TRLARYLSI LYL( METH) ACRYLOYL- CONTAI Nl NG POLYMERS FOR MARI NE COATI NG

COWPOSI TIONS This application clains priority of United States Provisional
Application 60/383,961 filed May 30, 2003. FIELD OF THE | NVENTI ON [ 0001]
This invention relates to polynmers for self-polishing marine antifouling
paints. Mre particularly, the invention relates to copol ynmer binders,
whi ch provide an erosion rate in seawater that is suitable for use in
marine antifouling paints. These copol ynmer binders contain a pendant

triarylsily](mettyagiviayk aess I)ﬁE‘RIXQWL'CW[L ‘Iﬁﬁ,‘gg S)({S;Cﬁ%f'y bel i eved
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necessary to achi eve an erosion rate in sea-water able for use
in marine antifouling FaRMMARINIECOATINGROMPOSETICING acterized by an
erosion rate in seawater of about 2 to about 15 m crons/ nonth. BACKGROUND

OF THE | NVENTI ON [ 0002] The polyners wi dely used at present to fabricate
sel f - pol Thisiapplication ciexmsemronf)omﬂwrﬁ@d;s@amt}&oﬁglenm»lpmeﬁﬁmtsb@m@@N’ﬁédﬂ pendant

or ganot i %y Q %Ol(j acrylate) groups. Indeed, marine antifoul i ng paints
based on énq n acryl ate polyners have domi nated the market for over 20

years. The organotin acryl ate-containing polynmers, when fornulated into a
paint and applied to the bottom (i.e., hull) of a marine vessel, hydrolyze
in seawater to release an o L | 1 ual Iy tributyltin oxide)
that is an active antjfoulant preventing marine plants and other organisns
from adh0PHy t o tHs ipsension reates trpolifhérs forfselfiipplishirg merine amidasing phines.
attachnment of organisns to a marine surface) results in i-ncreased drag
whi ch calMosd pastigulashyn theyinventioe adate$ wedopolyneu bintlersnwhicH pravidy &f erosion eqter at i ng
costs. In addition, novenent of the vessel through water erodes the paint
surf ace imcsegwatet thatt isysuhad:git)sf@ ust ia rharias npifduling paiatst f Beee topdiftgediddaat ytic
effect of seawater. This constant erosion of the paint surface results in
t he devedoppureatpeaduwit mauryltibl@neaalklop simptah 16udrflacds tantgi@iously believed
necessary to achieve an erosion rate in sea-water that is suitable for use in marine antifouling
paints. The copolymers are characterized by an erosion rate in seawater of about 2 to about
15 microns/month.

BACKGROUND OF THE INVENTION
[0002] The polymers widely used at present to fabricate self-polishing marine
antifouling paints are polymers that contain pendant organotin ester (e.g., acrylate) groups.
Indeed, marine antifouling paints based on organotin acrylate polymers have dominated the
market for over 20 years. The organotin acrylate-containing polymers, when formulated into
a paint and applied to the bottom (i.e., hull) of a2 marine vessel, hydrolyze in seawater to
release an organotin compound (usually triburyltin oxide) that is an active antifoulant
preventing marine plants and other organisms from adhering to the vessel bottom. This
fouling (i.e., undesirable attachment of organisms to a marine surface) results in increased

drag which can significantly increase fuel consumption and, therefore, operating costs, In

addition, movement of the vessel through water erodes the paint surface to constantly expose




i mrersed exterior of the marine vessel, which also contributes to reduced
drag and greater efficiency. [0003] Further, these paints, properly
formul ated and applied, have the ability to remain effective for 5 years.
This is inportant because |arge vessels (e.g., oil tankers and- container
ships) are dry-docked at 5-year intervals for routine nmaintenance and
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have upon the rine environnent. The U. S. Environnmental Protection Agency
(EPA) ~ ha¥mBergs Pitemof yhe maring xessed. whish alsa cppipibutes ireguced as ard gregisipounds
and the Marine Environmental Protection Conmttee (MEPC) of the

| nt er nat $@aBhcMEri ti me Organi zation (IMJ)), a unit of the United Nations,
has recently approved a resolution to phase out and eventually prohibit

t he use 9003Yr ganotHunther these pams, npxoperly afosmalated ranil f applied ghayeithe abili0@05] As
aresult, there is a need in the art for inproved erodible antifouling

pai nt  cenpostffdcans fadhpearsi Thisfis iApdrannbargugdhygereselshalg., ailetahkeeand tin,
while retaining the good antifouling and self-polishing properties as well
as the |anginer shipgfaré B -doceat3-Yeat Qildrod16 ForGoutine nhdittbhanb aiPingpettiod; G0 06]

U S. Patent 4,593,055 discloses that silylacrylate copolyners of fornula

wher e X js sdst nvédiht B Kpaiht thEhidl Butbtidrmringihe R Rribdic HRlifetAde Egiided. he group
consi sting of : ‘
{0004] Although effective, the use of organotin-containing polymers in antifouling
marine paints has come under attack due to the adverse effect that organotin compounds are
believed to have upon the marine environment. The U.S. Environmental Protection Agency
(EPA) has significantly restricted the continued use of organoﬁn compounds and the Marine
Environmental Protection Coﬁxmittee (MEPC) of the International Maritime Organization
(IMO), a unit of the United Nations, has recently approved a resolution to phase out and
eventually prohibit the use of organotin-containing materials in antifouling paints.»
[0005] As a result, there is a need in the art for improved erodible antifouling paint
compositions comprising film-forming polymers that are free of tin, while retaining the good

antifouling and self-polishing properties as well as the longevity of the organotin-containing

antifouling paints.
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-SIRnNR'3.,, or -SI(OR"R'3 ")3 wherein R and R' are independently

strai ght or branched chain al kyl Cl-Cl0 or phenyl and n = 0-3 are useful
to fornulate mari ne antifoul ant coatings. The organosilylacryl ate conponent
is present in the Exanples in anmobunts ranging from20 to 40 nol e percent.
[0007] U.S. Patent 5,436,284 discloses that copol ynmers containing
silylacr yh uni t g, ] 16 | j oating
conposit%oﬂgﬁ The Ei%gﬁﬁﬁgé?%%%%%§?§£%ﬂy+ﬂé g%ﬁ@h% q@ﬂ%ﬂ%ﬁ?ﬁ?@%ﬁ&laorylate
copolyneggmﬁQQQ@'Q&gg:45 and 50 percent by weight of arylsilylacrylate
conmponent. [0008] E 1 127 925 Al di scl oses pol yneric binders for marine
antifoul ant paints _that contain triarylsilylacrylate groups. The patent
‘teaches that the pqglyn#r contains frpm20 to 70 percent by wei ght of
triarylsilyl(nmeth)dcryllate, preferably frpm 3 to 65 percent by weight,
and nore preferabtyf—+r6m56-t1© ¥ #wei-ght. (0009] U.S. Patent
5,795, 374 di scl ose§ nmardine antifoul apt paj nts{fornulated from polyners
contai ning triorganosiHyl grotis; Mononer M4 s di phenyl,t-butylsilyl
acrylate, which ig enployed lin an ajount of 10 wt % to nake pol ynmer S4.
This weight represents about®3 nol ey which, as will be seen fromthe
data, is too |l ow for proper osion jof the polyner film 3 [0010] U S

Pat ent 4,593, 055 difscl oses that marijne antifouling paints can be

_—

fornul at ed frﬁn}&&£§%¥ﬂ§§gFégﬂ@%%$%§ﬁﬁgﬁhydrOIysable triorganoz}lyl

resi due, including . The preferred | evel

triorganggg%ﬁl acr é .e,.or. methacrylate in the copolynmer is from25 to 40
nol e perc M (0) 1114743 discl oses erodibl e nmarine antifoul ant

" paints mj%h Eﬁ% nﬁkgc bi.nder,s havi ng organosilyl functignal groups with
the pai nt"™PREW FGTF Ke reatdepeasatly saightes hraeped génalkyftst nionghemt! rpdnl i ng

agents containing copper or zinc. |ncreased paint storage stability is
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is present in the Examples in amounts ranging from 20 to 40 mole percent.

{0007] U.S. Patent 5,436,284 discloses that copolymers containing silylacrylate units
are useful to formulate marine antifoulant coating compositions. The Examples (Monomer
A4 in Table 3) show arylsilylacrylate copolymers containing 45 and 50 percent by weight of
arylsilylacrylate component.

[0008] EP 1 127 925 Al discloses polymeric binders for marine antifoulant paints
that contain triarylsilylacrylate groups. The patent teaches that the polymer contains from 20
to 70 percent by weight of triarylsilyl(meth)acrylate, preferably from 30 té 65 percent by
weight, and more preferably from 50 to 60 percent by weight.

‘[0009] U.S. Patent 5,795,374 discloses marine antifoulant paints formulated from
polymers containing triorganosilyl groups; Monomer M4 is diphenyl,t-butylsilyl acrylate,
which is employed in an amount of 10 wt% to make polymer S4. This weight represents
about 3 mole%, which, as will be seen from the data, is too low for proper erosion of the

polvmer film.



inhibit gelation associated with such binders and copper or zinc containing
antifouling agents. [0012] Additional patents that concern triorganosilyl
contai ning polynmers as binders for nmarine antifouling paints are: JP

63- 057676 whi ch di scl oses adding a pol ynethyl sil sesqui oxane powder for
stability when the paint has copper containing antifoul ant conpounds; EP
714957 Bloglg) Ch di 6 OB£i5na4X0R85Y RGN Hh uhlind LEONAA"BS0LY agryl ate
and as an esSential 1 ngredi enf 'a nononer containing an acryl oyl oxy, a

met hacry | 0 . 10y, - 2 1 whi ch
di scl os elsf&ﬁu?rg{aér/di %célqgér?ﬁ %’&%)uéh ér%'ta%gé n[ﬁ% ﬁg‘%/{} s%g%atﬁg%gé)%H sﬁ%?gg’clr%%u?fng Pased
pol ymeri ¢ _pi.nder . and rosin c ound t.0 1 nprove he erosjon .rate af the
A R b R L g A R g S S

di scl ose terpol yngrs . _conprising triorganosily(neth) acryl oyl pendant
groups u§eRY %Tégg?’ﬁc}ért%ggﬁl FHBL antifoul i ng coatings: EP 0646630B1, EP
0775733Al ., EP 1016681A2, EP 1127925A1, JP 8- 269389A, US 4594365, US
5436284, [W081579537WONND4G4) chsgloses wyodible marins anjydpulys 7ims Avith polynBmicEr
DESCRI PTI ON OF THE DRAW NGS [0014] Figure 1 illustrates the relationship
bet ween RWHers haviag prgangsilybfioeiionsl groupssitththa eeipt having Wweredsed siqrage ssapbityy mer
and the erosion rate in seawater of the. copolyner and conpares those

er osi on whersonkining hutifoulinga agento coaainingnedppse @r puihoy niacreaggdcpainpmnage gr oup
can be substituted or un-substituted or a heterocyclic aromatic group and
each castalpbiyvt iseolsained by whirfef moaciming @Ad Muaterrgy emridbniml c3mipbhmdst waich t he
rotor test apparatus used to determ ne erosion rate. SUMVARY OF THE

| NVENTI Oxh{tixQkGkiord hsogiites aith sh¢MiRddroind @ppéress zind chiinthigsdaimlivig bhéits.
triarylsilyl(meth)acrylate- containing copolyners, where the

triaryl sjdoy2)( met h)sadsiydnat pateREBRADESHcemStriBIgafiesillyl dntaining polymers as binders

for marine antifouling paints are: JP 63-057676 which discloses adding a polymethyl
silsesquioxane powder for stability when the paint has copper containing antifoulant
-compounds; EP 714957 B1 which discloses a copolymer containing a triorganosilylacrylate
and as an essential ingredient a monomer containing an acryloyloxy, a methacryloyloxy,
maleinoyloxy or fumaroyloxy group; EP 0802243 Bl which diécloses a marine ;ntifouiing
paint having an organosilylacrylate based polymeric binder and a rosin compound to improve
the erosion rate of the paint;

[0013]  The following listed patents and applications further disclose terpolymers
comprising triorganosily(meth) acryloyl pendant groups useful as binders in marine
antifouling coatings: EP 0646630B1, EP 0775733A1, EP 1016681A2, EP ]I279_25A1, JP 8-
269389A, US 4594363, US 5436284, US 5795374, WO 84/02915, WO 91/14743, WO

0077102A1.




surprisingly low |l evels, are useful to produce marine antifouling paints
that have self polishing properties. [0017] In one aspect, the invention
rel ates to seawat er-erodible copol yners conprising the residue of
triarylsily](meth)acrylate and the residue of one or nore ethylenically
unsat urat ed nononers copol ynerizable with said triarylsilyl(neth)acrylate,

sai d copol yner charact @M@gg-mmﬂ%p@%@mmwmter of 2 to 15
m crons/ month. [0018] As use erein, erm "copolyner" includes
pol ymer s @pfdr i Si ng;hwo of ”ﬁfu?mtgéfftﬂée”klﬁ%ggﬁ“BeHJélex‘i&m%ieg %‘?&)ﬁ'&mrs

contalnlng three difterent nononeric units known as terpo mers

ﬁdﬁ ol in a“*f’ﬁ‘?‘ ‘Sf“‘*’ﬁ*ﬂe&‘ W?J‘eﬁi%p‘%s.‘ B8 her T G3H RERS féjﬁwﬁaéﬂgg?%ﬁ o
Lhen 50 s m%% S Wes8 e fslop s B @Bksﬁa ity g R e S e D

|nd|V|duaI be outside the erce range of 9 nole

per cent aﬂ*‘ﬂ“’ﬁ Pt%aﬂ?cz%b J%?%@WF“W@HD of R BF?"IY ﬂ%/?@ﬂagf @FPé’PW)“Q@FSh ate
conmponent in the copol¥ 5 [0019] In another enbodiment, the present

i nvent i orfap bf tesame gr ditferent - polishing antifouling marine coati ng whi ¢h
conprises a triarylsilyl(meth)acryl ate-containing copolyner and a

toxi cant [09%%¢ t rRigirs 2pnd 3 {instraty thergtontest apparatis ppasfo dotsohipmerosivomtai ni ng
from above 9 to about 20 nole percent of triarylsilyl(nmeth)acryl oyl
conponent and characterized by an erosion rate in seawater of from about 2
to about 15 m crons/ nonth. [0020] I n anot her enbodi nent, the invention
relates to a triarylsilyl mnefUMMARFQF TE ) @Nopol ymers wherein the
nol e percentage of the tri aryl si |l yl met hacryl oyI conponent is in the range
of from Joinég 9 The pdesmmt i2¢enrion aelaes centhe Jifd/ddy that areyBRpaséth)atiitate-

I nvention relates to a seawater-erodi bl e copol yner conprising randomy
recurri ngontaining @bpdlpnhersl aviereA the I friatylflyllimeth)acrylate component is present at

surprisingly low levels, are useful to produce marine antifouling paints that have self
polishing properties.

[001-7] In one aspect, the invention relates to seawater-erodible cdpolymers comprising
the residue of trarylsilyl(meth)acrylate and the residue of one or more ethylenically
unsaturated monomers copolymerizable with said triarylsilyl(meth)acrylate, said copolymer
characterized by an erosion rate in seawater of 2 to 15 microns/month.
7 {0018] As used herein, the term “copolymer” includes polymers comprising two or more
_different monomeric units, e.g. polymers containing three different moﬁomeric units, also
‘known as terpolymers. Also, in practicing the present invention, mixtures of copolymers may
be used in antifouling paint compositions with the proviso that the total of the
triarylsilyl(meth)acrylate is greater than 9 mole percent and less than 20 mole percent for the
mixture of copolymers even though each individual copolymer may be outside the mole
percent range of 9 mole percent and less than 20 mole percent for the
triaryisilyl(meth)acrylate component in the copolymer.
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where A represents from above 9 to about 20 nole percent of the copol yner
and conprises triarylsilyl(nmeth)acrylate and B represents the residue of
one or nore ethylenically unsaturated nmononers copol ynerizable with A,
sai d copolynmer characterized by an erosion rate in seawater of from2 to
about 15 m crons/nmonth. [0022] In another .aspect; the invention relates to
a self-polishing antifouling . . marine coating conposjtion co ising a
triaryl &Oll 91 (met Hznodhes embodiment, ﬂ?f‘gp’if’é%llgmé}m a‘i‘?!f‘teo? Po?(isnﬁ‘rrﬁoismﬁ%
triarylaatiiotibgPhiACT ¥bald: SNLR! BhiicgPa! Wily1sAYRmeah R iaRbRAIfR
erosioﬁﬁkg¥gﬁgﬁ sea&ater fq®$0n1g%oﬂ? 2 to abgut? 5 n?%?%ns/nnnth %nd
conpr i sopalymenand i tgxicaty thei nigrydsilyiGneah)atylatercontainBtg cop®lyuhesr eonfaunng pr esent

in an unt of from abo 9 1o abouyt . mol ercent .and conpri ses
iy TER AbpHe oh 1O dopuh 30 anole-pdRet o Hiats Ty ieh iRl fthfidt Sfa
et hyl enhsablelzeNSRAMERERH ratd Dl §5¥RVafer ©F BOkY ABJut 2 A hkoudil § nifronb/Atbad. The
copol yners of the present invention are prepared by polyneri zi ng

triarylsilyl(meth)acrylate with one or nore ethylenically unsaturated

nononer ich are copol 1 Z e .t herew th | term
“triar Jﬁ@myl (rretIH)aﬁa?\gT ?ﬁg&{qngg{?kheel %E)n r%%tegﬁc%#%pa gﬁ@ﬁg&ﬂﬁcl’ﬁﬁe
triaryleehlatlin€ raopatyened® Owhdrkiar Yes inholk npdrbattigel af ethet targsitimethatiyioytase
when "triarylsilyl (meth)acryloyl" is used. %90024] The term"aryl" as used
her e i rfompabentdsinsthe range@f fiem oyaBde ipbeutdd Ml PCERBL. het eroaryl structures
conprising triarylsilyl(nmeth) acrylate of unit A of the seawater erodible

copol yner of randomy recurring units of copolyner of forrmula -[A]-[B]- in
whi ch A00Z1§pr eserlhsoiie @Bpezhothe fhventiabaeltte? tond| seapetecertditdé dopelyomol yrer
and the "aryl" group is selected from phenyl, , o-nethyl phenyl,

p- met hyPpweaYR rapdomly resHphRRIRALfRERNE  o-tolyl, m tolyl, p-tolyl,

2, 3-di met hyl phenyl , 2, 4-di net hyl phenyl, . 2,5-di net hyl phenyl, 2, 6-

di et hyl phenyl , 3, 4-di et hyl phenyl , . 3, 5-di net hyl phenyl ,
2,4,6-trinmethyi phenyl, o- %A ]l l B }
n

Im

where A represents from above 9 to about 20 mole percent of the copolymer and
comprises triarylsilyl(meth)acrylate and B represents the residue of one or more
ethylenically unsaturated monomers copolymerizable with A, said copolymer

characterized by an erosion rate in seawater of from 2 to about 15 microns/month.

[0022] In another aspect, the invention relates to a self-polishing antifouling
marine coating composition comprising a triarylsilyl(meth)acrylate-containing copolymer
and a toxicant, the triarylsilyl(meth)acrylate-containing copolymer characterized by an
erosion rate in seawater of from about 2 to about 15 microns/month and comprising

randomly recurring units of formula




fl
m
p-
p-
2.
2-
2-
2,
2-
|

di
2
2
2
2
2
2
p-
2-
3.
2-
2-
| -

2-
2-
2
2
4
2
bi
4-
1-
2-
4-
5-

uor ophenyl, o-chl orophenyl, o-bronophenyl, o-ethyl phenyl, mfl uorophenyl,
chl or ophenyl, m bronophenyl, p-fluorophenyl, p-chlorophenyl,
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f | uebsuIRhétidable tRereWitiRr Asarséd hérleilﬂQh@E&hhﬂﬁﬂ%m{meth)acrylatc" is mtended
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I v bR RORTHT Sy erpriaviphngh griruorpmeiyfaenst o-tolyl, m-
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chlorophenyl, m-bromophenyl, p-fluorophenyl, p-chlorophenyl, p-bromophenyl, p-
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ethylphenyl, p-propylphenyl, p-n-butylphenyl, p-t-butylphenyl, 2,3-difluorophenyl, 2,6-
difluorophenyl, 2,6-dichlorophenyl, 2,3-dichlorophenyl, 2-methy1—4-ﬂuofophenyl, 2-fluoro-5-
~ methylphenyl, 3-fluoro-4-methyiphenyl, 3-methyl-4-fluorophenyl, 2~methyl-3-ﬂuor6phenyl,
3,4-diflucrophenyl, 2,5-difluorophenyl, 2,4-difluorophenyl, 3,4-dichlorophenyl, 2,4-
dichlorophenyl, 2-meﬂ1y1-4-chlorophenyl, 2,5-dichlorophenyl, 3,5-difluorophenyl, 3,5-
dibromophenyl, 3,5-dichlorophenyl, 2,3,4-triflucrophenyl, 2.4.6-trifluorophenyl, 2,3,5-
trifluorophenyl,  3.4,5-trifluorophenyl,  2,6-dichloro-4-trifluoromethylphenyl,  2,4,6-tri-t-
butylphenyl, 2,4,5-trifluorophenyl, 2,4,5-trimethylphenyl, 2,3,5,6-tetrafluorophenyi, 2,3,4,5-
tetrafluorophenyl, 2,3,4,6-tetrafluorophenyl, 2,3,5,6-tetramethylphenyl, pentafluorophenyl,
2,3,5,6-tetrafluoro-4-bromophenyl, o-trifluoromethyl, m-trifluoromethyl, p-ﬁiﬂuoromethyl,
2-chloro-5-trifluoromethylphenyl, 2-trifluoromethyl-3-chlorophenyl, 2,4-
bis(trifluoromethyl)phenyl, 3,S«bis(triﬂuoro‘methy])phenyl, 2-biphenyl. 3-biphenyl, 4-
biphenyl, 2-methyl-3-biphenyl, 2-fluoro-4-biphenyl, 1-naphthyl, 2-naphthyl, 2-methyl-1-



terpyridinyl), 2-fluoro-5-trifluoronethyl-3-pyridinyl,

2,3,5,6-tetrafl uoropyridinyl, 6-nmethoxy- 2-pyridinyl,

6- phenyl - 3- pyri dazi nyl , 6-met hoxy-3-pyridazinyl, 2-pyrimdinyl,
5-pyrimdinyl, 4-trifluoronethyl-2-pyrimdinyl,
2,4,6-trifluoro-5-pyrimdinyl, 2,4-dinethoxy-6- pyrinidinyl, pyrazi nyl ,
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preferr eﬁlc&%{? ’f‘l’Jup4 F‘%‘O ‘Wgﬁ%ﬁl I-mothyi- B‘%@EFV@?@M}E +S t’h@ hoxysi-Syaroghenyhe or

more et hylaegiiedblubhtis AR SREhIIDRMITE 52,5 SAROLYEBAEAAD! L5 Wik dnddBhen,

trlaryIsHyIél HYacryl ate. The propefties o pol ymer can

nmodi fi ed2dydithena -ﬁgnﬁb'@mfob*m}’l,|-e4-dlﬂnefﬂyxalb'fﬁpﬂmq)p1wﬁylné-mhm'phqnybﬁ methoxy- t he
ToeCTet o e AT bR BAMIRLS 2SI R Pain BRI TR SpURE 0

the esters | C acl” propyl
acryl at ebls(lmlbcmyllsﬂ)d}anyhcﬁbmnyt, -43[N N—blﬁ(mmd:thjtlalylhﬁﬁno]bhﬁnyp ﬁxﬁﬂhyl éﬁ-ﬁuen}'l

2- et hyl hex I cr. cy Ioh | at.e, acr -octyl_ -
acryl at eF’%’ ﬁul d%ﬂ)‘%ﬁ@“’lyl 1; Et%ylﬁileP‘éi%P] g?@ lat 4 S ety 5.
hydr oxy- benrz«smylbx &Cﬁnyﬂhﬁltﬂberwoﬁﬁdzdm 2-g6dthyl! a,mahﬂmwm hylpy 'ﬁs]rh%&i ate,

ryI at e, met hoxyt ri ethyl ene col. acrylate, hoxyet hyl

2-neth
acrgl a? g‘%&%?ﬁ@f hy Iewidypreamsthykrayndimgl, ang'(%/ Reb ’é’é@’P@PSl)of 42Ky i c
acid su C:Bxpgrﬁdﬁet) Whmmfmb%%mﬁls%d{@! *2?595 Klréiéa?luo%%&hylﬁs ;rf!éiﬁ&by' ate,

n- butyl net hacréﬁate t-butyl nethacrylate, sec- but tyl et hacr

2- et hyl h%‘RX/TI‘d]Wéi bery étremdaze:w @rmzmyﬁenm:ly}lawynzuﬁyﬂs Sxpyeintiginyl,

th . , . t v
D ot howy o B Dy REAROE ol Ehfofe-STFHARIKR, P SHERIRERAbapy,
2- et hoxwwyl,ne&-mamlywht é-qmwimkyéﬁqlpmimy( mstdqwirzdmyl, at7emﬂhym¢nmx}wl-|4-

propyl yla hac ut () t.hacryl ate,
i sobor ny &Zﬁ{ i neigﬁ?g{g‘%}gp {%F& &/' iy of é’%é bést(ﬁ'iq ‘ehica %flg'h Lﬁ%?&?ﬁm Yat e
nononer syuinvdinyide 4}qm1pe1|dtmlyl gl‘fqudaermmnyi et Zl-daafpadmylpox«yimtmna]@r yl &t(e,10-

ol rq her acr et hoxydi et hyl enegl ycol
ﬁet%ggrﬁ%w 8Mr%‘23g? ?ﬁ‘éd’?)}??l{ﬁ“glcld 2- butgxyet hgl ac?y%/ate,

[0024] B represents the residue of one or more ethylenically unsaturated monomers

!:r'

copolymerizable with the triarylsilyl(meth)acrylate. The properties of the copolymer can be
modified by adding hydrophilic or hydrophobic functionality by way of the monomer or
combination of monomers comprising B. Useful monomers include the esters of acrylic acid
- such as methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, t-butyl acrylate, sec-
butyl acrylate, 2-ethylhexyl acrylate, cyclohexyl.acrylate, phenyl acrylate, n-octyl acrylate, 2-
hydroxyethyl acrylate, hydfoxy-n-propyl acrylate, hydroxy-i-propyl acrylate, glycidyl
acrylate, 2-methoxyethyl acrylate, 2-methoxypropyl acrylate, methoxytriethyleneglycol
acrylate, 2-ethoxyethyl acrylate, ethoxydiethyleneglycol acrylate and the esters of
methacrylic acid such as methylmethacrylate, ethyl methacrylate, propyl methacrylate, n-
butyl methacrylate, t-butyl methacrylate, sec-butyl methacrylate, 2-ethylhexyl methacrylate,
cyclohexyl methacrylate, 2-hydroxyethyl methacrylate, glycidyl methacrylate, 2-
methoxyethyl methacrylate, 2-methoxypropyl methacrylate, methoxytriethyleneglycol
methacrylate, and 2-ethoxyethyl methacrylate, hydroxy-n-propy(meth)acrylate, hydroxy-i-

propyl methacrylate, phenoxyethyl methacrylate, butoxy ethyl methacrylate, isobornyl



crotonic acid, di(ethylene glycol) 2-ethyl hexyl ether acrylate, di(ethylene
glycol) nethyl ether nethacrylate, 3,3-dinethyl acrylic acid,

2- (di nmet hyl am no) ethyl acrylate, 2- (dinethylam no) ethyl methacrylate,

et hyl ene gl ycol phenyl ether acrylate, ethylene glycol phenyl ether

met hacryl ate, 2(5H)-furanone, hydroxyburyl nethacrylate nethyl 2(5H) -

f uranone, P -] px | am no)

net hacr yl(én{ggltﬂ}% ]aet%r a@%?ro;%%] ﬁ%{ﬁ?’a@k apgsam%?tf‘? %P?W?ﬁcét B%/I Bt v

propy! rr@hhahmqth;dttbw tpmqiomplaecmdmaad poly(propylenen epiad) GnéxBylethed OR2AAteX her
vinyl esters such as vinyl

| |
acetate. YergnesTidial metirRie. senli ace, moimymiio andosbaionsg rdveer s
such as drdmixdﬂ)ahid, ﬂquyreﬁe giical) h%lathﬂlﬂl:ﬂflt&hercﬁcnﬂat@r aiethylemd gﬁ&@a methyl

di i soprop mal eat e, di - 2- net hoxyet mal eat €, fumaric estérs suc

di net hyl e?hsmms%cwlmeet %§Td*m€ﬁhﬂr a”F@’thﬂClﬁ p%-@p?bthﬂamcﬁt ethyl dadrglatsy o%ryl
fumarat e \; I Ydehw aN=d

acryl am édxﬁk%kfa%m] étwa%érdgl# egﬂ]ﬁtb’ﬁe H‘%apé/ %%ll onaeCH l%’dé@%wglﬁ F?]rl | e.
10026] Ayl oether mﬂnme’iasc,u@@fmfunanoncheh);dm)@hmy] anetbécryletep| merhyl2(5H)-t he

I nventio | ud I al il C uch a -

tri net hy S|+CBF ?ﬁ h;’(i:rylng%{é §'m%h‘%‘|¥ h%%e ﬁa[i'g]‘? @ﬁ‘?’&:ryf’&f}@cmatc’
phenyl di mtaho;drsﬁskfyfy@ rretylerd Qyid- ahﬁ:emmhloiy‘)kxl}ﬂlfpydm Imyet{aeniid, a6 @i®.and0027]
The triaryl si b%‘{ (]meth acryl ate conmponent represents from above 9 to about
20 nol e% r'% eh@¥f a¢ile copol ymer. This range provides a copol ymer having
an erosion rate in seawater of from2 to about 15 m crons/nonth.

Pr ef er abjgo2s]t he Othidragximplek Y o lMherizEbi6 GRMIARIY inclufe RARS €otkrs! sﬁ‘xcﬁ-f&swnt to
provide a copol.yner having an erosion rate fromabout "3 to about

mi cr ons/ A, VigylePrapseaie.sviny! butymiey [vinyl yheazqaln, dpaleifnssie suckne dmﬂné

sel ect edmanshe, ARHAT RdIeWe! MB35y %teOfmﬂQBgﬁ)lgmtaﬁaQbo&itZ I%chgg% wercent
of the copol ymer to provide a  copol ymer” having -an erosion rate ’

about 2 maleaBofimars asiersy sash /agplimethylpfugfamta bligthylf fupnrath aliin-8opyd faiperate, 9
m crons/ gRabRpANEnRRkd, rgﬁjrér)é, Un?m)ﬂpﬁlftalp%a&%ﬂ%ps%{%m, N,ﬁ-dxmethyl acrylamide,

N-t-butyl acrylamide, N-vinyl pyrrolidone, and acrylonitrile.

[0626} Additional monomers useful in the production of copolymers of the invention
include: trialkylsilyl(meth)acrylates such as trimethylsilyl{meth)acrylate,
diphenyimethylsilyl(meth)acrylate, phenyldimethylsilyl(meth)acrylate and
tributylsilyl{meth)acrylate.
[0027} The triarylsilyl(meth)acrylate component represents from above 9 to about 20
mole percent of the copolymer. This range provides a copolymer having an erosion rate in
seawater of from 2 to about 15 microns/month. Preferably, the triarylsilylacrylate component
15 present in an amount to provide a copolymer having an erosion rate from about 3 to about 9
microns/month. The amounts of triarylsilylacrylate monomer and can be selected and
adjusted within the range of above 9 to about 20 mole percent of the copolymer to provide a
copolymer having an erosion rate of from about 2 to about 15 microns/month, preferably

from about 3 to about 9 microns/month and optimally from about 3 to about 7



m crons/ month. Also preferred is a polynmer that provides a reasonably
uniformerosion rate for the marine antifouling paint. 10028] Wil e nost
of the prior art evaluates the erosion rate of marine antifouling paints,
the present invention neasures the erosion rate of the polyner binder. It
has been found t hat rreasuri ng the erosion rate of candidate films for 60 +

5d des b dent ' d. | udi th I t hat
o oat t OBUHITRRED oy 3%&'%*599'8 e P PR S el R oA e

is seen that films containing 5, 6, and 9

From t he dahaln ﬂgﬁq
mole per®% ?“’FPP?) ?H’élglpwmrret hacryl ate erode too slowy to pass a 65-day
test. SpeC|f|caI I's observed that, while the erosion _rates of the

pol yner s [@H# ai n G’Oarﬂf the pRsrartsarlualgs the erestan rate ofmaros Sntiorling BaRtsng t he
early part of the test t hey adual |y decrease so that after about 40
days t he terprsiephinpention r@asarbeel%ew@cmmtp@ﬁ Sernolynter bindet. slt s beeptfoend/ bt t hat
films containing 25 nole percent triphenylsilylnethacryl ate and above

er ode t omegsurmilthe ergion mte vHandidewifims fatéd 405 daysepr@Gdesd baspcfioc mlehtifydigy mer
begins inside the desired 2 to 15 mcrons/nonth range, by about 25 days

t he er osiand exdtidingalfost polyeRse that @radel ©yejuickdy br adaosiewlyl o bt ahobadisontah. The
films containing 16 and 20 nol e percent of triphenylsilylnmethacryl ate

di spl ay estizSic@y p&iheFrbm thd@ath aBiQuRi1, &3S been Ihat GilAHEBHLaiBing15C 604 PRblemONt h
during a 65-day erosion test and these are conparable to the erosion

per f or mapeRerftrifHeME Ty 3dhachylate QAR bl BViRkd 2B5-ay fesO @ﬁz%hﬁ% itis

Chem cals, Inc.) triorganotin-containing polynmer. Thus, polyner

conposi t de&?vch%Ydt r\ﬂnﬁ. tBé LR3ki%h %dtésydf(tﬁ@ﬁ &S ¥$rﬁ$:ﬁm§%%§ BtmblB ER@ntr&El&% of
above 9 to about 20 nol e percent have erosion rates conpar ab e to those of

the organ %lhl%nsfﬁlgﬂﬁl%u%? Qlleoggrp_('gﬁgtlsog tél%?{gsﬁ@gl?y ?ﬁ%uﬁ%?{age %] th%pﬁ’tér AEMRL Y-

10029] In or to faciTitate tion, e range of

Copol 1ok SSFTEE LISl YR T g AR BRI,
10 containing 25 mole percent triphenylsilyimethacrylate and above erode too quickly. While
the erosion rate of the 25 mole percent polymer begins inside the desired 2 to 15
: microns/mox;th range, by about 25 days the erosion rate has increased to a level well above
15 microns/month. The films containing 16 and 20 mole percent of triphenylsilylmethacrylate
display erosion rates in the range of about 3 to about 9 microns per month during a 65-day
erosion test and these are coﬁpamb]e 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 standard of the industry.
[0029] In order to facilitate evaluation of the invention, the range of copolymer
compositions illustrated in Figure 1 is tabulated below to provide both mole percent and

weight percent for each copolymer.

TABLE |

10



Mole % 65 DAY TEST 5 FAIL 6 FAIL 9 FAIL 16 PASS 20 PASS 25 FAIL

[ 00301 The data in Tables 1, 3 and 4 establish that a nole percent range
for nononer A of from above 9 nole percent to about 20 nole percent
produces a polynmer that passes the erosion rate test and therefore has an
erosion rate suitable for use as in a marine antifouling paint. Such

pol ymers have an erosion rgte in seawater of frggh3883#§ﬁ to about 15

m crons/ nont h as deterninégggyétesting i n accor the rotor test
descri bed hereinafter and _when tested for a perj] g of 60 + 5 days. Thus,
It is seen that it is onIy’mnthln a narrow band fﬁ nol e percentages of
from above 9 nol e percent o about 20 nole percepthat triarylsilyl(nmeth)
‘acryl ate copol yners have erosion rates conparable to those of the
triorganotin-containing cofolyners and are therdidke suitable for use in
marine antifouling paints;gsTherefore, the copolbyrer of the present

I nvention is suitable for gornulating a marine “antifouling paint having a
mul ti-year useful |life on 2 ocean-goi ng vessel PaS8ilar to the useful life

achievable with triorganot'g cont ai ni ng copolyngkg_of 3 to 5 years. 100311
In general, the erosion rate is considered to b function of the anpunt

of  hydr ¢d0pepbl| ahewaanie Tabls P afdh ¥iEslish It @afole YeBentHah@for tondePAS,
whi ch discloses and C ains seawater erodible silylacrylate copol yners,

t eaches af fiblba%e & mdlé P&BerftIo @bori 20 -mdib Pbreekt}RoditPE R ipBTynted Mt q,lasseé tehe
erosion rate relies on chemcally tailoring the polyner so that IS

sel ecti veho¥ioleak %aesh@aqeﬁ%re ﬁwa:p;%ﬂaé 1€ aﬂame foP uldS R HIBKe mﬁbmu@t the
paint/water interface. These weak Iinks are slowy attacked by seawater

al | o NOpkifie BALY PRfymicds Pﬁg@%{;ﬁ&%ﬁ&;@ﬁ@ﬁﬁ SHABL BF i UBbG 9MoSARIRYST
microns/month as determined by testing in accordance with the rotor test described
hereinafier 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
tnarylsilyl(meth) acrylate copolymers have erosion rates comparable to those of the
triorganotin-containing copolymers and are therefore suitable for use in marine antifouling
paints. Therefore, the copolymer of the present invention is suitable for formulating a marine
aﬁtifouling paint having a multi-year useful life on an ocean-going vessel similar to the useful
life achievable with triorganotin-containing copolymers of 3 to 5 years.
[0031] In general, the erosion rate is considered to be a function of the amount of
hydrolysable monomer in the polymer. Indeed, U.S. Patent 4,593,055, which discloses and
Claims seawater erodible silylacrylate copolymers, teaches at Column 5, lines 43 et seq. that
the superior control of the erosion rate relies on chemically tailoring the polymer so that it is
selectively weakened at certain points pendant to the polymer chain at the paint/water

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

gradually become seawater soluble or seawater swellable. This weakens the hydrolyzed

11



11 surface polymer filmto such an extent that noving sea water is able to
wash off this layer and thus expose a fresh surface. [00321 A portion of
t he nononeric units provides functional groups which provide a site of
weakness, that is, sites which tend to hydrolyze in the presence of
seawater. The ratio of functionalized nononers to non-functionalized
nmononer s _i el ected,t rqvi de caonirol of the erosion rate. 033] The
proposi t f'(h)r?ia,cg iploﬁ"ﬁn§ ?igf‘ 3%!%!] H GHrY et RevARe @ WP sai’%éPd’st oﬁ’{) B¥Tcent
and above gbout 20 gg#& ercent of triarylsilyl(meth)acrylate the erosion
rate is AN PEREIPOPER Ulages whol |y surprising and unexpect ed,
parti cul &’:?lél in viewof the prior art teaching that silylacrylate |evels
in the r Higel of Aorrriien aighemanomerie units rpYdestfupetionakgrouns Wieleprovisle aiitgi n
useful polyners. 10034] The copol yners of the present invention wll
cont ai n Pf Beakapw,baoist silenwbish tomd tonmyideolyssrio gt presence of seawater. The ratio of
triarylsilyl (meth)acryl ate conponent and correspondingly frombelow 91 to
about 80fumstianalizedcmenomylrs tneomfunatemalietdmbaohaslis yeleonsiatoypratidel comrd g S
that are copolynerizable with triarylsilyl(meth)acrylate. [0035] Wiile the
data i n thhergsivesaat di scussi on has focused on erosion rate, the anmount of
‘triarylsilyl (nmeth)acryl ate nononer present in conjunction with one or nore
et hyl eni [BaBlly Uhe piopbsifiQd iNTNMAMNENS Kaie DeHaPki RIS Helb® RHMLSS i A8l
properties such as filmlifetinme, erosion rate and erosion rate
uni f or m dbgve BRAL 20 mdl PEESHE lof Sriar@SHA(rNth)a /i AE eRRionthRGE & satisfactory,
compatibility, shelf-11fe, adhesion, crack-resistance, flexibility, "and
econom Gg widIGSGlphe: EANAARCERA! ¥kt TP WHAGEMhAbRoF SRANIRL, fap De

f e presencg of a

obtai ned by polynerizing the m xture of 'nononers in

f r ee- r adijighkry®leidmi ¢ BR %F%{ bE 4 itcPFti/ ihd pAbk sﬂc(utl)% Pghgé&yiﬁtor&@itg%bﬁw of

various nethods such as so I on pol ynerization, ymeri zat on,
emul si on,pRl kzation, and suspension polynerization using nethods
wel | - known a w dely used in the art. In preparing a coating conposition

fromt h%ﬁﬁﬁ ol ypRs cop%bnie?s of the present invention will contain from above 9 to about 20
mole percent of triarylsilyl(meth)acrylate component and correspondingly from below 91 to
about 80 mole percent of one or more ethylenically unsaturated monomers that are
copolymerizable with triarvlsilyl(meth)acrylate.

[0035]  While the data in the present discussion has focused on erosion rate, the amount of
u-igwlsilyi(meth)acrylate monomer present in conjunction with one or more ethylenically
unsaturated monomers can be optimized to address other properties such as film lifetime,
erosion rate and erosion rate uniformity, ease of processing, ease bf formulation, biocide
compatibility, shelf-life, adhesion, crack-resistance, flexibility, and economics.

10036] The random triarylsilyl(meth)acrylate copolymer can be obtained by polymerizing
the mixture of monomers in the presence of a free-radical olefinic polymerization initiator or
catalyst using any of various methods such as solu;ion polymerization, bulk polymerization,
‘emulrsion polymerization, and suspension polymerization using methods well-known and
Widely used in the art. In preparing a coating composition from the copolymer, it is

12



12 advantageous to dilute the copolynmer with an organic solvent to obtain a
pol ymer solution having a convenient viscosity. For this, it is desirable
to enploy the solution polynerization nethod or bul k polynerization

met hod. [0037] Exanples of olefinic polynmerization initiators include azo
conmpounds such as 2,2'-azobis (isobutyronitrile) and

tri phenyl net hyl azobenzene. The azobisnitriles are effjcient ~sources of
free radiiSxpuagegys 61“" %I?ﬁ%‘ﬁ?’f&f‘i't@ﬁnﬁ&"&%ﬂﬁ@t 4 8htajma pplvrer septien on,
enul sion,’ . and sus?ensjon_pol merizations. In addition to 2,2'-azobis

(i sobut yrB¥Ing R QBYenIEE Kissosinber diis, ris desirablp 4a empley theggolution polymerization
2,2'-azobisﬁ2-nethy|butanenitriIe), 2,2'-azobis(2, 4-

di net hyl Festhed@shully palapenization mgtheBi s (cyanocycl ohexane) and

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

per oxi ded0@iTth aexapwiesosf] olpBniosotienerittidn initiagdrs ipeudexkmbecormpdunty kuch as

per oxybenzoate, and t-butyl peroxyi sopropyl carbonate. [0038] Exanpl es of
usef ul orgdrizebis Gbobantreniirile)l and erihenyliethylabytsbnoaRr THB SzehiGhriRs areeffigieg and
tol uene, aliphatic hydrocarbons such as hexane and heptane, esters such as
ethyl  acetragscofdred riitald foroRiydpelymatiHabebhsd s44CHe Bed PNk WRWiod! &Rlighnand
butyl al cohol, ethers such as dioxane and tetrahydrofuran, and ketones

such as ard bysperidiydolyRdrRagoN dn KRERYA td £004sbYis (is&ﬁ{tﬁﬂﬁtﬁl?ﬁ%f)%féhq‘é%&é are

used either alone or in conbination. [0039] The desiTable fp ar wei ght

of the tpFarywei | ykiaget h) at e»60Q el thus,optained is in
the range of from1, g%o t%g%%, 00%’,9 {)%)gilfsgrtggtmﬁg{rag%xﬁéboo %% ﬂ&@f)&o Oin

el o CHEOBeBiABD, TP SEIbAT (EhARbendARe] 0D 2 BRn RO

wei ght copol'yners create Icul'ties™ notma "t'ms. Too

9N o BtplBlofide) " B3 chy ik 30 berch e i BOH BB ABLAG0ANNT LA 9O

not perform proper resu I'n VI SCoUS SO0 |
1 e o bR DO AR Lol L2, 3
ot opor |y 00R s ERGMEE e st BR crmiie Fhiens Guaudk GPigmatt B e gt sene
copol yneyrcy]tianse a%%(%oitugnef,s hﬁ]?h%tig %%xiogzgjbgr?s s%;[:h a%sSk%xa;:ré) and heptane, esters such as ethyl
acetate and butyl acetate, alcohols such as isopropyl alcohol and buty] aicohol, ethers such as
dioxane and tetrahydrofuran, and ketones such as methyl ethyl ketone and methyl isobutyl
- ketone. The solvents are used either alone or in combination.
{0039] The desirable molecular weight of the triarylsilyl(meth)acrylate-containing
copolymer thus obtained is in the range of from 1,000 to 200,000, preferably from 10,000 to
150,000 in terms of weight-average molecular weight. Too low or too high molecular weight
copolymers create difficulties in forming normal coating films. 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 solvent so that a single coating operation results in a
thin film coating. Too low molecular weight polymers require multiple coating operations

and provide films that may lack integrity and 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

13



13 achieve this, it is desirable to regulate the solid content of the

pol ymer solution to a value in the range of from5 to 90% by wei ght,
desirably from 15 to 85% by wei ght. [0040] The toxicant used in the coating
conposition of the present invention may be any of a w de range of
conventional ly known toxicants. The known toxicants are roughly divided

i Nt o i NOLERBECHEORROESHe Qgelteg{%q%?&l@'x&% {9 o#% ﬁ%@??&lﬂtdo 10 a Va el'f‘ﬁ in

netal -free organic conpounds organi ¢ t1oxi C
SR s it PRI
ol O OB SRR RS oGSl ol
go?rglou(r:\dg ra 8?1% TB?%EPEEQ?‘WB%%‘&% $nowE “’%@&ﬁpl g kggwn @quaﬁé arppus qb 8ividsdnds

i ncl ude oxi ne copper, copper nonyl phenol sul fonate, copper his

(et hyl enSYp dRgraanc BP@P?‘H@&eWtabémﬁ@gumgmatf-‘@PP%Wpend anstaleres, oxgapiper
napht henate, and copper his (pentachl orophenol ate). Exanples of

or ganoni E‘P@IPO“@éﬁpounds I ncl ude nickel acetate and ni ckel :

di nmet hyl di t hi ocar bamat e. Exanpl es of organozi nc conpounds include zinc
acet at e, [00Ahc c&xbaplas of immirgenicdioxithty tanfdunde i hidembpper Zompomydsi subh @ee, and
zinc ethylenebis (dithiocarbamte). [0043] Exanples of netal-free organic

t oxi cant cupseyscuxides coppet poedes; cdppeh dicuyeiidy| dopperplattabate] cpper elilbfided@ad bami ¢
acids, N-aryl nmal ei mdes, 3-(substituted am no)-

1, 3- t hi am:@be:chuﬁetezanaﬁhmesllckdll dofpRai@ M cle & BN MELe, kbt 8GUASIGRIRIMRIS, and
ot hers. [0044] Exanpl es of N-trihal onethylthi ophthaiinide toxicants include

N- tri chdrdreoppdrhydkedippht hal i ni de and
N-f 1 uorodi chl oromet hyl t hi opht hal i m de. Exanples of dithiocarbamc

t oXi cant[9o42)c! UBgankles éﬂihéfﬁitéh\akatirhhgg aHﬁWQ)YI:Qnt QbﬁH&JnHQ%ch?a ?Ad}har
met hyl di t hi ocar bamat e, and anmoni um et hyl enebi s (dithi ocar ba

compounds, organonickel compounds, and organozinc compounds. Examp]es of
organocopper compounds include oxine copper, copper nonylphenolsulfonate, copper bis
(ethylenediamine) bis (dodecylbenzenesulfonate), copper acetate, copper naphthenate,‘and
copper bis (pentachlorophenolate). Examples of organonickel compounds include nickel
acetate and nicke] dimethyldithiocarbamate. Examples of organozinc compounds idc]ude
zinc acetate, zinc carbamate, zinc dimethyldithiocarbamate, zinc pyrithione, and zinc
ethylenebis (dithiocarbamate).
[0043] Examples of metal-free organic toxicant compounds include N-
trihalomethylthiophtalimides, dithiocarbamic acids, N-arylmaleimides, 3-(substituted amino)-
1,3-thiazolidine-2,4-diones, dithiocyano compounds, triazine compounds, and others.
[0044] Examples of N-trihalomethylthiophthalimide  toxicants include N-
trichloromethylthiophthalimide and N-fluorodichloromethylthiophthalimide. Examples of

dithiocarbamic toxicants include bis (dimethylthiocarbamoyl) disulfide, ammonium N-

methyldithiocarbamate, and ammonium ethylenebis (dithiocarbamate).
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14 [0045] Exanpl es of aryl mal ei m de toxicants include
N-(2,4,6-trichlorophenyl)mal eimde, N-4-tolylnmleimde,

N- 3- chl or ophenyl mal ei m de, N-(4-n-butyl phenyl)nal eim de, and N

ani | i nophenyl ) mal ei m de. [0046] Exanples of 3-(substituted

am no) -1, 3-t hi azol i di ne- 2, 4-di one toxicants include 3 benzylideneam no-1, 3

:E E: :;8: : gP?}@ g jﬁ%ﬁsofﬁh{}&gﬁmﬁl: po%?cza}é{slngc Qa%qqnj(ﬂg,)éltﬁg'hlgfcphenyl)ma]eimide,
3- (2- hydny nzvli deneamino- 1, 3- t hiazal.i'di ne- 2, 4= t hi azol i dine- 2, 4="
i one, 3 o B R b o R 2 B e i fad A
3-(2, 4- % hl q{obﬁnz | i.geneam' no- 1, 3-thi azoli di ne-2, 4-di one. [0047]
Exanpl es "0 PR o8 t'oxi cant conpounds i ncl ude dithi ocyanonet hane,

di t hi oc hane, and 2,5-dithi ocyanot hi ophene. Exanples of the triazine
c Orrpoun)éi&o“l%ﬁicl [}ﬁ@mp?es of 3-(substituted meo)-l,?:—t 1azolidine-2,4-rgri)one toxicants include 3

2-met hyl t hi 0- 4-t - butyl am no- 6-cycl o- propyl am no-s-triazi ne. [0048] O her
exanpl es bgrzyhdenspminogle3 or ghisrelidinge? dationec onpFod(nuithyibenkylden@mind), 6- 1,3-
tetrachl oroi sopht hal onitrile, N, N-dinethyldichlorophenyl urea,

4, 5- di chisezliging2dcdiphe, 43-(2-bpdrokyheakylivendntme |, 3-thiazolidine-2,4-thiazolidine-2,4-"
N, N- di net hyl - N - phenyl - (N-f | uor odi chl or onet hyl t hi o) sul f am de,

t et r anet Hipne.hi ur d-dichlordtiedeylid8ndanrne) 2, biopplibint l4-giandamataad 2- 3-.(2,4-
(met hoxycar bonyl am no) benzi m dazol e,

2, 3, 5, 6- tehioablehnylidentatninm- h§lthintdlidinel) pyfoneli ne and di i odonet hyl - p-tol yl
sul fone. [0049] One or nore toxicants, which may be selected fromthe

-foregoi nPOuDXi c@mhmples st dtBioePaNoOYAEcAnh ddifpoaidd iRUIRNitERALArBfhethane,.
conposition. The toxicant is used in an anount from 0.1 to 80% by wei ght,

pr ef er abliyhibdyamdecthane, 8P0DYdNBsGRhoBIophdlL, Cﬁi‘ﬁt-h?lfgse CQ)?WHQ ShbdipD 'CO;E?QUHASOW

toxicant |evels do not produce an antifouling e while too arge a

t oXi cantinkmu@iz-n&alﬁyimfcﬁ&%twié%iﬁ&%&%é@?ﬁﬁgﬂngﬁé%m ing filmwhichis

liable to devel op defects Such as cracl peeling, thereby, becomni ng

o the et ng. conpaniid bl YR R TR oAl nefies FERLEL

addi ti Vetemfcﬁgiis@ﬂ?lﬁlcﬁxrit%le? ol ﬁf}@—%rﬁetﬁﬂﬁﬂ.hl%?ophenylurea, 4,5-dichloro-2-n-octyl-4-
 isothiazoline-3-one, N,N-dimethyl-N'-phenyl-(N-fluorodichloromethylthio)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 may be selected from the foregoing toxicants, can

| be employed in the antifoulant coating composition. The toxicant is used in an amount from
0.1 to 80% by weight, preferably from I to 60% by weight of the coating composition. Too
low toxicant levels do not produce an antifouling effect, while too large a toxicant level can
result in the formation of a coating film which is liable to develop defects such as cracking
and peeling, thereby, becoming less effective.

[0030] Additve ingredients may optionally be incorporated into the coating composition

of the present invention. Examples of such additive ingredients are colorants such as
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15 pignents (e.g., red iron oxide, zinc oxide, titaniumdioxide, talc), and
dyes, stabilizers, dehumdifiers, and additives ordinarily enployed in
coating conpositions such as antisagging agents, antifl ooding agents,
antisettling agents, and antifoam ng agents. [0051)
Triarylsilyl(meth)acrylate copolynmers and coating conpositions nade from
t hese cggol ¥mers mé% i.ncrease i.n viscosity during storage. To prevent an
unsat i st JCEIFYS JF-§u dEF 11Pn PHES ARG oxidet Biapiams diokisiin t2le). 284 lyps. gabilizersiay be
added dur| or.after polynerization or- may be incorporated into the
coating c‘i?ﬁ%‘ﬁ@@?%r‘?.“d a8diByesi ordingrlramelaved i doatinarpmpositionasich as wfspging i ng
. agents, such as nol ecul ar sieves or anhydrous calciumsulfate; organic
dehydr at i #gPtag@Hfleoding agentisansiseitlingsgems anbageamisgeferds ani no conpounds;
wat er reactives, such as al koxy silanes; chelating agents, such as tris
nony| pherd 9933 os phiiarglsily(rdeth)angiate dopobymeer kndacdating cotapdsitions wedde FonbtHeyd at ed
hydr oxy toluene (BHT). In normal use, the stabilizer level is 0.1 to 10
vei ght peopdpmeisaspdinaradelie visoadifyriyriag Bedte! Topre\eAERinsRaThdodNGcbag] N
derivatives nmay be added to the coating conmposition as part of the Binder
system Rosedse,anstefials kiowR b VahbiVieds Bty Be @H8EPDIhePECRR holyhmdBGfAnee Of
5to 60 weight percent of the copolyner, preferably 10 to 30 wei ght
percent iy B RcHPEREISnRS the 2SSt édMbdsiok O Iy bilah@n into
t he coati ng fil m‘w[ 0053] For appﬁ/iﬁgﬂsﬁgﬁnars?ai[b?heilﬁéé]nﬁa}’%%ﬁ lﬂgﬁglﬁgnto?é%&
CONPOS| { GRRRrdTHECagsn@ 4idF o mictclla? | kel TG BinyaFdt! BEGORBNMICER G ¢he
present invention onto the surface of a marine~ vessel, thé Co&tl n% '
conposi t | {5 i i.n i nner. (such as by
br ueh; ngo o SERmBARLAE Subh of BAnGMlerD Hisdsy s 3 R orlRET  Fadart e
t enper at (RTSYY th Q. IS method, a ati.ng fi of
sui t abl e%cﬁi %kﬂ}éegg} %gﬂg%ech glgtsnlléa %ge;ngsr r?lé%‘e%sn%stq‘?é‘y g’h%{qy SBIP tl’f’@é ?@?&@P.

GENERAL {\/5% I P, [,0054] | en s.injected into a..
ni cror ea@%‘!{?rX eq@%@%@t PR E‘[%Jgﬁe(ﬁlewgé% téﬁe’?enw' d’é_?f’”@%d’ﬁ%ﬁgq fipRilizer
connect Ofevalti\s’\ﬂl\{g 14 %f%&g t %é%?gn‘%'biééé Iog %1ee c%lélt?;g)gséonusp%gittigrrp inlet, tenperature

[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 penetration into the coating film. |

[0053] For applying the marine antifouling coating 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 evaporation 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.

GENERAT POLYMERIZATION PROCEDURE

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

- gas/vacuum line connector, two variable speed syringe pumps, septum inlet, lemperature

16



16 control of + 2C and nechanical agitation. The xyl ene was heated to 86C
and held at that tenperature for 10 m nutes. The syringe punps were then
turned on and a m xture of the nonomers, initiator

(2,2 -azobis(isobutyronitrile)) and xyl ene was added over a period of 1
hour. The reaction mxture was held at 86C for an additional 3 hours,

wher euponofihg oftﬁfﬁteérﬂiﬁ&étﬁﬁmﬁ {hadt 1he ~EE AR HedEd & @octmd%ehaegﬁ% {or 20

m nut es. The heating was scontl nu F 6act or \Wwas afl gded t o
cool to r ' r

tr.phentws. TERTRE 30 i ‘esd ?B%%zs: E ol o e"?%ﬂgﬁ’é&i?%& e% lre?f}@e
conposi tions are.su ed .i e 0) e. %
Monorrer / Im ?’ 5t mm%ﬁz ggpﬁtgyrogl g xylege “‘ﬁsfd% ¢rep perigd pid3 g

215 6.1 15 9.1 90.9 215 9.1 90.9 215 16,2 83.8 216 16.2 83.8 215
16.2 83. §°‘2’15 & Geastion mixwies was held #93‘%02’”25 an addiional % hoyrs, wherespouttg 216
ROTOR TEST

temperature was raised to 110°C and held at this level 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 methylmethacrylate (MMA). The

' compositions are summarized in Table 2 below.

TABLE2

Mole % Mole % Monomer/Initiator
TPSMA MMA Ratio

5.1 94.9 215

5.1 94.9 215

6.1 93.9 215

6.1 93.9 215

9.1 90.9 215

9.1 90.9 215

16.2 83.8 216

16.2 83.8 215

16.2 83.8 215

20.2 79.8 216

20.2 79.8 215

253 74.7 216

252 74.8 216

ROTOR TEST
[0055} The performance of the copolymers in relatively moving sea-water was tested in

the apparatus illustrated schematically in FIGS. 2 and 3 of the drawings. Referring to these
Figures, a poly (methylmethacrylate) disc 1 having a diameter of 8 inches was coated with

radial stripes 2 with the copolvmer undergoing testing being applied from an applicator
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[ 00551 The performance of the copolyners in relatively noving sea-water was
tested in the apparatus illustrated schematically in FIGS. 2 and 3 of the
drawi ngs. Referring to these Figures, a poly (nethylnmethacrylate) disc 1
having a dianeter of 8 inches was coated with radial stripes 2 with the
copol ymer undergoing testing being applied froman applicator 17 adapted
to deposi fil The. disc. | wag set aside to dry.and the thickness _of the
stripes p&?éiseorfjﬁ%%sffraeggby%E%ﬂ{sﬁitwﬁfrsﬁ?SI' rthdpﬁla‘?%'ihﬁShlﬁ Shabihe AFHA 2st ep
- 500 Profiler. [00561 The disc 1 was, noynted Qn shaft_3_driven by an

el ectri cwr‘?Bf“(S’F;“ﬂediﬁ'ocof‘Wﬁ'eﬂrgé@meF’ﬁ W@SW%&%@&WR&‘@% Z8hleki ned in a vessel
6 having inlet 7 and an outlet 8. A punp (not shown) is used to
ci rcul at é‘ﬁ'géh walte dise lofasoneyned @?ﬁh%@ﬁ“‘é@nf VI angglectrigomotas vand immetisdck to
vessel 6 through inlet 7. Cooling fluid is circulated through cooling coils
10 to maihilewing strewateskeonigined intacygsesl athavieg aminietiTadnddinvdudet 8. Hpump (eatds
from above the water surface to just below the depth of the cooling coils.
The peri ghoamilis w3ed el cinfulath eeadivater fromt outlees treaughracfillterdhotcshoive) emtbackabnt
(8.0 cmradius) was 17 knots and the seawater tenperature was nmaintained
at 20 f @dSselfGathioupleitiet TToDdolmg flulidistetrstilated Mjretg cooting asilscCN®afaifRiethe:
Hi gher tenperatures result in faster erosion, while | ower tenperatures

cause sl saaevatgnaspersturel GABTAl dlNder ) eklzhds i@ kboviee Ghier ARfcYRS RisEhdsied awnay
fromthe disc. The filmthickness was neasured periodically during the

rotor tege depth &fChe HobiiRe Bils.t TRe gaeﬁpféﬁir 4bd o PAEk NisANd at tthe nhabGedf
renoval of polyner by erosion was determ ned. The Rotor Test is conducted

for 60 ciﬁsuﬁﬁé&ﬁn&n¥§ﬁ@(mFﬁﬁ @ids) BRas SORMAD ahdlfe | SaGRbL WritbePstuleN Wik Cr ONS
per month ((iJnmp) Trom filmthickness nmeasurenents as a function of tine.

The er osg;@fehdhi&: b §?3C.‘If"2:hﬁﬁre§9 cofd] ggé %gt?grgbétafﬂ?é ﬂﬁ%n%ﬁ&c@g.aﬁghgg -

"Erosion Rate" and refer to as a oSion Rate ‘test

1512 0. e A R MBS O R B0 1o o1
=031 o0 4%, ! oy eiPRYL MG P Sald 9 R Slehes e iRl
triaryl s UG SO0 i b A5 0 200482 b BRPUT 20
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 ((lWmo) from
film thickness measurements as a function of time. The erosion rate in sea water so
calculated is defined herein as the “Erosion Rate™ and referred to as a “65 day Erosion Rate
test”. Figure 1 is a plot of Erosion Rate versus time for polymer 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 a 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 foi- two series of terpolymers 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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percent. [0058] Rotor tests were conducted for two series of terpolyners
conprising triphenylsilyl nethacrylate, nethyl nethacrylate and a third
nononer as specified in the table. The Erosion Rate results are shown in
Tables 3 and 4. Table 4 denonstrates conclusively that the 1s conpositions
having | ess than 9 nole percent of triarylsilylnethacrylate do not have

sati sf actegpMoFh@Rl RRRLES - thiP @V%cﬁﬁkﬁrcc{tggﬂo Qﬁiﬁyﬂﬁﬂg{éﬂ'{aﬁg&ﬁé FOR6L Ylely

t hat polymers having about 10 to about e’ pe

L5 Nonomer AR Fct Rt \GoraBRLE. TRIR 3%%50%%:”%52 FA‘?“%“%?"F’MIEBE’ 'g%gs%g‘i'g?s
3.4 DRl oS35 S 50l varesn iy apinishariie oot Sstion Fiokipn

77-10-13_132.000 3.0 2.9 7 HPA 78-15-7 82.000 2.5 2.8 8 DEGEHA 75-15-10
135,000 X&32.8 9 DVAEMA 87-10-3 43,000 1.9 2.5 10 BEA 85-10-5 46,000 1.9
2.4 11 PEMA 85-10-5 115,000 2.6 2.4 12 HBMA 75-15-10 62.000 2.3 2.4 13
EGVEA 82-15-3 73,000 2.3 2.3 14 HBMRaE®315-5 69.000 2.3 2.3

Example | [3" Mornomer] | MMA.TPSMA-[3"} | Mw PDI1 | B-week ER
Composition (3/mo)
] DEF B0-15-3 38,000 | 1.9 4.6
2 PEMA B0-15.5 61.000 { 23 3.5
3 HPA 72-15-13 123,006 | 3.2 3.4
4 DEF 87-10-3 63,000 | 2.2 3.3
5 HPA £3-10-7 §4.000 | 2.3 3.0
6 HPA 77-10-13 132,000 | 3.0 2.9
7 HPA 78-15-7 82.000 | 2.5 2.8
§ DEGEHA 75-15-10 135,000 | 4.0 28
9 DMAEMA §7-10-3 43.000 1.9 2.5
10 BEA 85-10-5 46000 | 19 24
1] PEMA B5-10-5 115000 | 2.6 24
12 HBMA 75-15-10 62.000 | 23 24
13 EGMEA 82-15-3 73,000 | 23 2.3
14 HBMA 80-15-5 69.000 { 2.3 2.3
15 DMAA 80-15-5 59.000 | 2.3 2.2
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 | 26 2.1
19 DEGEHA BO-15-5 61,000 | 25 2.0
20 THFA 77-10-13 112600 | 34 2.0

Table 3. DEF = diethy! fumarate; PEMA = ethylene glycol phenyl ether methacrylate; HPA =
hydroxypropy! acrylate; DEGEHA = di(ethviene glycol) ethythexwvl acryiate; DMAEMA =
{dimethylamino)ethyl methacrylate; BEA = butoxvethy! acrylate; HBMA = hydroxybutyl
methacrylate; EGMEA = ethylene glycol methyl ether acrylate; DMAA = 3,3-dimethylacrylic acid:
THFA = teirahydrofurfuryl acrylate
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15 DVAA 80-15-5 59.000 2.3 2.2

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 THFA 77-10-13 112,000 3.4 2.0 Table 3. DEF = diethyl

000

fumarate; PEMA = et hyl ene gl ycol phenyl ether nethacrylate; HPA =
hydr oxypropyl acryl ate; DEGEHA = di (et hyl ene glycol) ethyl bexyl acryl ate;
DVMAEMA = (di net hyl am no) et hyl net ha %t e; BEA = butoxyethyl acryl ate;
HBVA = hydroxybutyl methacrylate; E = et hyl ene glycol nethyl ether
acrylate; DVAA = Zrgg—difrekiylaetydeaeamTHEA-——tottahydrof ur furyl
acrylate 19 Tabl e |4 BXanpl & TE=M %mﬁ}fﬁ/ﬂ TR S [ 1 DI S-week ER
Conposi tion (W) |[_AADECEHIIBEMK- p- 3 635-900 2.76000. 1727 B UEGEEVA 90-5-5 65.
2.4 1.1 C DEGEEMA_8B- 51 1DPEGEPMA QDO 49@5-1. 5 | [psBIGVERA 85- br 10| 56,000 2.2 1.6
E EGVEA 90-5-5 63,g,g_€ 2/ 2DEGEEMA Ol EQ\ASA-102- 5.1 328000 IoD| 2 K5 () G EGVEA
90-5-5 99,000 2.8 B—5—H-GifEA-op5- 8113 0608 elhia L4 THFA 82-5-13
115,000 3.8 1.5 I THEFA a%%fo 706k 25 Tt oo ;{ﬁ;':A B8-51 7 74.000 2.3
1.2 G EGMEA 90-5-5 99,000 | 2.8 0.5
. H EGMEA 9253 113.000 | 2.8 14

1 THFA §2.5-13 115,000 | 3.8 1.5

] THFA 85-5-10 71,000 | 2.5 1.7

K THFA B8-5-7 74,000_| 2.3 1.2

L BEA 85-5-10 48.000 | 1.9 1.6

M BEA 9253 58,000 | 21 1.2

N DEF 9253 57,000 | 2.1 18

0 DEF 90-5.5 43.000 | 2.0 1.1

P DEF 87-5-8 56,000 | 2.1 1.0

Q MAA 94-5-1 51,000 | 2.1 0.8

R HPA 83513 67.000 | 22 15

S HPA 85-5-10 66.000 | 2.3 1.9

T HPA 88-5-7 61,000 | 21 1.2

U PEMA 85-5-10 89.903 | 2.6 0.6

v PEMA 90-5-5 65838 | 2.3 0.9

W PEMA 9253 64474 | 23 13

X HPA 88-5-7 75.006 | 2.2 1.1

- Table 4. DEGEEMA = di(ethylene glycol) cthyl ether methacrylate; EGMEA = ethyiene glycol methyl
ether acrylate; THFA = tetrahydrofurfuryl acrylate; BEA = butoxyethy! acrylate; DEF = diethyl
fumarate; MAA = methacrvlic acid; HPA = hydroxypropyl acrylate; PEMA = phenoxyethy!
methacrylate; HPMA = hydrox ypropyl methacrylate;



L BEA 85-5-10 1 48. 000

1. 6 MBEA 92-5-3 58,000 2.1 1.2 N DEF 92-5-
57,000 2.1 1.8 O DEF 90-

9 1. 3
90-5-5 43.000 2.0 1.1 P DEF 87-5.5 56,000 2.1 1.0 O
MAA 94-5-1 51,000 2.1 0.8 R HPA 82-5-13 67,000 2.2 1.5 S HPA 85-5-10
66,000 2.3 1.9 T HPA 88-5-7 61,000 2.1 1.2 U PEMA 85-5-10 89.903 2.6 0.

V PEMA 90-5.5 65,838 2.3 0.9 WPEMA 92-5-3 64,474 2.3 1.3 X HPA 88-5-7
75.000 2.2 1.1 Table 4. DEGEEMA = di (ethyl ene glycol) ethyl ether

met hacﬂﬁ%llﬁGVEA = ethylene glycol nethyl ether acrylate; THFA =
tetrahydrofurfuryl acrylate; BEA = butoxyethyl acrylate; DEF = diethyl
fumarate; MAA = nethacrylic acid; HPA = hydroxypropyl acrylate; PEVA =
phenoxiyet hyA poitdrdmvinganeErosiohiR ate imyshaoxater, dhay lis snitahleclioy hise & a bidwEnCL Al M

1. A pol hayi . Erosion. Rate i -wat er: that,] i tabl e ,f
as o Gt FRIBRe aRttiouta DRIRE CAMPTFDEI 4 RPDMRF ok BiPitiAg Ak & & ne -
f or mul Besehrom atoPk mtmtﬁ&la v} 1ih§1e PRIRAERsed bR MR trdlar fn@hi® 6F mdbontetse

percent based on the total nolar anount of nononers used to nake the

pol ymlrsw?t)) wekprihe i-mg)ﬂlnnle(smqnmisam ﬂteomaﬁngdmfmlinganeinéom cgmprises
tri Si i R3 h i :
char actaiivn CBEH b, ety (RHBR s Suftihel BRI RS i Frosion. .,

mont h pdighigisén GAER R oI 20 1N hiGdAE per moslihf kBéreiit eaAR infayebe thesdanteubred or

unsubstituted aryl or heteroaryl group, X is the residye, of an,
different and is a substituted or unsubstifuted aryl or heteroaryl group, X is the residue of an

6

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, fluorenyl, anthracenyl, phenanthrenyl, pyrenyl,
alkylether, substituted alkylether, arylether, substituted arylether, amino substituted group, or

mixtures thereof.

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

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 heteroaryl group.

5. The water erodible copolymer of Claims 1, 2, 3 and.4 in which B is selected from the
group comprising unsaturated organic acids, esters of acrylic acid, esters of methacrylic acid,

vinyl compounds, maleic esters, and fumaric esters.
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acryl oxy or nethacryl oxy group, and B represents the residue of one or nore
ethylenically wunsaturated nononers copol ynerizable with A 2. The

sea-wat er erodi bl e copolyner of daiml in which at |east one Ris an
unsubstituted aryl, an aryl group substituted with one or nore chlorine,
fluorine, brom ne, iodine, alkyl, perfluoroal kyl, napthyl, fluorenyl,

ant hracenyl .. phenant hrenyl, pyrenyl, . alkylether.  .substi ed al kyl et her,
aryl etgrer , y@ﬁ)é‘i“?‘?lﬁ%‘%b@r%ﬂpé W%m J;igbg’i’@‘u]?éﬂ Sg‘?’ﬁqﬁé%%? "mﬁ‘ilﬁ es

t hereqg ? M) r i Wt}ﬁrtﬁi Berlates t-butyl

tri phe%?@fléﬁ%éﬁ%tg?le%gﬁﬂtgr ?gﬁgﬁﬂﬁy?ﬁyﬁggﬁyﬁtg’te, and the copoI);crrer IS
char acaceylatee dedshutath admytade, chretiythexylnacsate, waiclehexyl acrydate2phenyl 3enilade.obrs per
nonth. 4. Th r.erodjbl e copalynmer of Claimil and.2 in whi east
one. R oaEeiay-Byai e s risg ity R peemd g Bafav D lps bofliat 5
The Wa%l?éid?f odi fdr91afOPO! YOREthekydthyll M5 akryldte, 3 aDdnéthoxypibpydh B acsylse] ect ed
fromthe group conprising unsaturated organic acids, esters of acrylic
aci d, wsthexyrigthyleneglycohscridatacl-gthoxyathyl acobatpriherydiatiyleneglycsl agrylateng
fumaric esters. -21 6. The water erodible copolynmer of daim5 in which B
is selected fromunsaturated organic acids, nethyl acrylate, ethyl
acrylate, propyl acrylate, n-butyl acrylate, t-butyl acrylate, sec-butyl
acrylate, 2-ethyl hexyl acrylate, cyclohexyl acrylate, phenyl acrylate, n-
octyl acrylate, 2-hydroxyethyl acrylate, hydroxy-n-propyl acrylate,

hydr oxy-i -propyl acrylate, glycidyl acrylate, 2-nethoxyethyl acrylate,

2- met hoxypropyl acrylate, nethoxytriethyleneglycol acrylate, 2-ethoxyethyl
acryl ate, ethoxydi ethyl eneglycol acrylate, -21 a nmethyl methacrylate.

et hyl nmethacryl ate, propyl nethacrylate, n-bury] nethacrylate. 1-butyl

met hacryl ate. sec-butyl nethacrylaie, 2-ethylhexyl nethacrylate, cyclohexyl
net hacryl ate, 2- hydroxyethyl nethacrylate. g]ycidyl nethacryl ate,

2- met hoxyet hyl met hacryl ate, 2-
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met hoxypr opyl nethacryl ate, methoxytriethyl eneglycol nethacrylate, and
2- et hoxyet hyl nethacryl ate, hydroxy-n-propyl (neth)acryl ate,

hydr oxy-i - propyl mnethacryl ate, phenoxyethyl rmethacryl ate, butoxy ethyl
nmet hacryl-ate, isobomyl (neth)acrylate, neopenty] gl ycol nethyl et her
propoxyl ate acryl ate, poly(propylene glycol) nethylether acrylate;"’

et hoxydi et hyl enegl ycol nethacrylate, acrylic acid, nethacrylic aci d,

2- but oXxy el nAGKAhM:E eth\q rﬂétﬂ&th§Cgr§Pv]%étﬁﬁmgﬁ ng. bghg ?13(3\ 1%&“3{ lblﬂﬁ?f yl

ether acryl ate, di(ethyl €ne glyco ether’
3, 3-di rremﬁmacaémlsm:bvaﬂu Iuemﬂcwbtenﬁteﬁyﬂmmﬂméthmw fa\@itha;]encthacrvlate

(di met hy t cryl, , I her. acr Iate
et hyl enehglf}b)((:%)th& E’é&lhffqm{]ﬁ r£>f C’é ac’:’?'% iaq 2('5{5?8' ﬁfe%gnéne‘h l@%ybéfyl
net hacr yrethexyprepy nehabriate, f meaxﬂﬁﬁﬁethmh&yﬁcol AdiBacsylaR] gy at‘dtﬂdxﬁ}kﬁm
2-(t- buti4_lre n%ethg met hacr yl at e, r ahy drofurfur% acryl ate,
3-tris-( }}%‘% XPTORY T RIPEX me.&b)awkt YHaEY-ypRpy me gw?tea@mno&ylegm
2- hexenohethasivibie, Vi Bitbxy2C ekl e, n%ék]ﬁk’xkla@e" OP{sgHGhE: Ymembac%aér al foopbhiy!
benzoat e, di net héghg mal’eat e,” di et hyl "mal eat e, |-n- mal eat €,

T

di i sopr oflysolmgthy priopoxylase haxylatehy poly(pedpyiene, gbmlét mﬂlthbﬂuhar aceylawdi’et hy!
vyl ¢ of nerratIeed R R e ke TRRR IR et NS, 2 SRRy sgpvge
acryl am Qretomd\lamd,@[ctmymoglywhé-ethﬂimweﬂw acriviard, Ida(eﬂﬁden%’ g)lgwlr)r&hethy
conpri si t ti rod as d f| ne C ai 2
with onetqgerr %erﬂéa%gqﬂ ’ETCI%VHUH‘QX %r%ﬁ’n%d 2@6 9 g?lgt‘jlp i §ted 1 ned
in C ai nidiméthylamino) pmesemﬁac@iara mhmy@abhml eﬂieawrslat@reﬂmeﬁd ahes) and
character,i z I n samﬁol ymer of above 9 to about

20 ol e PHEPY eﬁ%{)fm?‘h@’@@ﬁol‘gg%}’f“r@m"rh@"ﬁ& pretherilaie.7 maylA(BHR f or
nononer fhrdngnel afdhd f r @aRsLNmEBDkIdHIAE ai—hrﬂutylmﬁﬁ?(éthﬁ’lar y}neﬁﬁpﬁﬁdté ut ed

by one or nore chlorine, fluorine,” brom ne, iodine | 'dor dal kyl ,

napt hyl ,*FABrodHHn] KRiHecC By hd sl ghsrppyl 9wlyﬁwlatedmylaétd1 gans-
substl  uReRblRt Rafy aBLukeUAST propithslel L PHudfald SLRAr berBBBOARHRRA | U1 o

group or m xtures thereo and I s“chdracterized by an "Er osi on
Rate of ™#leais.2diethyl snateate.odneopyl omkHte, diisopropy] maleate, du-z-methoxyethyi

maleate, dimethyl fumarate, diethyl fumarate, di-n-propyl fumarate, diisopropyl fumarate,
styrene, vinyltoluene, alpha-methylstyrene, N,N-dimethy! 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 or 2
with one or more ethylenically unsaturated monomers of group B as defined in Claim 1 in the
presence of a polymerization catalyst or initiator and characterized by residue of monomer A

in said polymer of above 9 to about 20 mole percent of the copolymer.

8. The polymer of Claim 7 wherein R for monomer A is selected from unsubstituted
aryl, phenyl. aryl substitured by one or more chlorine, fluorine, bromine, iodine, alkyl,
perfluoroalkyl, napthyl, fluorenyl, anthracenvl, phenanthrenyl, pyrenyl, alkviether,
substituted alkylether, arviether, substituted arylether; amino substituted group or mixtures
thereof and the copolymer is characterized by an Erosion Rate of from 2 to 135 microns per

month.
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22 9. The polynmer of Clains 7 and 8 wherein nononmer A is triphenylsilyl
acrylate or triphenysilyl nethacrylate. 10. The polyner of Cains 1
through 9 characterized as a water erodi ble terpolymer conprising: (a)
from above 9 to about 20 nol e percent of the residue of
triarylsill(meth)acrylate; (b) a nononer residue of one or nore

et hyl enically unsaturated nononers copol ynerizable wth A and (c) the
resi due 9f ONEhepol¥Rle ofMWIAMET B ahd1 8t wheeifli thbRmRRL A 11D aRpHeAGIsTANSHRLaid 81 due
(b) and Hgﬁlected fromthe group consisting of diethyl fumarate, ethylene
gl ycol pHER§IYsBYHesthacdatgacryl at e, di (ethylene glycol) ethyl hexyl acrylate,
hydr oxybutyl nethacrylate, 3,3- dinmethylacrylic acid, tetrahydrofurfuryl
acrylate, nethacrylic acid, hydroxypropyl acrylate, tiglic acid,

but oxyet Wl abBreypelymer ofliGlambyil tmdupb) e charbctemged aasr y Iveater, erediblel nmlgingc ol

met hyl g&@g#iacrylate, di (ethyl ene glycol) ethyl ether nethacrylate,

hydr oxypropy Iﬁi’ethacrylate, tetrahydrofurf iryl acrylate, and diethyl

f umar at e(a) frosh abber @idebolie2 (CnolkRiperentTP iR rpddeasTimiaf 1siPNMER)achastedues (b) and
(c) is fromabout 91 to _about 80 nple percent of the terpolynmer . 11. The
pol ymer & 2 BOROMET Iesidur 6fighe & MA SRl iaraterated MeRmATs prRohaRsAaRles. 12,
The pol yimK A9fndd ains | through 8 wherein at |east two different nononers
are selected as nononmer B. 13. The polymer of Clainms | through | 1 further
conpr i si@Ythg residusi ofj one 9y mage monemers has ds differsat thar dhyaonemeryesidentt) and

zeolite, CkgdNaut L ZEI . ' o] [N o]
ant i oxi dsé:%'? t,eaafrgrﬁeﬁlgt E@Pbangslaﬂﬁalgg]odj%h)g i ﬁg’?\dﬁe ’1%.&8%5&?] P 9%‘0??%%3 negthen%ri ne
ant i f oulmethrcedatei rdifethyteposiiycaln etpihexyks iangyldtéye hgpdropdsintli oretha2dlael a@@-ed

fsggm a adiﬁ@th}]a&&lig‘%c%p gcu'%h;[’ r%(i!u%:nytl ’acr?,fﬂgc, C&&ﬁaac%ghecr éczl&qu%}[ox?qqm%g'f)%tlzrgfpatesat en
tiglic acid, butoxyethyl acrylate, (dimethylamino)ethyl methacrylate, ethylene glycol methyl

ether acrylate, di(ethylene glycol) ethyl ether methacrylate, hydroxypropyl methacrylate,
tetrahydrofurfuryl acrylate, and diethy] fumarate;
and wherein rhg combined mole percent of monomer residues (b) and (c¢) is from about 91 to

about 80 mole percent of the terpolymer .

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

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

as monomer B.

13.  The polymer of Claims 1 through 11 further comprising a stabilizing agent selected
from a dehydrating agent. a zeolite, an acid neutralizer, an amino containing compound, an

antioxidant, a chelator, and an alkoxy silane.

14. A self-polishing marine antifouling coating composition comprising the composition
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wat er of about 2 to 15 microns per nonth. 15. The self-polishing marine
antifouling coating conposition of Claim114 wherein said stabilizing agent
is present in said conmposition fromO0.1 to 10 wei ght percent based upon

t he wei ght of said conposition. 16. The self-polishing antifouling coating
conpositions of Claim14, further conprising rosin and rosin derivatives.

17. The self-polishjng antifouling coati conposition of Claim 16 in which
the r ‘f?tegngo‘i“cgﬁﬂnﬁjbr“? J&@P@é§°élf’%mp?’é£&¥a‘it?¥lzlcﬂ yr%ﬁwsw ALE 1 B wei ght
per cent wofer bf'$bout 991 ¥ Hiérons é month.

15.  The self-polishing marine antifouling coating composition of Claim 14 wherein
said stabilizing 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 compositions of Claim 14, further

comprising rosin and rosin derivatives.
17.  The self-polishing antifouling coating composition of Claim 16 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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