; e3evs4@6T j 8 June 2004 COPOLYMERS CONTAI NI NG FLUCRO AND Sl LYL GROUPS AND
THEI R USE | N MARI NE ANTI FOULANT COVPOSI TI ON I R 3626 BACKGROUND OF. THE

| NVENTI ON [ 0001] Marine organi sms such as al gae and bar nacl gsJuRet to the
surfaces of structures placed in oceans and | akes. This marine growh has
little effect on the integrity of the structure such as ships, boats,
pilings, water intake and outfall (coatings) pipes. (Wrnms and bores do

R IR s S G A et e

wood, plastic and metal with coating conpositions which inhibit attachment
and/ or grow h of marine organi snms. Such coatlng conpositions are usually
refered to as antifoul ant coatings or Bni§¥oul ant paints and consist of a
pol ymeric binder material, a toxicant, a pignent solvents, and adjuvants to
aid in adhesion, flow, color, vrscosrty stablllty etc. The range of
conpositions for mari ne ant BAGUHGROTUAND) - TEWMor nous and has evol ved
from changi ng needs. For exanple, 1-Z years protection was adequate for
nost shi ps which were dry-docked every i or 2 years for r outing

mai nt'enance HIN0I WeEEneSrEiRRROsuBN ds &@fpdndtbecharliet frtank v Batntaeal afvrscwbdsl e in

dry dock. Wth the advent, of th su er tank r ended. i n vaI S
bet ween dry B8esdilRgestes and @Eﬁﬁ r@&i Wﬁg@&":ﬁ?a%’%% e’h]% e‘g?éuetlﬂ%g%

need forl onggfchird Quanti fs@ipsambaig OllinpY Swives igseabedl ou:rﬁllll KchaRds)Upiped. n
great measure_met by the extended performance nmade possible by

poliymeri zabl E¥emnsi pidubergs <o attack WOy #ah HlsHcset RAFF\FFathéd, PWFFF’EF] FBBcame
part of the cogling rwsfg&atmnn&%ese SPERY SRRIM S HEI6E aﬁarahrrgqﬁd lBe]
creating coatl ngs i‘ch controll'ed erosion and toxicant |each rates to

appr oach t heefBcipmeyr It hfsdeem quimenpractice ©002] the AubsHe sPdIret 67 BRPGARSHC| i f e

[ eaul ¢ ement SuliOked R R01 LLAUANG: GARMIDAG: SGRACEAMRAL ddidn RISIHAL ¢

. effects of anti ouIa f 0XT Ca on the environnent has eficouraged the
devel opnent @pahisse Seth sysingwempbdivdnsate enplly redered e ﬂmntrf@urmwganm ough
surface nodifi exa | C r b he use.
of silicon oFtl?quﬁfng%{Scaggt%ﬁn%?tn()f a%@%ﬁeee?% Igd\??%na%ﬁ %f&%ng Q eaée '
properties. sbivens, shdnaijidQow t[)(HBaDSﬂ adi’merod,eﬂ@#nqmmmxsamh’csmbth es:l; alke of t he
art of marine a%foul ant_coat | n @r in art cuseasn Sug¢ e!‘,ah”sc.].

d ean Hul | s TREHSIPTROTY YRS 5&9 gn‘ﬁﬁ‘?i PRUTEPRY SBIeTR e ¢ I hie
coatings. Kaghgs thdnginBrmeels. JFor,exaple) B-QSyeIr@q:rdﬂfBrttmgy% as\&dbquaﬂs for 91€)ﬁt ship:n.

20U0. 2. A New Ap roach i.n the Devel o t and Test]

A foul g BRI G AR G ot IR T 0P o REGF Bf s 8Fi7ped
Mariette, P..nhioafadied Fith BRAQThAfouMntslwmgd rar &y d&..LY WEONGE QlGant 30 denaberof

Coati ngs Technol ogy, Vol. 70 #880 May 1998. 3. Marine Bi of ouling And It's
Prevention c#riehderlaeseadsdrignels bepreen drr%%kgx,g Wiat Eapiapd Fanﬁ#rfgge) 22,
41461. Marinepot 'I'in%d.h@mséi fo‘?‘ﬁcl %-fé %M@ﬁl&ﬂ%oﬁ@p*g@as c%feﬂn%é'n@f‘cpmzé Rg and
it's Prevention on der wat er aces' Lewrs, J. A, Mterials Forum
(1998) 22, 4iea6Iycaiige anatelenie cmeéhqueemﬁweﬁlh?mwm@ﬂnwmblﬁl ant
agents. An ext n |ve bi bl e d aper
makes ref er &R¢ ’bfur‘f:ge‘r‘gs%géagg d-‘(mﬂ %tgsr a\g&g |b%g%%9?f{/{n§$s‘h W tﬁl gendant
hydr ol ysabl @ofyﬂj&ﬁt binds. amgrevemants aiai-aealhrmddedqgrmmnog hyatingphhichcoiradlzdce.

- Ref erence ~5 from ich this descri s a thesis in French, by
Fadel , A - “HFRE8F_4Y hic%trlgarc?éat o B"r% ﬁ?ﬁg €8t Application de
Resi nes Erodabl e pour Peintures Antisali ssur es de Nouvel | e Generation”

1994. This reference _does not disclose the
[0002] In addmon to extended life requirements for marine antifoulant coatings,

concern for the possible effects of antifoulant toxicants on the environment has
encouraged the development and use of systems which attempt to control fouling
through surface modification; for example, prevention of attachment through the use of

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



conpositions of the present invention. [000S] V%0, 00 i 4166.A J , Judith
Stein, General Electric Co., 20U0, 03,16 describes curable ée’l i C fouI
flee rel ease coatings and articles. Ivto fluoro conpounds a
[ 0006] "Silicone Containing Fluropol yner Coatings Conposition for
Control |l ed Rel ease of Organic Leachants". James Giffith, Stephen Snyder,
U. S. Patent Application 921054A0. This patent application discloses the use
of il uoro-epoxy 8 June 2004 conpounds and silicone am ne curing agents
rat her than t3uoro(neth)acrylates and sil~9(nmeth)ac:ylate nononers to
produce mari n@marfrhé awe@dyméak BAIEE Srent OEte! GSHE £ARBE HGAROLYIBIBNOfoaGhkd &ant N
are hi ghly crosslinl: [0007] JP 5.113014, 197S1003. Tachi da, Toshi | ,
“Material fbe lehél‘Pm@vléhﬂfdﬂrﬂSof Adhesion of Organisnms in |-~rater”. Rel ease
coating as antifbulants are prepared from- fluorinated pol yners, above,
e.g. pol~~tetrafluotethylene. No silicon is present. [0008] ,4dditional
antifoul ant rellease Qaat Holls WithowteBsikdzed Davididpe aﬂ:&)lthﬂiﬂgngoxpmmmm

patent applicztions, none h. des es. the. CONPOSI ns, of . .th
instant invention: F&! §‘§i4%£ﬁ&6’1 E. &'qrca PYipes 1?%75’(5’?‘ 72 %\p'} G ‘iﬂ"ri on.
DE 2752773, EP 87403348, EP 885938A2, JP 0319073A2, JP 319074A2, JP
04217902A2, JP 04227770A JP 04264168A2, JP 0426e 7 69. A2, JP 04264| 70A2,
JP 070033197. A2 JP é71sgshappachp ﬂfo@iﬁ@ﬂ?ﬂfﬁé@?@“% ASUTRNDg] PaEElS t her

information on ant; gt @9@@%&@%&&%@&9%@3&@@1 owng k@ 5. h@oa&m lpov~ng
articles: "The Ant| foulin otential of Silicone El astomer Ffo

Cl arl aon, Nancy. Re®arn, Ydlsenses.May nbomreselamsi of @9991}2531'309170]%28 e

" Synt he5| s of Perfl u g@tﬁ%} figgyl ate and Met hacnl ate Foul i ng Rel ease

Pol ymers", Arios, I§ M et al. Boot: ofAbsttacts 213t" ACS

Mational Meet Bng, MannFBmfomlsmow%’mHm@Bnmvon WodrrwatanBurfRgsiol. apbtyisner s
and Silicone Foulin ) ultrtan, J.D., Giffith, James R,

Recent Devel opnent s F SRR -%m%ééé)%ﬁgﬁ 1994, 383-9. (0D10] Self

Pol i shing antifoul ant paints are described in several patent and patent

zpplications such as: EP 51930r12 - 7~Tarirae Paint, International Paint

Co., Ltd. SqiiaHeenatifddAntSrSilcoaFlweder i bes sel f-polishing marine paints

conprising a copol mer nmethacrylate, rnethyl nethacnlate and a organotin

nmononer . [ 0Qd4d4] Hy\dirﬁﬁh}eiw&{libgchhem b ifrb\enpi@l onrMBidsrviaxr StafacksY, BRILevds,

anti foul ant pai hav been ribed in the prior art 0Ql 2] ["Graft

Copol ynmers gt ""'EI "Fé@sﬂr’? S) UrﬁlﬁélpH%aFWPEWF]?fn@‘F FYgy of marne

Macr onononeng: RNAntEdeilsi d ¥QBRRRISE hog}@lhpasd rdfetBfdes afd indluded. JThis paper

Envi ronnental 3 8 June 2004 Pol yne radation (1999) 71 (1) 27- 34 Th| S

article di s@!ﬁé~§%§vfﬁffé1°%o??p@§ldlcfsoﬁ§ld\‘/ﬁdt HU &S n @y ¥y ROBpRBITC /it rRspAInt

bal ance, bulhyﬂlof 2015 ﬂi‘nw 8 aWa§§ﬁ9%xr&f&}ﬁﬁéﬂ:é[ﬁ%féﬂhﬂ‘ié‘ﬁ‘al&ﬁ@ Rfeference ,4<

al pha- nmet hact 5 ory oxy- a a- hydrox acid nacronononers. [0013] Konstandt,

Fel i x. FR 2fr©n8$@chd1h§cﬁwegt1@ gota&v;n omaotﬂwqo%alnyétfmbnbmﬁﬁéelorA it Shhesis

h~; dronhi | i [ i t.; f t ang

boat s bel owﬁuﬁ%ﬂg1 '\éad%eﬁr/egﬁfzs\r,]\i %@%%rf%gﬂ JC ﬁ?%nﬁég% Jru'fm(%';rﬂ;}o g?‘%%eﬁ?%@?gnt

i nvention i Antikedissurds di&ibllésx-eihyGeneranon”, 1994, This reference does not disclose the

compositions of the present invention.

[0008] WO, 0014166A1, Judith Stein, General Electric Co., 2000, 03,16 descnbes
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




fl uoro-containing conpounds. [0014] )rP 080111 7A2 - Haradaa, .~., Contains
hydr ophobi ¢ and hydrophilic groups but does not contain the_ nono ri of the
instant invention. [0015] JP . 5214274A - Komazaki Shigeru &vugg 200
Cont ai ns hydrophilic and hydrophobi c groups but based on ?v'-acrylic
i mdazol e nodifications. [0016] U5 4883852, Shigeru, AZasuolta, Hi rosh
Dor, N ppon Gl and Fats Co., 1989, describes and clains marine antifouling
pai nts which contain a_polysiloxane pol yner and a_copol ynmer v~>hi ch rpay be
met hacr yl at e “@8Pp ARG SFIGRAFE PO ICYDRR LD GRS e STeTamethamy risb &P,
1' oski sa et @ihyx(nléz%crgﬁ@mm&%é ORBh S nilihy LACHYaAL BhdedPeSThd bagiAnd
clainms marine Tantif'oul ant coati ngs contai ni ng copol ~~rners of nononers
whi ch cont ai Aorefiraeh 00YLEKRY awrhighy bressiBkedy| oxy group and tiiorganosilyl
group. A third vinyl nmononer may be present. Does not disclose a
fluoro-containing noiety. [0018] US 4593055, Melein Gtlitz et al, 1VI1&T
Chem cal s (1g®6Y] JIDesci3nbes1 ERoti | ashitdy BohijpfiVpriial orf e Rreventiod lof ng
marine fouling H-hich are characterized by includin hydr ol ysahl e
or ganosi | yl abPYTIE AGBSFHRER o MESS - REl5S. o P IR 1 Seap e L (0T
Surface Coat if@aledterartd, @b@le, &g 193 rafBdrethilend) NBlsilgad)s fesdnor et al . ,
descr” i bes wat erborne il uoropol ynmer coatings for marine fouling resistance.
[002Q JP 05186715A2 - Kido, Koichiro et al, 1993, describes marine
anti foul ant o) DESNMA Gh BN CRM.A BoAlks atal&sRdin B eGsWhAtREnAS
v~ell as 2,2,2-~ifluoro 4 8 June 2004 ethylac~~lates, but it does not
descri be t heangr peticapplieatiopsr pPngs oib Mdud) ﬁ?ﬂcﬁg?sy Ehgt eorgpasiiess (fode | ipstap
01097374A imboitloh: UEOSS40640! aphBB8on Mok Ohs Al L'Aﬁ%ﬁcﬁt% BRI2788, AL pHCt ures
uo an nmet h)

are prepared by copolyxnerizing roet hyl nonone acryl ates.
?~0 siivl acri7d083A2r BP| B8I%SEA2, JPOO2R07SERUGET AAIBEARD| Pz 421798342t BBSI s
Properties LI GRLA1,QR, 1 oo 4A Lhs.BpWHO 7= I I5,6.?00) ,
(2) 23-32, @g%ﬁﬁ@‘é‘s?ﬁﬁéﬁ’*@ﬁﬁﬁﬁgﬁ ?f‘“%r‘?%ﬁ?’t ﬁ??ﬁé’@%ﬁﬁ%ﬁagﬁsﬂg‘f P

fl uori nat ed Po3/HALSIP (I0B2&]2A2, B dUT03B3A2. Robert Supcoe, et al, 1983
Marine Aniifouling Paint Containing Fluorinated Waxes. -[0024] .

2,2,2-Trifl t 'yl at ;Hfi i-f £)..1.S..0DN8e . n din
the mari ne gﬁé@? ggﬁgﬁygﬁ%ﬁgs&o ’ﬁghxltl%srflg%te P%\?g%% FHE% %E/b{agﬁ én #gg been
used i n applfoitating ngtdehet Thehaamtifaulinge Ppaniidls of Bdasopt eElastomien dielynfrd),

990554541 Y. hi t To au, (..Mt subi.shi,.Rayon ed..lndex Plastic
Optical Fi bZ‘iiI%i?oi’@/ a@ﬁ‘ég%f?h‘édyanﬁg&&ﬂeﬁ&?m 10{1@%8%?3 ’éﬁ:l%%gg%fm pStyner s
for the produttuctifaied soflkatel Bid Mabkamlae| Podies; R{Q0B2] PaPn&334283s,-EM,
1'anashita Tatashi et al, 1998, Tor in ri.al .. Thi.s patent cl ains, an
anti f oul i ng "HEERo ! Eh&r g&?}éf’? %Eﬂraicﬁ(%ﬁa dcl&gtskﬁ%oéuy\{ff)%g?‘? BR%a*Bbnt ai ns
a copol ~~: nek-19bt @Meds byuRRIBEARK ZIdSiliesnLESSRE IFade260 TRONERET, BulSldnf 0 99
wei ght percent of a fluorine containing pol;merizable nmononer.and 1 to 60%
of a conpouhd Hawitdy James Rakecent Ryt GrmensHp Bolering — SoniplpdP4ridfdeul e and
chat contains an organopol ysil oxane that has reactivity with the
hydr ol ysable silyl group in its side claimandlor termnal. Houever, the
Japanese pa b ers.: - i a==ant..i at.l:0n LR.St QL 5s,
' sten ast polFg) S ZBEA R IRl BEERNLel AXERTR (3R] FRlchl AT pabOS,
exanpl e, trkppdkckinry wch \dsadiBliaf B Aler sMariad |Rairk, Sikrpkderaf| Baiet Co., tlkdt e

Substitut cc RONES (hane frbatien S PR m i gt ap€Sits bty

methacrylate, methylmethacrylate and a organotin monomer.

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

been described in the prior art.

j0012] “Graft Copolymers for Erodible Resins, from Mpha—Hydroxyacid Oligimer

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



8 June 2004 [0026J Antifoul ant paints containing both fl uoro and
silylacrylate groups are disclosed in several patents: 1343
Yamashita, Jotoshi et al, 1998, Toraj Industries, as not ed WUlg

di scl oses a binder and a toxicant for marine paint, the binder corrprl sing a
(meth) acrylate copol ymer which has been substituted with a h; ~drol ysabl e
silylacrj~late group copol 5~nerized u~th a fluoro (nmeth) acrylate nononer
and a poiysiioxane. |liowevez, it is apparent that the siiyi acrjiate group
can be hydr olebed:rB@mdatom(ﬂé%wdwl)al?eﬂsu Thie eriickulissusserdatconnesibenstid ot her
silicon subst S

hydr ol ysi s 015j cﬁn%%rhtyfl ﬁogk?t?ic/%& @r%ﬁn(:](c)ﬁ’%gﬁié%??%g‘r’e}? f\?\%#u rgsrggfﬂ ?nr?to gglt%g]ﬁsi ve
cr ossl i nki ngulxedf\siyda-ridieachylogtr yhdsHodndeoxaaeit mbeopohorsérs.oxane addi ti ves.
The silicon substituents of the present invention other than the acrj9ate
functionality are base o] r e al ky] .groups us, . .
crossl i nki nngoll%hﬁlPF“at“ﬂeo%@P‘ygg agélyéﬁ%f}'ocsﬁ/é Sﬁyﬂg’a OEQOW@WI“EW 8t a17.
[0027] US 69422861 Qdrivhiives MRS hirohilidberd B9 Rolymbr for kediBraRaXhekRMpaun3
and a silicone amne _curing agent  conprising a pohzner ma~ix for a binder
of a teac hab}ﬂ’erebhgenﬂblsmmmm Sifens TpR tha Ayt AptenRQILIN Bt Hdaths fgy .

SL% ~~SAR ' Shord Fhikin) QI@B?;JPQ,&D ¢/ 0028J The present invention provides

i nproved pol jzrrers usef | nders in self polishing marine antifoul ani
paints and the resulting marine antifoul ant paint containing the polyner.
The new pol j [A0MIrEP 88@ 1nRA2 £ Hermded, A.efottainkrhyéroghatti¢ aud hpdmpinbe grawps t s
selected from.t.he grou nsi'stin flu nat e d acryllc nononers, (e.g
3,2,2-Trifl 3%t8(e‘?sh f%ﬁﬂ%ghr yT%IF’é"f?n%‘{ %’ mfernl organosilylacrylic
nononers, (e.g.~i.-nethylsiljl net hacry ~l ate) and acr~~lic nononers not
cont ai ni ng a{nomiganesidvyhArrm %ma(zemgsmgehhwlx atet-haComtding eydrophidict budee
conponent pol 5zr e. ter ter) t| onall.y contain from 0-6

wei ght per céh éci?goélc &?"BE%b‘Ftp%R‘JI#P@*ég‘@ﬁ’f Ot]ee’F‘B@)’ J‘Y'?H f&rs are novel
conposi tions usefitl as polj~rrteric binders | n | ong | |fe mari ne

antifoul ant coatin The erosion rate and. r f.ance a t he
ol yrer of -t HGLa LT B ST or ek SRR 0% MipTaee RS B d e

anri f oul ant d@?driELs b &emsrﬁhﬂledarmfoﬁﬂ;gqﬁquhkheo%eppﬁ&]yﬁmmef ARRG
nmononmer and the ampunt of cross-1linkin gent in_the copoljzrter The |
pol ymer of fanéagserodener WiHokemey bnmeémang%wqr/mﬁb’ﬁﬂ%ﬂwq 1¥pffg the reaction
product of 6 8 June 2004 a. a nononer of the forrrul a: O ~\GCORF HC=Q

R - v,herein Ris CH or H and RFis (Q"(CH, f(.) CF), (CF)qy(CF)z
uhere a is fOWM DSt 67717, iMatrubera X oskist, etwal. sN Foh?p@lpt,o optafnsom 0 to

|, yis fro f omO to
20, b. a rmnq]g)neérr'\o%%gt Péscfn %e; L% IA‘E}E 9‘”%83 @%&ﬁlgﬁf@%@gg & g érgO—B or
H and R alofyinooaSmasyhfhicancbontam 4o reordey] ofy tdnenfemanmca*]omy group and -

tiorganosilyl group. A third vinyl monomer may be present. Does not disclose a

fluoro-containing moiety.

[0018] US 4593055, Melvin Gitlitz et al, M&T Chemicals (1986). Describes erodible
ship bottom paints for controlling marine fouling which are characte:ized'by including

a hydrolysable organosilylacrylic copolymer. No fluoro-monomer is disclosad.

[0019] Surface Coatings International (1999), 82 (12) Bready RF for et al. describes

waterborne fluoropolymer coatings for marine fouling resistance.

[0020} JP 05186715A2 - Kido, Koichiro et al, 1993, describes marine antifoulant

coatings which may contain acrylates and methacrylates as well as 2,2.2-mifluor




i ~~-0SIRR2 HOC=C R3 R wherein Ris CH3 or H and R, Rz, and R3 can be
the same or different and are nonhydrol ysable zllyl groups opt ai ni from
1 to 20 carbon atons and%or non hydrol ysable ar~~l groups c from6
to 20 carbon atons. (0QL9] 4lso provided are marine antifoul ant paints
containing as a binder a copolynmer of nononmers a, b, and c as defined
above. BRI EF DESCRI PTI ON OF THE DRAW NGS 7 8 June 2004 (0030] Figure 1 is
a three dinensional plot of nonomer conponents in the copolyner and the

cor r espondi ngtetesaiases. at at does-ppiodesFriborhe RESFIEE LpT PYC —'61%?1514@?%’]%‘%
Mononmer b is u?,gted on the axis designated x using a scale of 0.050 noles
to 0.06i nol €s; “nmononer a is plotted on the axis designated y using a scale
of 0 to 0.005 noles: and, nononer c is plotted on the axis designated z

usi ng a scal ¢oaf] (P 0073 AR, FBSuliDT @s et DETINOL ERINDERDR TP ON20R SRiEtures

| NVENTI ON AND PREFERRED EMBODI MENTS {003 Copol S=rn rs.ga, b,
and ¢ as def Fﬁeare?ﬁg‘ﬂzf’é’ %ﬁigf’ff‘%?g rfﬁgro'e%%ﬁ? 1'*(53ﬁ’%hsa\?/n§iE Z(Hl%%hzg%‘}gﬂ{eg?bs F%n
rates for usgiiiciaeE iEs@Ati foul ant paints. . A desired erosion rate can be
achi eved for a copol}zner of nonomers a, b and c by adjusting the
proportions of the nononers used to produce the copo]yner,. Such.

pr edet ef ni netP0dzbFleminetsd Palgnarc Aiehed BYrEutedd HPIAEhr 655ALToRY81
MoNONer's a; b (AN dh fpd 'CAEEO(ARDS S 30 Misclaled ROCkhaREN! plseROtARNed
herei n and graphica epicted 1n Figure |I. Figure i is athree

di mensi onal @pdipat@hsn%ﬁummed@nbmts in the copol ymer and the
corresponding erosion rate for the resulting copolynmer film The plot in
Figure | sho ro8i t Heaf 0 : LAy-enti on
(~i hour) plo t%% @é% égc?‘iR %)b%&oﬁp %ggtlr%’g?%rM;é%Hﬁp%}l&efﬁI??%{%%?h%eonﬁ%ggyner.
Mononer b i sFipbodaie@idWerest he axi s designated x using a scale of 0.050 noles
to 0.065 noles; nononer a is plotted on the axis designated y using a scale

of 0 to 0.00 les. d, nomer c.i.s plotted on the axis des t z
usi ng a scal @Ugﬁ 7‘0’%6’2%%@%&@’8?%%@? (%sz@ 'JdRe 058'6411] R}lt’)o%%%gigeg%ﬁggoner a
is a nmononerm@fne Beifb@emutertng of\G: OnitntHyGalioh. DMatrifewher demm Rséds CH3 or

H and RFis (Q)(CH,(CH )".(CF.X(CFo),.(CF)Z where.a |.s.f |, v i
s fromO to aPPhQ?(“i"ES rPgl?ﬁr OQ}FB ?"(9'%“’3( R tst'onfgga’%‘éei mclyde; skw onéébg]s%)%ggo'f zZis
from1l to 3.yaadfid heosyeu Qinused Rayos) §9BMEIaded BOex PRGER Dpiical Fiber;
2,2,2-Trifluoroethyl nethacrylate (ma~ife) is the preferred sel.ection for
nonomer  a. d"ﬁ)e?u}é%’/@ﬁér'r@'aa B tSUHHY et &y 1586n SABPLYERCTSHOF theePTe WCPP’&B%fﬁ%t hy1
acryl ate and gethactydade, 3,3,3-trfluoropropyl acrylate and methacryl ate,
he?: af | uor oi sopropyl acryl at e and nethacrylate, 2,2,2-trfluoroethyl

acryl ate, aad perfluoro-t-butrl acrylate. Mvaures of nononea of the

formula for Gpngnpre;3, Ey_ RS ORl.0¥AM & IRALAY SORO! HABS.IOM T SappeSEN!

i nvention. rabl’y monorer a conprise from0O.5 nole %to 10 nole

% of the reatdants auifoditeomethke chanetoupd inyther it bt hHodmpasitiothe ceywmins a

)

copolymer obtained by polymerizing 2s essentizl components: 30 to 99 weight percent
of a fluorine coniaining polymerizable monomer and 1 to 50% of a compound having
at least 1 hydrolysable silyl group per molecule and that contzins an organo-
polvsiloxane that has reactivity with the hydrolysable silyl group in its side claim
“and/or terminal. However, the Japanese patent differs from the instant iavention in
significant wzys, such as the hydrolysable silylacrylaie has pendant reactive groups, for
exzmple, tri alkoxy silylacrylate versus alkyl silylacrylate in the instant invention. The
alkoxy silylacrylate form will react with a substimted polysiloxane while the tri-

alkylsilylacrylate will not.




being particularly preferred. Mononer b.. Mnoner b is a nononer of the
formula: O~-CO R HZGQ R wherein Ris CH or H an3 R 1is allgﬁl or
aryl. [0033] Sone typical e?:anples of sone of these are: %

et hyl acryl ate, al pha-chloro nmethyl acrylate, ferrocenyl nethyl acrylate,

i sobutyl acrylate, and phenyl acryl ate. Al kyl nethacryl ates; benzy>7

al hyl nethacryl ate, chloronmethyl all, ~~l net hacryl zt e, cyanorret hy1l

al kyl met hacryl ate, 2-hydroxypropyl al | <yl et hacrvate, '!-pheneth

al | : yl met hac§9>4) éntifitlapepaiatrophaining et yluorpcang] sy lacryiie ?TOUH%FVI%%CB’be‘%t hy1
TeLyacTylal es, Wt MRIRACHYL AL SAPH. RLARATY, PGB, TR0Gkimacky | at e,
2- et hyl hexyl “net hac nonyl dcrylate, 'nonyl methacrylate, |auryl

mei hacnl at e, nsteEamyhbc@e d&clhsﬂeaZExﬁ&rnmmacmimnefOMmmmhyﬁaam meee thimgder

acryl ate, 2-nethox l.ate, 72- eth t t e Tocahle
3 byl hex - FouRRy TR ety Rk Shrut iy e s Rorp Apet bR D fyronvseble

met hacn9at e aivla@Ckyl gy dBRbRevelhwibasT F9ab ey mﬁrlla&Cﬁmhaﬁuer ahditay|
acryl ate and nethacr3rlate, efhyl acrylate and net hacryl\/ate and, benzyl

acryl at e andppisiipaers| fé@‘é“’f’{ QLY APEPreat Bt B S8l (Y RGHEORR Far i biEr VEar e

Metityl metBagryia &-a0d é@%owsu@&rdén@faﬁd a1 ARdichdrOHon A iR SHRNQRRY S
such as: al pha-acetoxy ethyl acryl ate, al pha-chloro nethyl_acyl ate,

ferrocenyl methesd sitestzst alkexy issoupsl Bub, udrglyss of mael tiamepnd SHeqr FupsEment
Ayt et hackull @ PENEYen akéaeﬁ{_;ﬁ%h ¢ AL 'tgﬁﬁéifgbmone and the

aI kyl met. hactylat'e, Cyanone acr roxypropyl
al | yl met hacrp:blaﬂﬂmax@ afigives. h?hd szhi:dnyﬂummﬁdht Bfemm mzemum«p@#r an thet hyl

acrylate, bu I Ma.te eth t hacr : t tyl
ot hacr 351t B PEGBAy R T P aron IS Rt MR RRR | 1hE) BostpRl
ac. -yl ate, n@mdghmtﬁ@aeﬂyiﬁheddzhauwmﬂbemmmadfgxlaﬁt e, stearyl

nmet hacryl ate, di net hyl am noet hyl acryl ate, ?- rret hoxyet hyl acryl at e,

2- et hoxyl et h I r~~la 9 and t- bu et hyl
rnet hacryl at 2%?%@?0&”%&0@ % ¥€1 Z% e‘ T RPHEE "g]a%q?
acrylate, meshomy kb cﬁgﬁgaﬁtec@[pﬂxsmgtmp@wbﬁmmbm w bigder )oh’atleucaﬁtﬂe

nmet hacryl ate, et hyl acr%lfate and neth ylate, and bertzyl acrylate and

met hacr Sivat eDT"M’%%’FR%H OTrPéh‘bPPéFge%ﬁ‘%?‘ﬁ’é’gfﬁ?tWﬁFa for nmonomer b may be

enpl oyed i n nmaki ng copol yners of the present invention. Preferably nononer
b shoul d congrises ki 4G pleEXioNd~ nole % of the reactants used to nmake
the copol 5. ner wwth from~7%to 89% being particularly preferred. Mononer

cisa ”DHO@ézsgf@feggesw g@n n prov%:§11§px§z ed e@ymersR?seFﬁlV!?.eJlﬁdéﬂs & kgr CHB or

H, and R~ can e sane or réent and are non hydrol ysable
~al kyl gr oups:oo&:dnnalmarn'g fanofenlent palt0s crdbde aeohingamiros  aBHOHyr PERYsabl e

aryl oroups contalning,from 640 20 £athon ALQBR A0 afielif:oe0dint003S]

Preferred fdf re‘acrylic nmet hacryl1c esters having a
hydr ol ysabl ené-mmts mﬂlselbl:mdrﬁ'one e growp sodsjstiag mﬁ Ifmpenatdth egrglid 810ab1$10’5,pr esent

mononer ¢ SHER! G- ABRHPEESEY BT BTG JaTHas HofeaRs P PEARIER & ubed

to nake the (@@@%&Hﬁﬁl!)\l,rﬁétﬁi'tr'fflﬁteﬁ‘aﬂd?}i@ylﬁ@nﬁaﬁ%&elrjw c@x&ﬁi&lir@bﬂrﬁdﬂgmcpﬂﬂferred
M xtures of nononers of formul a_for nononer erFe tr;ppg? ed in

marring cop@%‘mmdéﬂsmé@yh@e%P%]éW W‘eﬁ{Fe&ﬂmpmm poly €r) can

optionally contain from 0-5 weight percent of a cross-linking agent. The terpolymers
are novel compositions useful as polymeric binders in long life marine antifoulant
coatings. The eroston rate and resistance to cracking 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
copalymer. The polymer of the present invention is a copolymer comprising the

reaction product of :



[ 0036] Mononer a's function in the copolymer is to inpart hydrophobicity to
the copol >nmer film The copol yner functions as a binder for iﬁ

antifoulant paint. Controlling the quantity of nononer a i n8 gg%i yner
affects the hydrophobicity of the copohnmer which affects the softening and
erosion rate of a filmof the polyner in a marine environnent. [0037] The
hydr ophobi ¢/ hydr ophi | i ¢ bal ance of the copolyner is controlled by varying
the proportion of nononers a, b, g?g e copol yner [0038]
Cross-linking agent: If it f&o082FFEdg “85 ain additional control over the
har dness and erosi on rate of thecgopol~zner, a cross-1linking agent may be
included in the reactants used to ke the copol 5~rner. Preferred
cross-linlang agents are dines or*%? gher_ur ari:rated nononers such as

l'i nalyl acetate, meryl acetate, diafkyl-succCinate, and fuctionalized

but adi ene conmpounds. |f useg,,i_p | ess nol e % cross-1inking agent shoul d
be enpl oyed. [0039] Marine 1t ant paints. In addition to a binder or
filmformer, marine antifoul ant paims may contai n other optional

i ngredients. Exanples of such ingredients are a toxicant, a pigment,

sol vent's andwaejelVRRSCH Oordl hnldR ;36 t@ﬁﬂm{yl(cﬁi&\ocr:mfory(cw? SeRsd &% Sdmbi lity,
etc. The rangeof conp05|t|ons for nmarine antifoul ant "a & ication is .

enor mous, ha¥® kvds fen kipdntdh&agi g et irsiromfde § < MdTom R ivdth zdviremdse
skilled in thengile af, i snd PSR 8% 241 8 June 2004 Erosion Rate: [0039J
The procedure used to measure the erosion rates of polymer filnms and
“fornul ated paints is the sane as described in LI SP 4021392, columm 6, lines
27 'to ~4, ~~hich is ifco: parmareenef & fooylaef erence with the fol | ow ng
nodi fications: .A The substrate used is a poly(nmethyl nethacrylate) or

pol y(car bonate) disc having a di ter of 8 inches. This disc is coated
directly with radial snipes of plder filins or formulated paints. B. The
t hi ckness of the dried filns arelgﬁagnpéﬁ‘n§|ng contact profilonetry;
specifically a Tencor Al pha Step 500 profiler, as a function of seawater

i mrersi on/revol ution tine. €®—Fhe\speed of the disk at the neasured
circunference point (8.0 cmradius)gis 17 knots, -and the tenperature of the
seawat er is naintained at 20+3 C. [0040] "Erosion Rates" as used herein is

- defined as the erosion ratgneeiet dmedoly, &Bgla@w&agafﬁfdenced procedure.
The preferred Erosion Rates are erosion rates of El /month, especially.

preferred are Erosion, Rate nﬁ%oﬂmﬁ%ﬁm%ﬁkhﬂﬂnth and nost preferably 1.6-1 S
Wnronth. Initial f|In1th|c ness was ~pi cal ly 3d-90 microns with an
average thickness of 60 nlcrons()For mari ne %ﬂtlfoulant pai nts, the

t hi ckness of the paint filmapplied to the ip hull depends on paint
conposition, desired lifetinme of gl gﬂalntSI n_tfe hull and on the erosion
rate of the paint binder in a maryne envir nent Exanpl es [0041] Pol yners
of the present invention res-=Nt hesi zed i n™ he manner described bel ow,
from nmononers, and in the p?oporﬁ{pns and anoUnts stated in Tables 1, 2, 3
and 4. Also listed in those tabl esRare conparativ=e pol5~15ers. A total of
~4 different pol5zrlers were synthesized and are reported in Tables 1, 2, 3
and 4: Synt héikifein RPioCHdor &, shOBAZ’, An@RO aah b8 sireeainero diiferbiatand ayer emet i on

flask e ce condense an addj.t o f unnel
| har oo PRl B e A PR Om o dbyl: 6700 dHIa 1208RF (32 o: al
vol ume of degRsiSamh LIy hRIsS o Xideeen WAS 20 carbon ztoms.

[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




12 8 June 2004 transferred to the reaction flask under nitrogen, and the
liquid was stirred and heated to s> = ZC. [0043J In a 250 ak Erlﬁgﬂﬁyer

fl ask, a nonomer batch uas prepared by charging the flask wdtHNg

remai ni ng vol une of anhydrous m xyl ene, t~~te fluorinated nononer, the
siiyiated nononmer, any other co-nononers, and azoisobutyrylnitrile (Al BN,
see Table 1). The nononer batch was capped, and the resulting solution was
sparged with nitrogen for 10 m nutes. The nononer batch thus prepared uas

then transf ed$B8] hisywr! Hia horgedimensionsé plos EMOBMEN REWPORERIT 11 BA CPRATBET,
00443 Ov : ] : i i
o haares, A7 e MR Phe 0B R BECPRRORI RALED O, Bl o

t he heat ed, 1 7rring I'ng nv;ture en hea for an
addi ti onal 3bheulmtedton8tie a2isCesAfnbed > hiisg hesatle nd P&l od]es et @Sminglesir e was
heated at 115 2 C for 30 mn tes.hp Drd%{,to COﬂSﬂﬁE ﬁ¥ Q@Sid al. mpnoners
and/ or | ni ¢ BB PAEATNGAGHS SR CEPEE THE b ALOPSIFs =

t et rapol ynmer g,obAaBUTE ploStBOVA RN isl disighAsbz hsilsdal of 02020 ts DiUBYaRe! hyl .

met bacnl ate (nononer a) Trinetbylsilrl nmethacyl ate (nononer b)Metyl ~

met hacyl at e ém)norrer c) Buyl arndate %m)norrer L .
c) Al BNm Xy| eRETALbED3. PESERIBTRON040F U7 N ANST YRS s ol . FFF IeRRERs0. s41
| 3. 15650l 013EXEHPDYBINTS. D005. ' ~34. 0Q67. 2820. 033203D. 8413. 1664. 00S -
| 1. 262D. 03D1860. 0U0 (3. 1668. 01UL. 2820. D44_' 67U. 8415. 2234. 0U5

' 13. 2D40. 0412/9881]0L5),2238 .of| D8n@0et0 2055386 (: 84 1BLingb Ry Ol Bummary of the

20 6. 51000 005D, A0 e BP9 . s
P 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 predetennihed

erosion rate is achieved by selecting the proportions of monomesrs 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

(ihour) plotted 2s 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 v using a scale of 0 10 0.005 moles; and,

monomer c is plotted on the axis designated z using a scale of 0.020 t0 0.033 moles.



8 June 2004 1so.o00Ds. 223 s. Dl ol.a~D. 04930340. U003. 166

4. DOS1. 2E2D. 02s1716D. OQUba23 | 4. QUS3. 204Q0. 03924~16D. F415. 223

4.0U51. 282U. 03527170. 4214.1 956. D0823430. U4326i | ROA214. 19s ~§.JU@22.09$3UU43
~26 Table 2. Poly.ners prepared in simlar procedures to that descri bed.
(- Amounts shoum are in nole percentages.) Run #1''Z ' Trifl ooroeth yl

net hacnl ate' Tri net hyl silyl nethacrpl ateMethyl nethacrs~latei-Butpl -~

met hacr vl at eMet hoxyet h vl acylaterthgéylo | ~ osyet hyl
acet oacet at e MpPeG 0 I4eBBNAEIZE MCPITS 'thqgwn?af 4i s335.)

-._' 8153352' 67' ' 6672710 -'"'3
-67' s1~a7s305~D7s31i 18i 53210i s33K§1s7D347786356733361E67153741863153El - 6733

39418s820401s671 S4141 S631 s42 -6%831 43S6i 154441663;s 14 8 June 2004
Tabl e 3. Pol yners prepared in sinifar—procdures to that described.
(Amounts shown are in nole pengg aees.) Run ~~ = ~ ~-Trifluorethyl

2 —
AN
R
wherein R is CH; or H, and Ry is (C)u(CE)W(CH2)uw(CF)(CF2){CF3), where u is from (¢

t0l,visfrom0to l,wisfTom 0t020,xis fomOto l,yisfrom0te 20,zis from 1 10

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

[0032] 2.2,2-Trifluoroethylmethacrylate (matrife} 1s- the préferred selection for -
monomer a. Other preferred sections for monomer a include mfluoromethy] acrylate
and methacrylate, 3,3,3-trifluoropropy] acrylate and methaczylafe, hexafluoroisopropyl
acrylate and methacrylate, 2,2,2-rifluoroethyl acrylate, 2nd perfluoro-t-butyl acrylate.
Mixtures of monomers of the formula for monomer a may be employed in making
copolymers of the present invention. Preferably moﬁomer a should comprise from 0.5

mole % 10 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:

e

N\

C——Q~—nR'

H20=C

AN

R
wherein R is CH; or H, and R' s zlky] or aryl.

[0033] Some typical exzmples of some of these are: =zlpha-acetoxy ethyl acrylate,
alpha-chloro methyl acrylate, ferrocenylmethyl acrylate, iscbutyl acrylate, and phenyl
acrylate. Alkylmethacrvlates;  benzyl  alkylmethacrylate,  chloromethyl
alkylmethacrylate, cyanomethyl alkylinethacrﬂate, 2-hydroxypropyl alkylmethacrylate,
2-phenethyl alkylmethacrylate methyl acrylate, ethyl acrylate, butyl acrylate, ethyl
methacrylate, butyl methacrylate, isobuty] methacrylate, isooctyl acrylate, 2-ethylhexyl

methacrylate, monyl acryvlate, nonyl methacrylate, lauryl methacrylate, stearyl



met hacryl ate~ Trinmethyl silyl nmethacw ate( Methyl nethacryl ate~ Butyl
acryl at e451 31 339546 |,?" 33541047 |3=3491548 1333 ~44~049 333%3220%4

~333U64517is -..7 -.-s-71sss~ ~I sD75 Erosion Rates (~U. ~S)
experinental erosion rate results are sho~n in Table 4. SpeCI f| cally,
Figure 1 showi ng experinental design data clearly illustrates the effect of

an added fluorinated nononer on the erosion characteristics of sinI

copol yners. Table 4. Experimental |y determnined erosion te ts an
fi | m char act S1etheenate tGPethy qmm%lﬁyé seylaey ed“?tbomﬁa’?gt?lmézti 53'6 ]e%Er osi on

Rat e10. &5 Euni“eu{aema%e,dgye% ﬁﬁla;&i Z9vioreh £-86tvTnARdRnST 9 mekthchaute, > 2B 43a0e
a.Rer 3 h31.1 wh'for d 19 ~Th for =d75.62 N h80.67 wih for 3 d90.1 wm

for 7 d100. osw&@glblawdlfmﬂm meorveang denine an Tshaslain dpgdacyfpisands g
June 2004 14m|eth§?1je:7 F@Lﬁz}cwﬁm%bﬁ% @:ljx%tesgn&'b Z?’ac%%aﬁé EnfhihadS a1 9gone

after J d' 0~onea one a Zgone a ter 1 d' 3gone after 1
d24gone after J d25eons after 1d --gone after 2d - 7goneaf| er 3d' Sgoneafl er

1d' 9gone aft d30gonezf.i er 3d31gone af } :

er ode34Di d n@‘{usé %&%ﬁ "[fcdmﬁ‘ﬁ? %@?BB 14%{3“39%} gl%g#% Egk}e]?ége%gBDi d
not erode | ABEkbmE 2er o8 h@Mneds WiahOhbs: ' ralpﬂafataééiﬁlyd erhvh aenlaneiedlﬁlﬁ-dﬂmon
erode436.2 E.~, m( rouher05|o)44 r455.2 a | ur46: .2 - |
our 4791~ el praliEs EpoS Ao otOa SO ARSI G 1Y I kAR RIS 0. 24
um 3t 00 sof t AR imeRicHUASs; 2%@“@@1&%@&&4&@Icamorpamt alm%ﬁnlacv%damarl ne

antifoul ant paint was re ared with _the polyTner of ruyn >>2 Ipe%hr?t vas
prepar ed by wenrePehylg 2 %P%}éﬁ‘—" oy grexyRIgpY i Y I Aga¢rylals: wrr? ensthy

i ngredi e”t S # 1280 Gyl REhEAL eflin]’ acRAbieTBihyS Hlethab9Titd, 45%
sol i ds) %%E‘}%E%p a hltne E&?yaﬁarret ﬁlacr yl ate: 51%2) sol | dsg 2. BCupI?ous oxi de

~50. 2l ron oxbmﬂw@cgflat@abo@ﬂmqh@n@%llé@@m am'kate Preab by bmerheey it o

mxed in a ! ; %g‘?ﬂ t 0 t hof ez syaedded,

and the mxtl{ugr%i 3%31%1’ %93 H% ?r% |% Q]e Ia@ ?ééealzrseg rr%?l ne

anti f oul ant qamleuhwlanmwﬂmbdcn’[aﬁoa-ﬂqbdih’ethﬂ@58'}19‘11?, R&ﬂ@lm&waﬂ&ﬂ?fbiﬁﬂ%éd for
the paint usi t he ahove st at I a, an

Er osi on Rat e“H?hf‘r) g"fﬂqf‘&aa“% %’ Z’f(;l‘rgghrngcgiTﬁ t%gtlh%cﬁ}%at e ? &?wsm%%%%ﬁ |b¥%€l ant
‘pai nts made e\t\h:,tl}limpbinyﬂiaﬁwhm bmchdaﬂatcohﬁﬁmyﬂhﬂsmﬁlanem@nmﬁfbncwlst%bm'b 0l to

0.10 u/day which corre s I‘OXI jfec for
Che znt | T oulSREHp AP IO Sy BEH AT EF SipPeRRvre n v st & o
antifoul ant pahdttylite. PERQERG I onoRleRof it i'olﬂxﬂﬁlaﬁ’exaxmﬁcﬁnerm’ mby bs bmploped

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:

Hzcu——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 contzining from 1 to 20 carbon atoms and/or non-

hydrolysable aryl groups containing from 6 to 20 carbon atoms.

10




| 7 8 June 2004 \~fe claim 1. A polyner suitable for use as a marine
antifoul ing coating conprising a copolyner of a. a nononer 8 formul a:
_RF wherein Ris CH or H and RFis (Q"(CH),.(CH )"~(CF),8 Eilel)% O cr3) Z
where ais fromO to l,visis fromO tol, vis fromO to 20, x is fromO to
|, yis fromOto 20, z is from1l to 3, and the sumof wand y is fromO to
20, b. a nononer of the forrrula' ~C—O R HzC=C R V\/nerein Ris CH or H,
and R allyl I etc. \

v, ~herein R F%ﬁéréfeg?ﬁﬁl,fw 81"!3?”er cF?re acré{‘\c OIF@e“{cj%lcr?lH: = g‘)ﬁls}mngel:\)a md?d??%?’er ent
and zre non- hygtiedysable alkyla gloapsiatont dtheiends falam predent 2Gecar beoreat ons

and/ or a non-hydrol ysabl e aryl _groups cqgntainin to 20 carhon atons.
18 8 JuneCUstmeyizatip sthylerpoalx unggturel |I?"‘ﬂ“°6’?Fég EL&@F@"&“W& R\Oa‘)d i s
2,2 -Trifl U%mﬁ%@%on?@"rﬁ@]@%%%w role PH@f BR! ¥&dardd usdiab Mhake 1Be BRRRest he
mononers are essentiahy free of crosslinkable noieties. 4. The polltner of

cl ai m 3 whereith fiie [Abmnéls Yeing sarscwdarbe preferredy Mixtutes of ragnomsss oglsups.
5. The pol yngr of, & ahMottNe 8l bl e TRRMRS meGhe CRBBRARES of Hd Bl

met hacryl at e.
invention.

[0036] Monomer a’s function in the copolymer is to impart hydrophobicity fo 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 polymerina

marine environment.

[0037} The hydrophobic/hvdrophilic balance of the copolymer is controlled by varying

the proportion of monomers a, b, 2nd ¢ in the copolymer.

[0038] Cross-linking agent: If it is desired 10 obtain additional control over the
hardness and erosion rate of the copolymer, 2 cross-linking agent may be included in the
reactants used to make the copo];mer Preferred cross-linking agents are dienes or
hIOhcr unsaturated monomers such as linaly] acetate, meryl acetate, dialky! succinate,

and fuctionalized butadiene compounds. If used, 5 or less mole % cross-linking agent

should be emploved.

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

art of this invention.
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6. The polyer of claim7 having an Erosion Fate of uom1 ;r%mwonth to ?00
li/month. 7. The pol azner of claim6 vaherein a = ~~ = x = =0 W=z
= 1 for nonomer (a) (2,2;i trifluoroethlymethacrylate). 8. éHH"B of
claiml1l wherein the ma:ine zntifoul ant property is obtained by controlled
erosi on of the surface of the pol srner when exposed to water. 9. The

pol ynmer of claim1 wherein a selection for nononmer b is buyl acnlate zed
met hyl net ha%r late i 0. A marine antifoul ant paint containing the pohTner
of claimi1, 2" ,’0“41,%‘%, 6, 7, i;. or 9. 11. The marine antifoul ant coaxing
conposi tion @030] Fhanpiétefivket BONd GO FpdabisE NGe 2EtBibn teRs SE1 pelvedr fiom 4dde
group consisting of a_toxicant. pi_ment, filter, |levelin, agent, sqlvent
stabilizer. Lamuletadnaings sibe same as described in USP 4021392, column 6, lines 27 to 34,

I TNvelN | NG DlEsbN N et o ML NIRLMAMENENGAS.: (45 C
("1 OXX@ pp~?~| ???p??~<880 8°<0 0" 0 8 8 ?7?7?>8 8 8 b8<8°8 8 0
2@ >??2x<>?| > ~ppx88<<SUROFPBY 188k i<2-pobdmethg] methairslag) 22 yrixoxppra)8088 @B
P ppp_pl 91 r<7ns% D disc having a diameter, of § inches. . 1Lis disc i5.CC
5ZG&zuoj e [ V] ca] ca] ca] céﬂ ca‘\/j1 Cal ca] c*a]ca] ¢df ca] caJ calcalc
a] ca] ca] caV] ca] ca] ca] cadisladyea of pdlempr lnaf dr (Frmulatéd paints.
D {vgl gb ca cal.ca] calcal ca] cal] calca] cal] ca] ca] ca]cal.cal.ca]ca aV] ca
ca] {cafI _cg] ]c?;} ]ca] ]cg‘?a-]ca] ]J;f]céﬁ“ '131516%1] %‘g]%%! 11’?‘“’% "fﬁlm#%ﬁlﬁ b #2?5! c0 %%SBGBCB][
3x333F4} xsni d_Z] ] ] ca] ¢almahesy;c ajeaient calTeadsahiak csds ajomapedd]iealeaj cal caj
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! F4g4444444 555A6k66666G384999f ;
<<<<==B=C===H>>{ upj e" f¥|°Ea} egfeea]a@a}remg]s@a{rﬁ‘@lmn time. |
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[0041] Polymers of the present invention were synthesized in the manner descnibed

3

ar=d directiv with
aJcal cal’calcal calc

below, from monomers, and in the proportions and amounts stated in Tables i, 2, 3znd
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 piaced under a nitrogen

atmosphere. One-half of the total volume of degassed anhydrous m-xylene was
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nitrogen for 10 minutes. The monomer batch thus prepared was then transferred under
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nitrogen to the reaction flask addition funnel.

' [0044] Over the course of 30 minutes, the monomer batch was dripped into the heated,

stirring m-xylene. The resulting mixture was then heated for an additional 3 hours at

85 + 2°C. After this heating period, the mixture was heated at 115 =+

minutes in order to consume any residual monomers and/or initiator.

Table 1

2°C for 30

Monomer mixtures for the synthesis of tetrapolymers. (Amounts shown are in grams.)
Run# {2.22- Trimethylsilyl Methx! Butyl acrylate AIBN |m-Xylene
. Trifluoroethyl] . methacrylate methacrylate |(moncmer c)
metbacrviate {(monomer b) {monomer c)
{monomer a)
I 0.000 3.166 4.005 3.204 0.034 20
! 2 0.84] 522 8.010 1.282 0.05] 3
3 0.54] 3.166 8.010 3.204 0.052 )|
4 0.000 5223 4.005 1.282 0.033 20
5 0.841 3.166 4.005 1.282 0.030 18
6 0.000 3.166 8.010 1.282 0044 26
7 0.84} 5223 4.005 3.204 0.041 25
8 C.000 5.223 8.010 3.204 0.055 33
9 0.841 3.166 8.010 1.282 0.046 28
10 0.841 66 4.005 3.204 0.036 (22
11 0.000 3.166 8.010 3.204 0.050 |30
12 0.541 5.223 B.010 3.204 0.057 i34
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i Table 2.

Polymers prepared in

mole percentages.)

similar procedures to that described. (Amounts shown are in

bC

Methoxveth

Run# | 2:2:2- Trimethyl | Methy] 1-Butyl Methacrvlovi
Trifluoroeth | silyl methacrviate | methacrvlate | y!acrylate oxyethyvl
vl methacryl acetozcetate
methacrviate | ate

19 - 23 67 - - .

20 1 33 65 - - -

21 5 33 62 - -

22 5 33 62 - - -

23 10 33 48 - - -

24 15 33 2 - - -

25 15 33 52 - - -

26 7 26 67 - - -

27 10 23 67 - - -

28 1 24 75 - -

29 3 22 73 . .

30 b 20 75 - - -

31 7 18 75 - - -

32 10 15 75 - - -

33 15 15 70 - - -

34 7 7 86 - - -

35 - - 67 33 - -

36 18 &7 13 - -

37 4 18 €3 15 - -

38 - - 67 33 -

39 4 18 58 - 20 -

40 - 18 67 - 15 -

41 4 18 63 . 15 -

42 - - 67 - - 33

43 - i8 67 - - 15

44 4 18 63 - - 135
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109 ") & () fddddddd_{77id 098 [10% ") & ()-B [10% ") & ()-B [10%9")& ()-B
41 Did not erode
42 Did not erode
43 6.2 wh {rough erosion)
44 9.4 u/hour
43 5.2 g/ hour
46 32 p/hour
47 3.1 u/hour
48 4.3 p/ hour
49 100 soft
50 8.4 u/hour
51 fiim cracked
52 0.24 uh
i3 100 507
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eeeeeezZ: F7"1B [10% ") & ()-B [10% ") & ()-B [10% ") & ()-B [10% ") & ()-B
[10% ") & ()-)?? PZee e"e' e*e-ezZ: F7"1B [10% ") & ()-B [10% ") & ()-B

)-B [10%")& ()-B [10% ") & ()-)?? PZ-e.ele3e6ede<ezZ: F7"1B

[109%9 ") & (
| Marine antifoulant paint:
[0046] A marine antifoulant paint was prepared with the polymer of run #52. The paint
was prepared by combining the polymer of run #52 with the following ingredients in

the weight percentages indicated:

Polymer solution (45% solids) 47.0g
L B66 (poly-Methvibutylmethacrylate; 31% solids) 23g |
Cuprous oxide 502 g
' Iron oxide 253¢g
Cab-0-Sil - 1.0g
Xvlene : - ' 104 g

The components were mixed in a small paint can. Approximately 100 g of metal shot

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

antifoulant peint resulted.

[0‘047] The Erosion Rate was determined for the paint using the above stated
procedure. The antifoulant paint had an Erosion Rate of 0.07 p/day. Preferred Erosion
Razte for marine antifoulant paints made with polymeric binders of the present invention
is from 0.01 to 0.10 w/day which corresponds approximately to an effective film life for
the antifoulant paint on a ships-hull of approximetely 5 years while the antifoulant paint

is exposed to water, either seawater or freshwater.
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[109")& ()-B [1099")& ()-B [10%9 ") & ()-B [100/()")&' ()-B[10%9 ") & ()-)??
PZ<e=eBeDeCel eLezZ: F7"1B [10%9 ") & ()-B [10% ") & ()-B [10%9 " % é)
[109")& ()-B [1099 ") & ()-)?? PZLeMePeReYe_ebezZ: F7" 1B [10"/& H e(ﬁoé
[109")& ()-B [10%")& ()-B [10%9 ") & ()-B [10%9") & ()-) ??
PZbecedef ei ej ekez"BF7"1B [10%9 ") & ()-B [10%9 ") & ()-B [10%9 ") & () -
[10%9")& ()-B [10% ") & ()-)?? PZkel eoeseweye| evV6F7B [ 10% ") & () -
[10%")& ()-B,[10%")& ()-B [10%")& ()-B

1. A polymer suitable for use as a marine antifouling coating comprising a

copolymer of:

a. a monomer of the formula:

O

A

Co—O=——Rs
H.C=—=C

AN

R

wherein R is CHa or H, and Ry is {(C)(CH)(CH2)u{CF)(CF2){CF3); where u is
from0tol,visfromOtol, wisffom 01020, xisfom Oto 1, yis from 010 20, z

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

b. a monomer of the formula:
A

C——Q=— R’

H,C===C
N

R

wherein R is CHs or H, and R' alkyl, ary], etc.

c. a monomer of the formula:

o) R’
A\ /.
C o} Si R
H20=C ' \RS
N
R

wherein R is CH; or H, and R’, R?, and R® can be the same or different
and are non-hydrolysable 2lky] groups containing from 1 to 20 carbon atoms and/or

a non-hydrolysable aryl groups containing from 6 to 20 carbon atoms.
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