10 LeDR—5i-209%3 & ()-!!10%! & ()-!aaaaaaa_?
X X5

1109 !110% ! & ()-!110% ' & Ho=Er0% ! & ()-! 1101 & ()-1110% ! & ()-!110%! & (
) -  aaaaaaanN. xX5

110941 & ()-!11109%!& ()-1110%'& ()R1110%1& ()-1110%! & ()-!5WeMs! aaaaaaanM
- XX5

!1%{!&' ()-!! 108fetebn R)is CHI 004 MdR'; RS WY bant%e simfe)or Uit ! & () - | aaaaaaal
_X L.

11094 ! & () - ! 5Wepd arengughydrolysahle alkykarqupg pontainingfiom | 10,20 carhop Rlgms)andQn aaaaa ?
XX5 a non-hydrolysable aryl groups containing from 6 to 20 carbon atoms.

1109 !110% ! & ()-1110%"& ()-!'T10% & ()-1110%!& ()-'110%!& ()-!!10%! & (
) - aaaaaaanN. xX5

11091 & ()-1110%'& ()-'1109%!& ()-!110%'& ()-!!109% ' & ()-!5WaWs! aaaaabbnM
- XX5

1109 ! & ()-1110%!& ()-!110%!& ()-!5V&Ws! 1 110% ! & ()-!110%! & ()-!bbbb
bbbl - xX5
!10%?(&'()-!5V\&W>!!10%!&'()-!!10%!&'@?-!!10%!&'()-!!10%!&'()-!bbbbbb

b _?xX5

1709 !110% ! & ()-!110%'& ()-!110%!& ()-1110%'& ()-!1110%!& ()-!110%'& (
)-! b! b$b&b) b, b/ bnN. xX5
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10%#&, ()=S ZI 10%>& ()- S4l10%& ()- S3 10%#& ()-o0-0:0<olooo|[:vU4 S
UPY+' 10%.#L& ()-'S S ) 10%#& ()-S S &Z10%#& ()- S 110%+& ()- SA 10%t& () -
S 10%t& () - ooo=pppppp| [ NAA10#10#10#S Sf3=10%t& ()-S S 610%t& ()-S S
@10%#t& ()- S 3mO%t& ()- _Y+ 10%t& ()-' pp=qqqnuu|[: NA410 SS Y10%& ()-S
Zf 10%& ()- S S3 10%& ()-S Sf 10%& ()- 8y 10%& ()-@

Syf10%9& () - uu9vvOwww [ : - 410 Sf =10%g& ()-S SS8nl0%g& ()-S

=@Y10%& ()-gS =S&F10%& ()-z 8S,F10%& ()-g S

)S|9:10%]&I () - vewwpd ﬁ&l%ﬁéﬁ%@ﬁi&%m?@gg{gﬁrﬁ&mﬁe§(a§‘@§}£’?@ﬁgﬁlo@hﬂ ééhacry%@ew& () -

3. The polymer of claim 1 wherein the monomers are essentially free of crosslinkable

moieties.

4. The polymer of claim 3 wherein the monomers (c) are essentially free of alkoxy

groups.

5. The polymer of claim 3 wherein the monomer (c) is selected from the group
consisting of trimethylsilyl methacrylate, alpha-acetoxy ethyl acrylate, alpha-
chloro methyl acrylate, ferrocenylmethyl acrylate, isobutyl acrylate, phenyl
acrylate, benzyl alkylmethacrylate, chloromethyl alkylmethacrylate, cyanomethyl
alkylmethacrylate, 2-hydroxypropyl alkylmethacrylate, 2-phenethyl
alkylmethacrylate methyl acrylate, ethyl acrylate, butyl acrylate, ethyl
methacrylate, butyl methacrylate, isobutyl methacrylate, isooctyl acrylate, 2-
ethylhexyl methacrylate, nonyl acrylate, nonyl methacrylate, lauryl methacrylate,
stearyl methacrylate, dimethylaminoethyl acrylate, 2-methoxyethyl acrylate, 2-
ethoxylethyl methacrylate, 2-ethylhexyl acrylate, t-butylaminoethyl methacrylate,
ethylhexyl methacrylate, ethylhexyl acrylate, methoxyethyl acrylate methoxyethyl
methacrylate, butyl acrylate, butyl methacrylate, ethyl acrylate, ethyl methacrylate,
benzyl adrylate and benzyl methacrylate.

6. The polymer of claim 1 having an Erosion Rate of from 1 pmonth to 200
Wmonth.

7. The polymer of claim 6 whereinu =v =x=y =0 and w =z = 1 for monomer (a)

(2,2,2 trifluoroethlymethacrylate).

8. The polymer of claim 1 wherein the marine antifoulant property is obtained by

controlled erosion of the surface of the polymer when exposed to water.

9. The polymer of claim 1 wherein a selection for monomer b is butyl acrylate and

methy! methacrylate.

10. A marine antifoulant paint containing the polymer of claim 1,2, 3,4, 5, 6, 7, 8, or 9.

19



1099&; ()= SZ10994& ()-10910g Normal " "Heading 13]c" "Heading 23] c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Heading 93] c"A "Default Paragraph Fontz& 28*?F

NU _cdfjnt | uz| ~EV$5IMA (_VaHbc| f ghl vI xQRSTUVWKYZ[\] " _ -nQAy! | "$Z' {) 23B45;
<?yC_1IMQ TWKZA\] . [ Flg]]]]]]"72nzrshnnanns (L b {__ ) 1 """
aa&a3aBaQa™aka| aaaaaaaaaabb b/ b;

bl bXbf bt bbbbbblcccccccccdddeee. f Tf f f f f g5g[ ggggh2hhhhhhi 2i Q ei | j j j knmoopuw X
“abcdef ghi j kl mopgr st uvwxyz{| } ~6Ti mes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent ( I"H#SYR () *+,-./0123456789: ;

<=>? @GABCDEFCGHI. JKheVN@FQRSHIANINE [ dopting atroptesitipni pik lchamo plfr durthevwopmptijing

additives selected from the group consisting of a toxicant, pigment, filter, leveling

agent, solvent, stabilizer, and retarder.
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