, 2@Be3en} vvwyRnyv| 6} Tn} 11Z 3ss3 NP TRI ARYLSI LYL( METH) ACRYLOYL- CONTAI NI NG
POLYNERS FOR MARI NE COATI NG COVPCS ﬂlmmmmmmmwpl ication clains priority

of United States Provisional Applic 961 f:led May 30, 2003.

FI ELD OF THE | NVENTI ON [OOOI] Thi s i nvenrgdgp rel at es to pol ymers for self
polishing marine antifouling paints. Mdre particularly, the invention

rel ates to copol ymer binders, which provide an erosion rate IRP6632Rat er
that is suitable for use in marine antifouling paints. These copol yner

bi nders cont ai n TRIASYISILY L(METHIAORWILQYRXOONTARNING PQLYOMPBREt | ower | evel s
than previously believe ion rate in sea-water
that is suitable for g0ﬂ§&m§°ﬁ‘ﬁgwﬁ8§g§%&s The copol yners are
charscterized by an er03| on rate in seawater of about 2 to about 1 S

m crons/ nont h. , BACKGROUND OF THE 02]. The dely used
at presertus@agplication Jaims peanty %UM%‘QI?V #@YFW&B igatigp |6B/3 L%g&nttﬁgé(war e

pol ymer s pg tain Wt. organotin ester (e.g., acrylate) groups. |ndeed,

mari ne ant i foull ng paints based on organi sm acrl at e pol ymers have doni nat ed
the market for over 20 years, The organotin date-containing polyners, when

f | ated i nt i nt d apglp (884 i.e.bull)of a.
;/gggg![ ?I Eydlr (r)]I gég) Pgl gea\?\/gt e@ ]jéﬁ %anmo'g: necolrjrpozjgd ?usgzlr Fyt
ribu xi de ant s
y rﬂnﬂn ?ﬁ.g%hlg dgéelar@sﬁ{o Db fof Q4 AL REARE edonlTAG bib1aP

and ot he ani sns rrn tom ThISfOU|Ing(I. -,

mer oas o 0iF 2y de v R MBI RpltyHE WE MR AT Rt Be
o7 or ShESEIE gh i PHF ot e 5 Ratng AU PR R Thoek SPHIERC PR

surface to the hydrolytic _effect of seawate constant erosion, of the
pai nt surcPRdE %E@@H‘@?‘NISPHG”HW@D’WWPP &h[?“ﬁﬁ?er’(t’]éﬁg’ﬁ‘c@em’“siy 8%68?41
surface on the i mersed exterior of the marine vessel, ¢h al .

cont r i butneesssagy focaghigraiarnsyrasionists in seazvater thatris syitable for "[‘*6 GUBT“@L?I“F??@P‘F t hese
paints, properly fornulated and applied, have the ability to remgin

ef f ecti vepainty Treycopelymers jatsi chatagtetizad diytan rosBIAIGJB SeaxfalsE O g&%‘é g &o phouyy |
tankers and contai ner ships) are dry-docl.ed at 5-yeor intervals for

routi ne ndimtensimonthand inspection; it is nost convenient to repai nt the
hul | exterior during these periodic maintenance episodes. ﬁ)wm,uﬂm 'ﬂg
effective, the use of orgBAGK INDQ ~ fON i n antlf

pai nts has conme under attack due to the adverse effect that ocganetion
conpoundg0eu2¢ bel i Bie golymerawidelyp @sed e preeritne fabricato saifpolishing tlaine

Envi ronment al Protection Agency (EPA) has significantly restricted the
cont i nuednkfeRling pafitg AROHOlYmED TR0 uoikin pasliadierghdotinrester feg zonylmengrabps.

Protection Commttee (MEPC) of the International Mritinme O ganization

(IMD), & jHitdel, Mbride uikdtiih® arie bhsel on- digiriofe serylate)pohprolad damimsdlthé i on to

phase out and eventual Iy prohibit the use of organotin-containing materials

In anti f%&:k%}g‘%rp@epi@yef&so O borfifotth icﬁﬁ&ékant&lﬁﬁ Polyfhed, RE@Hforhilakdanart for

i nproved erz ant1fouling palnt conpositions conprising filmformng

| f t : d self
pol ymer Sgat %Jmtaerna Jpéﬁc% {3 1h£ 'va: or ti%{ugto?'a%&ﬂm VeEsef A9GroR2E lid Qetwlaftd teind se

r 4
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pol i shin ropertres as ngevi ty of the organotin-containing

antifouli a @ilﬁgﬁnh 5:.d

silyl acry’n% s§ %:’{(;t& an(r?rt%]r g&g[?oq‘ ? %)r #iqj y Hd’%r1s Arﬁ%t%eﬁt&&%{n& H C=i
gR'l ng ?l? ﬁesﬁﬂgé%ﬁ"%ﬁmﬁég %I e%&{ngtral E%l:}’uo%?rgnc};ﬁd chain
al | ey! (aC~00r he are useful

ant i f oul SRPIREAEH HpdesiT ﬁ&ﬁﬂ%@%‘%ﬁé’%ﬁp‘&ﬁ%ﬁ rt’i‘:‘g&p gcrﬁ%segn t he

Exanpl es in anobunts rangi ng fron120 to 40 nol e erce 0uUp7] U.S. Patent
5, 431, 284drag wiicbges sighificantlypiarpare facl COBOEIPHAR ﬂ“‘;f? at?r %%%‘E’E&?F‘Psl%re
useful to formulate marine antifoul ant coating conpositions. The Exanple
(Monomer  g¥dition, rhevenienfof thdesssed thtbuhlwita efodeathe paiapakficensosamitigierpasg 45 and
50 percent by melght of arylsilylacrylate conponent. ., [0008] EP 1 Z27 925
A 1 discloses polyneric binders for marine antifoul ant paints that contain
triarylsilylacrylatc groups. The pat en{ teaches that the polyner contains
from20 to 70 percent by weight of triarylsilyl(nmeth)acrylate preferably
from30 to 65 percent by weight, and nore preferably from50 to 60,t by
fight. [0009) U S. Patent 5,795,374 discloses marine antifoul ant paints
formul ated from pol yners containing triorganosilyl groups; Mactnmer M is
di phenyl ,t-butylsilyl acrylate) which is enployed in an anmount of 10 wt%
"l o make polymer S4. This wei ght represents about 3 nole% which, as wll
be seen fromthe data is boo | ow for proper erosion of the



polymer film 3 [0010] U.S. Patent 4,593,055 discloses that nmarine
antifouling paints can be fornul ated from copol yners containing a
hydr ol ysabl e triorganosilyl residue, including an arylsilyl residue. The
preferred |l evel of triorganosilyl acrylate or nmethacrylate in the copol yner
is from25 to 40 nole percent. [0011] W91/ 14743 di scl osues erodi bl e mari ne
ant i f oul amffreglapolymensurfacqml hohydrolytic rffectsofseawatey. oFlgaceastahy érogioan of thenal
groups with the paint having increased storage stability when containing
anti foul i pdint sugfand sesahn ity developpear and n@imenandenof @ ashesbtlp dirfdce SdnOthRge
stability is obtained by using nonoam ne and quaternary ammoni um conpounds
whi ch i nhinhérsegicdxtdriop Bf the INtina tvedtelvwhivhalvohirbiRs fo fdbed WPAPLindOFreatdrNC;
containing antifouling agents. [0012] Additional patents that concern

t ri or ganogffibi¢hcycont ai ni ng pol yners as binders for marine antifouling paints
are: JP 63-0S7676 which discloses adding a pol ynet hyl sil sesqui oxane powder

for_stabi jgobyy When FuliRerP el phis, SRBRRF f&ﬁ%@d@d&%@ﬂé&,frﬁ% WY aiRgPrGUNdS:

EP 714957 B 1 which discloses a copol yner contain

L San st SRR S I is SR GHr BecaiIORAR 1T IO eROBS 11 1O
0802243 B i i i . j i i) i NQ.
lﬁﬁyéFgﬁgﬁﬁggggﬁd\FQ?EﬁgéwﬂgébLQbeHﬂw9ﬁhﬂ§mﬂﬁyhﬂpﬁ

organosi ly pol yne r-and a rosin conpoun gmvﬁgrove
th i . Nt 0131 The follow J.isted t,ent d
appl  cat| BAPEEEn e RoePRludhe i xR bur Shest Py HTSROR GBREEA ot hy

acryl oyl nt groyps yseful, as binders in marine antifouling coatings: EP
0646630 Blﬁ’%g‘ﬁ 0775'?3@73\13[{‘&?&“3&6'6%3?32?{ PgAnpiin-peBIAIAING W’@%%%ﬁ!&?‘ﬁws
4594365, US,5436284, U%ig 5795374, WO 84/02915, WD 91/ 14743, WD 0Q77102A

4 BRI EFTHESEHIBTIEGODE uRig Qe e yerpe ¢ffeghithat organotip SpmpQuDds fke

rel ationship between nol e percent triphenylsilyl(neth)aerylate residue in a
copol ymer belisted indiags wronshe marine gnyirermenht 'Jge Hfs-}téﬁé"%ﬁ'ﬁ?“}/ Riotectip® AgeRf¥ar es
those erogion rates with that of a triorganotin-based polyner. Each phenyl
group can(E5é)dansignificantly resirictnd-the pentinues usq ob preanatiatcempeynds ard Bedviatinec gr oup
and each can be the sane or different (0015 Figures 2 and 3 illustrate the
rotor teabEnaropmentaliBrotestieh Comihittesr (MERC)eofobhe dntemational MaRYmErOEREZItNYENT] ON
[ 00i 6] The present invention relates to the discovery that

triaryl si (IMQ)netunitad ity HhiggloNstaing,i ay recepty ypproeed amesolatiach® phase out and
triarylsilyl (meth)acryl ate conponent is present at surprisingly |Iow|evels,
ar e usef uévchtmalby prohibit theeuse oforgaviotif-oodtainipg patedil i faifouliay eaissl f pol i shing
properties. (0017J In one aspect, the invention relates to

seawat er - [8008]i bl e GEROleyIR Kk R MEDIded i thetafefor Afpraved edddible antifouling paint
triarylsilyl (meth)acrylate and the residue of one or nore ethylenically
unsat ur at efinpeitionEdoipeiSiR HAEs s palyrabrs kst dre drek bf i, Wil Irathinimg tthe) gody| at e)
sai d copol ynmer characterized by an erosion rate in seawater 2 to 15

m cro/ mn&ﬂif&\@i@l%%hd ES-pL¥Skind) Brofbriies ddWRell & e mpwiwrw&henﬁgmﬁ%ommgl sing
two or norn different nononeric units, e.g. polynmer containing different
nononer i c,,ym’;@fhg pﬁhﬁp known as terpolyners. Also, in practicing the present
invention mxtures of copolynmers nmay be used in antifouling paint
conpositions with the proviso that the total of the
triarylsilyl(meth)acrylate is greater than nole present and |ess than 20
nol e percent for the m xture of copolyners even though each individual

copol ymer may be outside the nole percent range of 9 nole percent and |ess
titan 20 nole percent for the triarylsilyl(rneth)acrylate conmponent in the
copolynmer. 5 [0019] In another enbodi nent the present invention relates
to a self polishing antifouling nmarine coating which conprises a
triarylsilyl(meth)acryl ate-containing copolynmer and a toxicant, the
triarylsilyl (meth)acryl at e-contai ni ng copol ymer contai ning fromabove 9 to
about 20 nol e percent of triarylsilyl(nmeth)acryloyl conponent and
characterized by an erosion rate in seawater of fnm about 2 to about 15

m crons/ month. [0020[ In another enbodi nent, the invention relates to a
triaryl silyl methacryl atecontai ni ng copol yners wherein the nol e percentage
of the triacylsilylnethacryl oyl conpongnt is in the rangy of from above 9
to about 20 nole percent. [0021] In oné aspect, the invention relates to a
seawat er - erodi bl e copol yner conprising randomy recurring units of formula
~~~-at where A represents from above 9 to about 20 nol e percent of the
copol ynmer and conprises triarylsilyl(neth)acrylate and B represents the
resi due of one or nore ethylenically unsaturated nononers copol ynerizable '
A, said copolymer characterised by an erosion rate in seawater of from2 to
about 15 m cron/ nonths [0022] In another aspect, the invention relates to a

1 r N e - o, o "




[8023] '1; he copolyners of the present invention are prepared by
polynmerizing triarylsilyl(nmeth)acrylate with one or nore ethyle~sically
unsaturated nononers which are copol yneri zable therewith. As used herein
the teen "triarylsilyl(nmeth)acrylate” is intended to enconpass both
trlaryI5|IyIacryIate and trisrylsilylrnethacrylate; the sane is the case
when "tri H0096lsi |yl U-Sedterenid p9A.45y discloses thatilylparpiate roptiemere offormuly | as used
here includes substituted and url substituted aryl and heteroaryl structures
conpri si ngh¢reiXais YW iQHsl (tt xeth) acrylate of unit A of the seawater erodible
copolymer of r~Indomy recurring uxtits of copolymer of formula -(A]-[B]-
iz Wil 1 A represeEts from apove o0 about 20 nole percent of the

[

copolymer and the " yf‘ group is sefjected fromphenyl, , o-niethyl phrnyl,
p- met hyl phenyl ) 4-t fkyorone h Iphe yI o-tolyl, ntolyl, p-tulyl,

2, 3-di net hyl phenyl, di met hy en , 5-di net hyl phenyl ,

2, 6di net hyl phenyl) ,4 i met hyl heny ) 3,5-di et hyl phenyl ,

2,4, G trinethyl phenyl, ofluor p enyI o- chl orophenyl , o-bronophenyl,

o- et hyl phenyl , tn-f]uarophenyp, nthlprophenyl, m bronophenyl,

p- fl uorophenyl, p-chloropheny|, p-brpnophenyl) pethyl phenyl,

p- propyl phenyl, p-n butylphenwl, p-t{ butyl phenyl, 2, 3-difl uarophenyl)

2, 6di f | uor ophenyl 6- di chl orophenyd , 2, 3, di ~~oe~ol yl)

2~et hyl - 4-f | uvR dxzlecrgd fro@-(hd groupocoBsisighafl phenyl , 3-fl uor o- 4- met hyl phenyl)
3-m~tltyl ~-fluorophenyl, 2-nethyl-3-fluonphenyl) 3,4~lifluorophenyl,

- di f| uGiRRY -Si(ORARY.f;| uor ophertyl, 3, 4-di chl onphenyl,

di chl orophenyl, 2-nmethyl -4-chl orophtnyl, 2,S-rdl ehl ot ophenyl)

- di f1 UghaRIE0Yhd RB aleGhddpeimeRieANight &r ﬁaﬁﬂhschbmmiaﬁ TYIGyo or phenyl and n
-trifluonphenyl, 2,4,6-trifluorophenyl, 2,3,5tritluorophenyl)

ri &loUdr® RREN ¥ [
| OSBRI ok bl etk . W?%ﬁé@*‘ HEPRE TR 1

-t

t
,g Egpﬁgékﬁg?%gﬂgﬂgﬁsméné émgkﬁﬁgrannet 4 r(fenpentafluorophenyl
R USROS ordit %%r’%ﬁﬁ*s%@%% O
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uor en hracen 2- anthracenyl 9- ant hracenyl, 9- phenanthrenyl,
renyl%ybﬂﬁﬁﬁgﬁ @%? 3- nethoxyphenyl 4nethoxypheny|,

et hoxyphe 2- neth thox hen ne xy-.S-fl uorophenyl, .
- di net ’fﬂ?ﬂéphenylEP bﬁ’ dF et g‘;“ﬁﬁéﬁ?‘@"&“ gmg?"ﬁé?%% u%}t painis
- di met hoxyphe 2, 4- dlfluoro nethoxyphqu
- di et HBYEPIBIY %’wﬂ*&rth@ww» mumhé‘ﬂwm 2 heenohmney soMaiphiemi2ny | |
met hyl am nophenyl, 2-trifl uorongthyl - 4- dlneth¥lan1n%Pheq¥
N, Nbi stet 7Q ereeny by wajght sfitrinsylsilidemathacrylts, mreferably from 30 to 65 percent by
IS (tt|nethyIS|IyI)anlno]phenyIZ thienyl, 3-thienyl, 1-nethyl-5-im da2olyl,
1- et hyl - 2weighthgnd more prederatdy ﬁbmsmoéamaubymgha met hyl - 5benxoxazol yl )
2-met hyl - 5-bcnzot hi azol yl, 2-pyridinyl ;" 4-net hyl - 2-pyridinyl, 4-pyridinyl)
C~ net hyI [oBofiyri di 8., Pﬁerttri,?‘lswdnodisﬂdsw midripy aatifoulyit, patnt{ ZorRiulaidpiremdi nyl ),
4' (2 2':6',2"terpyridinyl), 2-fluoro-5-trifluoro~r~Chyl-3-pyridinyl,
2
6-
4-t
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2-
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Z-f
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3,
3
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, 3,5, 6- tpcﬁlfnaéﬂs Loy tiiotg&osﬂ@ piinhey Monamet iM4 ﬁslﬂxphﬁzyphmtyllsﬂﬁ-qoymatdam nyl ,
nmet hoxy- 3- pyri dazinyl, 2-pyrimdinyl, 5-pyrimdinyl,

rafl UO{vﬁﬁBtlm.’thpl%ydWﬁxl A0 Ghoint of B Mﬁ alck POlyRreD SPY Mhi¥l widipht! represents
, 4- di met hoxy- 6- pyrimdinyl, pyrazinyl, 2-quinolinyl, 4-quinolinyl,

6- qui nol | n y t | =

8-tri xyuog%arlﬁte (ﬁ% thlcﬁo Slvrifﬁll# %é%ﬂ%hq?pWI ué%lr?e% o R’Jper ﬁ?ﬁ% I n?fle

3qui nol i nyl U|nald|nalyl 7-quirnal dinalyl, 2- Iepldlnyl 4-1isoqui nol yl ,
5- (1, 10phed} ﬂﬁﬂﬂﬂﬁﬁinyl). The preferred aryl group is phenyl. [0024] B
represents the residue of oil or nore ethylenically unsaturated nononers
copol yneri zable with the tnarylsiIyI(ngth~czyIate. The properties of the
copol ymer can be rnodiiied by addi ng hydrophilic or hydrophobic
functionality by way of the nononer or conbination of nonorxiers conprising
B. Usaeful nonomers include the esters of acrylic acid such as nethyl
acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, t-butyl
acrylate, sechutyl acrylate, 2-ethyl hexyl acrylate, cyd ol sexyl acryl ate,
phenyl acrylate, n-octyl acrylate, 2hydroxyethyl acrylate, hydroxy-n-propyl
aeryla~e, hydr oxy-i - pr opyl -ac: rylate egcidyI acryl ate, 2-nethoxyethyl

o, ~ o,



[0030] The data in Tables 1, 3 and 4 establish that a nole percent range
for mononer A of from above 9 nole percent to about 20 nol e percent
produces a polymer that passes the erosion rate test and thecCfore has an
erosion rate suitable for use as in a marine antifouling paint. Such

pol yners have an erosion rate in seawater of from about 2 to about 15

m cronsJni@fi®) as d&tSr Ratemdd41593,0%s tdisalpsésn that coarthen entifonling piistsr canoibet est
descri bed hereinafter and when tested for a period of 60 + 5 days. Thus, it
i s seen tfoahulated fiomocdpplynieishéontaininga hgdvolysshle eforgambsilyp essivagneadinganf r om
above 9 nole percent to about 20 nole percent that triarylsilyl (nmeth)
acryl at c agisiyl ywsidse. hahe prefeirad level of tGagaREMN | Rryldte (drOnEthQylitBEin the
triorganotin-containing copolyners and are therefore suitable for usa in

mari ne ardopblymiet is fi@ni2s 846 moldwr@her e, the copol ymer of the present
invention I's suitable for forntulating a marine antifouling paint having a

mul ti ~yeagopgef ul Wéﬂ/mmraxaﬁﬁ@sna%iblwnﬁﬁﬁ%huﬁshlahﬂ ﬁﬁmﬁ; %uh?,og;ﬁﬁ]nu life

achievable with iriorganotin-containing cx~lof 3 to 5 years

general , @& ngrﬁﬁﬁﬁir%ecb?gaﬁl%lﬂ ﬁ%&l&?&?&é\gﬁ%ﬁx th pgﬁ't lﬁvifng n:fctréfgéh s%ra%ekk?abgffg unt of

hydxolysab nono 93, 055,

g’g};;? ;F'n%?t] a&g‘ﬁ%z;&?"i:h’éj:g"mﬁ | neﬁi’fése@%j{ Zf’ﬁ ?"“%ﬁi“: IPM Fioke E:e)gr. or

{)ﬁgy’rrelro oiSCt)a bt]ﬂgtl v n;t ?Irf: 5 YQPV%@EF%@B‘MeW’EP#‘BOW@“: fsggglffllr)ﬁgsé

ﬁgggrr:sl ggﬁﬂg}tfrﬁgfo v r %;&%xm%aﬁfwﬁﬁgoie dr g: ] ged
sur f@@@ﬁpol ym@% WF?ﬁ Pafgnig °%F?’f"é‘)<‘i"8’r$?“‘{sﬂ¥11t°°ﬁm\9’?ﬂgp waerhat E’PX?@ a)l:/)I e

to wash off thjs |ayer and thus expose a fresh surface. [0032J A portion of
the rraoniSfdpartne mei{@hﬁg Jpintpe aret Jﬁcﬁ%&?‘s grhichp disglases hadSP’Gv? delypet e of
weakness, that is, sites which tend to hydrolyze in~the presence of

seavat er . Silypauipsane opeyrder [t stabilis iwhea the rimingr gﬂst eoPPRen COmRBING cantifoulant d
nononers is selected to provide control of the erosion rate. [0033] The

pr oposi t i @mpopndsyEP 734%5d Bt which diseleses ja copelymen cantajmang: a edrganosiiviashdatper cent
and above about 20 nole percent ol~ triarylsilyl(meth)acrylate the erosion
rate i s rd sani esentisbimgrediest aimdnomes corgainiog g asndoyloxyx peanetbatrylgpdoxy, cul ar | y
in view of the prior art teaching that silylacrylate levels in the range of
25 to SD mutinoylexycenfuratoyldxg ppepy ER @802243rBlewhich disblosdsra mswxeldntifmilinger s.

[ 0034] The copolynncrs of the present invention will contain from above 9

t 0 about htheVifeg gesgaidbilydcrilite Baseld polypkdic binddr)aae b ydsii @npongmbiodmproaad
correspondingly frombelow 91 to about 80 nole percent of one or nore

et hyl eni cthé bipsiomsatd offthd ghtpononer s that are copol yneri zable with
triarylsilyl (meth)aotylabc. [0035] V\hi |l e the data in the present discussion

has focusjetin eTiRsifedWigt Gistel hﬁn Vufthdr Y Hi6¢T8de N dedsolythett €
nonomner pry |ts co~j' ~ction with one’ ar ore et hyI eni cal |y unsaturated

mononer s %Oﬂ%fg%&ﬂ&(mefh)sﬁc‘iﬁoﬂt We~ il ﬁﬂ‘u&h bders! inMnlarihet | Me,

er osi on rate an erosion rate unifor ng ease of formul ation,

gggﬁgﬁcgﬂﬁ&@gl&%&#h@ %4%%@:‘]:?? si| y?'?met hxoﬂﬁéﬁqégrr?rip gair?g%%A%gfgr ged by
pol ymeri Q@?séﬁ%@%bﬂs@ oS, SRRORIET 52?%%’5?}0 09613, WodehiaHs! wA)

olefinic ynmerization initiator "o usi ng” any of “vari ous net hods
s~h, aa ~q%& gﬁgg ppl ynneri zation, bul k polynerlzarlon .~~~ ~ ¢ ~
enulsion zation, and suspensi~tt polynmeton using nethods mell-knomn
and widely used in the art. In preparing a coating conposition fromthe
copolynmer) it is 12 advant ageous to dilutC thr copolynner with an organic
sol vent to obtain a polymer solution having a convenient viscosity. For
this, it is desirable to enploy the solution polynerization nmethod or bulk
pol ymeri zati on method. [0037J Exanpl es of ol efinic polynerization
initiators include azo conpounds such as 2,2'-azobis (isobutyronitrile) and
fi phenyl net hyl azob~nzene. Tlie a2obisnitziles are efficient sources of free
radi cals for vinyl polynerization and gan be used in bulk, solution,
enul si on, and suspensi on polynerizations. In addition to 2,2'-azobis

(i sobutyronitrile), other menbers of the class include

2,2' -azobi s(2-met hyl butanenitrile), 2,2'-azobis(2,4dinethyl pentanenitrile),
1,1 -azobis (cyanocycl ohexane) and

2, 2' -azobi s(4- nmet hoxy- 2, 4di net hyl pentanenitrile). One can al so use

per oxi des such as benzoyl peroxide, di-t-butyl peroxide, t-butyl

per oxybenzoat e, and t butyI peroxylsopropylcarbonate [ 0038] Exanpl es of

oy T




thin fihn coating. Too | ow nol ecular w~'|~ght,; po~require nmultiple coating
operations and provide filns that may |lack integrity a~fd dv not perform
properly. It is advantageous that the viscosity of the solution of the
copolynmer is 200 to 6,00U centipoise at 25C. To 13 achieve this, it is
desirable to regulate the solid conoent of the pol ynmer solution to a val ue
in the range of from 5 BRIBHIESCRIRIION OF IHE DRA om1l S to 85% by

wei ght _ [ 0040] The toxicant used in the coatlng cou~position of the present
i nventi onl00&#} be aRiguest d wiillesteiengethef celatiosship onbétwgerk nawslet opércamt s. The
known t oxicants are roughly divided into inorganic conpounds,

met al - cortriphemylsilylonegarylateonepidueninsg copotjmree mad tter erosion tpdnincseewatpoeftis. [ 0041
] Exanpl es of inorganic toxicant conpounds include copper conmpounds such as

cuprous aopolgmeramdpempmesithose erosiqprates With aleay afa bivrganofipbised poliaaatEach copper
chl oride, and copper sulfate, and zinc and ni ckel eoxnpounds such as zix<e

sul fate, phefyl gpatipttan baiseHseHutedWr ublsthbstifiidd SraRModYtEKAbmalid S¥ep aldG4R]
Exanpl es of netal -containing organic toxicant conpounds include

Oor ganocopftibe GR¥RNL BE&Eferefitganozt i ckel conmpounds, and organozi nc conpounds.
Exanpl es of or ganocopper conpounds i ncl ude oxi n~e copper, copper

nonyl phengpgsyl f Oﬂ?ﬁt@s 2 SRPPRNstkShé Rt RtaAITIEED o lQilzﬁrmme erosion rate,
(dodecylbcnzenesu ouat e), copper acetate copper napht henate) and copper
bi s (pentachlorophenolate) Exanpl es of o~noni ckel conpounds i ncl ude ni ckel
acetate and ni ckel dinethyldithiocarbamate. Exanples of organozinc
conpounds i nclude zinc acet Kﬁ#nc

di et hyl di t hi ocar bamat e, zi et hyl enebi s

(dithioc t.al -f xe r can
corrpoundglroptratsrcra ethcl\li”teﬁnﬁa{wd’ﬁé?qq?‘fl?tﬁ% g%ﬁ]{‘regﬂsﬁ?vd@'s ?hag ‘ﬁ faﬁy&{m )tﬂ)acryltatc-
I~-s~r~r|na&e|n1des gsggftltuted q? i azol i di ne-.2, 4- di ones,
di t hi ocyaffg2mng é°B‘8WBt‘f mdgere %aﬂj’gy "%‘ a%(éﬂ‘ﬁ‘?‘é‘?nbf’s present at
N—trihalo~I|n]d xi capts include Ntrichloronethylthivpht

N —ct 1 hy ARG, W3 151F eafeeksgﬁﬁltaﬂtuca.wwcw%ﬂ% R o8 e ude bi s
{dlnethylthlqcarbanqyl) di sul fide, ammonitun N nethyl dithi ocarbamatc, and
anmoni um RABYNEPREBSTEEY (i t hi ocar bamate). 14 [ 0045] Exanpl es of
arytnalelrr~|de t oxi cants include N-(2,4,6-trichlorophenyl)mal ei m de,

N-4-t ol yI 3817 nilgeone aspect, the mvcntton relates to seawater-erodible copolymers comprising

N-3- chl or ophenyl i ual ei mi de, 1~- utyl phenyl)naleirrtide, and

Nani | irt dbherpsl&te) pf mzﬂsltul@@th)e@m@] a@)x/ shtrpreerduofofe,or(cs obanare (ethedenically

am no) - 1, 3-t hi azol i di ne- 2, 4-di one toxicants include 3 benzylideneam no-1, 3
t hi azol i dinseurated-roinomers @d&mﬂh}lebm gaid themdsilyl(mejl)acrylate, said copolymer

1, 3t hi azol i di ne- 2, 4-di one,

3-(2- hydrahxmbﬁenzezl;bbﬂademamrmmspsvmtnnﬁzm 1 3imivzor@/montthi azol i di ne- 2, 4di one,
3-(4-dichl nrobcnryl i deneatni no)-1, 3-thi azoli.di ne-2, 4-di one and

3- (2, 4di c[0018j obeAguset deMEth‘ﬂ:op&yﬁ&PM&dpﬂwé’ﬁéoﬂpm twol 4gre
Exanpl es of dithiocyano toxicant conpounds include dithl ocyanonet hane,

di t hi ocy adiffeeamenonimid wits-«k. tﬂatmwm*iﬂhgmwaﬂe&namma& @dits) Blgo

triazi ne conpounds i ncl ude

2- et hyl tifo@m4s terﬂmrﬂér@rm@@q@pﬁmtﬁwé?mﬁvaﬂmﬁ, thikbudesl o BopolyRdS inagtt hex

exanpl es of netal-free organic toxi'cant conmpounds include

2,4,5, 6t efr a6dH G oaﬁmtm@am 't&h;%&mohk Nt rtﬁ.IN gls&htﬁr aihidi! f Sfte

4, 5-di chl oro- 2- n- octyl - 41 sot hi azol i ne- 3- one I met -N - pl ~euyl - (N

£1 uor odi XY

3-1i odo- qu% fsﬁ?iﬁrh%a&@ ﬁ#{ egémg(nﬁ%%%%%y %’ﬂ%@%&%’?ﬂg‘%‘gzol e,
2,3,5,5-te~ s tom 4~net hyl sul fonyl ). rJdlne d di]j Y. ol yl

sul f one. rf"x, TS O1 CPRPOURA™ &% P“%?%k’%é ! Wa¥%° O%EEJE tlrh %"t‘

f or egoi ng tOX|cants ~~W. e, be e oyed antlfoulant coating
c~, Tl aedStredht 2nge u%éd&l molen Reresdh and oﬁt%o,%“t @0 Fht Yorprth$ er abl y
from1l to fro b~ ~xeight of the coating conposition. Too |OM/tOXIcant

| evel s darirgisilpl(methaerylan: @ntpondnp Drthgeopolyniee t 0o | arge a toxi cant | evel can
result in the formation of a coating filmv~rlsich s~' ~able to devel op
defects such as cracking and peeling, 4hereby, beconmng less effective. 1

[ 0050] Additive ingredients nmay optionally be incorporated into the coating
conposition of the present invention. Exanples of such additive ingredients
are colorants such as 15 pignents (e.g., red iron oxide, zinc oxide,
titani um di oxide, talc)) and dyes, stabilizers, dehumdifiers, and
additives ordinarily enployed in coating conpositions such as anti saggi ng

agents, ar~tiflooding agents, antiscttling agents, and antifoam ng agents.
[0051] TrlaryI5|Iyl(neth)acrylate copolyners and coatlng conp05|t|ons nade

o S e .




GENERAL PQOLYI vl ERLZt ~~t ~ P~RCyCST3URE [ 0054] Xyl ene was injected into a

m croi'eaotor et]ui pped with a condenser, an inert gas/vaeuum|ine
connector, i~.vc~ vanabl e speed syringe punps, septuminlet, tenperature 16
control of 't 2C and nechanical agitation. The xylene was heated to 86C and
hel d at that tenperature for 10 mnutes. 'fhe syri n?e punps were_ then
turned onl(@M8l a f angther smludiEenbnBirepesent inyensipe relates’ to a  self-polishing

(2,2 -azobis(isobutyronitrile)) and xylene was_ added over a period o~ 1
hour. Ti nentifedlingi gnarivex cartingnaéhiele| goraprisgs C» f Eiardsilyi@ethacsylate-conthipings,

wher eupon the tenperature was raised to 110C and held at this level for 10
m nut es. Topolimesstandp exdcanthiche diisysibil{metioabrdatg-containingacpolymen sonthininged
to,cool to nomtenperature, The nonomers in this experinment were

tri phenyl $ioly kbeehfcoyitmne 20 TRSIEY pépenhnaf trintyisilyltmiethidcryidyd t eon{polint. anBhe
conpositions are sumrmari zed in Table 2 bel ow. TABLE 2 Ml e %Wl e

| Mononer / tidridteized Bypdu\odidRateiin Seadvatdr SPHGD abilé2 Babbfi 153micad/mnth93. 92159. 19
0. 92159. 190~ ~21516. 283. 8216l s. ag3.s ~21s16.za3.8 '21 s20.279.i2 |

620. 279. 80028525 18 Thothidl GABodifnt, the invedlibn 1ehBI0lo hORBYITHAndIRICHMwENCE Of
the copaly~rs in relatively noving sea-water was tested in the apparatus
illustrat i ' “heréii ~th it St e ' rring
to these r%a%‘tziﬁgllt}gg?ﬂogﬁt%?/yw(n%? hy%nemfkfamgt?%) Q{gi E:Hg ~~rﬁ Eﬂ\}}?lgh;?[mld&%@ter of

Lo the 5,2 pol y (et hyl m _ | -
costing bev i B Il el R ot b REod A bl p G fopost 1 1 m

ThC di sc S S| t t hi t ri . Was
measur ed i“y&? nt g’l(i: x?epésgfclt,l ‘g?re v¥1§/&§§|°ﬁﬁ§g5° x&%@éﬁ%ﬁ%ﬁf %& 8%%\558&%%%% | er.

[ 0056 The disg 1 ) unted an a shaft 3 driven by an electric notor 4
and irmer§“é1§°ﬁ"ﬁrf?u%’gr1‘g’?t§8ét%\ﬂ%@5r 5 contained in a vessel 6 having an inlet
7 and an outlet 8. A punp (not shown) is used to circulate sea water from
outlet 8 through a filter (not shown) and back to vessel 6 through inlet 7.
Cooling fluid is circulated through gooling coils 10 to maintain the sea
wat er tenperature. Partial dividgr xtends from above the water surface
to just below the depth of the c o’i‘i g toifs.| The peripheral speed of the
disc 1 at the neasured circunferencedpotnt (8.0 cmradius) was 17 I nota and
the seawatex tenperature was maintained at 20t 3 C. Failure to cont~l the
beat tenperature has consequences. H gher tenperatures result in faster
erosion) while | ower tenperatures cause slower erosion. [0057] During this
test, the vdere beepregenteiremade Aittaabont 2melaeensericof thereepelyner susd orptises was
measured periodically during the tutor test for each stripe at the 8.0 cm
radi us potnnarylsibi(methdacryete @fd Berrepwesentsf thpotegidey dfyoner ot i oerevetbylemicalyni ned.
The Rotor Test is conducted for 60 + 5 days in sea water and the erosion
rate i s cahwbirgtednionomers copotymegieablevivith A, et copalymérrobamétedized thiyian lenasinm
measurenents ns n function of tinme. The erosion rate in sea water so

cal cul at etaté i sdpbatared fiomreoabas 15 bdcrdde/manition Rate” and referred to as a "65
day Erosion Rate test" . Figure 1 is a plot of Erosion Ra'be rrarsus tine
for pol ympgo2spnpile andtbeti adgect,afhi: Ahiventiod eelftey & AsB1fPblishing antifouling marine
triarylsilyl(meth)acrylabe, Figure 1 shows that the Erosion Rate of the
copol yner ¥y Wadpositios %ﬁirﬁﬁﬁg?‘heﬁ'iah‘l&' kinﬂﬂl)a@{ylnie-écﬁﬁﬁﬁiﬁﬁ%golymer and a

triorganotin-containing polynmer wheh the triarylsilyl(nmeth)acryl ate content
was in the,£anR0eeq; hy Bt TS btoribddtfh SRS ket S
were conduct 65\9?1& mﬂqug}\el%%&gyg{%po yners o?%%r@‘f@f%%g Tr p eny“':y(gslg“ﬁ/rla
rnet hacr yk fled 111
t he tabJC”?%ﬁvaggf&%éTgﬁ(g gﬁx{r@}sﬂ?ts es ov‘\l/n;x}%‘%Hi sg%ﬁlrggsd%ﬁ ?% "ETabl e 4
denonstr at eiso (I;]C| YaSi vely that the 18 conpositions havixtg | ess than 9
nol e per ceh iarylsilylniethacrylate do not have satisfactory Erosion
Rates. Conversely, Table 3 denonstrates conclusively that polynmers having
about 10 to about 15 nol e percen '&r.i-tu Ieél | met hacryl ate have
satisfactory Erosion Rates. Tab appl nomal MVA- TP$. HA-[3 C
i ti onMMPDI 8-week ER
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0001. 94. b2PI MA80- 15- S. 610002. 33. 33HYA72-1S-13123, 00( | 3. 23, 44urr~87-103d3, 0
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0003. 02. 97HPA?5. 15- 70002. 52. 88DFr FHA ~~~75-15-1013S

02, 411PCRRES 2 B IR0 42 TS ARS8 St 20 mOle percnt and compries

e el o R N AR (N R N

0002. 32216HPAa0-1 0- 10120, 0003- 02. 217PENI A82-1S-31110002. 52. 118HPAT710- 1392
0002. 2. 1mompuEsgopolymengablesvitls40002. 52. 020T11 r A77- 10- 13112, 0003. 42. 0 Tabl e
3. DEF = diethyl fumarate;, PEMA s ethylene glycol phenyl ether .

met haer yl #023] HPAhe= depelymssspebpihe present/ | invention) grerpiaparedi fe tiojymeaniaing| ycol )
er hyl hexyl acryi ate; DVMAEMA = (dinet hyl am no)ethyl nel hacryl ate; BEA =

but oxyet htdandsiyl(imathicryldt@néth onehordnerx \ethylepically mhsaturated nonol@yhich sehyl cna
gl ycol methyl ether acrylate; DMAA - 3, 3-dinel hylacryhc acid; THFA =

t et r ahydr edpolyinetiydblathessivithe AkQused Herbinehelteimn & triand§ily] (Metidaveylath) iskitedde8MVA[ 3 ]

| yam . MWPDI 8- week ER npADEGEF, MA _5-790002. 70 7BDEGEEMA36S 0002, 41.

| CDEGzFM%Sm'bGﬂaE&s Hobd iyl IVRCIVIEAS and - th Ve thddeykd; Chfle AQibeDis RS case

0002. 2LOFEGVEA9D5- 363000Ls0. 8GEGVEA905- S990002. 80. 5F1 EGVEA9S- 3l 13. 0002. R1. 4

THFA82- 5- % 8drlGrif9RByI Brheibl 14485241071, 0002. 51. 7K' 1' HFA88. 5- 774
0002. 31. 2LBEA33€}2@§%3§; o%of.‘éf. 6NDEA92- 5- 3SJZ

0002, 11. 2 92-53 TPy TS ' A1, . qaak
0875 8560060 1. oMaRagTEE 1, ggo_g!25.51 it de&ésg?%{%g%'??%o%"%@%ted arl and
~~1. 5SHp ABSeroagb8TUOWEEE camprisingrings/lslyltgeth) aoplate pf supAr Hillssseswagerodibls2 . 6
~0. 6VrE . Y’\B%i‘ ~ . PASSSn 7 .21.1
Tabl e 4%?@%&&’%?%{0? g?rﬁcl ene g ?c%?%opgl}ﬁlﬁ og'gf ﬁ@gﬂmp@?pyﬁgi@%EévEA =
et hyl ene gpyesaits fremiapbvec trerbontc20/alke percthtiA the ¢a@olyaivy andthe aryliygrovmisy | at e;
BEA = buto thyl acryl ate; F =.di |, f rape: = | C aci d;
HPA = hyd?%%(éycﬁl;%o&]’ b y?'%‘{“é’?ﬁpﬁ Pﬁéfﬁi‘ﬁh%&%ylﬁ%&%@@ﬁ%‘%@ﬁ g%%kfk
hydr oxypr by r]setbiya,(r:]r ;stetixﬁelh)Zth&yMEf E&»ﬁmﬂ:ﬂpheﬁylgolyjréhndﬂwhagylan %6-0si on
Rate in sea- r that js sui L use a bir [ rj ne
antifoul i ﬁ’g’eggﬁfﬁ@n’ébn%ﬁ@“ﬁ@yfgﬁ%gol g?ﬁg?m?}?ﬁﬁtff@y k or#ﬁ%ﬁ'glm qh?falp{‘%?d’ where A
i s presentludropitn@lb 0\bechorbghe A0 Ulo-b2émephlesyl p e bathyiphamd, CanfudsgienlSi RS
wherei n each may be the sa or .di fl orent a%ipi a]sub_%titu ed, or
unsubst i tmlgﬂ%i d?’bﬁ’é‘i%ﬁ?)‘%ylpﬂ?mmﬁ’ i E‘°§l Eopheylq B PEMORREYh VR oxy or
met hacryl &h%’lpﬁé’r@k' pF-p?dWlpBeﬂﬁp'bQﬁWlﬁhdnbll? p-ebingiphenyl, Q/3&difMiordtesyl, 2,6-

y 0

et hyl eni cal unsa

urated nononers co neri zable wwth A 2. _The sea-water
erodi bl e é"éﬁﬂel"?ml’aﬁ’@l’&‘i’fﬁi’r!F“Ylnzvﬁkmg*Ma%@c@M@‘ﬂ“?@ﬁ%‘?yh H‘éﬂ'ﬂ’é"t’ “tut ed

i B boie rien " AR A
br o ne, [y pEee) ARSIl pCa L, LA SRR 1

phenant hr 3sydifluqrgphenyl] ) 24Hdiffuasophenyl, sddsdifinaropheny| k yideditiierprhenyl, et2tr |

substit ut r er ] I Lt A neof c.and t he
copol yrer &lglsﬁ%{:%g%g@t er2 f@%@%&a‘gﬁ§m %5%?%&}’%&{5 le'gh é\ﬂ#gﬁ%‘*ﬂaﬁlb?g’% to 1S
trri cr (r)]ns loei!brdmphl &yl,Bis,SFhiehMa:pmgxyEr ?cﬁ.?tﬁuo?ﬁbényh}sﬂzm-&muaEM1@y%hér?ﬁ-n Ais
ri phenyl si]yl acryla r.triphenyl silyl .yl ate e ner is
charact er f"ft‘t‘]r"é’;mé’br Efﬁg‘lt’b{k“‘ﬁ%théu n %&é‘iﬁ‘i’%@%ﬁ“?ﬁ%@l’ %MIS 2?7@@'?‘3%5 per
nmonth. 4. thWﬁhW,%A,E-_&ﬂﬂbEﬂgﬁe P4 S-tmethfIphetyRi2 B, s, -tamfudtoptienyh 2,5t | east
one Ris a sulfur-, nitro - or Qx er&-lcg)gtal nlgg get roar %)rp?lg]{) 5.
1' he wat eFe"éﬂ‘éfdPIB?‘-’Bylcc?p%‘f’%"Fé"laﬂb‘? 3,5.6-tegramethylphenyl, pentefipo el ect ed
fromthe g,rsggslteﬁﬂfmmiw&nwﬂsmuaﬁmr@ﬁa?ﬂ fn-Rifluorofiethy], Pi-triffioimethydCi d,

n

esters of ntthacrylic acid, vinyl conpou s') mal efic esters, and fumaric
eaters. b2-chiseo-frimiRuoramasayiphcayle opol ynerinflucromethyl3-chlongphenyl, -5~ . ~ 245 ch B

is selected, f.rom u raheds 6. argani ' mebk ryh: thyl ,,; "
Sy S, E‘.Sme]‘lg?mg@%%g@é’, 3’rfg glljs(t&y}/@ aacr 33@29@’%"3{1’ bz?’ﬁh‘@g’r y% ?ipgl?nyg’ec%lbut yl
acryl ate) pigngtynyht hvipRhyt] 12-Abréa-sinehyd! UkphBAT BlabRhylDEmythyReLr V1 at e)
noct yl aeP%/’Pat))g’, g&ﬁ%r o>1<l§/et]¥1yl acryl a?%‘, )?)i ydt%ut%?/- n- p?op{/l acr y{at e,

hydr oxy-i -propyl acrylate, glyeidyl acrylate, 2-nethoxyethyl acryl ate,

2- met hoxypropyl acrylate, nethoxytriethyl eneglycol acrylate, 2-ethoxyethyl
acryl ate, ethoxydicthyl eneglycol acrylatc,



21 met hyl nethacrylate) ethyl nethacrylate, prapyl netltacrylate, n-butyl
net hacryl ate, t-butyl nethacrylate) sec-butyl nethacrylatc, 2-ethyl hexyl
raethacryl ate, cyclohexyl nethacrylate, 2hydroxyethyl m-cthaciylate,

gl ycidyl nuthaGyl ate, 2-nethoxyethyl nethaerylate, 2methoxypropyl

met hacryl ate, nethoxytriethyl eneglycol nethacrylate) and 2-cthoxyet hyl

rrez Eacr y:naqfkebylhymvdwyi mmyﬁﬁmmm?)bﬂwmdr @mi!‘“enb]‘ @Wl}uacenyl
met hacryl,a n C e
I sobor ngl a(n ‘ﬁg‘l@brg?ﬁ 'Q%hréﬂg%eﬂt yc%&gn‘{éltgﬁépgw%r:‘; qrggﬂ%g%}%l, t acryl ate,
pol ﬁpr op?nheﬂmygieylylol Q-emaxypyérgl,hemahylvlw-meﬁoxyphdmb aynbtkbdyyﬁl—ﬁmgthpnﬂl
t {
Cr ot ont & S Pe AR Bl AeDLe %@? PR S PeRRaet nyl ene

gl yxol) et dinkorelduasth [, pl4adifukthdx 1, ah¥ad mxdﬁ- thoxy-
2- (di net hyl am?\o) ethﬁbg%?yl ate1 éf t hy ﬁﬁnb’no)qjhetﬂ 2 g, xy

met hacr at e)
et hyl ene Zaphibel eﬁﬂeﬂlm@lﬁ@?‘“%ﬁ% a '@"ﬂ‘@ﬂmﬂéﬂé dgmgﬁéﬂpm}me '%W

th ol e
e N O, IR i,
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g e e e M U
vi nyl bemzaiatl @ pydidingt, hy$- trnhio&mteﬂxyl-mpgtxum}/l med~-252° dx,lpymﬁml)pr a2 @ 28at e,
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Wi th one [fazi#91, € 2efulbislisn] C«ahhmomm awﬂcmymurqhﬁmﬁnﬁ Hﬂﬁhoﬁn&ﬂuyﬂah ned in
Claim1 in the presence of pol yrrerlzatlon cat al yst o ri
e' | m-act eninpbaylpy ?%“H’W%‘TYIWWYIA i 8%(@%@109’#@?' “&H’g‘%‘ »9 fb about

20 m-t~t, mohhﬁ Eﬁ@ﬁhmﬁmw 8. 7- a-ﬁlﬁalﬁiﬂklyfmr%ﬁplﬂﬂ' MalsdfafioBiit K 55(1Q0A is

sel ect ed romuns t1tut % phényl, aryl substit uted by
one d~:° phenantfuohnyl))mqupmwe:wlmimehmy di ne) alkyl, perfluoroal kyl,
napthyl, fluorenyl, aiacotiyl, ~ p~enanthrenyl) pyr enyl al kyl ct her,

substi tut[g@@l Ky & O;Q?éénts Fhe cﬂ er eéft# re%‘tﬁyl@ﬁlé’ kﬁ}ﬁﬁmra'ierd”?nﬂﬁbmers

substit ut roup m Xt ures the copo mer 1s characterized.
bi y an Ereapeapmeiidableotithf momazylmbfl(mth)aaywm ’Ihepmpemehof the copolymeTican pol ymer

i phonySroiatey adins bEPRROS Riasounofio  Shamaiy & sy, S gt o

char gCt e rdoiﬂbdmfi&x o mmoﬁrcrsﬂfoﬁqbnlahQBt d{jspﬁll mmmmim}ulds the@stelsaf aérybm’.llmbov e( g)
to about 20 nol e, percent t resi Si at e;

a monomerSurleds methyl gery, et% ‘Yr@& :‘J E‘SH‘ u ﬂ}/éfbglg'r] ﬁ%f%%?%

copol ynnejiyigd ﬂ%ﬁt&"@kﬂlyﬁlﬂxﬁﬂéﬂyfafe} c:ﬁdlkﬁzeiﬁ%t@u& 9ﬂen9nﬁ:rﬂ.’ite rﬂ%@ylW es that
is differmt than the rrtononer resid and selected frogmt

consi st i rydwxyethydt agrylatey nderran- IE’PMI é‘ﬂ'él“ b yRygroxs iRy e”("ﬁg‘i‘te’nﬁfxqg’ré’fyl at e)
di (et hyl y )Hgﬁ!?, r t |

3, 3di net ﬁeﬁgt%éry ?@%c?mh ??iahea‘){ r~afi1™=~rrar &*%%F ?{%@m Zgﬂér c aci d)
hydr oxypra@pydtc.a@re}lkavehylt iagrlylateg WMW&%yFC—fﬂéﬁey Ian%lt the esteis of

(et k) 40 e T BN b, BBy, Y bShUE grv1 21©
t elt rahyd rtmt);l mﬁc:cnhaﬂylm rt-;blutyﬂ m;g?magﬂaw wd%déy:g;?mcqﬂm, hmhbghmt %ZSEQYMBECO {rb |8 (r)\ ed
mol e percent, of mongner residues an malo h g, abou

mol e per ¢¥f hexpl ¢ e @yB‘Eﬂ sy rrery rox lTh’@ mr &l s Arough

wher ei N IRth@QemyL me@ad??ht@)/' 2R iHbREIA Quotthadrylald)e nttlokgRicti@lenéglyols 1

through. 8 i v~ ~t wo di fferent nononers are sel ected as nununer B.
13, The potthareylatof ard Zicthaxyethyl peshpcrylgte, Hhydroxy-o- Prepx(r"@théﬁceﬂ%l hydsxig- agCnt
Sel ected fro eh d at t 0 e

cont ai ni rﬁj"%cTn’ﬁS ii rES'g 1y3 Wf'%"?iﬁg{?el fogy ‘:@’Hd"‘gww ﬁ?OXSS/Ob%n}y]

14. A self polishi ng ITB.I’I ne antifouling coating conposition conpri si ng the
conposition 23 selected fromCains § to 12 and a toxicant) and
characterized by an Erosion Ratc in sea water of about 2 to 15 m crons per
nonth. 15. the sclf polishing marine antifpuling coating crnnposition of
Claim 13 wherein said stabilizing agent is present in said conmposition fmm
0.1 to 10 wei ght percent based upon the



wei ght of said conposition, 16. The self polishing antifoulittg coating
eei npositions of 3 aim14) further conprising rosin and rosin derivatives.
17. The self polishing antifouling coating -eonpositian of Caim15 in which
the rosin and rosin derlvatlves are present in the range of 5 to 60 wei ght
percent of the copolyner. .
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[0027]  The triarylsilyl(meth)acrylate oomponenx mpresents from above 9 to about 20

mole percent of the copolymer, This mugep(oundes a copolymer having an erosion rate in
seawater of from 2 to about 15 microns/month. Preferably, the tdarylsilylacrylate component

is present in an amount to provide a copolymer having an erosion rate from about 3 to about 9

microns/month. The amounts of tnary;‘, " . monomer and can be selected and

adjusted within the range of above 9 to abmxt ZD mplc percent of the copolymer to provide a

copolymer having an erosion tate of freni’ tbput 2 to about 15 microns/month, preferably

from about 3 to about 9 microns/month and optimally from about 3 to about 7
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the present invention measures the erosion rate of the polymer binder. It has been found that
measuring the erosion rate of candidate films for 60 j—_ 5 days provides a basis for identifying
and excluding those polymers that erode too quickly or too slowly to be the basis of a
satisfactory paint. From the data in Figure 1, it is seen that films containing S, 6, and 9 mole
percent triphenylsilyl methacrylate erode too slowly to pass a 65-day test. Specifically, it is
observed that, while the erosion rates ofthe polymers containing 6 and 9 mole percent exceed
2 microns/month during the early part of the test, they gradually decrease so that after about
40 days the erosion rates are below 2 microns/month. It is also observed that films
containing 25 mole percent triphenylsilylmethacrylate and above erode too quickly. While
the erosion rate of the 25 mole percent polymer begins inside the desired 2 to 15
microns/month range, by about 25 days the eroéiou rate has increased to a level well above
15 microns/month. The films containing 16 and 20 mole percent of triphenylsilylmethacrylate
display eroston rates in the range of about 3 to about 9 microns per month during a 65-day
erosion test and these are comparable to the erosion performance of BIOMET 304, a
commercially available (from ATOFINA Chemicals, Inc.) triorganotin-containing polymer.
Thus, polymer compositions having a triarylsilyl{meth)acrylate content in the range of above
9 to about 20 mole percent have erosion rates comparable to those of the organotin-
containing polymers that are the standar&nﬁfm'ihﬁnm,

[0029] In order to facilitate evalugtion of the invention, the range of copolymer
compositions illustrated in Figure | ig tabulated befow to provide both mole percent and
weight percent for each copolymer. |

TABLE 1
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[0030]  The data in Tables 1, 3 and 4 establish that a mole percent range for monomer A
of from above 9 mole percent to about 20 mole percent produces a polymer that passes the
erosion rate test and thercfore has an erosion rate suitable for use as in a marine antifouling
paint. Such polymers have an erosion mte in seawater of from about 2 to about 15
microns/month as determined by testing in accordance with the rotor test described
hereinafter and when tested for a period of 60 + 5 days. Thus, it is seen that it is only within a
narrow band of mole percentages of from above 9 mole percent to about 20 mole percent that
triarylsilyl(meth) acrylatc copolymers have erosion rates comparable to those of the
triorganotin-containing copalymers and are therefore suitable for usc in marine antifouling
paints. Therefore, the copolymer of the present invention is suitable for formulating a marine
antifouling paint having a multi-year usefi life on an ocean-going vessel similar to the useful
life achievable with triorganotin-containing pomlm of 3 to 5 years.

[0031) In general, the erosion rate is considexed to be a function of the amount of

m,

. teaches at Column 5, lines 43 et seq, that

j._.x ,,;_.| ' ..':

Claims seawater erodible silylacrylate c

the superior control of the crosion rate m‘l;qa, gn t;hemmany tailoring the polymer so that it is
selectively weakened at certain points peo;hat tp the polymer chain at the paint/water

interface. These weak links are slowly’ mdwd by seawater allowing the polymer to

gradually become seawater soluble or seawater swellable. This weakens the hydrolyzed
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610%& ()- L1099 ()-\"_ " cdei kO 610%& ()- 610%& ()- 610%& ()- 6109%& ()-
6109& ()- 6109%& ()- 6109%& ()- ijtwxzP4kQ 6109%& ()- S& 22)610%&' () -
610%& ()- 610%&k ()- zkK/ 610%& ()- (610%& ()- 610%& ()- 610%& ()- 6109%& ()-
6109& ()- 6109%& ()- 4kK/ S& 226109%& ()- 6109%& ()- 6109%& ()- 6109%& ()-
| PO610%& ()- 6109%& ()- 6109%& ()- 6109%& ()- 610%& ()- 6109%& ()-
advantageous to dilute the copolymer with an organic solvent to obtain a polymer solution
having a convenient viscosity. For this, it i; desirable to employ the solution polymerization
method or bulk polymerization method.
[0037]  Examples of olefinic polymerization initiators include azo compounds such as
2,2'-azobis (isobutyronitrile) and triphenylmethylazobenzene. The azobisnitriles are efficient
sources of free radicals for vinyl polymerization and can be used in bulk, solution, emulsion,
and suspension polymerizations. In addition to 2,2'-azobis (isobutyronitrile), other members
of the class include 2,2"-azobis(2-methylbutanenitrile), 2,2'-azobis(2,4-
dimethylpentanenitrile), 1,l'-azobis (cyanocyclohexane) and 2,2-azobis(4-methoxy-2,4-
dimethylpentanenitrile). One can also use peroxides such as benzoyl peroxide, di-t-butyl
peroxide, t-butyl peroxybenzoate, and t-butyl peroxyisopropylcarbonate.
(0038]  Examples of useful organic solvents include aromatic hydrocarbons such as
xylene and toluene, aliphatic hydrocarboris such as hexane and heptane, esters such as ethyl
acetate and butyl acetatc, alcohols such as isopropyl alcohol and butyl alcohol, ethers such as
dioxane and tetrahydrofuran, and ketones such as methyl ethyl ketone and methyl isobutyl
ketone. The solvents are used either alons or in co;nbinaﬁon.
[0039] The desirable molecular wpiglnuf the trarylsilyl(meth)acrylate-containing
copolymer thus obtained is in the range o $#dai'1,000 Yo 200,000, preferably from 10,000 to
150,000 in terms of weight-avcrage moléenh‘r wught Too low or too high molecular weight
copolymers create difficulties in fonningl'g%#ﬂal,péﬂﬁﬁ:g_‘ﬂhns. Too high molecular weights
result in long, intertwined polymer chains that-do not perform properly and result in viscous
solutions that need to be thinned with solvmtsqthat a single coating operation results in a
thin film coating. Too low molecular welg'lttpdymws ﬁqute multiple coating operations
and provide films that may lack integrity aid do not perform properly. It is advantageous
that the viscosity of the solution of the copolymer is 200 to 6,000 centipoise at 25°C. To
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610%& ()- 6109%& ()-. 6109& g
achieve this, it is desirable to reuulatc the solid content of the polymer solution to a value in

the range of from 5 to 90% by weight, desirably from 15 to 85% by weight.

[0040) The toxicant used in the coating composition of the present invention may be any
of a wide range of conventionally known toxicants. The known toxicants are roughly divided
into inorganic compounds, metal-containing organic compounds, and metal-free organic
compounds.

[0041]  Examples of inorganic toxicant compounds include copper compounds such as
cuprous oxide, copper powder, copper thiocyanate, copper carbonate, copper chloride, and
copper sulfate, and zinc and nickel compounds such as zinc sulfate, zinc oxide, nickel sulfate,
and copper-nickel alloys.

[0042]  Examples of metal-containing organic toxjcant compounds include organocopper
compounds, organonickel compounds, and organozinc compounds. Examples of
organocopper compounds include oxine copper, copper nonylphenolsulfonate, copper bis
(ethylencdiamine) bis (dodecylbenzenesulfopate), copper acetale, copper naphthenate, and
copper bis (pentachlorophenolate). Examples of organonickel compounds include nickel
acetate and nickel dimethyldithiocarbamate. Examples of organozinc compounds include
zinc acetate, zinc carbamale, zinc dimethyldithiocarbamate, zinc pyrithione, and zinc
ethylenebis (dithiocarbamate).

[0043]  Examples of metal-free organic toxi'cant compounds include N-
trihalomethylthiophtalimides, dimiocarb&ii%d% ﬁ-arylmaleimides, 3-(substituted amino)-
1,3-thiazolidine-2,4-diones, dithiocyano WMMC compounds, and others.

[0044]  Examples of -tnhaldﬁ:mmxwphthahmde toxicants  include N-
trichloromethylthiophthalimide and N-ﬁnmdxcﬂﬂﬁmﬂhylthlophmahmldc Examples of

dithiocarbamic toxicants include bis (dimethylthiocarbamoyl) disulfide, ammonium N-
methyldithiocarbamatc, and ammonium ethylenebis (dithiocarbamate).
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(6109%& ()- pT4kQ 610%& ()- 610%& ()- S& 22610%& ()- 610%& () -
$9% hL,' 6109 ()- 610%&' ()- &610%& ()- 610%&' ()- 610%& ()- 6109%& ()-
6109&' ()- '+, /0208hL, 610% ()- S& 22610%& ()- 6109& ()- 6109%&' ()- 289;
@DgG, 610986109%&' ()- 610%&' ()- 610%& ()- 610%& ()- 6109%& ()- 6109& ()-
DA LMXG, 610%&610%&' (6109%& ()- 6109%& ()- 6109%& ()- 6109%& ()- 6109%& ()-
QRTZ[ ] pTW6#H 1098 aiplesef @8inylgimide toxicants include N-(2,4,6-trichlorophenyl)maleimide,
N-4-tolylmaleimide, N-3-chlorophenylmaleimide, N«{(#-n-butylphenyl)maleimide, and N-
anilinophenyl)maleimide.
[0046]  Examples of 3-(substituted amino)-1,3-thiazolidine-2,4-dione toxicants include 3
benzylideneamino-1,3  thiazolidine-2,4-dione, 3-4(methylbenzylidencamino), 1,3-
thiazolidine-2,4-dione, 3-(2-hydroxybenzylideneamino-1,3-thiazolidine-2,4-thiazolidine-2,4-
dione, 3-(4-dichlorobenzylideneamino)-1,3-thiazolidine-2,4-dione and 3-(2,4-
dichlorobenzylideneamino-1,3-thiazolidine-2,4-dione.
[0047] Examples of dithiocyano toxicant compounds include dithiocyanomethane,
dithiocyanoethane, and 2,5-dithiocyanothiophene, Examples of the triazine compounds
include 2-methylthio-4-t-butylamino-6-cyclo-propylamino-s-triazine.
{0048] Other examples of metal-free organic toxicant compounds include 2,4,5,6-
tetrachloroisophthalonitrile, ~N,N-dimethyldichlorophenyfurea,  4,5-dichloro-2-n-octyl-4-
isothiazoline-3-one, N,N—dimeﬂ:yl-N‘-phenyl-(N-ﬂumodichloromethylthio)sulfamide,
tetramethylthiuram disulfide, 3-iodo-2-propylbutyl carbamate, 2-
(methoxycarbonylamino)benzimidazole, 2,3,5,6-tetrachloro-4-(methylsulfonyl)pyridine and
diiodomethyl-p-tolyl sulfone. -
{0049]  One or more toxicants, which W pe qabcwd from the foregoing toxicants, can

be employed in the antifoulant coating comifkition Thetoncnnt is used in an amount from

0.1 to 80% by weight, preferably from 1 to 60% by weight of the coating composition. Too
Jow toxicant levels do not produce an antifoiling: ¢ffoct, while too large a toxicant level can
result in the formation of a coating film which is Hiable to develop defects such as cracking
and pecling, thereby, becoming less effective. |

[0050]  Additive ingredients may optiomily be incorporated into the coating composition
of the present invention. Examples of such additive ingredients are colorants such as
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pigments (c.g., red iron oxide, zinc oxide, titanium dioxide, talc), and dyes, stabilizers,

dehumidifiers, and additives ordinarily employed in coating compositions such as antisagging

agents, antiflooding agents, antiscttling agents, and antifoaming agents.

{0051}  Triarylsilyl(meth)acrylate copolymers and coating compositions made from these

copolymers may increase in viscosity during storage. To prevent an unsatistactory viscosity

increase, materials known as “stabilizers” may be added during or afler polymerization or

may be incorporated info the coating composition. Stabilizing materials include inorganic

dehydrating agents, such as molecular sieves or anhydrous calcium sulfate; organic

dehydrating agents, such as orthoesters; bases, such as amino compounds; water reactives,

such as alkoxy silanes; chelating agents, such as tris nonylphenylphosphite; and hindered

phenol antioxidants, such as butylated hyciroxy toluene (BHT). In normal use, the stabilizer

level i3 0.1 to 10 weight percent based on the coating composition.

[0052)  Rosin and rosin derivatives may-be added to the coating composition as part of the

binder system. Rosin and rosin derivatives are preferably present in the range of 5 to 60

weight percent of the copolymer, preferably 10 to 30 weight percent for the purpose of

assisting in controlling water pcnetration into the coat_ing film.

[0053]  For applying the marine antifo'ulinlg coaung compositions made from the

triarylsilyl(meth) acrylate copolymers of the present invention onto the surface of a marine

vessel, the coating composition is applied to the surface in a suitable manner (such as by

brushing or spraying) and the solvent is removed by ev;z;ioration at ambient temperature or

with heating. By this method, a dry coating film of suitable thickness can be easily formed on

the surface of the vessel. ‘

GENERAL POLYMERIZATION PROCEDURE
[0054]  Xylene was injected into a microreactor equipped with a condenser, an inert

gas/vacuum line connector, two vanable speed syringe pumps, septum inlet, temperature
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control of 1 2°C and mechanical agitation. The xylene was heated to 86°C and held at that
temperature for 10 minutes. The syringe pumps were then turned on and a mixture of the
monomers, initiator (2,2’-azobis(isobutyronitrile)) and xylene was added over a period of 1
hour. The reaction mixture was held at 86°C for an additional 3 hours, whereupon the
temperature was taised to 110°C and held at this fevel for 10 minutes. The heating was then
discontinued and the reactor was allowed to cool to room temperature. The monomers in this

experiment were triphenylsilylmethacrylate (TPSMA) and methylmethacrylatc (MMA). The

compositions are summarized in Table 2 below.

TABLE 2
Mole % Mole % Monomer/Initigtor
TPSMA MMA Ratio
5.1 949 215
5.1 94.9 215
6.1 93.9 215
6.1 93.9 215
9.1 90.9 215
9.1 909 . 215
16.2 83.8 216
16.2 83,8 : 215
16.2 838 215
20.2 79.8 216
20.2 79.8 . 215
253 747 216
252 748 216

'OR TE.

[0055]  The performance of the copolymm in relauvely moving sea-water was tested in
the apparatus illustrated schematically in: Fﬁiﬁ 2 an& 3 of the drawings. Refeiring to these
Figures, a poly (methylmethacrylate) dJse 1 hﬁvmg . &izmeter of 8 inches was coated with

radial stripes 2 with the copolymer \mdm'gmng testing being applicd from an applicator
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adapted to deposit a film. The disc 1 was set aside to dry and the thickness of the stripes 2
was measured by contact profilometry using a Tencar Alpha Step 500 Profiler,
[0056]  The disc 1 was mounted on a shaft 3 driven by an electric motor 4 and immersed
in flowing sea water 5 contained in a vessel 6 having an inlet 7 and an outlet 8. A pump (not
shown) is used to circulate sea water from outlet 8 through a filter (not shown) and back to
vessel 6 through inlet 7. Cooling fluid is circulated through cooling coils 10 to maintain the
sea water temperature. Partial divider, 9, extends from above the water surface to just below
the depth of the cooling coils. The peripheral speed of the disc 1 at the measured
circumference point (8.0 cm radius) was 17 knots and the seawater temperature was
maintained at 20 * 3°C. Failure to control the test temperature has consequences. Higher
temperatures result in faster crosion, while lower temperatures cause slower erosion.
[0087]  During this test, the stripes were eroded away from the disc. The film thickness
was measured periodically during the rotor test for each stripe at the 8.0 cm radius point and
the rate of removal of polymer by erosion was determined. The Rotor Test is conducted for
60 + 5 days in sea water and the erosion rate is calculated in microns per month ((n/mo) from
film thickness measuremcnts as a function of time. The erosion rate in sea water so
caleulated is defined herein as the “Erosiom Rate” and referred to as 2 “65 day Erosion Rate
test”. Figure 1 is a plot of Erosion Rate versus time for pelymer samples having various
mole percents of triarylsilyl(meth)acrylate. Figure 1 shows that the Erosion Rate of the
copolymer was most closely related to that of 3 reference triorganotin-containing polymer
when the triarylsilyl(meth)acrylate content was in the range of above 9 to about 20 mole
percent.
[0058)  Rotor tests were conducted fdli'.zm:}c;lhﬁ‘lii.és‘:otéipqu:ners comprising triphenylsilyl
methacrylate, methyl methacrylate and a third monomer as specified in the table. The

Erosion Rate results are shown in Tables 3 and 4, Table 4 demonstrates conclusively that the
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satisfactory Erosion Rates. Conversely, Table 3 demonstrates conclusively that polymers

having about 10 to about 15 mole percent triarylsilylmethacrylate have satisfactory Erosion

Rates,
Table 3
Example | [3" Monomer] MMA-TPSMA{3%] | Mw | PDI | 8-wock ER
Composition . (/ino)
] DEF 80-15.5 38000 | 19 4.6
2 PEMA 80-15-5 61,000 [ 2.3 35
3 HPA 72-15-13 123,000 | 3.2 3.4
4 ek 87-10-3 63,000 | 2.2 33
5 HPA - 83107 84,000 | 23 3.0
6 HPA 77-10-13 132,000 | 3.0 2.9
7 HPA 78157 §2000 | 25 2.8
8 DEGEHA 75-15-10 135,000 [ 4.0 2.8
[ DMAEMA 8§7-10-3 43,000 | 1.9 2.5
10 BEA 85-10-5 46,000 | 1.9 24
11 PEMA 85-10-5 115,000 | 2.6 24
12 HBMA 75-15-10 62,000 | 23 24
13 EGMEA 82.15-3 73,000 | 2.3 2.3
14 HBMA £0-15.5 69,000 | 2.3 2.3
15 DMAA 80-15-5 - | 50,000 | 2.3 22
16 HPA 80-10-10 120,000 | 3.0 2.2
17 PEMA 82-15-3 111,000 | 2.5 2.1
18 HPA 77-10-13 92,000 | 2.6 2.1
19 DEGEHA 80-15-5 61,000 | 2.5 2.0
20 " TIITA 71013 112,000 | 3.4 2.0

Table 3. DEF = diethy) fumarate, PEMA = cthylene glycol phenyl ether methacrylatc; HPA =
hydroxypropyl acrylate; DEGEHA = di(ethylene glycol) ethylhexy! acrylate; DMAEMA =
(dimethylamino)ethyl methacrylate; BEA = butoxyethyl acrylate; HBMA = hydroxybutyl
methacrylate; EGMEA = cthylcne glycol methyl ether scrylate; DMAA — 3,3-dimethylacryhic acid;
THFA = tetrahydrofurfuryl acrylate
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Table 4
Example | {3™ Monomer) MMA-TPSMA-[3%] [ Mw | PD] | 8-week ER
— Eposition (wmo) _ |
A DEGEEMA _ _92-5-3 79,000 | 2.7 07
B DEGEEMA 5 65,000 | 24 1.1
C DEGEEMA 85510 128,000 | 4.0 1.5
D EGMEA §8.5.10 56,000 | 2.2 1.6
E FGMEA 90-5-5 63,000 | 2.2 1.0
F EGMEA 92.5-3 63,000 | 2.5 0.8
G EGMEA 90-5-5 99,000 | 2.8 0.5
H EGMEA 93.5-2 113,000 | 2.8 1.4
1 THFA __82.5.13 115,000 { 3.8 1.5
J THFA 85.5-10 71,000 | 2.5 ).7
K THFA 88.5-7 74,000 | 2.3 1.2
L BEA 835.5-10 48,000 | 1.9 1.6
M BEA 9253 58,000 | 2.1 2
N DEF_ 92-5-3 57,000 [ 2.} 8
0 DEF * 90-5-5 - 43,000 | 2.0 1.1
P DEF §7-5-8 56,000 [ 2.1 1.0
Q MAA 04.5.1 51,000 | 2.1 0.8
R HPA 87513 67,000 | 2.2 1.5
S HPA 85-5-10 66,000 | 2.3 1.9
T HPA 8§-5-7 61,000 [ 2.1 1.2
U PEMA 85-5-10 86,903 | 2.6 0.6
v PEMA 90-5-5 65,838 | 23 09
W PEMA 92-5-3 64,474 [ 2.3 1.3
X HPA §8.5-7 75,000 | 2.2 L1

Table 4. DEGEEMA = di(cthylene glycol) ethyl ether methacrylate; EGMEA = ethylene glycol methyl
ether acrylate; THFA - tetrahydrofurfuryl acrylate; BEA = butoxyethyl acrylate; DEF = diethyl
fumarate; MAA = methacrylic acid; HPA = hydroxypropyl acrylate; PEMA = phenoxyethyl
methacrylate; HPMA  hydroxypropyl methacrylate;
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WE CLAIM:
1. A polymer having an Tirosion Rate in sea-water that is suitable for use as a binder in a

marine antifouling paint comprising a copolymer of the formula —[A)-|B]- where A is Ppresent
from above 9 to about 20 mole percent and comprises XSiR; wherein each R may be the
same or different and is a substituted or unsubstituted aryl or heteroaryl group, X is the
residue of an acryloxy or methacryloxy group, and B represents the residue of one or more
ethylenically unsaturated monomers copolymerizable with A.

2. The sea-water erodible copolymer of Claim 1 in which at least one R is an
unsubstituted aryl, an aryl group substituted with one or more chlorine, fluorine, bromine,
iodine, alkyl, perfluoroalkyl, napthyl, flnorenyl, anthracenyl, phenanthrenyl, pyrenyl,
alkylether, substituted alkylether, arylether, substituted arylether, amino substituted group, or
mixtures thereof and the copolymer is characterized by an Erosion Rate in sea water of from
2 to 135 microns per month. |

3. The water erodible copolymer of Claim 1 wherein A is triphenylsilylacrylate or
triphenylsilylmethacrylate, and the copolymer is characterized by an Erosion Rate in sca

water of from 2 to 15 microns per month.

4, The water erodible copolymer of Claim 1 and 2 in which at least one R is a sulfur-,
nitrogen- or oxygen-containing heteroary] group.

5. The water erodible copolymer of Chims 1, 2, 3 and 4 in which B is selected from the
group comprising unsaturated organic acidg; esters of Iacryl'ic acid, esters of methacrylic acid,

vinyl compounds, maleic estors, and fumaric esters.

6. The water erodible copolymer .o ! ":,5 in sﬁnch B is selected from unsaturated
organic acids, methyl acrylate, ethyl . PPyl acrylate, n-butyl acrylate, t-butyl
acrylate, sec-butyl acrylate, 2-ethylhexﬁ ae!yllte, cyclohcxyl acrylate, phenyl acrylate, n-
octyl acrylate, 2-hydroxyethyl acrylate, hydrexy-n-propy] acrylate, hydroxy-i-propyl acrylate,
glycidyl acrylate, 2-methoxyethyl  acrylate, 2-methoxypropyl acrylate,

methoxytriethylencglycol acrylate, 2-ethoxyethyl acrylate, ethoxydicthyleneglycol acrylate,
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methyl methacrylate, ethyl methacrylate, prapyl methacrylate, n-butyl methacrylate, t-butyl
methacrylate, sec-butyl methacrylate, 2~ethylhexyl methacrylate, cyclohexyl methacrylate, 2-
hydroxyethyl mcthacrylate, glycidyl methacrylate, 2-methoxyethyl methacrylate, 2-
methoxypropyl methacrylate, methoxytriethyleneglycol methacrylate, and 2-cthoxyethyl
methacrylate, hydroxy-n-propyl(meth)acrylate, hydroxy-i-propyl methacrylate, phenoxyethyl
methacrylate, butoxy ethyl wmethacrylate, isobornyl (meth)acrylate, neopentyl
glycolmethylether propoxylatc acrylate, poly(propylene glycol) methylether acrylate,
ethoxydiethyleneglycol methacrylate, acrylic acid, methacrylic acid, 2-butoxyethyl acrylate,
crotonic acid, di(ethylene glycol) 2-ethylhexyl ether acrylate, di(ethylene glyxol) methyl
cther methacrylate, 3,3-dimethyl acrylic acid, 2-(dimethylamino) ethyl acrylate, 2-
(dimethylamino) ethyl methacrylate, ethylene glycol phenyl cther acrylate, ethylene glycol
phenyl ether methacrylate, 2(5H)-furanonc, hydroxybutyl methacrylate, methyl-2(SH)-
furanone, methyl  trans-3-rncthoxyacrylate,  2-(t-butylamino)ethyl  methacrylate,
tetrahydrofurfuryl acrylate, 3-tris-(trimethylsiloxy)silyl propyl methacrylate, tiglic acid, trans-
2-hexenoic acid, viny! acetate, vinyl propionate,. viny! butyrate, vinyl benzoate, dimethyl
maleate, diethyl maleate, di-n-propyl maleate, diisopropyl maleate, di-2-methoxyethyl
maleate, dimethyl fumarate, dicthyl fumarate, di-n-propy! fumarate, diisopropyl fumarate,
styrene, vinyltoluene, alpha-methylstyrene, NN-dxmeﬁxyl acrylamide, N-t-butyl acrylamide,
N-vinyl pyrrolidone, -and acrylonitrile.

7. A polymer comprising the reaction product of monomer A as defined in Claim 1 or2
with one or more ethylenically unsaturated monowers of group B as defined in Claim 1 in the
presence of a polymenzation catalyst or mi&for and characterized by residue of monomer A
in said polymer of above 9 to about 20 mo}qmtof the copolymer.

8. The polymer of Claim 7 whcrem:ﬁ.lﬁat g r A is selected from unsubstituted
aryl, phenyl, aryl substituted by one ote,?ﬁi injiin
perfluoroalkyl, napthyl, fluorenyl, m‘ﬂmcenyl, phenanﬂxrenyl pyrenyl, alkylether,
substituted alkylether, arylether, substituted arylethér; amino substituted group or mixtures

fluorine, bromine, iodine, alkyl,

thereof and the copolymer is characterized by an Erogion Rate of from 2 to 15 microns per

month.
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10.  The polymer of Claims | through 9 characterized as a water erodible terpolymer
comprising:

(a) from above 9 to about 20 mole percént of the residue of triarylsilyl(meth)acrylate;

(b) a monomer residue of one or more ethylenically unsaturated monomers copolymerizable
with A; and

(c) the residue of one or more monomers that is different than the monomer residue (b) and
selected from the group consisting of diethyl fumarate, ethylene glycol phenyl ether
methacrylate, di(ethylene glycol) ethylhexyl acrylate, hydroxybutyl methacrylate, 3,3-
dimethylacrylic acid, tetrahydrofurfuryl acrylate, methacrylic acid, hydroxypropyl acrylate,
tiglic acid, butoxyethyl acrylatc, (dimethylamino)ethyl methacrylate, ethylene glycol methy!
ether acrylate, di(cthylcne glycol) ethyl ether methacrylate, hydroxypropyl methacrylate,
tetrahydrofurfuryl acrylate, and diethyl fumarate;

and wherein the combined mole percent of oonomer residues (b) and (c) is from about 91 to
about 80 mole ;;ercent of the terpolymet .

11. The polymer of Claims 1 through 8 wherein monomer B is methyl methacrylate.

12. The polymer of Claims 1 through 8 Wil at least two different monomers are selected

as monomer B.

13. The polymer of Claims 1 through 11;futther comprising a stabilizing agent selected
from a dehydrating agent, a zeolite, an acid-hautgrlickr, an amino containing compound, an
antioxidant, a chelator, and an alkoxy sﬂana

14. A self-polishing marine antifouling coating composition comprising the composition
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smbﬂxzmg agent is present in said composition from 0.1 to 10 weight percent based upon the

weight of said composition.

16.  The self-polishing antifouling coating compositibns of Claim 14, further comprising

rosin and rosin derivatives.

17.  The self-polishing antifouling coating composition of Claim 15 in which the rosin and

rosin derivatives are present in the range of 5 to 60 weight percent of the copolymer.
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