13 April 2006 COATI NG COVMPOSI TIONS IR 3664 FI ELD OF THE | NVENTI ON 100011
This invention relates to marine antifouling paints which erode at an
effective rate. More particularly, the invention relates to a copol yner

bi nder, useful in marine antifouling paints, which contains an aliphatic
silylacrylate, notably a trialkylsilylacrylate residue at Ioﬂé#ﬂ*@%@ﬂ@;
than previously believed necessary. The copolyner is characterized by an
erosion rate in seawater of about 2 to about 15 4m nonth. BACKGROUND OF
THE I NVENTION [0002) U.S. Patent 4,593,055 discloses that silylacrylate
copolymers of fornula 13 April 2006,Bruhersuzoésridy CH3 Ris selected
fromthe group consisting of - SIR"R'3 r, or -Si (ORnR'3. d 3 wherein R
and R' are independently straight-branched chain alkyl Cl1-Cl10 or phenyl
and n = 0-3 are useful to fornulate marirnesaatifoul ant coatings. The
organo silylacrylate conponent is present in the Exanples in an anount of
from20 to 40 nol percent. fQ003] U S. Patent 5,795,374 discloses marine

FIELD OF THE INVENTION

[0001] This invention relates to marine antifouling
paints which erode at an effective rate. More
- particularly, the invention relates to a copolymer
binder, useful in marine antifouling paints, which
contains an aliphatic silylacr?late, notably a
trialkylsilylacrylate residue at lower levels than
previously believed necessary} The copolymer is

characterized by an ercsion rate in seawater of about

2 to about 15 um/month.

BACKGROUND OF THE INVENTION

[0602] U.S. Patent 4,593,055 discloses that.

silylacrylate copolymers of formula



antifoul ant paints containing trialkylsilylacrylate wunits. These units are
present in amounts ranging from30 to 80 wei ght percent of the copol yner.
10004] U.S. Patent 5,436,284 discloses that copolymers containing
silylacrylate units are useful to fornulate marine antifoulant coatin
conpositions. The trialkylsilylacrylate copolyners contain frAdfrsH20Q
percent by wei ght of S|Iylac%xlate conponent. (0005] EP 1 127 925 Al

di scl oses marine antifoul ant | paknts containing trial kylsilylacrylate
groups. The - 2 13 April 2006 HExanpl ¢ |Ilug1rati t he preparation of
Pol ymer PA4 is a polynmer cortaintng—574% by-—wel B
tributylsilylnmethacrylate. [0006] EP 3 127 902 Al |di sc|oses that
conpositions containing trial kyltsilyl &yl atg esters are.useful to

fabricate marine antifoul ant {paints. THe polyrers illustrated in the
Exanpl es contain from25 to 50 nol pefcent off trialkylsilylacrylate
conponent. BRI EF DESCRI PTI ON| OF THE DRAMVNGS [0007] Figure 1. illustrates

the rel ationship between nDLﬁ per cent S|IyI ¢rylate residue in a
silylacryl ate copol yner and e erosion rate=Tn seawater of the copol yner.

[0008] Figures 2. and 3. illustrate the apparatus wused for the rotor test
used to determ ne the erosion , ‘

where X is H or CH,

R is selected from the group consisting of

-SiR'R" orl-si(OR;R"Sw)a

3-n
wherein R' and R" are independently straight—brancﬁed
chain alkyl c,-C,, or phenyl and n = 0-3 are useful to
formulate marine gntifoulant cecatings. The organo
silylacrylate component is present in the Examples in
an amount of from 20 to 40 mel percent.

[0003] U.S. Patent 5,795,374 discloses marine
‘antifoulant paints containing trialkylsilylacrylate
units. These units are present in amounts ranging
frem 30 to 80 weight percent of the copolymer.

10004] U.S. Patent 5,436,284 discloses that
copolymersrcontaining silylacrylate units are useful
to formulate mariné antifoulant coating‘compositions.
The trialkylsilylacrylate copclymers contain from 30
to 60 percent by weight of silvylacrylate éomponent.
[0005] EP 1 127 825 21 discloses marine antifoulant

paints containing trialkylsilylacrylate groups. The



rate. SUMVARY OF THE | NVENTI ON [ 0009] The present invention relates to the
di scovery that aliphatic silylacrylate-containing copolyners, where the
silylacrylate conponent is present at surprisingly low | evels, are useful
to produce marine antifouling paints that have self polishi ng properties.
[0010] In one aspect, the invention relates to seawat er - er odilg1April 2006 .
copol yners conprising the residue of an aliphatic silylacrylacrylate
mononer and t he Egsimdlie dileomerarinmréeethgbenstadd ywurfsdtvmedt 8d44-18 13
April 2006 nononers copol ynerizable with said silylacrylate nononer
characterized by2aR°eFrBsf ofP? et e iy $&4wAt el 9t 2% 0 15 , um nonth, wherein
the silylacryloyl . co nent. represents from5 to about 22 nol percent of

t he copol yner. [ﬁbﬂ]‘g?ﬁsaﬁﬁt%ee aecﬁﬁ’&ai%ﬁént, the present invention relates
to a self-polishj antifoul ant. _marine_coatin whi ch conprises. a
silylacrylate cotz?@g@rrer artf & t'6Xi G&At *'t ésgfﬁsyﬁsa&ﬁlfltatcgg%ﬁﬁ yHET

contai ni ng from RQut, 122, gbL - per Lant, Qf, .51 Lykagryloyl.
conponent and ch%?lgg%%}:?nzée}%%qak erog?o?l 1(r?ate in  seawater of froom about 2
to about 15um mopibys OAL2)axiR a0t hebw eaOdidRIYs,. t Bl pyEptéon rel ates.

illustrated in the Examples contain from 25 to 50 mol
percent of trialkylsilylacrylate component.

ERIEF DESCRIPTION OF TEE DRAWINGS

[0007) Figure 1. illustrates the relationship
between mole percent silylacrylate residue in a
silylacrylatelcopolymer and the erosion rate in
seq%ater'of the copolymer.

[0008] ) Figures 2. and 3. illustrate the apparatus

used for the rotor test used to determine the ercsion

rate.

SUMMARY OF THE INVENTION

[0009] The present invention rel%tes to the
discovery that aliphatiec silylacrylate-containing
copolymers, where the silylacrylate component is
present at surprisingly low levels, are useful to
produce marine antifouvliing paints that have self
polishing properties.

[0010] In cne aspéct, the invention relates to
seawater-erodibie copolymers comprising the residue of
an aliphatiec silviacrylacrylate monomer and the

residue of one or more ethylenically unsaturated
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to the inprovenment in a silylacrylate copolynmer wherein the nole
percentage of the silylacrylate conponent is in the range of from about 11
to about 22 nole percent, whereby the erosion rate can be increased by
decreasing the nole percentage of the silylacrylate conmponent downward
from 22 nole percent. [0013] In one aspect, the invention rel3#®si 2o

seawat er - er odi bl e copol yner conprising randomy recurring units of fornula

4 13 April 2006 whererA E@Pw%ﬁ@ﬁz;m@matthosa@augizgwmyp@rr@ent of the
copolymer and has the fornula R, R3 where R1, R2 and R3, each :

i ndependently, i sidnichear cBizra bt anched WGFl-=Gl2ralkkyh, rote C3z GAavarodoal kyl or
Rl, R2 and R <conbine to formpart of a C3-Cl2 cycloalkyl; Xis Hor CH3.
and S representsctthe eestdugmpofcoite Ghereria cakhylepligatyloninsat urat ed
nononers copol ynerizable wth A said copolyner characterized by an
erosion rate in cseawatet oépfeomtz tforcaboutolbkoimoht hmol GGkA)entn cgnot her
aspect, the invention relates to a self-polishing antifoul ant marine
coating conposi tkenceppprrsing a silylacrylate copol ymer and a

[0011] In another embodiment, the present invention
relates to a self-polishing antifoulant marine coating
which comprises a gilylacrylate copolymer and a
toxicant, the silylacryvlate copolymer containing £from
about 5 to abcut 22 mol percent of silylacryloyl

component and characterized by an erosion rate in

seawater of from about 2 to about 15um/month.

[0012) In ancther embodiment, the invention relates,
to the improvement in a silylacrylate coﬁolymer
wherein the mole percentage of the silylacrylate
component is in the range of from about 11 to about 22
mole percent, whereby the erosion raté can be
increased by decreasing the mole percentage of the
gilvlacrylate component downward from 22 mole percent.
[0013] In one aspect, the invention relates to a
seawater-erodible copoclymer comprising randomly

recurring units of formula




toxicant, the silylacrylate copolynmer characterized by an erosion rate in
seawater of fromabout 2 to about 5 13 April 2006 15 pm nonth and
conprising randomy recurring units of fornula A -1--- B where Ais
present in an amount of from5 to about 22 nol percent and has the formula
X CCO OR Si R3 RZ where 1; is Hor CH3; RL, R2 and R3, édwil 2006
i ndependently, is linear or branched C. to Cl2 alkyl, or C3 to Cl2
cycloaklyl or RI, R2 and R3 conmbine to formpart of a C3-Cl, cycloal kyl;
and B is the residue of one or nore ethylenically wunsaturated nononers
copol yreri zabl e Yik¢he & OS] =TFfe fé@]@o%yﬁ%@b%‘ftt% MedERCePAvehtion are
prepared by polynerizing a Silyl(mt\% crylate. nononer wth one or nore
et hyl eni cal |y unSaf urat & Mo §as g‘c’:h 2F B tdpol yneri zabl e therewith. As
used herein the term"silylacrylate" is intended to enconpass both
silylacrylate and silyl nethacrylate. This proposition
H X
| [
C C
|
H

where R;, R, and R,, each independently, is linear or
branched ¢,-C,, alkyl, or C,-C,, ¢ycloalkyl or R,, R, and

R, combine to form part of a C,-C,, cycloalkyl;

3
X is H or CH,

and B represents the residue of one or more

ethylenically unsaturated monomers ccpolymerizable

with 2,

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

[0014] In another aspect, the invention relates to
a self-polishing antifoulént marine coating

composition comprising a silylacrylate copolymer and a
toxicant, the silylacrylate copolymer characﬁerized by

an erosion rate in seawater of from zbout 2 to about



is reflected by use of the termsilyl(neth)acrylate. - 6 13 April 2006

The sanme is the case when "silylacroyi" is used. [0016) The
silyl(meth)acrylate nmononmer will have the formula X0 R | 11 HRCCCO
Si-R'- RB where Xis Hor CH3 and R1, R2 and R3 each independently is
linear or branched alkyl of 1 to 12 carbon atons or cycloalkﬂﬁ’“ﬁyzQQQ() 12
carbon atons or Rl, R2 and R3 conbine to formpart of a cycloalkyl of 3 to
12 carbon atonms. FExampkes tof zabkybngf Dansy i NGldsde ymretbByl r 1 88 hyds « prarpyl

i sopropyl, n-butyl, isobutyl, sec-butyl, n- anyl, isoanyl, n-hexyl,

n- heptyl, n-octylgorzuiaet hyl hexyl, n-nonyl, n-decyl, n-undecyl and :
n- dodecyl. Exanples of cycl oal kyl groups i.nclude cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cycl ooctyl apd yclodecy] . Exanpl es of usef ul
trialkylsilylacrylate nonomers in e mh%be R, R and R are the
sanme: trimethylsilyl (meth) acrylate, trijethylsilyl (meth)acrylate,
tri-n-propylsilyl (meth)acrylate, tri- n-butylsilyl (neth)acrylate,
tri-n-pentyl silykhere A is present in an amount of from 5 to about 22

mol percent and has the formula

H X
I [
Cc C
|

H

where X is H or CHy;

R., R, and R, each_independently, is linear or
branched C, to C,, alkyl, -or C, to C,, cycloaklyl or R?,
R?Z and EJ combine toc form part of a C,-C,, cycloalkyl;
and B is the residue of cone or more ethylenically

unsaturated monomers ccpolymerizable with A.

[0015] The copolymers of the present invention are
prepared by polymerizing a silyl{meth)acrylate moncmer
with one or more ethylenically unsaturated monomers
which are copolymerizable therewith. As used herein
the term "silvlacrylate" is intended to encompass both
silvlacrylate and silylmethacrylate. This proposition
ig reflected by use of the term silyl(meth)écrylate.

- & -



(meth)acryl ate
(met h) acryl at e,

tri-n-hexylsilyl (meth)acrylate, tri- n-heptylsilyl
tri-n-octylsilyl (meth)acryl ate,

tri-2-ethyl hexylsilyl(meth)acrylate, tri-n-ncnylsilyl(meth)acrylate,
April 2006 tri-n-decylsilyl(neth)acrylate,

tri-n-undecylsilyl (neth)acryl ate,

aliphatic silyl

(nmeth)acrylates wherein R, R2 and R3 are partly or

entirely differerfhd regmeone ahet hers WE%@FW%&iMﬁEWEpmyﬁ-hSpmanysiIyI
acrylate, isopropyldinmethylsilyl (nmeth)acrylate, di-n-butyl- isobutylsilyl

(meth)acryl ate, .

nodsy| di mebkyksilyyime (Instdryderyl abepmer will have

sec- butyldlnethyIS|IyI (nmeth)acrylate, nononethyl-di-n-propylsilyl
‘et RPF8ERYl - n- propyl silyl (meth)acryl ate. Exanples of
cycloal i phaticsilyl (nmeth)acryl ate npnoners i ncl ude '

trl-cyclopropyIS|IyI(neth)écr?IatéR cycl obutyl silyl (meth)acryl ate,
cycl opentyl silyl (neth)acryl at'e, cyclohexyIS|IyI(nEth)acryIate and

(meth)acryl ate,

cycl ooctyl silyl (nmeth) HeCyl Gt& - OF&r{Rer exanpl es i ncl ude:

(meth)acryl ate,

(meth)acryl ate

13

tri-n-dodecyl silyl (neth)acr'yplARE208hd

(et h)

triisopropylsilyl

triisobutylsilyl '(nmeth)acrylate and tri-sec-butylsilyl

and di-sec-butylpethylsilyl (neth)acrylate, di-sec-
where X is H or CH, and

R}, R? and R’ each independently is linear or
branched alkyl of 1 to 12 carbon atoms or cycloalkyl
of 3 to 12 carbon atoms or R, R? and R? combine to
form part of a cycléalkyl of 3 to 12 carboniatoms.
Examples of alkyl groups include methyl, ethyl, n-
prepyl, isopropyl, n-butyl, isobutyl, sec;butyl, n-
amyl, isocamyl, n-hexyl, n-heptyl, n-octyl, 2-
ethylhexyl,rn-nonyl, n-decyl, n-undecyl and n-dodecyl.
Example; of cycloalkyl groups incliude cyelopropyl,
cyclobutyl, cvyclopentyl, cyclohexyl,-cyclooctyl and
cyclodecyl. Examples of useful trialkylsilylacrylate
monomers include those where R,, R, and R, are the
same:
trimethylsilyl {meth) acrylate, triethylsilyl
{(meth)acxrylate, tri-n-propylsilyl (meth)acrylate, tri-
n-bdutylsilvl {(meth)acrylate, tri-n-pentylsilyl
(meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-
n-rteptylsilyl (meth)acrylate, tri-n-octylsilyl
(meth)acrylate, tri-2-ethylhexylsilyl{meth)acrylate,
tri-n-nenylsilyl{meth)acrylate,

- 7 -



butylethylsilyl (nmeth)acrylate, and isopropyl-sec- butyl nethylsilyl
(nmeth)acrylate. (0017] B represents the residue of one or nore

et hyl eni cal |y unsaturated nononers copol ynerizable wth the silylacrylate
nononer. The properties of the - 8 13 April 2006 copol yner can be npdified
by addi ng hydrophilic or hydrophilic functionality by way of Bt ¥her
or nononers conprising B. Useful nononers include acrylic acid and the

acrylic esters such-asaenBlibyhacryéatecatiydacryl ate, n-butylacrylate, t-
butyl acryl ate, sec-butylacrylate, 2- ethyl hexylacrylate, n-octylacryl ate,
2- hydroxyet hyl acmyl-at-epd2<hydi OXY propyll aaomilzatee, gl yci dyl

acryl ate, . 2-nmet hoxyet hyl acryl ate, 2- ethoxyethylacrylate and nmethacrylic
acid and the neﬁﬁchyPPéeéﬁﬁé%éV%Uﬁﬁﬂé§ﬁﬁ§ﬂﬁaneﬁﬁécryIate n-
butyl et hacryl ate, _t-butyl nethacr - but Inethacgylg&egnd s

2- et hyl hexyl met h&dryratas scyéto %&}ﬁﬁéﬁ—ﬁ’ Eryatgerea R, R3
2-hydr oxyet hyl| ”eta@@%xgea%ﬁ e&yzﬂ{ﬁ]wwlcml y@g&hﬁsgx' 88 anctner,

gl yci dyl net hacryl at e, oxyet nmet hacryl ate, and
et hoxyet hyl met hagryhate. af 9048} - rpiaz%rpy@&aﬁphesmeénpoéamag@,bl e nononers

include vinyl esters such as vinyl acetate, vinyl propionate, vinyl
butyrate, vinyl bengoapeldimedeixlsilyl (meth)acrylate, di-n-butyl-

isobutylsilyl (meth)acrylate, n-hexyldimethylsilyl .
(meth)acrylate, sec-butyldimethylsilyl (meth)acrylate,
monomethyl-di-n-propylsilyl {meth)acrylate,
methylethyl-n-propylsilyl (methj)acrylate. Examples of
cycloaliphaticsilyl {meth)acrylate monomers include
trﬁ—cyclopropylsilyl(meth)acrylate,

cyclobutylsilyl (meth)acrylate,

cyclopentylsilyl (meth)acrylate,

cyclohexylsilyl (meth)acrylate, and

cyclooctylsilyl (meth)acrylate.

ﬁurther examples include:

triiscpropylsilyl (meth)acrylate, triisobutylsilyl
{meth)acrylate and tri-sec-butvlsilyl (meth)acrylate,
and

di-sec-butylmethylsilyl {(meth)acrylate, di-sec-
‘butylethylsilyl (meth)acrylate, and iscpropyl-sec-
butylmethylsilyl (meth)acrylate.

[6017] | 'B represents the residus of one or more
ethylenically unsaturated monomers copolymerizable

with the silylacrylate monomer. The properties of the



esters such as dinethyl naleate, diethyl maleate, di- n-propyl nmaleate,

di i sopropyl nal eate, di-2- nethoxyethyl naleate, fumaric esters such as

di mrethyl funmarate, diethyl fumarate, di-n-propyl fumarate, diisopropy
fumarate, styrene, vinyltoluene, al pha- nethylstyrene and acrylonitrile.
[0019] The silylacrylate conponent represents from- 9 13 ApriBlAFHEels o
about 22 nol percent of the copolyner. This range provides a copol yner
havi ng an erosi ondpalienkl csgavat @sapf: da oM 2 ddenabevirdbnild nant h.
Preferably, the silylacrylate conponent is present in
about 5 to about hiyAr5piml ipefoeant i gvm Cit yrbovivdes cfatBepobyrnerr lravi ng an

erosion rate fromabout 4 to

Wil |

rate of fromabout 2_to aboﬁéf%g ¢$gg$%%g&c %gglg%ag%%%
0 { .

an anmount of from

about 15 uninonth. The silylacrylate and B

be sel ect e@°arBcEd] G3TREIEPPriovi FEed v doPBPPRRF S hERF Hf%n  erosi on

about 10 uninnptﬁféﬁalcoﬁff _
From Figure 1 ItmE§h§§§Qr%P§%efieéﬂfﬂgcqgﬁ¥k@tenL§M L iAoyt 11.25 nol

percent provides an” eros

on rate

fgon1about 2to
t*% unf nonth. [0020)

about 10 /.tnmimonth: at this |evel,

the erosion ratepgaplber-yegrcedy Jurcigasingeor gecreasing the nole -
percent of the silylacrylate conponent in the copolyner. This proposition

is

unexpect ed aadhidDiatyyastnlmtesi mgeockplgenelate, the

hydroxvyethylacrylate, 2-hydroxypropylacrylate,

glvecidyl acrylate, 2-methoxyethylacrylate, 2-

ethoxyethylacrylate and methacrylic acid and the

methacrylic esters such as methylmethacrylate, n-

butylethacrylate, t—butyimethacrylate, sec-

butvlmethacrylate, 2-ethylhexylmethacrylate,

cyclchexylmethacrylate, 2—hydroxyethylmethacryléte, 2~

"hydroxypropylmethacrylate, glycidylmethacrylate, 2-

methexyethylmethacrylate, and 2-

ethoxyethylmethacrylate.

[0018]. Other examples of pblymeriZable monomers

include vinyl esters such as vinyl acetate, vinyl

propionate, vinyl butyrate, vinyl benzoate, maleic

esters such as dimethyl maleate, diethyl

maleate, di-

n-propyl maleate, diisopropyl maleate, di-2-

methoxysthyl maleate, fumaric esters such as dimethyl

fumarate, diethyl fumarate, di-n-propyl fumarate,

diisopropyl fumarate, styrene, vinyltoluene, alpha-

methylstyrene and acrylonitrile.

[0019] The silylacrylate component represents from



erosion rate is considered to be a function of the

amount of hydrol ysabl e

nononer in the polynmer. indeed, U S Patent 4,593,055, which discloses and

claims seawat er erodi ble silylacrylate copol yners,

t eaches at Col unm 5,

lines 43 et seq. that "the superior control of the erosion rate relies on
chenmically tailoring the polymer so that it is selectively we %R
certain points pendant to the - 10 13 April 2006 polyner chain at the
pai nt/water interface.apthese: weakpkipkst age slowWapsathackedrhys seanat er
allowing the polymer to gradually becone seawater soluble or seawater
swel | abl e. Thi s weakensridie depgdeokyzetymaurfaceagpehyerepstbhmaos sitch an
extent that noving sea water is able to wash off this |ayer and thus
expose a fresh swd=ace.erByiwdyocaf zcont4iastc s un/henphi or pag fesatsitiens, in
the system of the present invention the paint is relatively inperneable to
seawater until Iopdrcliygilscollthe outmrnavtcricl gresebakés phavecuriFhe:
hydrolyzed m crol ayer is then sequentially renoved by the water

"friction". [002E*°om p&PtitoR &F %h@uﬁﬁhbﬁbWFé-@ﬁrFénEréh1%#d®ﬁQﬁﬁﬁﬁﬂ th

functional groups whi ch EFOVIde a site of weaknes
tend to hydrol yz& RP°LH

sites which

*pr 88¥HLS Bt es”@af\k&f‘ef‘atfhgr?%t 65% %"f % (fct i onal i zed

onomers to non- f%nCtlggahhgmont no 2§si§ 32@%5 aLe and B will be

selected and adjusted to provide & copolymer having an

erosion rate of from about 2 to about 15 um/mont

preferably from about 2 to about 10 um/month and

cptimally from about 4.5 to about & um/month.

[0020] From Figure 1 it is seen that a

silyvlacrylate level of about 11.25 mol percent

provides an erosion rate of about 10 um/month; at this

level, the erosion rate can be reduced by increasing

or decreasing the mole percent of the silylacrylate

component in the copolymer. This proposition is

unexpected and totally surprising.

In'general, the

erosion rate is considered to be a function of the

- amount of hydreolysable monomer in the polymer.

Indeed, U.S. Patent 4,553,055, which discloses and

claims seawater erodible silylacrylate copolymers,

teaches at Column 5, lines 43 et seq.

that "the

superior contrecl cf the erosion rate relies on

chemically tailoring the polymer sc that it is

selectively weakened at certain points pendant to the



to provide control of the erosion rate." [0022] The proposition,
illustrated in Figure 1, that at |evels bel ow about 22 nol percent of
silylacrylate, the erosion rate of a silylacrylate copolyner can be

i ncreased by decreasing the level of silylacrylate conponent is whol
surprising and unexpected. [0023] The copol yners of the preséﬁﬁ“ﬁ%@@ﬁgion
will contain fromabout 5 to about 22 nole percent of silylacrylate
conponent and corgcaspendichgliy btothabins/vwkterl3nApeitkc2006ri:d 0 about 78
nol e percent of one or nore ethylenically unsaturated nononmers that are
copol yneri zabl e wictk ftheksi kykact gt e vrmwdesr oy 66243 tehid e aviesdata i n
the present discussion has focused on erosion rate, the use of |low |l evels
of silylacryl at &*RoRBAEFEY| h° cHNF Y0P SFCPR SRBYSF S Fof e U RetthyFeni cal | y
unsat ur at ed nononers _can be gfg%égge t.o ad reSstg£h§§d Jéy%%gies such as

filmlifetime, &F3EPOR"IFRE edde Sof 5 5t8s5F Rg Y Eas |
formul ation, bioclde.conpatipiiiidn Sheldbehi be aBfeneCONAM:LS:2100251 The
random si | yl acryl ate copol ynmer can be obtained by polynerizing the m xture
of nononers in  the=presensee ofc avawnnyle spehyBerdzat | O ivhdsl akebs¥skng  any
of various nmethods such as solution .

fresh surface. By way of contrast with the prior art

systems, in the system of the present invention the

paint is relatively impermeable to seawater until

hydrolyesis of the outer microlayer takes place. The

hydrolyzed microlayer is then seguentially removed by

the water "Iriction".

[0021] A portion of the monomeric units are

provided with functional groups which provide a site

of weakness, that is, sites which tend to hydrolyze in

the presence of seawater! The ratio of functionalized

monomexrs to non-functionalized monomers is controlled

to provide control of the eroéion rate."

[0022] The proposition, illustratad in Figure 1,

thaet at levels below about 22 mol percent of

silylacrylate, the erosion rate of a silylacrylate

cepolymer can be increased by decreasing the level of
stlylacrylate component is wholly surprising and

unexpected.

j0023] The copolymers of the present invention will

contain from about 5 to about 22 mole percent of .

silvlacrylate compecnent and correspondingly from about

- 11 -



pol yneri zation, bulk polynerization, emulsion polynerization, and
suspensi on pol ynerization using nethods well known and widely used in the
art. In preparing a coating conmposition fromthe copolyner, it is
advant ageous to dilute the copolymer with an organic solvent to obtain a
pol ymer solution having a convenient viscosity. For this, it 1BAr390&bl e
to enploy the solution polynerization nethod or bulk polynerization

met hod. [0026] Exasmdesmefutvizeymopel yeetézatsOrodenidd alo@les 1 ncl ude azo
conmpounds such as azobi sisobutyronitrile and triphenyl nethyl azobenzene.
The azobisnitril estiarienicel 1yl 3nAprita28doneafdniagisenthasoarees of free
radicals for vinyl polynerization and can be used in bul k, solution,
emul si on and suspgeRsIOMeForFheri YatT ones h WdFEieRe PERO™S% - azobi s
(isobutyronitrileﬁ ot her menbers of the class include_ ,
2,21-azobis(2-neﬂ 9*%utaneﬁ?f??l%§? data in the present discussion has

2 5 ez S By, B BRAETR AR i B L BRLRRPEY R e e
bor oxybensoat o, - aaa o parul oY PEL e L n SRt e PELRILEE o T o

usef ul organi c sekvents: bAC] Wder s ANGHReAC maydkecar HONSyHS Ut a8 20d efe and
t ol uene,

address other properties such as filﬁ lifetime,
erosion linea¥ity, ease of ﬁrocessing, ease of
formulation, biocide ceompatibility, shelf-life and
economics.

[0025] The random silylacrylate copolyﬁef can be
oktained by polymerizingrthe mixture of monomers in
the presence of a vinyl polymerization initiator using
any ©f various methods such as solution
polymerization, bulk-polymerization, emulsion
pqumerization, and suspension polymerization using
methods‘weli known and widely used in the art. In
preparing a ccating composition from the copolymer, it
is advantageoué to dilute the copeclymer with an
organic solvent to obtain a polymer solution having a
convenient viscogity. For this, it is desirable to
employ the sclution polymerization method or bulk
polymerizatiﬁn method.

0026} Examples of vinyl polyvmerization initiztors
include azo compounds such as azobisisobutyronitrile

and triphenvlmethylazobenzene. The azobisnitriles are

- 12 -



al i phatic hydrocarbons. such as hexane and heptane, esters such as ethyl
acetate and butyl acetate, alcohols such as isopropyl alcohol and butyl
al cohol, ethers such as di oxane and diethyl ether, and ketones such as
met hyl ethyl ketone and nethyl isobutyl ketone. The solvents are used
either alone or in conbination. [00281 The nol ecul ar wei ght i3 Apié2006

silylacrylate copolyner thus obtained is desirably in the range of from
1,000 to 150, 000, epf £f Bod| Yo frc@m 20, 000t 02100 HOQ U R, skgANE Of

wei ght - aver age nol ecul ar weight. Too |ow or too high nol ecul ar wei ght
copol yners creat ecoldirfducadtiices apd fennbpagused nal waat,i rglikies, Too high
mol ecul ar weights result in long, intertwined - 13 13 April 2006 plyners
chai ns that do not™Yerifdr Misr GHEPEYS &Pkl R Medidaflitonisn viscaddi sodmut i ons
that need to be thinned with solvent so that a single coating operation
results in a thiFTdat miF T4l = Torr 1w ridirddd) ar othek ght »pot sy reefr $heequi r e
mul tiple coating operations and provide filnms that may |lack integrity and
do not perform préfér EFpcipde 8. advattgecudathat buRenensevsiely of the
solution of the %ogqt¥ge%iia 150 o, jome&ﬁat 25C. For attaining.this,.it
is preferred to °&guFiP8*fna  §of 1 COMESAt 35 "thE*psl ynbrisolution to a
- 0 H R .

value in the range gf sfEom 3.100 S0 0¥ weight, - -azobis(4-methoxy-2,4-

dimethylpentanenitrile). 1In addition, one can use

peroxides such as benzoyl peroxide, di-t-butyl

peroxide, t-butyl peroxybenzoate, and t-butyl

peroxyisopropylcarbqnate.

[0027] Examples of useful organic sclvents include

aromatic hydroca;bons such as xylene and toluene,

aliphatic hydrocarbons such as hexane and heptane,

esters such as ethyl acetate and butyl acetate,

alcchols such as isopropyl alcohol and butyl alcohol,

ethers such as dioxane and diethyl ether, and ketones

such as methyl ethyl ketone and methyi isobutyl

ketone. The solvents are used either alome or in

combination:

[0028] The molecular weight of the silylacrylate

copolymar thus obtained is desirably in the range of

from 21,000 to 150,000, preferably from 20,000 to

100,000 in terms of weight-average molecular weighrt.

Too low cr too high melecular weight copolymers create

difficulties in forming normal coating films. Too

high molecular weights result in long, intertwined

- 13 -



desirably from15 to 85% by weight. [0029] 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
into inorgani c conpounds, netal- containing organi c conpounds, and

metal -free organic conpounds. [0030] Exanples of the inorgani'® ARiHgeehds

i ncl ude copper conpounds such as cuprous oxi de, copper powder, copper

t hi ocyanat e, coppe¥ymcarshoriaties coppefcchborpadgocrmpdopepper asdl fde, zinc
sul fate, zinc oxide, nickel sulfate, and copper-nickel alloys. [0031]
Exanpl es of the rEtSHltcémt AiLSICRYSoF gant €ORToRFGuREsdi hel beet Bieifocopper
conpounds, organoni ck conpounds,  and organozi n¢g conpounds. Al so usable-

el ,
are maneb, manzel  HrEGpivRED, S8nbtthe® |TRE L BLRFEE 8PSEA9%°™ 13 April 2006
the organocopper canpeunds iLnclyde Qﬂhﬂfg %@&e_rz Tgﬁgpgga molecular
(ethy IS

nonyl phenol sul f onate, copper bis enedi am ne
(dodecyl benzenesuldignat b1 ymE@PPLL @CEL 3.« :6RPEL PERAt hienale orand copper
hi s (pentachlorophenolatei. Exanp?es of the organoni ckel conpounds

i ncl ude ni ckel acetlapecandentckes titHdretadiylldickhiocagbhtmtand Beamplkes of the
organozi nc conpounds include zinc acetate, zinc carbamate, zinc

di met hyl di t hi ocarisadare, pZPrerpyri tH dite 2dyadtzipeus that the

viscosity of the solution of the copelymer is 150P Qr
lower at 25°C. For attaining. this, it is-preferredlto
regulate the solid content of the polymer soluticn to
a value in the range of fxom 5 to S0% by weight,
desirably from 15 to 85% by weight.
[0029] The toxicant used in the coating compositioen
. of the present invention may be any of a wide range of
conventionally known toxicaﬁts. The known teoxicants
are roughly divided into inorganic compounds, metal;
containing organic compounds, and metal-free organic
cﬁmpoundsf
[0030] Examples of the inorganic compounds include
copper compounds such as cuprous oxide, copper powder,
copper thiocyanate; copper carbonate, copper chloride,
and copper sulfate, zinc sulfate, zinc oxide, nickel
sulfate, and copper-nickel alloys.
[0031] Examples of the metal-containing organic
compounds include organoccpper compounds, organcnickel.
compounds, &and organozinc compounds. Also usable are

manebk, manzeb, propinekb, and the like. Examples of



et hyl enebi s (dithiocarbamate). [0032] Exanples of the netal-free organic
conpounds include N-trihal onethylthiophtalimdes, dithiocarbam c acids,
3-(substituted am no)-1, 3- thiazolidine-2,4- diones,

N-aryl mal ei m des,

di t hi ocyano conpounds,
the N- trihal onet hylt hi opht hal i m des include N

triazi ne conpounds, and ot hers. [0033] | es of
13 Aprl 006 ,

trichl oronethylthiophthalimde and N- fluorodichl oronethylthiophthalimde.
Exanpl es of the % MGEERIFDFEE YacPEBORRES Uitee 1 Wsiss Cdiimet RyPP AT ocar banbyl )
di sul fi de, amoni um N neth%ldlthlocarbanate annnnlun1ethyl

enebls(dlthlocar&ﬁﬁﬂﬁﬂ g ey
trng@%%nqgg n% )Qaéed¥chﬁ;%Eﬁfhgl¥lﬁ?é§é@@d?

include N- (2,4, 6-
1\ 7- 3- chl or opheny

19

ma

PEREH S T 0032 S BXElFITEs ©of t he N-aryl mal ei ni des

ermde

elm

N-ani | i nophenyl ) n&l g1 ngtara@ - cdPped 3 e n20Q6 &héZ S s mal ei ni de.
100351 Exanpl es of 'the 3- (substltuted am no)-1, 3- thiazolidine-2, 4-diones

i nclude 3 benzyl ig@ereadhnordrBenbhiaziol | dixaepd 24- dE 00Re &Eganonlckel
4( et hyl benz) 71 i deneani no) 1, 3-t hi azol i di ne- 2, 4- di one,
3- (2- hydr oxybenzycmgensdri aApcly@e tiiced! iadieret?, dndthiarol i di ne- 2, 4- di one,

3-(4-

dimethyldithiocarbamate. Examples of the organczinc

compounds include zinc acetate, zinc .carbamate, zinc

dimethyidithiocarbamate, zinc pyrithione, and zime

ethylenebis {(dithioccarbamate).

[0032]

Examples of the metal-free organic compounds

inciude N-trihal6methy1thiophtalimides, dithiocarbamic

acids,

N-arylmaleimides, 3-(substituted amino)-1,3-

thiazolidine-2,4-dicnes, dithiocyano compounds,

triazine compounds, and others.

[0033]

Examples of the N-

trihalomethylthicphthalimides include N-

trichloromethylthiophthalimide and N-

Zluorodichlcromethylthiophthalimide. Examples of the

dithiccarbamic acids include

bis(dimethylthioccarbamoyl) disulfide, ammonium N-

methyldithiocarbamate, ammonium

ethyvlenebis{dithiocarbamate) and milneb.

[0034]

Examples of the N-zrylmaleimides include N-

(2,4,6~trichlororhenyl)maleimide, N-4-tolylmaleimide,

N-3-chlorcphenylmaleimide, N-{(4-n-

butylphenyl)maleimide, N-anilinophenyl)maleimide, and

- 15 -



di chl orobenzyl i deneam no) - 1, 3-t hi azol i di ne- 2, 4-di one and

3-(2, 4-di chl or obenzyl i deneam no-1, 3-thi azol i di ne- 2, 4-dione. [0036)

Exanpl es of the dithiocyano conmpounds i nclude dithiocyanonet hane,

di t hi ocyanoet hane, and 2, 5-dithi ocyanot hi ophene. Exanples of the triazine
conpounds incl ude 2-nethylthio-4-t-butyl am no-6-cycl o- 13 April 2006
propyl am no-s-triazine. [00371 O her exanples of the netal-free organic
conmpounds i ncl udes 2{%4, 56 let-rag¢klioidesopht hal onitrile, N N

di et hyl di chl or ophenyl urea, 4, 5-dichl oro-2-n-octyl-4- isothiazoline-3-one,
N, N- di et hyl - N - ploess}| - (N- sidanpnedi ehl oneonet hyddtiahsulf antde) -1, 3-
tetranet hyl t hiuram disul fide, 3-iodo-2-propylbutyl carbamate, 2-

(met hoxycar bonyl| aiifgBenzicgi-dazobesns ik lpade 3 benzylideneamino-2,3
tetrachl oro- 4- (rret hyl sul f.onyl %pyrl di ne, diiodonethyl- p-tolyl sulfone,

bi s(di met hyl car bafoyi2P2ific "&t Ry F eR&°=%i s{di t hi ocar bamat e) ,

h | (b di b I hi b d | e, d
e (ol Sy O AR B G aagal L hbene) mhgagel e, ar

toxi cants, which ey Reasekected ) famdhe faregehng Loxkeant s, 4 can be
enpl oyed in the antifoulant coating conposition. The toxicant is used in an

anmount from 0.1 tcaiSa%ibyinel ght - dref ersablay

dichlorobenzylideneamino)—1,3-thiazolidine—2,4—dione
and 3-(2,4-dichlorobenzylideneamino-1,3-thiazolidine-
2,4«dione.
{0036] Examples of the dithiocyano compounds
include dithiccyanomethane, dithiocyanoethane, and
2,5-dithiocyanothicophene. Examples of the triazine
compounds include 2-methylthioc-4-t-butylamino-6é-cyclo-
propylamino-s-triazine.
[0037] Other examples of the metal-free érganic

. compounds include 2,4,5,6-
tetrachlorcoisophthalonitrile, N,N-
dimethyldichlorophenylurea, 4,s-dichloro-z;n-o;tyl-4-
isothiazoline-3-cone, N,N-dimethyl-N'-phenyl- (N~
fluorodichloromethylthio)sulfamide, tetiamethylthiuram
disulfide, 3-icdo-2-propylbutyl carbamate, 2-
(methoxycarbenyvlamino)benzimidazole, 2,3,5,6-
tetrachlerc-4- (methylsulfonyl)pyridine, diiodomethyl-
p-tolyl sulfone, bis{dimethylcarbamoyl)zinc ethylene
bis(dithiocarbamate), phenyl (bispyridine)bismuth

dichlecride, 2-(4-thiazolyl)benzimidazole, and pyridimne

- 186 -



from1l to 60% by weight of the coating conposition. Too |ow toxicant

| evel s do not produce an antifouling effect, while too | arge a toxicant

| evel results in the formation of a coating filmwhich is apt to develop
defects such as cracking and peeling, thereby beconmng |ess effective.

[ 0039] Additive ingredients may optionally be incorporated i ntARH@006
coating conposition of the present invention. Exanples of such additive

ingredients are celiehantspsugheas pignents (e.g., red iron oxide, zinc
oxi de, titaniumdioxide, talc), and dyes, dehumdifiers, and additives.

ordinarily enpl oysds] i n COodké Ngr GRIEROSIcHii@RS @S ani bsaggy N agertsed

antifl ooding agents, antisettling agents, and antifoam ng agents. [0040]-
For appl yi ng -ant iftoul aht foatgonrs conposintEonsapade dmmmitdte igi thkacryl ate
copol yners of the present invention onto the surface of a structure to be
subrmer ged i n seadatef oubZRt MR B hw@&PEF 241 °Ret hoke | TPXHfisCH £Re &dati ng
conposition is aggl ied on th surof ace in suitabl.e manna%r agg t he sol vent
is removed by evapdfatTon at® o't n&ry°t8H%eP§th?%9%%' W *I7° Y13 April
2006 heating. Byclhis, MElNogk 1 s cGabkngsli Loy Call Rongtasthyxlor med on

the surface of the structure. 041] The antifoul ant™ coating conposition of
the Toco low toxicant levels do not produce an antifouling
effect, while too large a toxicant level results in
the formation of a coating film wﬁibh is apt to
develop defects such as cracking and peeling., thereby
becoming less effective.

[0039] 2dditive ingredients may optionally be

incorporated into the coating composition of the

present invention. Examples of such additive
ingredients are colorants such as pigments (e.g., red
iron oxide, zinc oxide, titanium dioxide, talc), and

dyes, dehumidifiers, and additives.ord?na;ily employed
in ccating compositions as antisagging'agents,
antiflooding agents, antisettling agents, and
antifoaming agents.

[0040] For applwving antifoulant coating
compositions made from the silylacrylate copolymers of
“he present invention cnto the surface of a.étructﬁre
to be submerged in Seawater; use may be made of a
method in which the coating composition is applied on
the surface in a suitable wanner and the solvent is

removed by evaporation at ordinary temperature or with

- 17 -



present invention can be applied to objects required to be protected

agai nst the fouling or danage caused by marine organi sns, such as ship
bottons, fishing nets, and underwater structures including cooling water
pi pes, and is also usable for the prevention of sludge diffusion in marine
construction works. In such applications, the antifoul ant coatSiAwjil 2006
conposition undergoes neither cracking nor peeling, shows noderate

hydrol yzabi l ity toe«gdissol veeyt nthd =t hetsBeawat edry canstiant Fy1at cadeguat e rate,
and is hence capable of affording |long-lasting excellent protection

agai nst the foul sy lor Ibarvege ceatiseds byt aeg i ofe tdreganiryatuaet achnment .
GENERAL POLYMERI ZATI ON PROCEDURE [ 0042] A m xture of xylene and 2,2'-

azobi s(i sobut yr onl0841]l e) , &ngokypreftrbdtOredati Hoattomponer o npectred i nto a
m croreactor equipped with a condenser, an inert gas/vacuumline :
connector, two \arSSEBI e 1EPEER8Yr PR PLUITIS, I sSepruRPi AFRE  T¢BiPeat ur e

centrol at t20C and.nechanical .agitation.. The.xylene-initiator mXxture was
heated to 86C ov%ﬁ 35 PhCRG ggaa%%a}ﬁﬁ%ﬁgﬂet%%%}l¥8nﬁérgfﬂ?%5f%ﬁu m nut es,

whereupon the syrings.pUEPS YL e tUr Nad:on - 16, 13- Apfi] 2096, and the
nononers were added over a period of 1 -hour. :
netg, and underwater structures including cooling

water pipes, and is also usable for the prevention of
sludge diffusion in marine construction works. In
such applicationsf the antifoulant coating composition
undergoes neither cracking nor peeling, shows moderate
‘hydrolyzability to dissclve into the seawater
constantly at adeguate rate, and ié hence capable of
affording long-lasting excellené protecticn against
the fouling or damage caused by marine organism

-attachment.

GENERAL POLYMERIZATION PROCEﬁURE
[0042] A mixture of xylene and 2,2'-
azobis(isobutyronitrile), a polymerization initiator,
were injected into-a microreactor ecquipped with a
condenser, an inert gas/vacuum line connector, two
variable speed syringe pumps, septum inlet,
temperature centrol at +2°C and mechanical agitaticn.
The xylene-initiatcr mixture was heated to 86°C over
35 minutes and held zat that tempsrature for 10

minutes, whereupon the syringe pumps were turned on

- 18 -



The reaction mxture was held at 86C for an additional 3 hours, whereupon
the tenperature was raised to 110C and held at this level for 15 m nutes,
wher eupon the heating was di scontinued and the reactor was allowed to cool
to roomtenperature. The nmononers in this experinment were .
triisopropylsilylacrylate (TIPSA) and methyl nethacryl ate (Mv)3 ARH006
conpositions and anal ytical data are sumarized in Table 1 below TABLE 1
Mol e %bl e %vbnomeRFwE AR NFE 1 hivisivat 68deT| PSAMMA(IM 198 oFollubipen. Rati o
5.594.521650. 0670002. 3 10. 989. 121750. 5690002, 2 16. 283. 821850. 7. 680002. 1
21.578. 521950. 9640002° 1% 26 BYFI2H551 ¥ 1750092, T 3 G66 622851, 2770002. 3

T 202 2 g0 1,2 S8 12261, SO0, VBR800, 570002 2
raised to 110°C and held at this level for 15 minutes,
whereupon the heating was discontinued and the reéctor
wag allowed to cool to room temperature.r The monomers

in this experiment were triisopropylsilylacrylate

(TIPSE) and methylmethacrylate (MMA) . The

compositions and analytical data are summarized in

Takle 1 below.

TARLE 1

Meole % Mole % Monomer/ wt% Mw . Mw/Mn
TIPSA MMA Initiator solution

(Mol %)

Ratio
55 945 216 50.0 67000 2.3
10.9 86.1 217 50.5 - 69000 2.2
16.2 83.8 218 50.7 . 68000 2.1
21.5 78.5 219 50.9 - 64000 2.1
26.8 73.2 220 51,1 75000 23
32.0 68.0 221 51.2 77000 2.3
37.2 628 222 51.3 62000 2.4
423 57.7 223 51.4 63000 23
47.3 527 225 51.6 57000 22
474 52.6 225 36.4 48000 2.3

ROTOR TEST

[0043] The performance of the copolymers in
relatively moving sea-water was tested in the

apparatus illustrated schematically in PIGS. 2 andéd 3

- 19 -




[ 0043] The performance ofthe copolyners in relatively noving sea-water was
tested in the apparatus illustrated schematically in FIGS. 2 and 3 - 19
13 April 2006 of the drawings. Referring to these Figures, a

pol y( et hyl net hacryl ate) disc 1 having a dianeter of 8 inches was coated
with radial stripes 2 with the copolymer under test applied fiofw8g006
applicator adapted to deposit a filmof 20 pcmthickness. The disc 1 was
set aside to dry &AdtPRed¥}¥ Ekihess Roff epdéngstpi pess® Wasiymasw ed by
contact profilonetry usin Tencor Al pha Step 500 Profiler; all should
theoretical ly havBO%%Z e%é%ﬂqfiﬂﬁ%qﬂléﬁ?)léeﬁﬁllT%%V%H%u?:F%ﬂﬂ?tﬁ6Uﬁﬁeé on a
shaft 3 driven b lectric notor.. 4 and.i rsed in flowng sea- water 5
contained in a vegggﬁe% %éﬂ%ﬁf%ﬁ#i%%ﬁgtr7géﬁ SEﬁﬁQﬁﬁ;%lw QEF the a

peripheral speed efpdhgdi stk Wassc1{ knots and, the ;seguwater tenmperature
was mai ntai ned at %O 3C. 10055] Euri%g this test, f%% g?%?ﬁés wer e pl aned

.away fromthe disgpce datRREikegoval nwas @ 1d fQesgachogiripe: the
plot of this rate against the nple percent TIPSA in the copol ynmer shows

that the rate ofaadosi @sOfsethescepolyn®sy N6 aasednt Pxde - FBXENYIL at about
11 nol e percent TIPSA and thereafter decreased dramatically.
stripes 2 was measured by contact profilometry using

Tencor Alpha Step SQO Profiler; all should
theoretically have been 6-1/4 um thick.

[0044] 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 overflow 8. The peripheral speed of the disc 1 was

17 knots and the seawater temperature was maintained

at 20 + 3°C.

10045) During this test, the stripes were planed
‘away from the disc. The rate of remeval was measured
for each stripe: the plot of this rate against the

mocle percent TIPSA in the copolymer shows that the
rate of erosion of the copolymer incresased to a
maximum at about 11 mole percent TIPSA zand thereafter

decreased dramatically.




13 April 2006 CLAIMS 1. A seawater-erodi ble copolynmer conprising repeating

units of formula where Ais present in an anount of from5 to about 22

nol e percent of the copolyner and has the forrula HX | =CC | HCO 0

R S R3 R2 where Rl, R2 and R3, each independently is linear or branched
alkyl of 2 to S carbon atons X is Hor CH3; and B represents tteApéglde of

et hyl enically unsaturated nononers copol ynerizable wth A
of from2 to

- 21 13

one or nore
sai d copol yner characterized by an erosi 8B2EHEe in seawater

10 /. Lmmonth. 2. A self-polishing antifoul ant coating conposition
April 2006 conprising a silylacrylate copolyner and a toxicant,

1. A secawater-erodible copolymer comprising

repeating units of formulsa

where A is present in an amcunt of from 5 to about 22

mole percent of the ceopolymer and has the formula

H X

j |

C C

I I

H
C=0
!
0]

Rl si_— R

where R!, R? and R?® each indepenﬁently is linear or
branched alkyl of 2 to B carbon atoms

¥ is H or CH,; and

B represents the residue of ome or more
ethylenically unsaturated mcnomers copolymerizable
with &,
said copolymer characterized by an erosion rate in
seawater of from 2 to 10 um/month.

2. A self-polishing antifoulant coating composition



t he copol yner characterized by an erosion rate in seawater of from about 2
to about 10 ,unmfnonth and recurring units of formula X CC=0O 0O R S R3
R, where Xis Hor CH3, R' R2 and R3, each independently is linear or
branched al kyl of 2 to e carbon atons, and further characterized by the
presence of the silylacrylate conponent in an anount of from™® ARilZE8@it 22
nol e percent of the copolyner; and B is the residue of one or nore

et hyl eni cal ly unsaturatied rorciwlsctrhattarecpopoiepnmemidzablkexweht t he
silylacrylate nonomer. 3. In a seawater-erodi ble copol ynmer conprising the
residue of a sil ytRraAPRIE™MFENGHEF 2 ARtk 1 3R rasiadfués o6t cRoReterifor e

ethyl enically unsaturated copol yneri zable nononers, the inprovenent which
conpri ses nai nt aifidtFrer 37 TESMARPPIL 2000 taReUteél «Bf mphekstd| acryl at e
conponent of the copolyner in the range of from about 11 to about 22 nole
percent, whereby 14 *érdsi i-Fat 8t of oXhela

X
!

o m

R, St —— R

where X is H or CH,,

RY R? and R? each independently is linear or
branched alkyl of 2 to 8 carbon atoms, and further
characterized by the presence of the silylacrylate
compongnt in an amount of from 5 to about 22 mole
percent c¢f the copolymer; and

B ig the regidue of one or more ethylenically
unsaturated mconomers that are copolymerizable with the
gsilylacrylate monomer.

3. In a seawater-erodible copolymer comprising the

residue of a silylacrylate monomer and the residues of
one or more ethylenically unsaturated copolymerizable
menomers, the improvement which comprises maintaining

- 22 -



copol ymer can be increased by reducing the nole percentage of the
silylacryl ate conponent downward from 22 nole percent. 4. A seawater-
erodi bl e copol ymer conprising from5 to about 11 nole percent of the
residue of a tri(aliphatic)silyl(meth)a crylate nononer and the bal ance
of the copol yner conprising the residuesof one or nore ethyl etid 8piill2p06

unsat urated nononers copolynerizable wth said silyl(neth)acrylate, said
copol ymer havi ngcpe e£0si op:zrat£ 4:n,Seawater 0t ohbeALnaboutyp t o about 15
um month. 5. A self-polishing antifoul ant coating conposition conprising
the silylacryl ateccehpodyner oOfe claaicm biafdosa Epxicant .tH.aohugelziz- pol i shing
antifoul ant coating conposition conprising the silylacrylate copolyner of
claim 3 and a toxtams-cEatA seef=pyl tohi agcaned f vatamns odat i ng conposition

conprising-the silylacrylate copolyner of claim4 and a-toxicant.
ccpolymexr can be increased by reducing the mole

the silylacrylate component downward

5

percentages ©
from 22 mcle percent.

4. A sezwatér-erodible copelymer comprising from S
to about 11 mole percent cZ the residue of a
tri({aliphatic)silyl (meth)acrylate moanomer and the
balance cf the copeclymer ccmprising the residues of
one or more ethylenicaliy unsaturéted monomers

copclymerizable with said silyl(meth)acrylate, said

copolvmer having -zn eresion razte in seawater of from

akbout 5 to about 15 ym/menth.

5. A self-polishing antifoulant coating composition cornpriéing the silylacrylate
copolymer of claim 1 and a toxicant. ’

5. A self-polishing antifoulant coatin . ition isi '
§ composition comprising the silylacry
copolymer of claim 3 and a toxicant. P P ghes ya late

7. A self-polishing antifoulant coati e | '
ting compositi f o3 .
copolymer of claim4 and a toxicangt. postion comprising the silylacrylate



