;e3edat 4@H6TIR6 COATI NG COVPCSI TI ON FI ELD OF THE | NVENTI ON 0001) Thi s
invention relates to marine antifouling paints which erode at an effective
rate. Mre particularly, the invention relates to a copol yner binder,

useful in marine antifouling paints, which contains an aliphatic

silylacrylate, notably a trialkylsilylacrylate residue at | O\A/erumnﬂmmm’wmmm
previously believed necessary. The copolyner is characterized b

rate in seawater of about 2 to about 15 um nonth. BACKGROUND OF THE1s9159%
INVENTION ) U. S. Patent 4,593,055 discloses that silylacrylate copolyners

of formula - 1 HCHwere Xis Haor —OORRIs
fromthe group consisting of -Sl@oﬁ% %g%lpo\%% E rR 3_ n~ 3 memlﬁﬂmmm\“““““
and R' are independently straight-branched chain alkyl Cl-C o or

n = 0-3 are useful to fornulate marine aptifoul ant coatl ngs. The organo
sinI acrylate conmponent is present in the Exanples in an amount of from 20
to 40 nol percent. ~0003~ U.S. Patent 5,795, 374 discloses marine

antifoulant paints containing trialkylsilylacrylate units. These units are

present in amounts rangi ng from g8 30 el ghteper&ent of the copol yner.
~0004~ U.S. Patent 5,436,284 di SCIoSes at copol'ymers contai ni ng

silylacrylate Unléo% Fre usef il 4Q 5es Yl at e. 0@ e antihEowhanteoald ng
conposi tions. rial kylsilylacrylate copolyners contain from30 to 60
percent by wei ghbaohtsi Wyl acredcatee atoapoaenéct ~¥FateEP #0327 925 Al

di scl oses marine antifoulant paints containing trialkylsilylacrylate
groups. The - 2 parfifxbaple idHeusprapkhgntheljrepdcati oarely ™ol ymer PA4 is

a polynmer contai n| .ng S 57% by wei ght of tributylsiiylmethacryl ate.
er, uséful in marine antifouling paints,’which

contains an aliphatic silylacrylate, notably a
trialkylsilylacrylate residue at lower levels than
previously believed necessary. The copolymer is
characterized by an erosion rate in seawater of about
2 to about 15 um/month.

BACKGROUND OF THE INVENTION

[0002] U.S., Patent 4,593,055 discloses that

silylacrylate copolymers of formula



(0006] EP 1 127 902 Al discloses that conpositions containing

treal kyl silylacrylate esters are useful to fabricate nmarine antifoul ant
paints. The polyners illustrated in the Exanples contain from25 to 50 nol
percent of trial kylsilylacrylate conponent. BRI EF DESCRI PTI ON OF THE

DRAW NGS (0007 Figure 1. illustrates the relationship between nol e percent
silylacrylate residue in a silylacrylate copolyner and the erosion rate in
seawat er of the copolyner. (0008} Figuges 2. —and 3. illustrate the
apparatus used for the rotor tegi used|to de;Frnin the erosion rate.
SUMVARY OF TFi E LNVENTI ON (0009j. The;péesent nvenfi nﬁrelates to the

di scovery that aliphatic siI/Iac yl at ey cont ai hi ng opoWyners, where the
silylacrylate conponent is pfe ¢Lt at gugpris{nglytlowll evels, are useful
to produce marine antifouling paints that have self polishing properties.
(0010J In one aspect, the inyvention repates tp seawater-erodi bl e copol yners
conprising the residue of an|aliphatic|silylagrylacrylate nononer and the
resi due of one or nore ethylenically utwsaturated - 3 nononer s

copol yneri zable with said silylacrylate nonoaer characterized by an erosion
rate in seawater cf 2 to 15 E.cminonth, wherein the silylacryl oyl conponent
represents from5 to about 22 nol percent of the copolyner. (0011) In

anot her enbodi nent, the present invention relates to a self-polishing

anti f oul ant narlggeggailpg i, Chyconprises a silylacrylate copolyner and a
toxi cant) the silylacrylate copol yner containing fromabout 5 to about 22
nol percent of silyl aeryd aydleaarponedn el LhAairacihasizetdndyoan erosion rate
in seawater of fromabout 2 to about 15~,cninonth. [0012) In anot her

enbodi nent, the Feverigrorelst@R ko, hhe inprovenent in a silylacrylate
copol ymer wherein the nole percentage of the silylacrylate conponent is in
the range of froghabout Hlad@ @b 2248PLLIHEI GENMLrMMBRCHYakbigeEr 0Si ON
rate can be increased by decreasing the nole percentage of the

silylacryl ate cospenendidawniacg éf asRedd 1makha peccens . afdQis3sulineone
aspect, the invention relates to a seawater-erodi bl e copol ynmer conpri sing
random y recurri Agrunlate gfarfigiemahaijoulant cogfdngsA r Epe eRRIRP fron15 to
about 22 nol percent of the copolynmer and has the forprula HX I I CC1 | H

COl Ol R Si R3Y&&F hfdr%e RIPRE antt Fﬁsreséé‘&h IPnaBpefrteiiS?, lr”s | i near
or branched Ci1-C d C yl RZ and R~ conbine to
Af Shadle %flfkyfn 28 £YC PN nedeelt,

formpart of a cycl oa represents the

resi due of one OLOE%ee et hylenically %nﬁﬁ;%g%t%g ARNoNEr S, conol yneri zabl e
. . qy

with A said cop r charactérized y an erosion rate 1n seawater of from
2 to ‘about |5f, cohDadnad0Qt4hebnc-anol HomAspect kyl Be1yTwentiqr relates to
a self-polishing antifoulant marine coating conposition conprising a
silylacryl ate copolysier TEredea undxscant ,pidsergi [inl acpyhas eraapalgy ner

characterized by an erosion rate in seawater of from about 2 to about - 5
from 30 to 80 weight percent of the copolymer.

[0004] U.S. Patent 5,436,284 discloses that

copolymers containing silylacrylate units are useful
to formulate marine antifoulant coating compositions.
The trialkylsilylacrylate copolymers contain from 30

to 60 percent by weight of silylacrylate component.

[0005] EP 1 127 925 Al discloses marine antifoulant

paints containing trialkylsilylacrylate groups. The



15 ~, cminonth and conprising randomy recurring urits of forrmula ~-~'fi
where Ais present in an anmount of from5 to about 22 nol percent and has
the formula HXI CI C HC=O ORI Si R3 Rz where Xis Hor CH3; Rl, R2 and
R3, each independently, is linear or branched Cl1 to Cz alkyl , or C3to

C 2 cycloaklyl or R, RZ and R conbine to formpart of a C3-Cl2
cycloalkyl; and B is the residue of one or nore et hyI eni cal |y unsaturated
monomer s copol Y MRL .2 g'eel!‘&&%] 013k IE‘SF ff rfS $h EQ? pLgsent

i nvention are prepar by po yrrerl Zing a si )acryl Af'e mononer with
one or nore ethyleRicgghky gaﬁagwla;ged,ﬂoagnewgymlcqh are copol yneri zabl e
therewith. As used herein the term'~silylacrylate"” is intended to
enconpass bot h sitlrgbacyykal el werchasirvylenet hacryl ate. This proposition is
reflected by use of the termsilyl(nmeth)acrylate. - 6 r The sane is the
case when "silyl ge006y| " i sErsed.27 002631 Thessldad o metalt) aompbat eismnoner

will have the formula X OR HZC=C-CO S -R' R3 where Xis Hor CH3 and
Rl, RZ and R3 ea@ﬁntﬁééi@)éﬁdwaﬂyﬂi@illi}’héaFYb?t%)r%fr’F@H’éda&iFkyFe@ﬂ 1tao 12
carbon atons or cycl oal k to 12 car bon atons or RZ and R3 conbi ne

to formpart of &° B%FBB%/k “d’fe 3951231 RAF KR Ht%o ThExBﬁf)Y‘é?%f al kyl
groups ! nclude MghYkeeLOY sy MORYLnpl SOPLOM 1 rfrtam ¥k, 58%)%
sec-butyl, nanyl, 1soany 1'hex ﬁept y n-octyl 2etF| exyl,

n-nonyl) n-decyl ,pemcaﬂdesyltﬁruiwyldedgg:yl:ryfa(wwca@oafeneycI oal kyl groups

i ncl ude cycl opropyl, cyclobutyl, Q/CI QOentyI cycl ohexyl cycl ooctyl and
cycl odecyl . Exanpl es of useHR] PE§ ] 5 ITHES ib¥e$ers i ncl ude those
where R1, RZ and R3 ar a the sane: tr| mathyIS|Iyl (rreth) acryl ate,
triethylsilyl (mfQ08Yhcryl afeguxter 1- nap)lgpytstéwltr(emﬁﬁacvyﬁaim
trin-butylsilyl grreth)acrylate tri-n ﬁent ylsilyl (meth)acryl ate,
tri-n-hexylsilyl Gﬁﬁﬁﬁlj‘ AP A &‘teécef‘ltl ﬁl éb"[‘?/’f%]ﬁtﬁ refdfiRfat? V2 at e,
tri-n-octylsilyl ac Iate thexIS|I I t h)acryl at e,

r1 e nonyl o1 171 CHBEhS ST IA e & oo pE ST R ohe A Ber Y1 at o,
tri-n-undecyl sil gggggg@,)a&fygh%t %opgﬁymgrdodecyl silyl (meth)acrylate, and

[0008] Figures 2. and 3., illustrate the apparatus
used for the rotor test used to determine the erosion

rate.

SUMMARY OF THE INVENTION

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

[0010] In one aspect, the invention relates to
seawater-erodible copolymers comprising the residue of
an aliphatic silylacrylacrylate monomer and the

residue of one or more ethylenically unsaturated

- 3 -



aliphatic silyl (nmeth)acrylates wherein Rl, RZ and R3 are partly or
entirely different fromone another, such as dinethyl-n-propylsilyl (neth)
acrylate, isopropyldinethylsilyl (neth)acrylate, di-n-butylisobutylsilyl
(meth)acrylate, n-hexyldinethylsilyl (neth)acrylate) sec-butyldi nethylsilyl
(meth)acryl ate, nononethyl-di-n-propylsilyl (nmeth)acrylate

net hyl et hyl -n-propyl silyl (neth)acrylate. Exanples of

cycl oal i phaticsilyl (meth)acryl]ate nononers, jncl ude .

7T Cycl bpr opyl STETFTRE b SET DT 2808 BEEb 1T v HACRT 2R P at e,
cyclopentyl silyl GaethlacLyl af & . GxGloBexylsilyl {gpth)actyl atewaaod
cyclooctylsilyl (nmeth)acrylate. Further exanples include: triisopropylsilyl
(meth)acrylate, i bsphuiyl s lydncbmelilactiyl éle and itidry3661butyl silyl
(meth)acrylate, and di-sec-butylnmethylsilyl (neth)acrylate,

di - secbutyl et hyl sbhpbnéfEt AR drater rafds | SOIPW —Sebut YLrethyl skl yl
(nmeth)acrylate. (0017] B represents the residue of one or nore

et hyl eni cal | y unsaturapetymaxnoners copol yneri zable with the silylacrylate
nononer. The properties of the - g _  copolynmer can be nodified by adding
hydrophi lic or hyanophili cid uncitiherakinbydbyemay tofe tphesegpnonevewtisnoner s
conprising B. Useful nononers include acrylic acid and the acrylic esters
such as net hyl ackyhtates e hylscifyrat éshinguaytdautagate marbae yrert i at e,
sec-butyl acryl ate,  2et hyl hexyl acryl ate) n-octyl acryl at e,

Shydr oxyer hyl acr JhAEE. COTRR AN T FO0y L AETYA R SRS 28T at e,

2- et hoxyet hyl actylatey . 2EL0XUALIKLA0I ML &l o ANA LGt AGEULLE ACHRNd the
met hacrylic esters such as nethylnethacryl at e, nbutylethacry?ate,

t-butyl met hacryl abeut sechaitadJrt hackyl ap&x c&retdrylsheyykoey bagr yl at e,

cycl ohexyl net hacryl ate, 2-hydroxyet hyl net hacryl at e,

2hydr oxypr opyl nethapeytat eandylopeirdgk pet had ryy stne erosion rate in

2met hoxyet hyl met hacryl ate, and 2et hoxyet hyl met hacryl ate. [0018] O her
exanpl es of pol yresvzadt eohrfivemeeboirhc? utke adant lésmémsnglieh as vi nyl
acetate, vinyl propionate, vinyl butyrate) vinyl benzoate, malefic esters
such as di net hyl [atateat e, T eidhyhemrabeld@ maith- phepyhveat tat eseldkitdesopr opyl
mal eat e) di-2met hoxyethyl naleate, fumaric esters such as dinmethyl
fumarate, di et hyFof tir iRy ovEmeRtpiBpy | s sty tai £SBpEYPSA f unar at e,
styrene, vinyltoluene, alphanethylstyrene a cryl,onitrile. [0019] The
silylacryl ate cofipdhett ?é%nﬁ£;§n¥§rfg%ﬁéqeSﬁgjéaf %6 ngﬁfygéf%nﬂ percent of
t he copol yner. Thj - i o) hayi i rate in
seawat er of frompéﬁ%% agoultl%r %\SA %s%mgﬁlg%%)h%y%fme%’lgpg) §l?hgé g%%acﬁl ate
conponent i s pregené pérhEBNuatedy frOMAGWn Tate akaubte 17.5 nol percent
whi ch provides a copol yner having an erosion rate from about 4 to about 15
E,cm nonth. The $ity¢aerditat degndaBing | thdpancsel eerednamge awlf usted to
provi de a copol yner having an erosion rate of from about 2 to about 15
~rmi mont h, pr ef ef AbY AT EhGEPPIEDRE aHVRYAES XM ABnTR: QrRf it mal |y
fromabout 4.5 to about 6 ~minonth. [00Z0] From Figure 1 it is seen that a

silylacrylate | el883lof abddt °PE. 28PRDT pettert Sproffdestanerdsi®n rate of
about 10 ~.tnd mgégxﬂra%r-temo%ilb‘igekb%&%eexr Oc%m?vi}llé@}x? ?Q’Ed J educed by
y

i ncreasi ng or decreasing the nole percent of the si acryl date conmponent in
the copol yner. ThisuPFoRPIdiic@nokSsypRxected and totally surprising. In
general, the erosion rate is considered to be a function of the anount of
hydr ol ysabl e nononer in the polyner. Indeed, U S. Patent 4,593,055, which
di scl oses and clains seawater erodible silylacrylate copolyners, teaches at
Colum 5, lines 43 et seq. that "thé superijor coptrol of the erosion rate
relies on chemcally tailoring the o%YWﬁF%§oBfﬁﬁf it is selectively
weakened at certain points pendant to tﬂe 4 10 : polymer chain at the

pai nt/water interface. These weak links are slowy attacked by seawater
allowi ng the polyner to gradually becone seawater soluble or seawater

swel ~abl e. This weakens the hydrol yzed surface polyner filmto such an
extent that noving sea water is able to wash off this |ayer and thus expose
a fresh surface. By way of contrast with tthe prior art systens, in the
system of the present invention the paint is relatively inperneable to
seawat er until hydrolysis of the outer mcrolayer takes place. The

hydrol yzed m crol ayer is then sequentially renoved by the water "friction".
[0021] A portion of the nonomeric units are provided with functional groups
whi ch provide a site of weakness, that is, sites which tend to hydrolyze in
the presence of seawater. The ratio of functionalized



nmononmers to non-functionalized nononers is controlled to provide control of
the erosion rate.' [0022] The proposition, illustrated in Figure 1, that at
| evel s bel ow about 22 nol percent of silylacrylate, the erosion rate of a
silylacrylate copol ymer can be increased by decreasing the |evel of
silylacrylate conponent is wholly surprising and unexpected. [0023] The
copol yners of the present invention will contain fromabout 5 to about 22
nol e percent of silylacrylate conponent and correspondingly from about - 11
95 to about 78 nole percent of one or nore ethylenically unsaturated
mononer s that ar @neopoh yr®sigahlce wikbth § heo sddatmery mat epaboieros [ 0024
Wiile the data in the present discussion has focused on erosion rate, the
use of | ow | evel shef cspdiranr \ngt arppbeefsraylaconj unction with one or nore
et hyl eni cal ly unsaturated nononers can be optim zed to address ot her
properties such as filmlifetine, erosion linearity, ease of processing,
ease of fornulation, biocide conpatibility) shelf-life and econom cs. (0025
The random silylacryl ate ddpol ymer &an be obtai ned by pol yneri zing the

m xture of nononers in the presencel of a vinyl polynerization initiator
usi ng any of various methdds—sucth—a€ sotution pol ynerization, bulk

pol ynmeri zati on, enul sion polynerization, and suspensi on pol yneri zation
usi ng nmet hods well known d&fd widely used in the art. In preparing a coating
conposition fromthe copolyner, it CsOadvantageous to dilute the copol yner
wi th an organic solvent to obtain a polyner solution having a conveni ent
viscosity. For this, it is desirable to enploy the solution polynerization
met hod or bul k pol ynmeri zati on nmet hod. [0026J Exanpl es of vinyl

pol ynmeri zation initiators gnclude agp_conpourgds such as

azobi si sobutyronitrile and tripheny| met hyl azobenzene. The azobisnitriles
are - 12 efficient sources cf frge radicals for vinyl polynerization and
can be used in bulk, solution, enul sion and suspensi on polynerizations. In
addition to 2,2 -azobis (isobutyronitrile)) other nmenbers of the class

i ncl ude 2, 2~-azobi s(2-nmet hyl butanenitrile),

2, 2~-azobi s(2, 4-di net hyl pentanenitrile), 1,1~azobis(cyanocycl ohexane) and
2, 2' - azobi s( 4- meVhoxs -, 48; reth s peftar itefePEPReRt 1Y n i dilfi®8K, °Bne can use
per oxi des such as benzoyl  peroxjd di-t-butyl peraxide, tzbutyl

per oxybenzoat e, Bﬁﬂn?-%%fﬁfgpe? §€236’r5by @a%%%%ﬁﬁe?g(Gézsy Eiéﬁﬁ?es of
useful organic SQJ%%gégngngguggn@&ggﬁtgg hydrqcar, $as¥ch; as xyl ene and
tol uene, aliphatit hydrocarbons-such as hexahe ‘and heptane, esters such as
ethyl acetate and butyl acetiat @, oal ewhol s such as isopropyl alcohol and
butyl al cohol) ethers such as dioxane and diethyl ether, and ketones such
as net hyl ethyl kedohe ek sesttlykhesobiddue ledt ope. oTheossl vents are used
either alone or in combination. (0028) The nol ecul ar wei ght of the
silylacryl ate coptPyhetidndy JBEaFRE§S WETEAS| §OPAT YR 158 g€ of from
1,000 to 150,000W.ggg%erably from 20,000 to 100,000 in terns of

wei ght - aver age nof ecul ‘ar wei ght. Too | ow or too high nol ecul ar wei ght

copol yners creat g; g fdd fdtl fne@S chBr £ OF B NP NYYTRL c0aLidY fddedMan ToO hi gh
nol ecul ar weights result in long, intertwined - 13 pl ymers chai ns t hat
do not perform pgopedder aHd thak pessl dbdut iss@usnshl utions that need to be
thinned with solvent so that a single coating operation results in a thin
coating film TO@ohﬂW Mol 6GUILAL  Wel O p A Y HBIES 1 h6EHE £ & Nk taitRlse tg0at i ng
operations and provide filns that may |lack integrity and do not perform
properly. It is advertagaqusihbabntheowlsooatryinef cbheisol uti on of the
copolynmer is 150P or lower at 25C. For attaining this, it is preferred to
regul ate the sol femponiteimn slomphiés ped yert WHAFEYSAL L oC P MeE BRIt Ae range
of from5 to 90% by wei ght, desirably from 15 to 85% by wei ght. (0029) The
toxi cant used i ntPheCToat iTG ESnpoRFIY UH DreFR yBFés%ﬂ%¥??ﬁf 26n°¥ay be
any of a w de rapge, of. canyentl opaLly, K grbaanhsy: The.kneuq.!t oxi cants
are roughly divided into I norgani ¢ conpounds, mnetal contalning organic
conpounds, and netal -free organi c conpounds. (0030) Exanples of the

i nor gani ¢ conpounds include copper conpourd$s such as cuprous oxide, copper
powder, copper thiocyanate, copper carbonate, copper chloride, and copper
sul fate, zinc sulfate, zinc oxide, nickel sulfate, and copper-nickel

all oys. (0031) Exanples of the netal -containing organic conpounds include
or ganocopper conpounds, organoni ckel conmpounds, and organozi nc conpounds.

Al so usabl e are maneb) manzeb, propineb, and the |ike. Exanples of - 14

t he organoccpper conpounds include oxine copper, copper

nonyl phenol sul fonate, copper bis (ethyl enediam ne) bis

(dodecyl benzenesul fonate), copper acetate, copper naphthenate, and copper




v (pentachl orophenol ate). Exanpl es of the organoni ckel conpounds include
ni.ckel "acetate and ni ckel dinmethyldithiocarbanmate. Exanples of the
organozi nc conpounds include zinc acetate, zinc carbamate) zinc

di met hyl di t hi ocar bamate, zinc pyrithione, and zinc ethyl enebis

(di thiocarbamate). (0032] Exanples of the netal -free organi c conpounds

i nclude N-trihal onet hyl t hi ophtal i m des, dithiocarbam c acids,
N—arylnaleinides,_3-§subst'tut§d anig%)-l,SthiaZflidinq;2,4-diones,

di t hi ocyano conpdind®y "PFFazrRe THMIGIMASE, TR Bt her & (0693 *EXanpf es of
t he Ntrihalonethylthi?%hthalinides i ncl ude Ntrichl oronethylthiophthalimde

and Nfl uor odi chl 3rémg yl t hi opht hal i m de. Exanpl es of the dithiocarbamc

aci ds include bis(dinethylthiocarbanpyl) .disulfide, amobni um
Net hyl di t hi ocar bamat e, anmmoni um e b@nibLF(%iL%Locarbanate) and m | neb.
(0034] Exanples of the N-aryl mal ei m|des inc| ude

N(2,4,6-trichl orophenyl) nal ei m de, 4-t ol yt mal ei'm de,

N 3- chl or ophenyl nrl el m, d¢ 4- |_ph i1 de,

N- ani | i nophenyl ) e e %%%serﬂ?éw agmg?é{‘%%’iy{%"?“nél &t 88" Hh3s;
Exanpl es of the 3pi1(gubstit uied @B rek td-mdihi azolidi ne-2, 4-di ones incl ude
3 benzyl i deneam no-1, 3 thiazolidine-2,4-dione, 3

4( et hyl benzyl i deneam no) 133-t hi azoly di ne- 2, 4- di one,

3- (2- hydroxybenzyl i deneam po- 1, 3-t hijazol i di ne-2, 4t hi azol i di ne- 2, 4-di one,

3- (4di chl or obenzyl i deneani po) -1, 3-t I azol i di ne- 2, 4-di one and

3-(2, 4-di chl orobenzyl i deneanmi no- 1, 3t hi azol i di ne2, 4-di one. (0036) Exanpl es
of the dithiocyano conpoungs include dithiocyanonethane, dithiocyanoethane,
and 2, 5-di t hi ocyanot hi ophene. Exanpleg, of the triazine conpounds include
2-met hyl t hi 0- 4-t-butyl am no- 6-cycl opr opyl am no-s-triazine. [0037) O her
exanpl es of the netal-free organic Epnpounds i ncl ude
2,4,5,6tetrachl oroi sophthal onitrile,” N, Ndi net hyl di chl or ophenyl urea,

4, 5-di chl oro-2-n-octyl - 4i sgt hi azol i ne- 3-one, _,

N, N- di et hyl - N' - pheny! - ( Nf RuorodrehiPbromerhy 1 ¥ hi o) sul f ani de,

t et ranet hyl t hi uram di sul fi de, 3-iod632-propylbutyl car bamat e,

2( met hoxycar bony! ani no) benzi ni dazol &
2,3,5,6tetrachl oro-4-(met hyl sul fon~1) pyri di ne, diiodonethyl p-tolyl sulfone)
bi s(di et hyl carb ) Z1 t hylene bi s(dithiocarbamate),
phenyl(bispyridiﬁggﬁ%s%u?ﬁIﬁf%hf%%ide, 2- (4-thiazol yl )benzi m dazol e, and
pyridine - 16 tri phgnyl borang, J0038)nddRnAEnELYE {OXI GAdHyS oxwhi ch may
be selected fromthe foregoing toxicants, can be enployed in the

anti foul ant coat bagncoaposi thon,, Theyl oxdxTantte sCusactliorkdylampubt, from 0.1
to 80% by weight, preferably from1l to 60% by wei ght of the coating

conposi tion. TooRf ARG &i eafRitsevd £°d8 Aot ﬁ?%(fucée'%:n ShtiFddivitig ef f ect ,
while too | arge amtio?i cant, level resyults in the formation. of,a coating film
which is apt to Géve op dé?ects‘such as craéking and KeeTlng,lfhereby
becom ng | ess ef{,gctiyeatd PU3WLnAddi LLYE iy €10t $:PRY20ptional Iy be
incorporated into the coating conposition of the present invention.

Exanpl es of suchipggj tive ingredi-ephsraxss calorarkensuchvas: Ri-oneats (e.g.,
red iron oxide, zinc oxide, titaniumdioxide) talc), and dyes,

dehum difiers, apdepsified imMeparntierabihy £nglloyecheith)eoallage compesizt i ons as
anti saggi ng agents, antiflooding agents, antisettling agents, and
anti f oami ng agenvsth 0O o Farorgp gy AR aed i HroWngat ugshef NECEVRFFSi ti ons
made fromthe silylacrylate cqpol yners_ of the present inveption . onto the
surface of a strﬁ%fﬁ?e T?)?ﬁ?%;ﬂﬂﬁéﬁééﬂl?rfﬁﬁﬁﬁ&%F . G8et € B $t8de of a

method in which i, e CORLINGAQIRISLEL O d S :ARRHEA0 Nk Bntld 368H N 3
sui t abl e manner and the solvent 15 renoved by evaporation at ordinary
tenperature or Wesilyraddylatdeatd 8g1yByettd &yRihod, Tai 8ryr&atiitAgnf i | m can
be easily forned on the surface of the structure. (0041] The ar _.tifoul ant
coating conpositienrefledte=dprrasast phvem itarmcan lyé (apphl ecktlatebj ect s
required to be protected against the fouling or damage caused by mari ne
organi sms, such as ship bottons, fishing fet's) and underwater structures

i ncludi ng cooling water pipes, and is also usable for the prevention of

sl udge diffusion in marine construction works. In such applications, the
antifoul ant coating conposition undergoes neither cracking nor peeling,
shows noderate hydrolyzability to dissolve into the seawater constantly at
adequate rate, and is hence capable of affording |ong-lasting excellent
protection against the fouling or danmage caused by narine organi sm
attachnment. GENERAL POLYMERI ZATI ON PROCEDURE (0042) A m xture of xylene and
2, 2 ' azobis(isobutyronitrile), a polynerization initiator, were injected

o, . Y 1 b1 o Y - o, I 2



5.594. 521650. 0670002. 310 989 121750. 5690002. 216. 283 821850

7680002: 121. 578. 521950. 9640002. 126 873

222051, 1750002. 332. 0G8. 022151. 2770002. 337 2&x 822251. 3620002. 442. 357
722351 . 4650002 347.352 722551. 65700U2 247.452. 622536 4480002. 3 ROTOR TEST
~00~3J The performance of the copolyners in relatively noving sea-water was
tested in the apparatus illustrated schematically in FIGS. 2 and 3 - 19

of the draw ngs. -ef QLKkNg<t Ont hesa Ringur @411 polymethylnrihacryl ate)
disc 1 having a dianeter of 8 inches was coated with radial stripes 2 with

the copol yrfer_unqsmsiest applLi edh §1 G0N a2RPhLERt Ry SflaPted 1t g geposit a
filmof 20 ~,i, mthiCckness. The disc 1 was Set aside to dry and the

t hi ckness of the t3ieritpesulawas neasured by contact profilometry using
Tencor Al pha Step 500 Profiler; all should theoretically have been 6-1/4
E,cmthick. (0044J The di sX lowas Rfounted on a shaft 3 driven by an
electric notor 4 and i mersed in flow ng sea water 5 contained in a vessel
6 having an inlet 7 apdcarcocerdl gw @ The peripheral speed of the disc 1
was 17 knots and the seawater tenperature was maintained at 20 t 3C. 0045J
During this test, the stripes werg planed away fromthe disc. The rate of
renoval was neasured for each stripe: the plot of this rate against the
mol e percent Tl PSAeire khescopot yorgraséiows that the rate of erosion of the
copol ynmer increased to a maxi nrum at about 11 nole percent TIPSA and

t hereafter decreased 8tarfdtisgal Ry eaclp(ndepepApnBl. 19 SewprTarer - er odi bl e
copol ynmer conprising repeating units of fornula 1 A~ B where Ais present

in an amount of PréArBeto RGP 16l 2 pERERMR BIPhE*c6E6L9HEfYand has
the formila H X I Ctg:. !Lzlcﬂb%:noaltogs—o!: R §i2 %’:’hc{ RRZCXY%‘W R Rz and
y

. f 3 e
R~, each mdepenﬁently is"ITnear or branched al k of 2°%0 8 carbon atoms
form part of a cyclocalkyl of 3 to 12 carbon atoms.

Examples of alkyl groups include methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, n-
amyl, iscamyl, n-hexyl, n-heptyl, n-octyl, 2-
ethylhexyl, n-nonyl, n-decyl, n-undecyl and n-dodecyl.
Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl and
cyclodecyl. Examples of useful trialkylsilylacrylate
monomers include those where R,, R, and R, are the
same:

trimethylsilyl (meth) acrylate, triethylsilyl
(meth)acrylate, tri-n-propylsilyl (meth)acrylate, tri-
n-butylsilyl (meth)acrylate, tri-n-pentylsilyl
(meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-
n-heptylsilyl (meth)acrylate, tri-n-octylsilyl
(meth)acrylate, tri-2-ethylhexylsilyl (meth)acrylate,
tri-n-nonylsilyl (meth)acrylate,

- 7 -



Xis Hor CH3; and B represents the residue of one or nore ethylenically
unsat ur'at ed nononers copol ynerizable with A, said copolynmer characterized
by an erosion rate in seawater of from2 to 10 E,cminonth. 2. A

sel f-polishing antifoul ant coating conposition - 21 conprising a
silylacrylate copolymer and a toxicant, the copolynmer characterized by an
erosion rate in seawater of fromabout 2 to about 10 ~,cnminonth and
recurring units of for Ialktggl I g C | é HC-Ol Ol R S R3 1| R where X
is Hor CH3, Rl' ‘R Bnd R Statnh'MStddfERUEAtFY is Iinear or branched al kyl
of 2to 8 carbontqgggsungggy{éngyyhegg?gggggg{gpd by the presence of the
silylacryl ate conponent in an arount of from5 to about 22 nole percent of
t he copol yner; ardiBni8octbeylesiduameah)abeydscapraet hyl enically

unsat urated nononers that are copolynerizable with the silylacrylate
mononer. 3. In aadeahateér-eindi blretbopokybhetesonpisim@’t ¥ resi Hue of a
silylacrylate nmononer and the residues of one or nore ethylenically
unsat ur at ed copoPyfePRZabY eChrotivrigrrdY £RELERPT bVErRFhtONhPEREBFPIi Ses

mai nt ai ning - 22 , the les~el G t”e Si: ylaC=~1%ate conp0:12_".t O
the copc:yner in°tF8 iiaﬁb%F%'ﬁ%fbﬁ¥§856fliiyt‘m%léufcfflﬁgfl a per cent,

whe=~Eby the erG§E99r5§%§d£ﬁe4ﬂy152999|YHEEhPé%ryﬂ%%é neregsed. by. reduci ng
the nmol e percentage ef the silylacryiate conporient downward from 22 nol e

percent. 4. A seavabetybsoryDl @eetopakyyEst€OMIHesivIGike@ydsi Dyabout 11
nol e percent of the residue of a tri(aliphatic)silyl(neth)acrylate nononer
and the bal ance dfretheacopdtamersecolpr s¢hge tie sidgildUastbi aonel e nor e

et hyl eni cal | y unsat ur at ed. nononer s c&ggi%nerizable wi.th said

si |yl (et h) acryl BPBO"SBF ¥ tUpdl WrePY Y HEEVESEN 3 Ate in seawnater ef
fromabout 5 to %QQH%bét iiﬂg“gy%%§}§ﬁ§§%8€$Jf§¥gé %?Q.ankklﬁﬁﬁéﬂnof3°at'”g

conposi tion conpri si e sflyl y copol'yme claim 1 and a
toxicant. 6. A seltipelishinganthfiautaniccpalddhemResi LheMuoOnpri sing

the silylacrylate copolynmer of claim3 and a toxicant.
tri-cyclopropylsilyl (meth)acrylate,
cyclobutylsilyl (meth)acrylate,
cyclopentylsilyl (meth)acrylate,
cyclohexylsilyl (meth)acrylate, and
cyclooctylsilyl (meth)acrylate.
Further examples include:
triisopropylsilyl (meth)acrylate, triisobutylsilyl
(meth)acrylate and tri-sec-butylsilyl (meth)acrylate,
and
di-sec-butylmethylsilyl (meth)acrylate, di-sec-
butylethylsilyl (meth)acrylate, and isopropyl-sec-
butylmethylsilyl (meth)acrylate.
[0017] B represents the residue of one or more

ethylenically unsaturated monomers copolymerizable

with the silylacrylate monomer. The properties of the



7. A self-polishing antifoul ant coating conposition conprising the

sitylacrylate copolyner of claim4 and a toxicant. - 23 .A @.A Ay.AS A

LA.AA.A.AF.A.A.A.AI.A.A. A

A Af. A A Af. AR-3YZ01=FL n~ytoj e [V]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca

] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c”a] cRa] cRa] ca! zzel ogb w

{ -4 jgytoje ZT~ytoje [U ca]calca]ca]ca]ca]cal ca]c”a] calca]calca]c”a

c"a] cMa] cal] ca a e . -
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cajca]jc*alcalcalca! Tu ##WKRAL ' (@o(()+

+p++-]--+. a. ... { wghghe W) ¢ cedd icalngalBca] vagcal cajrmrajera] caktageal cal cal cal caj

ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] caL(;a] caljcalcal!.9/D////*04000+212449

5C56P7W88Z: d: <<2£33299z801 ¥ FH FHeUpeaY af cat) e cadbcaFcal] ca] ca] ca] caU] c
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ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] caU] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
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methacrylic esters such as methylmethacrylate, n-

butylethacrylate, t-butylmethacrylate, sec-
butylmethacrylate, 2-ethylhexylmethacrylate,
cyclohexylmethacrylate, 2-hydroxyethylmethacrylate, 2-
hydroxypropylmethacrylate, glycidylmethacrylate, 2-
methoxyethylmethacrylate, and 2-
ethoxyethylmethacrylate.

[0018] Other examples of polymerizable 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-
methoxyethyl 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
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5 to about 22 mol percent of the copolymer. This

range provides a copolymer having an erosion rate in
seawater of from 2 to about 15 um/month. Preferably,
the silylacrylate component is present in an amount of
from about 5 to about 17.5 mol percent which provides
a copolymer having an erosion rate from about 4 to
about 15 um/month. The silylacrylate and B will be
selected and adjusted to provide a copolymer having an

erosion rate of from about 2 to about 15 um/month,
preferably from about 2 to about 10 um/month and
optimally from about 4.5 to about 6 um/month.

[0020] From Figure 1 it is seen that a

silylacrylate level of about 11.25 mol percent
provides an erosion rate of about 10 gm/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 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 seqg. 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
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<) e 'paint/wa fdce.

olymer chain at 't er inter These
weak links are slowly attacked by seawater allowing
the polymer to gradually become seawater soluble or
seawater swellable. This weakens the hydrolyzed
surface polymer film to such an extent that moving sea
water is able to wash off this layer and thus expose a
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
hydrolysis of the outer microlayer takes place. The

hydrolyzed microlayer is then sequentially removed by

the water "friction".

[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
monomers to non-functionalized monomers is contreclled
to provide control of the erosion rate."

[0022] The proposition, illustrated in Figure 1,
that at levels below about 22 mol percent of
silylacrylate, the erosion rate of a silylacrylate
copolymer can be increased by decreasing the level of
silylacrylate component is wholly surprising and
unexpected.

[0023] The copolymers of the present invention will
contain from about 5 to about 22 mole percent of

silylacrylate component and correspondingly from about

- 11 -
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95 to about 78 mole percent of one or more

ethylenically unsaturated monomers that are

copolymerizable with the silylacrylate monomer.

[0024] While the data in the present discussion has
focused on erosion rate, the use of low levels of
silylacrylate moncmers in conjunction with one or more
ethylenically unsaturated monomers can be optimized to
address other properties such as film lifetime,
erosgion linearity, ease of processing, ease of
formulation, bioccide compatibility, shelf-life and

economics.

[0025] The random silylacrylate copolymer can be
obtained by polymerizing the mixture of monomers in
the presence of a vinyl polymerization initiator using
any of various methods such as solution
polymerization, bulk polymerization, emulsion
polymerization, and suspension polymerization using
methods well known and widely used in the art. In
preparing a coating composition from the copolymer, it
is advantageous to dilute the copelymer with an
organic solvent to obtain a polymer solution having a
convenient viscosity. For this, it is desirable to
employ the solution polymerization method or bulk
polymerization method.

[0026] Examples of vinyl polymerization initiators
include azo compounds such as azobisisobutyronitrile

and triphenylmethylazobenzene. The azobisnitriles are

- 12 -
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efficient sources of free radicals for vinyl
polymerization and can be used in bulk, soclution,

emulsion and suspension polymerizations. In addition
to 2,2'-azobis (isobutyronitrile), other members of the

class include 2,2'-azobis(2-methylbutanenitrile),
2,2'-azobis(2,4-dimethylpentanenitrile), 1,1°'-

azobis (cyanocyclohexane) and 2,2'—azobis(4-methoxy—2,4-
dimethylpentanenitrile). In addition, one can use
peroxides such as benzoyl peroxide, di-t-butyl
peroxide, t-butyl peroxybenzoate, and t-butyl

peroxyisopropylcarbonate.

[0027] Examples of useful organic solvents include
aromatic hydrocarbons such as xylene and toluene,
aliphatic hydrocarbons such as hexane and heptane,
esters such as ethyl acetate and butyl acetate,
alcohols such as isopropyl alcohol and butyl alcohol,
ethers such as dioxane and diethyl ether, and ketones
such as methyl ethyl ketone and methyl isobutyl
ketone. The solvents are used either alone or in
combination.

[0028] The molecular weight of the silylacrylate
copolymer thus obtained is desirably in the range of
from 1,000 to 150,000, preferably from 20,000 to
100,000 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

- 13 -
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plymers chains that do not perform properly and that
result in viscous solutions that need to be thinned
with solvent so that a single coating operation
results in a thin coating £ilm. 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 150P or
lower at 25°C. Foxr attaining this, it is preferred to
regulate the solid content of the polymer soclution to
a value in the range of from 5 to 90% by weight,
desirably from 15 to 85% by weight.

[0029] The toxicant used in the coating composition
of the present invention may be any of a wide range of
conventionally known toxicants. The known toxicants
are roughly divided into inorganic compounds, metal-
containing organic compounds, and metal-free organic
compounds.

[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 organocopper compounds, organonickel
compounds, and organozinc compounds. Also usable are

maneb, manzeb, propineb, and the like. Examples of

- 14 -
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the organoccpper compounds include oxine copper,
copper nonylphenolsulfonate, copper bis
(ethylenediamine) bis (dodecylbenzenesulfonate),
copper acetate, copper naphthenate, and copper bis
(pentachlorophenolate). Examples of the o;ganonickel
compounds include nickel acetate and nickel
dimethyldithiocarbamate. Examples of the organozinc
compounds include zinc acetate, zinc carbamate, zinc
dimethyldithiocarbamate, zinc pyrithione, and zinc
ethylenebis (dithiocarbamate).

{0032] Examples of the metal-free organic compounds
include N-trihalomethylthiophtalimides, dithiocarbamic
acids, N-arylmaleimides, 3- (substituted amino)-1,3-

thiazolidine-2,4-diones, dithiocyano compounds,

triazine compounds, and others.

[0033] Examples of the N-
trihalomethylthiophthalimides include N-
trichloromethylthiophthalimide and N-
fluorodichloromethylthiophthalimide. Examples of the
dithiocarbamic acids include
bis(dimethylthiocarbamoyl) disulfide, ammonium N-
methyldithiocarbamate, ammonium

ethylenebis (dithiocarbamate) and milneb.

[0034] Examples of the N-arylmaleimides include N-
(2,4,6-trichlorophenyl)maleimide, N-4-tolylmaleimide,
N-3-chlorophenylmaleimide, N-(4-n-

butylphenyl)maleimide, N-anilinophenyl)maleimide, and

- 15 -



| 1004L& ()-/! F10%L& ()- F10%@& ()-101010 @B10%: ()-

| 109& () - -/j B" CC\ DcDdDeDf DE| obU4; 109& ()-10LL1OLLIOLL f810%.L& ()-
F+3109%L& ()-z F+310%.L& ()-z |"410%L& ()-EEFII111K| obU4;

10999& ()-101010 8109%& () - 109& ()-  109& () -

109&' () - KLSN+N, N- N. NN<Qv U4; 10% & ()-M 10% & ()-ML09910991099
810999&’ () -

N-(2,3-xyxyl)-maleimide.

[0035] Examples of the 3-(substituted amino)-1,3-
thiazolidine-2,4-diones include 3 benzylideneamino-1,3
thiazolidine-2,4-dione, 2-

4 (methylbenzylideneamino)l,3-thiazolidine-2,4-dione,
3-{(2-hydroxybenzylideneamino-1,3-thiazolidine-2,4-
thiazolidine-2,4-dione, 3-(4-
dichlorobenzylideneamino)-1,3-thiazolidine-2,4-dione
and 3-(2,4~dichlorobenzylideneamino-1,3-thiazolidine-
2,4-dione.

{0036] Examples of the dithiocyano compounds
include dithiocyanomethane, dithiocyanoethane, and
2,5-dithiocyanothiophene. Examples of the triazine
compounds include 2-methylthio-4-t-butylamino-6-cyclo-
propylamino-s-triazine.

[0037] Other examples of the metal-free organic
compounds include 2,4,5,6-
tetrachloroisophthalonitrile, N,N-
dimethyldichlorophenylurea, 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, diiodomethyl-
p-tolyl sulfone, bis{(dimethylcarbamoyl)zinc ethylene
bis(dithiocarbamate), phenyl (bispyridine)bismuth

dichloride, 2~ (4-thiazolvl)benzimidazole, and pyridine
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triphenylborane.

|0038] 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 1 to 60% by weight of the coating compositiocn.
Too low toxicant levels do not produce an antifouling
effect, while too large a toxicant level results in
the formation of a coating film which is apt to
develop defects such as cracking and peeling, thereby
becoming less effective.

[0039] Additive ingredients may optionally be

incorporated into the coating composition of the

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

dyes, dehumidifiers, and additives ordinarily employed
in coating compositions as antisagging agents,
antiflooding agents, antisettling agents, and
antifoaming agents.

[0040] For applying antifoulant coating
compositions made from the silylacrylate copolymers of
the present invention onto the surface of a structure
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 manner and the solvent is

removed by evaporation at ordinary temperature or with
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heating. By this method, a dry coating film can be

easily formed on the surface of the structure.

[0041) The antifoulant coating compesition of the
present invention can be applied to objects required
to be protected against the fouling or damage caused
by marine organisms, such as ship bottoms, fighing
nets, and underwater structures including cooling
water pipes, and is also usable for the prevention of
sludge diffusion in marine construction works. In
such applications, the antifoulant coating composition
undergoes neither cracking nor peeling, shows moderate
hydrolyzability to dissolve into the seawater
constantly at adeguate rate, and is hence capable of
affording long-lasting excellent protection against
the fouling or damage caused by marine organism

attachment.

GENERAL POLYMERIZATION PROCEDURE

[0042] A mixture of xylene and 2,2'-

azobis (isobutyronitrile), a polymerization initiator,
were injected into a microreactor eguipped with a
condenser, an inert gas/vacuum line connector, two
variable speed syringe pumps, septum inlet,
temperature control at x2°C and mechanical agitation.
The xylene-initiator mixture was heated to 86°C over
35 minutes and held at that temperature for 10

minutes, whereupon the syringe pumps were turned on
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and the monomers were added over a period of 1 hour.
The reaction mixture was held at 86°C for an
additional 3 hours, whereupon the temperature was
raised to 110°C and held at this level for 15 minutes,
whereupon the heating was discontinued and the reactor
was allowed to cool to room temperature. The monomers
in this experiment were triisopropylsilylacrylate
(TIPSA) and methylmethacrylate (MMA). The
compositions and analytical data are summarized in

Table 1 below.

TABLE 1

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

(Mol %)

Ratio
5.5 94.5 216 50.0 67000 2.3
109 891 217 50.5 69000 2.2
16.2 838 218 507 68000 2.1
21.5 78.5 219 50.9 64000 2.1
26 8 732 220 51,1 75000 2.3
32.0 68.0 221 51.2 77000 2.3
372 62 8 222 513 62000 2.4
423 5717 223 51.4 65000 23
47.3 527 225 51.6 57000 22
47.4 52.6 225 364 48000 2.3

ROTOR TEST

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

apparatus illustrated schematically in FIGS. 2 and 3
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of the drawings. Referring to thesge Figures, a
poly(methylmethacrylate) disc 1 having a diameter of 8
inches was coated with radial stripes 2 with the
copolymer under test applied from an applicator
adapted to deposit a film of 20 um thickness. The
disc 1 was set aside to dry and the thickness of the
stripes 2 was measured by contact profilometry using
Tencor Alpha Step 500 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 z 3°C.

[0045] During this test, the stripes were planed
away from the disc. The rate of removal was measured
for each stripe: the plot of this rate against the

mole percent TIPSA in the copolymer shows that the
rate of erosion of the copolymer increased to a
maximum at about 11 mole percent TIPSA and thereaftexr

decreased dramatically.
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CLAIMS

1. A seawater-erodible copolymer comprising

repeating units of formula

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

mole percent of the copolymer and has the formula

H X
| |
C C
| |
H
C=0
|
0
|
R Si R®
R?

where R!, R? and R®, each independently is linear or
branched alkyl of 2 to 8 carbon atoms

X is H or CH,; 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 10 um/month.

2. A self-polishing antifoulant coating composition
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seawater of from about 2 to about 10 um/month and

recurring units of formula

H X
| |
C C
! l
H
C=0
|
0
l
R, ——— Si ——— Ry
|
R,

where X is H or CH,,

R* 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
component in an amount of from 5 to about 22 mole
percent of the copolymer; and

B is the residue of one or more ethylenically
unsaturated monomers that are copclymerizable with the
silylacrylate monomer.

3. In a seawater-erodible copolymer comprising the
residue of a silylacrylate monomer and the residues of
one or more ethylenically unsaturated copolymerizable
monomers, the improvement which comprises maintaining
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copolymer can be increased by reducing the mole
percentage cf the silylacrylate component downward
from 22 mocle percent.
4. 2 seawater-erodikle copolymer comprising from 5
to about 11 meole percent of the residue of a
tri(aliphatic)silyl(meth)acrylate monomer and the
balance of the copolymer comprising the residues of
one or more ethylenically unsaturated monomers

copolymerizable with said silyl (meth)acrylate, said

copolymer having an erosion rate in seawater c¢f from

about 5 to about 15 uym/meonth.

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

6. A self-polishing antifoulant coating composition comprising the silylacrylate
copolymer of claim 3 and a toxicant.

7 A self-polishing antifoulant coatin it :
g compositio : .
copolymer of claim 4 and a toxicant p n comprising the silylacrylate
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