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antifouling paint, developed in the 1960s, contains the organotin tributyltin

(TBT), which has been proven to cause deformations in oysters and sex
changes in whelks.

15
The International Maritime Organization (IMO), a unit of the United Nations,
adopted on 5 October 2001 an International Convention on the Control of
Harmful Antifouling Systems at the end of a five-day Diplomatic Conference
held in London.

20
The proposed antifouling convention comes in response to Assembly
resolution A.895 (21) Antifouling systems used on ships, adopted by IMO in
November 1999, which called on IMO’s Marine Environment Protection
Committee ( MEPC) to develop an instrument, legally binding throughout

25 the world, to address the harmful effects of antifouling systems used on

ships).

The resolution calls for a global prohibition on the application of organotin
compounds which act as biocides in antifouling systems on ships by 1

30 January 2003, and a complete prohibition on the presence of organotin
compounds which act as biocides in antifouling systems on ships by 1
January 2008.
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wood rosin to inpart desired gelation-inhibition. 25 . EP. EP
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antifouling and self-polishing properties of the tin-containing antifouling

paints of the prior art.

Tin-free systems are well known in the art:

15
- Antifouling paints containing rosin and similarly soluble salts thereof have
existed for many years. Rosin is slightly soluble in seawater (8.6 x 10°
mol/L at pH = 8.1). Due to its low molecular weight, rosin is blended with
another binder to provide an appropriate fim-forming performance.

20
- Paints based on a combination of wood rosin with copper- or zinc-
pyrithione have been found to thicken or gel unacceptably within a few
days. US 5,112,397 (Olin Corp.) discloses paints containing an amine
compound or esterified wood rosin to impart desired gelation-inhibition.

25
- EP 289481 and EP 526441 (Sigma Coatings), WO 9744401 (Hempel's)
disclose systems based on rosin in combination with a film forming binder.
However, the coatings produced in accordance with these specifications
suffer from the technical problem that their coatings are nowadays classified

30 as “ablative” since the erosion is not based on a real chemical hydrolysis
but rather on a complex process which weakens the surface layer by a

combination of dissolving and leaching followed by frictional abrasives
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bl ends of

- Systems based on silyl acrylates were disclosed by M&T (WO 8402915,

15 EP 00131621), and further developed by Chugoku ( EP 775733 ), Nippon
Oils & Fats ( EP 297505, EP 646630, EP 714957, EP 802243 ) and Sigma
Coatings ( WO 0162811 and WO 0162858)

It is known in the art that rosin or rosin derivatives may be used in
20 combination with hydrolysable acrylates in order to improve some of their

properties.

EP 530205 (Courtaulds) discloses the use of rosin amine D in combination
with copper acrylates .
25 WO 0043460 (Akzo Nobel) discloses some advantages of using blends of
rosin (and its derivatives) with zinc/copper acrylates.
EP 1016681 (Chugoku) discloses that the blending of rosin (and its
derivatives) with trialkylsilyl(meth)acrylate co-polymers improve the ability to
erode at static conditions (e.g. during the outfitting period in the building of
30 new ships) and by this having a superior antifouling performance. The
recoatability and the resistance to cracking and detachment were also

claimed to be improved by this blending
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largely overcome by using silylesters of rosin (alternatively called silylated

15 resinates or silyl abietates).

Thus the present invention provides paint compositions comprising
silylesters of rosin in the binder system. Furthermore, the invention
provides the use in self-polishing antifouling paints of silylesters of rosin as

20 binder component of the binder system.

For the purpose of this specification, the term "binder system" means a
composition consisting essentially of silylesters of rosin and optionally other

binder components well known by the man skilled in the art.

25
The present invention provides also a process for preparing antifouling
paints characterised in that one step of the process is the addition of
silylesters of rosin as a binder component of the binder system.

30 The invention is based on the recognition that the properties of antifouling

paints containing rosin were insufficient due to the presence of free

carboxylic groups on the rosin forming more brittle Zn/Cn resonates said
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15 Pine-originating rosin is preferably chosen. The main component (about 80
%) of rosin is abietic acid, also called sylvic acid (CAS RN. = 514-10-03),

which could be used instead of rosin.

The silylester of rosin in this invention can also be a silylester of a rosin

20 derivative.

In the present context, the term "rosin” is intended to include gum rosin;
wood rosin of grades B, C, D, E, F, FF, G, H, |, J, K, L, M, N, W-G, W-W (as
defined by the ASTM D509 standard); virgin rosin; hard rosin; yellow dip
25 rosin; NF wood rosin; tail oil rosin; or colophony or colophonium; as well as
any of the single constituents of natural rosin qualities, e.g., abietic acid,
abietinic acid, sylvic acid, dihydroabietic acid, tetrahydroabietic acid,
dehydroabietic acid, neoabietic acid, pimaric acid, laevopimaric acid,
isopimaric acid, sandaracopimaric acid, palustric acid, dextro-pimaric acid,
30 isodextro-pimaric acid, dextro-pimarinal, isodextro-pimarinal, xanthoperol,
tatarol, podocarpic acid, phyllocladen, sugiol, ferruginol, himokiol, manool,

manoyloxide, ketomanoyloxide, cativinic acid, eperuanic acid and all other
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rosin; NF wood rosin; tail oil rosin; or colophony or col ophonium as well
as any owotobe3®bngl e constituents of natural rosin quali PCEEPORIYS]
abietic acid, abietinic acid, sylvic acid, dihydroabietic acid,
tetrahydroabietic acid, dehydroabietic acid, neoabietic acid, pimaric
acid, laevopimaric acid, isopimaric acid, sandaracopimaric acid, palustric
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15 As examples, one can cite:

A. the adducts of unsaturated acids (such as acrylic acid, maleic acid

or fumaric acid)-and the mono-esters of di-acids with rosin.

B. adducts of rosin itself (dimerised rosin, oligomerised or polymerised
20 rosin)

C. hydrogenated or partially hydrogenated rosin

D. dismutated or disproportionated rosins

A more extensive description of rosin and rosin derivatives can be found in
25 WO 9744401 (Hempel's), the contents of which are incorporated herein by
reference insofar as they relate to the definition of rosin or rosin derivatives

with at least one carboxylic acid group per molecule available for silylation.

Commercially available examples of some rosin and rosin derivatives are
30 given in Table 1. Most of these examples have high softening points and

have therefore no adhesive properties.
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Demonchi 170 70 |Hydrogenated rosin Foral |AX- E Her|cRHmsr 176CH¥0 O meri zed
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140 102" rosin AdifdHERETIRIORs /OB 06 LePeUPY 20 183 | efi d anhydride
ester K1614 Law erHya@gerg;@@rosﬁumafr BérgAXtFoS || Refcieesi M7BM6 Lags er 345 140 #By
ring and ball netlhod according tio ASTM E28 The reaction—of carboxylic acid
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Lal onde, T.H Chanplaﬁﬁvé\y%t %@ésnlzes ppoéﬁ- 84% (Sef)st enper 198p) the |contents
of which insofar |gesmhey relate to the siliylation pf carbpxylic [10 acids

groups are i NCor NoT AR TOSL T OV BIR T Fareies | 200 183

Maleic anhydride ester | K1614 Lawter 200 160
Fumarated rosin Ennesin FM6 | Lawter 305 140
#By ring and ball method according to ASTM-E28

The reaction of carboxylic acid groups with substituted silyl groups is well
5 known in the art; see e.g.

. J.D. Nicholson in The Analyst. vol. 103, n°1224, pp 193-222 (March

1978)

. M. Lalonde, T.H. Chan in Synthesis pp 817-845 (September 1985)

the contents of which insofar as they relate to the silylation of carboxylic

10 acids groups are incorporated herein by reference.

The preparation and gas chromatography of the trimethylsilyl ester of rosin
(CAS RN=21414-50-6) was reported (J. Gas Chromatogr. 1968, 6 (3) 158 —
160).

15 Examples of silylating agents are triorganosilyl chlorides and hydrides, and

hexaorgano disiloxanes and disilazanes :

R4 R2R3 Si-X with X = H or Cl
R1 R2R3 Si-X-Si R4 Rs Rg with X = O or NH
20
According to the invention, the silyl radical may be substituted or

unsubstituted. Suitable silyl substituents are one or more alkyl, aralkyl or
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"al kyl", as use ern, relates to saturated drocar bon radicals having
straight, Br anchebstwerﬁ@elngdnﬁﬂjvlet I es or conbinations thereof and contains
1 to 20 carbon atons, preferably 1 to 10 carbon atons, nore 10 preferably 1
to 8 carbon atons, still nore preferably 1 to 6 carbon atons, yet nore .
preferably 1 toThedambdaikyt, crssuselixizarping selates doshturaidd dydeocarinurdicaleet hyl |

et hyl, n-propyl 1.SOpI.0 e N r Y. 2-
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carbon by renova and
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ring, wherein yetmore preferably 1to 4 carbon atoms. Examples of such radicals include

methyl, ethyl, n-propyl, isopropyl n-butyl, isobutyl, sec-butyl, tert-butyl, 2-
methylbutyl, pentyl, iso-amyl, hexyl, cyclohexyl, 3-methylpentyl, octyl and
the like.

15
The term “aryl” as used herein, relates to an organic radical derived from an
aromatic hydrocarbon by removal of one hydrogen, and includes any
monocyclic or bicyclic carbon ring of up to 7 members in each ring, wherein
at least one ring is aromatic. Said radical may be optionally substituted with

20 one or more substituents independently selected from alkyl, alkoxy,
halogen, hydroxy or amino radicals. Examples of aryl includes phenyl, p-
tolyl, 4-methoxyphenyl, 4-(tert-butoxy)phenyl, 3-methyl-4-methoxyphenyl, 4-
fluorophenyl, 4-chlorophenyl, 3-nitrophenyl, 3-aminophenyl, 3-
acetamidophenyi, 4-acetamidophenyl, 2-methyl-3-acetamidophenyl, 2-

25 methyl-3-aminophenyl, 3-methyl-4-aminophenyl, 2-amino-3-methylphenyl,
2,4-dimethyl-3-aminophenyl, 4-hydroxyphenyl, 3-methyl-4-hydroxyphenyl, 1-
naphthyl, 2-naphthyl, 3-amino-1-naphthyl, 2-methyl-3-amino-1-naphthyl, 6-
amino-2-naphthyl, 4,6-dimethoxy-2-naphthyl, tetrahydronaphthyl, indanyl,
biphenyl, phenanthryl, anthryl or acenaphthyl and the like.

30
The term "aralkyl" as used herein, relates to a group of the formula alkyl-

aryl, in which alkyl and aryl have the same meaning as defined above.



at least one ring is aromatic. Said radical may be optionally substituted
with 20 one or nore substituents independently selected from al kyl, al koxy,
hal ogen, W@dBoxwIDr am no radi cals. Exanpl es of aryl incl edeEpplienyt, p-
tolyl, 4-methoxyphenyl, 4-(tert-butoxy)phenyl, 3-nethyl-4-nmethoxyphenyl, 4-
fl uor ophenyl, 4-chl orophenyl, 3-nitrophenyl, 3-am nophenyl, 3-

acet am dophenyl , 4-acet ani dophenyl, 2-nethyl-3-acetan dophenyl, 2 25

t hyl - 3- ani nophenyl , 3-net hyl - 4- ani ny | . 2-am no-.3: ,
o i ot by - 3 BRATRBR ATy AR HORERy BRLRG Dene e el BERNY 1
napht hyl , 2- napﬂ%h%p»heﬁylﬁr@tﬁkﬂ’,'ﬂ-'(ﬂ-@lﬁbhﬂhyl)-,bu%rl,ranhMé+il’e’e.am’ no- 1- napht hyl , 6-

am no- 2- napht hyl , 6- di nmet hoxy- 2- napht hyl, tetrahydronapht hyl, indanyl,
bi phenyl, phenanthryl, anthryl or acenaphthyl and the like. 30 The term

“aral kyl™ as Usﬁécd?@hﬁi D diphiRrenrdiérd WrRbdifbnt he- f ei-mul etafuctionaryl , in
whi ch al kyl and aryl have the sane neaning as defined above, WO 03/ 037999
PCT/ EP02/ 18957 silyldtirgnpdenss dAndamixtikias thedeefafan iahkq fde UBRhz (AN, S5HENEL hyl |

di benzyl net hyl , pﬂ;‘%ﬁ 5 &Hisily tridhorRRPMM O EiacRidkosilané e dotain! i ke.
According to an%I er@bgpﬁﬁeéggg’e%ﬁgaﬁlﬂerﬁt, rgﬁ t_rir- , tetrafunctional 5
silyl ating agentespestivelyi dialisyleityl tiresinate, allkylsiyl ttsesinatgssily! tetigresinaiamsne

di met hyl silyl dichl ori thylsilyl tichloride and tetrachlorosilane, to
obtain respect f’\/%gﬁ‘@géﬁeerfa%@ silyl diresinate, alkylsilyl triresinate, silyl
tetraresinate and mxtures thereof. 10 An object of the present invention

o7 2P b TPl Pl Bl i A RS R L g P 1
the silyl est er spefferablyi antifsding rpants afsilylestefs 6ff msirbas bhinded Geirippnert ght ,
based on the t OEh%l bi\rq\gc-*ir%r;/tsteon%c w}wgreeinbihréds?lglleg e?sF &1 Tosih AR AP .ia ia%‘untlgf from 5

to 100% by weight, based on the total weight of the binder system

composition.

15
According to an embodiment, the silylesters of rosin are in an amount of
from 5 to 25% by weight, based on the total weight of the binder system

composition.

20 According to another embodiment, the silylesters of rosin are in an amount
of from 35 to 65% by weight, based on the total weight of the binder system

composition.

According to yet another embodiment, the silylesters of rosin are in an
25 amount of 100% by weight, based on the total weight of the binder system

composition.

The inventor has now surprisingly found that the complete conversion of the
acid functionality of rosin compounds into a silylester has many advantages

30 for paint formulation, manufacturing and stability by providing a silyl ester
thatis :



According to an enbodi nent, the silylesters of rosin are in an anount of
from5 to 25% by wei ght, based on the total weight of the binder system
conposi t iwn.03A879%ccor di ng to anot her enbodi nent, the silyPeStEPOY11957 r 0Si n
are in an anmount of from35 to 65% by wgjght, based on the total weight of
t he bi nder system conposition. According to yet another enbodi nent, the
silylesters of rosin are in an 25 anount of 100% by wei ght, based on the
total weight of the HI nder system co tion. i nyent or

surprisingly fodnd tHBE {hEaERRPIEFEN o?*r\?brasslzt'ﬂ?% & Al Clé%rPHSPﬁ'aE?I?\gnal ity

of rosin compouRgy KnBivA tﬁatsdellfi’fidﬁ%lﬂg ahﬁf@ul‘@ﬁmﬁ@b@ﬁtaﬁ@ﬁ@ rosh compomaisnt
formul ati on, manufacturin st abi | pr.ovi di ng a S|I¢%E ester that

is : WO 03/ 03798eRcETOESH eirlfgwaclﬂdunqt'ﬁ@?'tty%thrr@%%it WRigHeRFelt Faclitesh as

zinc oxide and GHpsRYS eS8t #e antitbuliry pé’h‘ﬁ!s'sd@ﬁ%‘zﬁ@@%dé%ﬂ*Eu;@t@hb%ﬂid@gto
antifouling paints containing rosin conpounds react through their_free

aci d functiSonal ffergn dhe rorrespanding aligneat Zinci iesipatec oF CEProMsEgpBIals: eent i n
antifouling pal Mt SHENoRshalts AlifeOlisGHRNRIGE OXbélRy Hafdly SORBIE I

corresponding salts e.g. zinc resinate or CUE@O S resinate. The netal
salts of resi natseawatwand hevidg padvadhesiye and f |fnrgmnanpmr5ert$eﬁ uble in

seawat er and haV| ng oor he e i to

bi oci des. There®is f }%ﬁb de%o-rﬁ%%elg [ﬂ:)&{agrﬁ %%ﬁﬁ{l{}b@&elatlsdlﬁﬁa

occurs when zi nméuam/parccpger i winero nzine/soppeed p'ylrithimel ms basset ml(Dos’.lm-lbaﬂdadatl ons.
one i.s.one of

L O bt P R i B, B BB o v Rg 20,
the presence of bﬁb@id@%elddnéahltlﬂ)ugh@pamtsmd/tbat it has tret alsadvalritageodf being _
I T AR N WL AN T el
carboxylic acid groups. This biocide can therefore e.g. not without special
precautions be used in rosin-based paints because they always do contain
15 carboxylic acid groups to some extent which lead to an irreversible gelation
of the paint.
o More sensitive to dissolving and erosion processes in water (fresh
water or seawater).
o Less brittle; in other words having a lower glass transition
20 temperature (Tg) and softening point than corresponding metal salts of the

resinate species concerned.

Indeed, whilst the reaction of rosin compounds with zinc oxide or cuprous
oxide has the effect of increasing the softening point and the Tg as well,
25 e.g. softening point from 70 °C for rosin to 160 °C for zinc resinate. In
contrast there is hardly an increase when the acid function of rosin
compounds has reacted with a silyl group according to the invention (e.g.
Tg values in example 1 of from 52 °C for rosin to only 62 °C for
trimethylsilyl resinate).
30
The hydrolysable silylesters of rosin can be used as sole resin or preferably

in combination with other binders, to form a binder system, that are



15 carboxylic acid groups to sone extent which lead to an irreversible
gelation of the paint. More sensitive to dissolving and erosi on processes
i n wat er Woroa®broomat er or seawater). Less brittle; in otRer/EROZ/U®5havi ng a
| ower glass transition 20 tenperature (;Jg) and softening point than
corresponding netal salts of the resinate species concerned. |ndeed,

whi |l st the reaction of rosin conpounds with zinc oxide or cuprous oxide
has the effect of increasing the ft.enin ol nt th I 25
e.g. softening GHRPNY, Brrﬁs?%‘ & faé‘?'%l”hgg HO&?}H?L%%‘Scwg?“ z&ﬂ%’grb @eﬁ%teler_e In
contrast there 6@3&%{ Ho¥e 3e MR QARRINMBERMOH Bor@cthdn Dune ta 95 dly weight
conpounds has reacted with a silyl group according to_.the invention (e.g.
Tg values in ex@ﬁ?&ﬂé’nlthéﬁOtﬁP‘@ﬁ*QBéOf@q BindenRysiEnp BO%RP?“%@ C for
trinethylsilyl resinate). 30 The hydrol ysable silylesters of rosin can be
used as sole resin or preferably in conbination wth other gi nders, to
form a binsler sheweysr, theasiliesteragasindbe rresgntiosmiondnay pe UssnBni v
present in antifquli r j LAMhen e BlishEsgsdt, t hose
are in an amuné%%hﬁgg%%ng%ﬂ hﬁghﬁﬁésdtlatfypé'tg%%&é%@%ﬁ%ﬁ??—b basega_on the ~
total weight of mapdehisedén othes cempesitignssiuch @a. ami-giakl PaInt coBPeFIigNSest er s
of rosin of the present invention nay be used in non-antifouling paint
conpositions. For exanple, the self-polishing effect nay be used in other

conposi ti ons suEkaraples afibthegbmideisdre: pai nt conpositions. Exanples of other
bi nder s arlgz 10 Resinates of Ca, Cu or Zn Naphthenates of Ca, Cu, Zn

. Resinates of Ca, Cu or Zn
. Naphthenates of Ca, Cu, Zn
. Vinyls like Laroflex MP (commercially available from BASF)
. Acrylates like Neocryl B725 (commercially available from Avecia)
15 . Cu/Zn/Ca acrylates, e.g. as described in EP 342276; EP 982324

(Kansai) or polyesters e.g. as described in EP 1033392 (Kansai).
. Tri-organosilyl(meth)acrylates copolymers as described e.g. in EP
131626 (M&T); US 4593055 (M&T); EP 775773 (Chugoku); EP 646630
(NOF); US 5436284 (NOF); WO 0162811 and WO 0162858 (SIGMA
20 COATINGS). '
. Hydrophilic (meth) acrylates such as e.g. described in FR 2 557 585
(Jotun), EP 526441 and EP 289441 (SIGMA COATINGS). It has been
observed that blends of the hydrophilic acrylic resins such as described in
EP 526441 and EP 289441 with a silylester of rosin had improved
25 properties over blends with zinc resinate. The film was more flexible, had
better adhesive properties and showed a hydrolysis-driven erosion process
at pH 12 while not showing defects upon immersion in fresh and sea water

conditions (pH 7 and 8 respectively).

30 The present invention also provides for antifouling paints containing as

components:



Vinyls like Laroflex MP (commercially available fromBASF) Acrylates |ike
Neocryl B725 (comercially available from Avecia) 15 Cu/ Zn/ Ca acryl ates,
e.g. as dweasiopmdo i n EP 342276; EP 982324 (Kansai) or polpgagiper/s1967 g. as
described in EP 1033392 (Kansai). Tri- %iganosi | yl (met h) acryl at es
copolynmers as described e.g. in EP 131626 (MT); US 4593055 (M&T); EP
775773 (Chugoku); EP 646630 (NOF); US 5436284 (NOF); WD 0162811 and WO
0162858 (SI GVA 20 COATI NGS) I—%drophl lic (meth) acrylates such as e.qg.
descri bed in FR 2 88%05gWpre e'JTJ ANS- EP 526441 and EP 289441 (Sl GvA
COATINGS). It has been observed that blends of the hydrophilic acrylic
resins such as described in EP 526441 and EP 289441 with a silylester of
rosin had inpr ovRriifowapis AibpugaotRasential ihine RIPSENt JVEOLioR B1AYREUISCHRS fi | m

was nore flexibl §coﬁ’1?€nem5ttﬁé c@é’th‘f’gsédfﬁpdé"t%%ftthéspr@é’éi’mt #VRYYB6h @nd may

hydrol ysi s-driven ero0sion process | e not show ng def ects upon
i mrersion iSn frelh B@NdOfs@aevm gore é@ﬁmﬁtioﬁﬁ@’ &BPW'T @mtﬁo@amtés%é@tkww) 30

The present inve t $ieEpR

comonent s o o) §3T85 e HREITGRER bR cn RS, DebEbRaRR, &
Antifoul ants al t brgagic cootpogpde rndanetalirecherggnissonpoundent i on may be used as
a conponent in the coating conposition of the present invention and may 5

be any of one OrEkﬂ?ﬁ&eg%"fvtﬁﬂtlhg@%hiCYC&ﬂMﬁdénlhblbeé”(%bbér cORPoliR@Mle

antifoul ants are roughly divid I nto 1 norgani c compounds, net aI cont ai ni ng
or gani ¢ colfpoundeaPP&hGulpbats, -copeer BRVRET| @URIGH%@MQ@@%‘B(&QEP@SCQTPOM*@’

| nor gani ¢ cOMPOURGbel N, SRR e BABRUM_ (ferined ARG AR e

copper powder, c us i oCyanat e, copper onat e copper
t he traditional |wl;phﬁé,ezm«edmdupn@%stdﬂhaie)andzcmnper nickel alloys.

Examples of the metal-containing organic compounds include organo-
15 copper compounds, organo-nickel compounds, and organo-zinc
compounds. Also usable are manganese ethylene bis dithiocarbamate
(maneb), propineb, and the like. Examples of the organo-copper
compounds include copper nonylphenol-sulphonate, copper
bis(ethylenediamine) bis(dodecylbenzenesulphonate), copper acetate,
20 copper naphtenate, copper pyrithione and copper
bis(pentachlorophenolate). Examples of the organo-nickel compounds
include nickel acetate and nickel dimethyldithiocarbamate. Examples of the
organo-zinc compounds include zinc acetate, zinc carbamate,
bis(dimethylcarbamoyl) zinc ethylene-bis(dithiocarbamate), zinc
25 dimethyldithiocarbamate, zinc  pyrithione, and zinc  ethylene-
bis(dithiocarbamate). As an example of mixed metal-containing organic
compound, one can cite (polymeric) manganese ethylene bis

dithiocarbamate complexed with zinc salt (mancozeb).

30 Examples of thé metal-free  organic compounds include N-
trihalomethylthiophthalimides, trihalomethylthiosulphamides, dithiocarbamic
acids, N-arylmaleimides, 3-(substituted amino)-1,3 thiazolidine-2,4-diones,

dithiocyano compounds, triazine compounds, oxathiazines and others.



sul phate, zinc oxide, nickel sulphate, and copper nickel alloys. Exanples
of the netal -containing organi c conpounds include organo- 15 copper
conmpoundswomsgamee ni ckel conpounds, and organo-zinc conp®UmdPN2/MIsH usabl e
are manganese ethyl ene bis dithiocarbamgte (maneb), propineb, and the

| i ke. Exanpl es of the organo-copper conpounds i ncl ude copper

nonyl phenol - sul phonat e, copper bis(ethyl enedi am ne) -

bi s(dodecyl benzenesul phonate), copper acetate, 20 copper naphtenate, copper
pyrithione and copper bis(pentachl orophenol ate). Exanples of the

organo-ni ckel CepRyMls 1“C| th@e nNQKI@éIorﬂéﬂiyﬁh@pﬁﬂhdhrﬁld@lse| include  N-
di net hyl di t hi ocar barat e.

| ud
zinc acetate, |th@9th@gRth@I"§(d&|mhhypelgano}ﬂzs%)%tf&ﬁﬁgpﬁﬂahmld@c Hae

et hyl ene- bi s(di t hi ocarbamate), zinc 25 dinmethyl dithiocarbamate, zinc

pyrithione, and zinc eth%/l ene- bis(dithiocarba mate). As an, ex % | e
m xed nmet ab- contEsNamn’!@ ] @md&hw@@hpmmnac'd%n@cl%% b&(@'@e(tw"{hiﬂ?@ ?é)oyl

manganese et hyI n;%}ﬁe %%phﬁ%ﬁ@?ﬁ?@?lﬁltﬁe%gmﬁfé Yhd Iém?nh(ﬁ\ﬁiurﬁaétﬁylene-

(mancozeb). ree organi c conpounds include N
tri hal onet hyI t hibdgibithie¢arbardets). tri hal o et hyl t hi osul pham des,
dithiocarbam c acids, Narylnmaleimdes, 3-(substituted am no) 1,3

t hi azol i di ne- 2, 4-di ones, dithiocyano conpounds triazi ne conpounds,

oxat hi azi nes ancE einfiges. W03/ 03MeHeMPOYMEPORPHADERs 13 Betudel es N- the

hnd N-11 udbod cHAsPERELRyTRg R i N BB BBR e ad. 8R L Aty bam
acids include bl(a(cdldﬂmdmyém@mywmwwumetm -Sluidphetiglphanyhsuiphamide.

N- et hyl di t hi ocar bamat e and ammoni um et hyl ene- bi s(dithi ocarbamate).
Exanpl es of trihal omet hyl t hi osul pham des include N- 10

(di chl orof | uor onstdmypiedi 0) oN , Nthgli metNayitytrhalpintioed sul ivtudede aNe(2)4,6-
trichlorophenyl)maleimide, N-4 tolylmaleimide, N-3 chlorophenylmaleimide,
15 N-(4-n-butylphenyl)maleimide, N-(anilinophenyl)maleimide, and N-(2,3-

xylyhmaleimide.

Examples of the 3-(substituted amino)-1,3-thiazolidine-2,4-diones include
2-(thiocyanomethylthio)-benzothiazole, 3-benzylideneamino-1, 3-
20 thiazolidine-2,4-dione,  3-(4-methylbenzylideneamino)-1,3-thiazolidine-2,4-
dione, 3-(2-hydroxybenzylideneamino)-1,3-thiazolidine-2,4-dione, 3-(4-
dimethylaminobenzylideamino)-1,3-thiazolidine-2,4-dione, and  3-(2,4-

dichlorobenzylideneamino)-1,3-thiazolidine-2,4-dione.

25 Examples of the dithiocyano compounds include dithiocyanomethane,

dithiocyanoethane, and 2,5-dithiocyanothiophene.

Examples of the triazine compounds include 2-methylthio-4-butylamino-6-
cyclopropylamino-s-triazine.

30
Examples of oxathiazines include 1,4,2-oxathiazines and their mono- and
di-oxideé such as disclosed in PCT patent WO 98/05719: mono- and di-



(dichl orofluoronethylthio)-N,N -di nethyl

Exanpl es of the N-aryl mal ei m des include N-(2,4,6-
trichl or owbengsipanl ei m de, N-4 tolyl maleimde, N3 chloropheEmpomeissi m de,

15 N-(4-n-butyl phenyl)nal ei m de, N-(anilipophenyl)naleimnmde, and N-(2,
Exanpl es of the 3-(substituted

xyl yl') mal ei m de.

am no) - 1, 3-thi azol i di ne- 2, 4-di ones i ncl ude
2- (thi ocyanonet hyl.t hi o) - ben ot hi,azol e, 3-benzy

-1, 3- _20.
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di one, 3-(2- hydr QbR é @?”ﬁféﬂyﬁobhénﬁ édbsﬂtwéd dmrne 12 t4- di eusstibuelrs

di met hyl am nobenzyl i deam no

zol i di

- N- (4- et hyl phenyl ) sul pham de.

3-

2,4

di chl or obenzyl i d@ﬁé@ﬁﬁ%ﬁ)'y fet?ﬁéelﬁil t5om8| hYW‘P@’J ZhQiQ:d%m']@ a'bﬁ @)@a@rﬁ}’égallﬁyl t he

di t hi ocyano conpg;
2, 5-di t hi ocyanot

IH?)Q ek E@&%' éh’c@%ﬂﬁ&%}%h@r&kylthﬂj tt@w&?yﬂ?dwﬁéﬁy%@,

he tri azi ne npounds i nclude

and

2- et hyl t hi%o- 4- bmqnoam @arélﬁalksdwb@m d@i]ﬁnahaam@nyl, Q1r4aﬁlkﬁl§ulf'9w EXRAYY 85 of

oxat hi azi nes inc X r es such
o et ooeq 1 n WAk Anref (I EALOCAKAARAIIEY, RO cIRfeminEa®hi
PCT/ EP02/ 11957 pleryldéndascarbonyl 4, Rlytanainhtarkpnds miorphaiingeaseeny,uedinon t he 3

posi tion repres&
substituents

05 ) RSB oo e Mg sy

cycl oal kyl, trithdnytyefursthyl; pirethiényl Car Cfﬁremlyk(msostit(lﬂedS withk ydnehito, three

ol kyboul f1 U1 Lot nopoa e Re i i PO o G ARIAR G et 4

al kyl am nocar bonylkylthi@hemgloam eyaoar bofoyrhyl, tcﬂcptyh,m rhmoam;tbonyiltro C1-C4

nmor phol i nocar bon li; am no nitrq, ano, xol any
al kyl oxyi ni nomet B ¥F§B‘Pﬁfw e&l’"%yl PhFHY@'rW]O %“é{hw “ang t hiiy1
furanyl substit Uhlﬂﬂlo)tylmmdh@hyl%ﬁ(by a&ubstituent of generic formula

—

15

20

25

30

wherein X is oxygen or sulphur; Y is nitrogen, CH or C(C1-4 alkoxy); and
the C6 ring may have one C1-4 alkyl substituent; a second substituent
selected from C1-4 alkyl or benzyl being optionally present in position 5
or 6.

Other examples of the metal-free organic compounds include 2,4,5,6-
tetrachloroisophthalonitrile, N,N-dimethyl-dichlorophenylurea, 4,5-
dichloro-2-n-octyl-4-isothiazoline-3-one, N,N-dimethyl-N’-phenyl-(N-
fluorodichloromethylthio)-sulfamide, tetramethylthiuramdisulphide, 3-iodo-
2-propinylbutyl carbamate, 2-(methoxycarbonylamino)benzimidazole,
2,3,5,6-tetrachloro-4-(methyisulphonyl)pyridine, diiodomethyl-p-tolyl
sulphone, phenyl(bispyridine)bismuth dichloride, 2-(4-
thiazolyl)benzimidazole, dihydroabietyl amine, N-methylol formamide and

pyridine triphenylborane.

C5-6

or



10 substituents independently selected from Cl-C4 al kyl, Cl1-4 al kyl oxy,
Cl-4 al kylthio, halo, cyano, fornyl, acetyl, benzoyl, nitro, CL-C4

al kyl oxycaplwany1999 phenyl , phenyl am nocar bonyl and Cl-4 PCT/EP02/11957

al kyl oxyi m nomet hyl ; or (b) a substituent. of generic fornmula 4Y 15 wherein
X i's oxygen or sulphur; Y is nitrogen, g_5| or C(Cl-4 al koxy); and the C6
ring may have one Cl-4 al kyl substituent a second substituent sel ect ed

from Cl-4 al kyl or benzyl bei n |on I i n si.tipn 5 r 6. 20
Cther exanpl es of ARGREdIRgL 1Al angéer%dgsm d%’?ﬁ‘ﬁ% é's? hgo’é%ﬂt Df g fhe
tetrachl or oi sopht hialiqBrihed | Bscidbdt H rveom(igsdsmy Qfa@phﬁnxabdé@aadvénﬁge

di chl oro-2-n-octyl -4-isothi azol i ne- 3-

N-
f 1 uor odi chl or onet (jadiased)in F-AHA3GE2) %W@ﬁél@ﬁ%h? ﬁPE glighi %QEPW%E@% -i odo
25 2-propinyl but yj, c‘%r amat e, 2-(nethoxycarbonyl am no) benzi m dazol e,
2,3,5, 6- tetrachloro met hyl su | phonyl) pyridine, diiodonethyl-p-tolyl
SU|phone phenyl (bi spyri di ne) bi snuth di chl oride, 2-(4-

t hi azol yl ) benzi m I

byt i e 111 phenyondrbe I RRE k(3T dkies Bal% il “i%éﬁﬁ‘?ﬁﬁftﬁgdt o a
preferred embodi n‘eumble$dme Umeanse theyireégst tammosifomftes Bgeardinglyi Hhespaitscl osed
In VD A- 9505739 h %‘?oﬁ%ﬂ‘éﬂldgﬁggeg%@??nd&@ §ﬂ$9§€9n 'e@fegtg/ep‘aﬁgéﬂtﬁ ) atof

i ncreasing the se shi'ng ai nt Anong the fouling
organi sns, bar nacleest fomee bprracetidey fieht @ BogoUs oxude or thiocyanate. A

10 preferred barnaclecide is disclosed in EP-A-831134. EP-A-831134
discloses the use of from 0.5 to 9.9 wt%, based on the total weight of the
dry mass of the composition, of at least one 2-trihalogenomethyl-3-
halogeno-4-cyano pyrrole derivative substituted in position 5 and
optionally in position 1, the halogens in positions 2 and 3 being

15 independently selected from the group consisting of fluorine, chlorine and
bromine, the substituent in position 5 being selected from the group
consisting of C1-8 alkyl, C1-8 monohalogenoalkyl, C5-6 cycloalkyl, C5-6
monohalogenocycloalkyl, benzyl, phenyl, mono- and di-halogenobenzyl,
mono- and di-halogenophenyl, mono- and di-C1-4-alkyl benzyl, mono-

20 and di-C1-4- alkyl phenyl, monohalogeno mono-C1-4-alkyl benzyl and
monohalogeno mono-C1-4- alkyl phenyl, any halogen on the substituent
in position 5 being selected from the group consisting of chlorine and
bromine, the optional substituent in position 1 being seclected from C1-4
alkyl and C1-4 alkoxy C1-4 alkyl.

25
One or more antifoulants selected from such antifoulants are employed in
the present invention. The antifoulants are used in such an amount that
the proportion thereof in the solid contents of the coating composition is
usually from 0.1 to 90% by weight, preferably 0.1 to 80% by weight, and
30 more preferably from 1 to 60% by weight. Too small antifoulant amounts

do not produce an antifouling effect, while too large antifoulant amounts

result in the formation of a coating film which is apt to develop defects



troubl esone, because they resist to nost biocides. Accordingly, the paint
formul ati on should preferably include at | east an effective anount of at

| east onewbasmnzmbeci de, such as cuprous oxi de or thi ocyan®C&/EPA/1057
preferred barnacl ecide is disclosed in E1F6> A-831134. EP-A-831134 discl oses
the use of fromO0.5 to 9.9 W% based on'the total weight of the dry mass
of the conposition, of at |east one 2-trihal ogenonet hyl - 3- hal ogeno-4-cyano

pyrrol e derivative substituted in position 5 and o&%i onally jn_position 1,
the hal ogens in pwsht pengragkingers meeling Bnd Hlsp&Ra ??y'e§%|%t9F8&ef'Pomthe

group consi sting fssddiHebidertyChl orine and  brom ne, the substituent in
position 5 being é;H(;ll(%adclt gé’ (%}%or% the group consisting of Cl1-8 al kyl, Cl1-8
nonohal ogenoal kyl, C5-6 cycl oal kyl, C5-6 nonohal ogenocycl oal kyl, benzyl,

phenyl, nono- an [ - n y NG dish NS ; no-
and di-C1-4-al kyﬁrgéeﬁ%at%ﬁ%ﬁgﬂ% a%n a@?_@%r_n%_ﬂfﬂg)l &c;/rl 1€H}oér?\g)‘r’leyl , rrgﬁjoﬁglaggeno
nono- Cl1- 4- al kyl badditiMe(sind nonohal ogeno nono- Cl1-4- al kyl phenyl, any

hal ogen on the substituent in position 5 being selected fromthe group
consisting of chlorine and brom ne, the optional substituent in position 1
bei ng secl ected fTampaintdconapdsitionacah Contairalokexyr Chbral pigrkgts WBICn@reor nor e

antifoul ants sel ected , fromsuch antif.oul ant r. 3[59' ed| . esent

i nvention. The antiCi6ul B‘ﬂfrkengﬁ" é‘eUSS@ér'Pﬁbs{}Oéﬁolgr{ﬁanour??é(rt ﬂ-gteeeté@%pe)ﬁ%porti on
thereof in the sohavk £e8d ents selubilhesedathahthequgmest parbcies slo nosaaitvive f rom
0.1 to 90% by wei ght, preferabl .1 to 80% by wei.ght n 0 re

pr ef er abl y1%f r om 1%1 &“5‘68%‘ )?U&E‘i" hfhes?o?)'gg}?ﬁ?ﬁ K% iﬂ?%t?lﬁgfaﬁ g%ﬁ“oqﬁlgﬁg €0 not
produce an anti f ogldrag saidoifihg Whith end eslatiaigemoringi eaviatot eaentsimnsther esul t

in the formation of a coating filmwhjch is apt to, devel op. def ects. WD
03/ 037999 PCT/ EPORINY gHm, "i'@ﬂ*%'a'@ﬁ %at&%%ﬁf?ﬁg’hrﬂfdpé’é?f%@ﬁ@ TR Wecones

less effective ingycrescences formed during the application of the paint. Sparingly
soluble pigments have long been used in self-polishing antifouling paints.

15 Typical examples are cuprous thiocyanate, cuprous oxide, zinc oxide,
cupric acetate meta-arsenate, zinc chromate, zinc dimethyl
dithiocarbamate, zinc ethylene bis(dithiocarbamate) and zinc diethyl
dithiocarbamate. The preferred sparingly soluble pigments are zinc oxide,

cuprous oxide and cuprous thiocyanate. Mixtures of sparingly soluble

20 pigments can be used, e.g. zinc oxide, which is most effective at inducing
the gradual dissolution of the paint, can be mixed with cuprous oxide,

cuprous thiocyanate, zinc dimethyl or diethyl dithiocarbamate, or zinc

ethylene bis-(dithiocarbamate) which are more effective marine biocides;

the most preferred is a mixture of zinc oxide with cuprous oxide or

25 thiocyanate.

The paint composition can contain one or more pigments that are highly
insoluble in seawater, such as titanium dioxide, talc or ferric oxide. Such
highly insoluble pigments can be used at up to 40 percent by weight of
30 the total pigment component of the paint. Highly insoluble pigments have

the effect of retarding the erosion of the paint.



antifouling property. The paint may further contains pignent(s) (or
fillers), solvent(s) and 5 additive(s). The paint conposition can contain
one or nowWe opiognyent s whi ch are "active" pignents, i.e. spamiErgt/y19spl ubl e
in seawater. These pignents have a sea water solubility such that the

pi gment particles do not survive 10 at the paint surface. These pignents
have the effect of inducing the overall snpothing which the

rel ativel y-novi ng_seawater exerts on the, paint film. mnimsing Localised
erosion and pref g‘?”@n??‘ﬁt COMPRHRT GgN @Qﬁ%geﬁrﬁégo?egb'm”kﬁjpf ﬁiég? It.rga(i

appl i cation of thegpBaldkelosP® thegbaint, %%uﬁmmlmmm,&dpws bxitg obdren used
in self-polishing antifouling paints. 15 Typical exanples are cuprous

t hi ocyanate, cupr@ife.oxi de, zinc oxide, cupric acetate neta-arsenate, zinc
chromate, zinc dinmethyl dithiocarbamte, zinc ethylene

bi s(dithi ocarbamate) and zinc diethyl dithiocarbamate. The preferred
sparingly $ol ubl Ths grapertoraet pignent dri REBYMerc igppreirrablyi PHehad? (@ Wit ds

t hi ocyanate. M xt f rd I t PEBRLR. FRM BRf&1a8H: ate- 9.

zi nc oxi de, whi cr#é@gprg\é?la@%é@@?{e%téa?@b%n_ d%ng g‘{gﬁe gradual di s_sgll ution of
the paint, can beeastx88 pérchntcipribesdoyxipdiat filmupheusrpen deytarbtrRigmentnc

di met hyl or diethyl dithiocar . R ion. Paints havi

bi s (di t hi ocar bard il RRE TRt il WoLunfs BEhfration. des® "N nost
preferred is a mpimeat eblumenconoentiationstdf uputor ghmut B0 percent, faoexampeyanat e.

ool bl e 1on SeautRBrooaeLierauey H AR SRR PEE or Terric oxide. Such
hi ghly insoluble pignents can be used at up to 40 percent by weight of 30
e ot P AT e STReneRl Sl ER i Y R B S Bl e
PCT/ EPO2/ 11957 1>?ylene and toluene; aliphatic hydrocarbons such as hexane and heptane,

esters such as ethyl acetate and butyl acetate; amides such as N-

15 methylpyrrolidone and N,N-dimethylformamide; alcohols such as
isopropyl alcohol and butyl alcohol; ethers such as dioxane, THF and
diethyl ether; and ketones such as methyl ethyl ketone, methyl isobutyl
ketone and methyl isoamyl ketone. The solvent may be used alone or in
combination thereof.

20
Solvents are used to obtain the desired viscosity. In marine app.lications,
the viscosity is selected to be at the expected operating temperature for
the application on the ship hull, preferably in the range of 5-50 dPa.s,
more preferably of 10-20 dPa.s, most preferably of about 15 dPa.s.

25 Obviously, in marine applications (either freshwater or seawater) the
nature of the solvents is also adapted to the expected operating
temperature for the application on the ship hull, taking into account the

desired drying time.

30 Additive ingredients may optionally be incorporated into the coating
composition of the present invention thus prepared. Examples of the
additive ingredients are dehumidifiers, and additives ordinarily employed



The paint conposition can contain one or nore pignments or dyes that inpart
a colour to the paint, e.g. titaniumdioxide, cuprous oxide or iron oxide.
5 The proworogiosmeof pignent to polyner is preferably suchPas/Hpo2/giose a

pi gment vol une concentration of at |east;25 percent, nore preferably at

| east 35 percent, in the dry paint film The upper limt of pignment
concentration is the critical pignment volunme concentration. Paints having

pi gnent vol une concentrations of up to about .50 t .. . , 10
have been found v#r 9°%tfr\9e8?'i“983'g'9f‘ Pi l-%%@lr;q:gﬁgﬁﬁggn@&%\r@g@%@he

organi c sol vent i {iplod@dpicHr@nitisetiig bgeas haasiisus bn@anti-fodneing agantst ol uene;,
al i phatic hydrocarbons such as hexane and heptane, esters such as ethyl
acetate and butyl acetate; ami des such as N 15 nethyl pyrrolidone and

N, N-di met hy! f or FREirgRwiRd AERAARIngUSRNRRes iIGSRIE MY irdbatdR I Thandedsiiing

al cohol ; ethers such as di oxane, THE and_ diethyl ether; and ketones such
as met hyl ét hyl mathesiseuseddn Hia exXasytes gie givast lYABEand net hyl i soanyl ket one.
The sol vent nmay be used alone or in conbination thereof. 20 Sol vents are
used to obtain the desired viscosity. In marine applications, the

viscosity is seBExemete 1 osynhesis ohiimeltpisilylrgsibater at i ng t enperature for the
application on the ship hull, preferably in the range of 5-50 dPa.s, nore

preferably of 1(Q- 4 _1ah %%aa i ously,
in narine appli g%@%oﬁéﬁi%ls? [@rﬁ 1L—O%r'er{se \SN%? g{r %oér)EsLeg\%g%lé%Sﬂt e rﬁ}n‘falet?pﬁrug"8 %’:‘ t he
solvents i® al soitadept e fourt recke of v askopereaequigped with stieingrieeds, & he
application on t shi p hul t aki i t i Aryi tinme.
30 Additive i ng(%&xeﬁcher@lk@ﬁmpéﬁgqqlfgp%egnr?ééggl?%gp h{@dmﬁn oFe%gteI&l(;:’o%an
cg(rjr_po;:l tion of iieangr 8 eniditionvemttieoredctanss. priep gued rostixavgsl dissatred e a
additive ingr edlsglr;'/te?\t rarllrix ur%eor}%8dg|] fx'yl((aalr*ng ’ang%%oaéj 5Iaénve?STﬁér%5ﬂ3r HQ/ g%’ﬁpé oyed

tri-ethylamine was carefully added over 5 minutes under vigorous stirring.

15 As a consequence the temperature of the contents of the flask rose by
10°C. The addition of the tri-ethyl amine was followed by the slow addition

of 138 g trimethylsilyl chloride under vigorous stirring.

A white salt was instantaneously formed and the exothermic reaction made
20 the contents rise to a temperature of 50°C. The reaction mixture was kept at
a temperature of 50°C for 5 hours. Then the heating and the stirring was
stopped. The next day the formed trimethylsilyl resinate was purified by
filiration and evaporation of the toluene solvent fraction. The yield was 530 g
(circa 78 %) of a brown colored solution, that was 75 wt % in solids and had
25 a viscosity of 3 dPa.s. The binder was very flexible and had a good
adhesion on glass and epoxy primer and showed hydrolysis within minutes
upon immersion in an alkaline solution of pH 12. This is in contrast with zinc
resinate which had a hard and brittle film with moderate adhesion on glass
and without showing any hydrolysis behavior up to pH 13. The binder had a
30 Tg of 62 °C.



WO 03/037999 PCT/ EP02/ 11957 18 in coating conpositions as anti-sagging
agents, anti-flooding agents, thixotropic and anti-settling agents,
st abi | i sewe oafsir9ant i - f oami ng agents. The fol | owi ng non- | iPeirtEPAY1B®RAND] €S
illustrate the invention. The measuring g nethods used in the exanples are
given further. Exanple 1 : synthesis of ‘trimethylsilyl resinate 420 g
Portugese gumrosin was put in a 2-L 4-necked flask and kept under 10
nitrogen. The four necks of the flas er e eguj pped with stirring neans, a
reflux cool er, 2 ynthesief dingiadsilidicesiNalen r ol of the reaction, and
means for add|t| on of the react ants. The gumrosin was dissolved in a
sol vent m xtureppd ;248 ?ql?f?{hﬁéﬁteaﬁd"%r&%guﬁést WEEDSd BB @id eynthedls wfans
tri-ethylam ne was care added over 5 m nutes under vigorous stirring.
igCAsTﬁ conzequ@r&m}?leHeNltfeﬁl‘ﬂpé@'@bMﬁgedlffPreﬂﬁ%S contents of the flask rose by

e additi dition
of 138 ¢ tgl net%ﬁgiﬁc%/r{& 8%%8??%@%{% r%@%?%ﬂgéds&% gé(ytéﬂg\/\ﬂd?semgglt was
i nst ant aneousl ytofumneed and t he exotherm c reaction nade 20 the contents

(152 12,2, CTPCERLH AL 0RO agl CRBGLORY T M1 AR, AR, 864 o35 o
fsjt Ffpe?: The geditneﬂlwdibﬂﬂerdscbanmd trimethylsilyl resinate was purified by
iltration an vaporatio f t 0 T, d wa
530 g (o roa 78Mag e waS Bpf e Pl ERGel RO RRh (AR, 20 9 T YIBRC OR o
and had 23pa vi éﬁ@ﬁé@ﬁvﬁcog|tﬂmmdPaTﬁe bi nder was very fl exi bI e and had a

good adhesion g ss, and e r.inmer and showed rolysis within
m nutes upon |hﬁ%8§i% hhadage § ég '%028 %ﬁPF‘BH GBPXBbEf{T%E%- This is in
contrast w th ziReg birdes wastverybéraitivead atkaliae dy(amysisr it Bihaerffilt rdissiotved

noder at e adhesi on on gl ass,_ and, w any hydr ol ysi s behavior u
to pH 13. The barweer%waz ‘@U‘Pﬁetje%f”"g%? -037999 PCT/ EP02/ 11957 P

The binder had a Tg of 52 °C.

15
Some properties of trimethylsilyl resinate and dimethylsilyl diresinate are
specified in table 2.
Examples 1 and 2 demonstrate that silylesters of resinates dissolve in
20 alkaline solutions more quickly than for example zinc resinate and that they
are less brittle than zinc resinate.
Table 2 :
Parameter Trimethylsilyl- | Dimethylsilyl- Zinc Rosin
resinate (ex 1) | diresinate (ex2) | Resinate
Tg (°C) 62 . 52 160 52
Dissolving (at pH) | Yes (pH 12) Yes (pH 12) No (pH 13) | Yes (pH 12)
Paint Formulas : Examples 3 to 6 and comparative example A.
25

Several paints were prepared whose composition by weight is given in
{Table 3.



19 Exanmple 2 : synthesis of dinmethylsilyldiresinate The sane equi pnent and
procedures were used as for the synthesis of exanple I with the follow ng
di fferencwe:038383%b g Portugese gum rosin had been di ssol vedTiRrod2d5y xyl ene
and 500 g toluene. To this had been adg%d consecutively 101 g tri-ethyl
amne and 64,5 g dinethyldichlorosilane.” The yield was 300 g of a brown
colored solution that was 70 wt % in solids 10 and had a viscosity of 10
dPa.s. The binder had aau_good adhesi on on gl ass and epoxy primers. The
bi nder wasfver yTaiéfP@l compasikans ne hydrol ysis. A binder film dissolved
in water of pH@E2—conptetety Wt 5t DINAgr [Rad B, g |of 52
C. 15 Sore prcpertles of trilrefRpes? vI reS|§ate nd d'ﬁpt yls ylg
diresinate are @%&léﬁtg ed in tlﬁe@&r@tlo% Exanpl esvid ante 4 WeM gLk aig tlhat
silylesters of | es—di-5S atkattnersotut+ongmorg—qur|ckl y
than for exanpl o Tomaty|Siresiaieat e75ét\ﬁd’"‘HV§[‘efePﬁé\)/ Zde|less brititle than lzinc
resinate. Tabl g BimelsRpEhngt Tfo'mmtumslle‘ﬁé&exlz)r Di et by sfi 124 24 nf Rogi n
resinate (ex 1)dires 'n'—‘ ﬂ Rest+rate—+4(ES16252 16052 qol vi ng
(at pH Yes (pH QWA/ZQ/QQ(S%‘H 12) No (pH 13) Yes (p—l 12) 17Hailnt F)ﬁn‘zl as. :
Exanples 3 to 6 ﬂgh&e%@)ar atlvgkﬁ%mpl e A 25 Several |pai nt|sgeete7priepared
a) Tahl

whose conposi tileh—by welght +s—g-vrer—+Ar—Fabhe—3-
Larofiex MP 45 melchlorlde (BASF) 49
Thix. Agents 13 |14 {13 |13 (13
Cuprous oxide 402 | 421 | 384 |384 |385
Zinc oxide 150 {79 |143 |[143 | 144
Iron oxide 67 |70 |64 |64 |64
Zinc pyrithione Zinc Omadine (Arch) 2.8
Xylene 126 | 112 |97 | 213 [ 133
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.0

In Example 5 and Comparative Example A, there was used a solution (50 wt
% in xylene) of resin 50MA/25VP/25BA according to example 1 of EP-A-526
5 441, having the monomer weight composition 50 % methyl acrylate, 25 %
vinyl pyrrolidone and 25 % butyl acrylate. In Comparative Example A, there

was used zinc resinate.

The amount by weight of the silylesters of rosin, based on the total weight of

10 the binder system, used in the several paint formulas is given in table 4
Table 4
3 4 5 6 A
Ingredients wt% | wt% | wt% | wi% | wt%
TrimethylSiresinate 100 -
DimethylSidiresinate 100 | 50.1 10 -
15

Properties of the paints are presented in Table 5.



WO 03/ 037999 PCT/ EP02/11957 20 Table 3 : Paint conpositions Exanple --> 3
4 56 A Ingredients Description wt%w%w%W%w% TrinmethylSiresinate
75 wt , %Wo 0spbmpe (ex. 1) 24.1 Dinethyl Sidiresinate 70 wWPC¥EPN2/xywEENne ( ex.
2) 27.5 12.5 2.5 50MA 25VP/ 25BA 17.4 1 é7.4 Zinc resinate Erkacit 250
10.9 8.7 Laroflex MP 45-Vinylchloride (leSF) 4.9 Thix. Agents 1.3 1.4 1.3
1.3 1.3 Cuprous oxide 40.2 42.1 38.4 38.4 38.5 Zinc oxide 15.0 7.9 14.3
14.3 14.4 Iron oxide 6.7 7.0 6.4 6.4 6.4 Zinc pyrithione Zi nc Oradi ne
(1,8\Bc8) |2.8E§((yl e?;@égfaﬂ.p@@ftmzla 13.3 Total 100.0 100.0 100.0 100.0
: n anq Td—CoT TT Ve Exanpl € AJ .t Nene was |u [
(50 Wt %in xyl%’ﬂ%ﬁ"t'ﬁf resrﬁurﬁ%m@%t@ﬁngRA 230k di \év%fr Zﬁig_q;paf‘350|;ug:=on
gg 9 5\2/i6n§I 431,r \h@ggﬁwg t he nogmmer wei ght conpdgi t 1B 8506 |%16et hyll geryl at e,
0 yriretdonre—and25—%butyt —acrytate N, qonpar a1 Ve
there was used @NRAOHYsi natlel® ™PH S hoint )l;y K ghek of o pEBQKi vl Eﬁfgﬂseo?’
rosin, based on ghgntigbal wei ghinoph 10 the bijmdef 18ystsern 4used3din |t he
several paint flormulas is gijlven in table 4 ]’able 4 3483 6 Al Ingrledients
Wt % Wt % Wt % Wt % wt % Tr i met hyl (&yerage fyiag &2 168hs) |Di et hy| Si diresinate 1100 50. 1

10 - Fouling (1 season) | % (fouled area) 0 0 0 3% 10 %

None of the paint formulas showed any significant rise in viscosity after 3
months storage at 20°C.

5 The paints have been tested for antifouling activity and erosion rate.
Paints according to the invention present outstanding antifouling and self-
polishing properties.
No significant weed or animal fouling has been observed on the panels
coated with the paints according to the invention and the algal slime was

10 practically non-existent.
Measuring methods used in the examples are as follows :

Determination of the solids content

15
The solids content was determined by weighing before and after heating a
sample for 1 hour at 120°C [standard test methods ISO 3233/ASTM

2697/DIN 53219].

20 Determination of the viscosity

The viscosity of binder solutions and of paints was determined with a

Brookfield at 25°C [ASTM test method D2196-86].

The viscosity of paints had been adjusted between 10 and 20 dPa.s. with
25 xylene. The viscosity was measured using a Haake VT 181 (body E30 or

100) viscosimeter under standard conditions.



15 Properties of the paints are presented in Table 5. WD 03/037999

PCT/ EPO2/ 11957 21 Table 5 : Paint properties Properties Units

(par anet ewe)0383#9b 6 A Viscosity dPa.s 12 15 13 15 11 CaoT§trabitosty (3
nmonths; 20 C) ok ok ok Ok ok Erosion raje mnmonth 7 12 5 4 3 (average
during 12 nonths) Fouling (1 season) % (fouled area) 0 O O 3% 10 % None of
the paint formulas showed any significant rise in viscosity after 3 nonths
storage at 20C. 5 The paints have been tested for antifouling activity and
erosion rate. Paints according to the invention present outstanding

anti foul i ng and§8lbtorP& the A8 IRESIRETI! ttRsbinderssi gni fi cant weed or ani nal
fouling has been observed on the panels coated with the paints according
to the invention and the algal slinme was 10 practically non-existent.

Measuring met hogge Saiftf AABRLRSoRICatE B0ldiouey ‘draReioNnei hatnon of
t he solids content q@c@ke slo cont e(ra\t was de}ferm ned b i ghing before

gggg;afA tS '?'lr\/l lseat i /a@(ahne s@wqmre(N@H PHh 320 -at3- 42 bl dbisa by " Ré%qedr?ét MB%is 1so

2697 [ t t
of bi nder sl ut PORSeIAR Fat & hoREE Al @it o g By o0 S 3s
[ ASTM t est net h@dulﬂ)%bgﬁasaﬁaed Wiithén umesbmmty of paints had been adjusted
between 10 and 20 dPa.s. with

Determination of the softening point

10
The ring and ball method according ASTM-E28 was used.

Determination of the Tg of the binders

15 Samples for the actual determination were made by making draw downs of
the resins on glass and drying for 16 hours at 120 °C. Here after the
measurements had been carried out with a differential scanning apparatus
of TA instruments, DSC10 according ASTM 3418.

20 Evaluation of the polishing of paints

The erosion rate is the average decrease in film thickness (expressed in

pm/month) per month over the whole test.

Stainless steels discs, 20 cm in diameter, were protected with a standard
25 anti-corrosive system (300 um in dry film thickness). Two layers of the self-

polishing paint to be tested were applied, to give a total dry film thickness

between 200 and 300 pm. The tests were carried out in constantly refreshed

natural seawater, at a constant temperature of 20 °C. The discs were

rotated at 1000 rpm, corresponding to about 34 km/h (18 knots) at 9 cm
30 from the center.

The total dry film thickness was determined at 2 monthly intervals, after

allowing the paint to dry during one day. It was measured at a number of



25 xyl ene. The viscosity was neasured using a Haake VT 181 (body E30 or
100) viscosineter under standard conditions. WO 03/037999 PCT/ EP02/ 11957

22 Eval uawpen/os991 he hydrol ysability of the binders The hpdr@rPyratstity has
been eval uated by dipping draw-downs in a1 5 al kaline solution (NaCH, pH
12.0 - 13.4). Hydrolysablitiy is reported as "yes" at a certain pH when
hydLoI ysis or conplete dissolving of a film(50-100 m could be observed
wi thin one hour. Deterpm nation of e spftenin 0i The ring and ball
met hod accor di n{*¥ERRINE28aGHKOC @8&& %ﬁ%mﬁﬁﬂgg@tgrno@hetd STg of tﬁe bi nder s
15 Sanples for the actual determ nation were made by nmaki ng draw downs of
the resins on glas ) 120 .C. Here after the

measur enents hadhs lugd € A d “a¥tal  scanni ng appar at us

of TA instrunents, DSCl0 accordi ng ASTM 3418. 20 Eval uation of the

pol i shing of paints The erosion rate is the average decrease in film

t hi ckness (expr d$geantifeulingy agivity)wasetestshby appbing e \Rfﬁﬂaée‘fé?@{nts &4 nless
steels discs, 2 [ Lafk : i -

anti-corrosive %&%ﬁfﬁgw ?énswéié!@ ?P?Fﬂ%ﬁ?ﬁiﬁ%&ﬁbﬁ\ﬂgéIaiggrbgu%%ﬁtahe

sel f- pol i shi ng peagiand imnieysingshe gang! fiomap paft e rivey agtuasy afftthe aPUldeP i1 m
thi ckness  bet V\Ef\f‘e][fhgr%dg%riﬁBQhénacﬂ_\;Eséfs%hs(tM’ﬁEﬁ—f@&é@éﬂ%.o%ch RegtQdlss ant |y
refreshed natural Seawater,“at a constant tenperature of 20 C. The discs
were rotated atind@i! plenpes coatedpwitilian gon-toxih cantrad(whighh beeane Msayiy at 9

cm 30 fro[eet he@,ﬁ&g g{ifgrs'gggﬁerggsaﬂhgs%ﬁeeg,g.g@nﬁfgitv@{ﬁﬂfé%Ncﬁfjé?lé)h%fe%ﬂﬂgg];@tﬁ 2

nmont hl'y i nterval g one was
measured at a nusteportet] by stating the area covered with fouling.

The reader’s attention is directed to all papers and documents which are
filed concurrently with or previous to this specification in connection with this
15 application and which are open to public inspection with this specification,
and the contents of all such papers and documents are incorporated herein

by reference.

All of the features disclosed in this specification (including any
20 accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are

mutually exclusive.

25 Each feature disclosed in this specification (including any accompanying
claims, abstract and drawings), may be replaced by alternative features
serving the same, equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each feature disclosed
is one example only of a generic series of equivalent or similar features.

30
The invention is not restricted to the details of the foregoing embodiment(s).

The invention extends to any novel one, or any novel combination, of the



WO 03/ 037999 PCT/ EP02/11957 23 fixed points, each located at 9 cmfromthe
center of the discs. The evaluation of the antifouling activity of the

pai nts. S5wohes/arpf oul i ng activity was tested by appl yi ng RdeERRRpEr ed
paints to a plaque over a vinyl resins/yar anti-corrosive paint, nounting
the plague on a panel and imersing the panel froma raft in a river
estuary off the Southern Netherlands during the active season (March -3
Cctober). Each test also inclyded plagues coated with a non-toxic. control
Cahi oh becans hdseiiep Soripssti B pRoBeal B ebidiie She Aehritving <8 i na
weeks) . The fouldyagadtadifi diswvifig)ost B0amy nslakionegdof ARy a0edl comisinaibnpiof h
fouling. The reader's attention is directed to all papers and docunents

which are fil edh@&teB8Of 8RY Methad @ RIPCSSSP dRFOSES- t hi s speci fication in
connection with this 15 application and which are open to public
inspection wth this specification, and the contents of all such papers and
docunents are incorporated herein by reference. Al of the features
disclosed in this specification (including any 20 acconpanying cl ai s,
abstract and drawi ngs), and/or all of the steps of any nethod or process
so di sclosed, nmay be conbined in any conbination, except conbi nations
where at | east sonme of such features and/or steps are nutually exclusive.
25 Each feature disclosed in this specification (including any acconpanyi ng
clainms, abstract and draw ngs), nmay be replaced by alternative features
serving the sane, equivalent or simlar purpose, unless expressly stated

ot herwi se. Thus, unless expressly stated otherw se, each feature disclosed
is one exanple only of a generic series of equivalent or simlar features.
30 The invention is not restricted to the details of the foregoing
enbodi nent (s). The invention extends to any novel one, or any novel

conbi nation, of the



WD 03/ 037999 PCT/ EPO2/ 11957 24 features disclosed in this specification

(i ncludi ng any acconpanying clainms, abstract and drawi ngs), or to any
novel onewoous/@ampInovel conbi nation, of the steps of any reaavEmd/1ms7process
so disclosed. 5 WO 03/037999 PCT/ EP02/ 11937 25 dCains : 1. A paint
conposition conprising silylesters of rosin. 5 2. A paint conposition
conprising a binder system the said binder system conprising silylesters
of rosin as a binder conponent. 3. Use in paints of silylesters of rosin as
bi nder conponent of the binder 10 system 4. A conposition or use
according to anyClaimsl:ains 2 or 3, wherein the silylesters of rosin are in
an anount of from5 to 100% by wei ght, based on the total weight of the

bi nder system 15 5. A conposition or use according to any preceding claim
wherein the silylepaiat sorapoditisi condirirgadilgRbRes bf @8It he group consi sting of
trial kyl si Ig/l nmonor esi nate, dial kylsilyl diresinate, alkylsilyl
triresinate; silyl tetraresinate and m xtures thereof. 20 6. A conposition

or use accordi ngztA)painabaméosmdsreb@mang.h@a%uhd/ér s%iéYﬁ th& GBRt bihd&EySteni €
selected fromthe group, consjisting %/ ethyl, n- propyl, isopropyl,
1

n-butyl, isobutyl Comnmtrswsﬂéﬂeateﬁmfrrwmsa% NHSFGAEPNRAL. i xt ur es t her eof .
25

3. Use in paints of silylesters of rosin as binder component of the binder

10 system.

4. A composition or use according to any of claims 2 or 3, wherein the
silylesters of rosin are in an amount of from 5 to 100% by weight, based
on the total weight of the binder system.

15
5. A composition or use according to any preceding claim, wherein the
silylesters of rosin are selected from the group consisting of trialkylsilyl
monoresinate, dialkylsilyl diresinate, alkylsilyl triresinate, silyl
tetraresinate and mixtures thereof.
20
6. A composition or use according to claim 5, wherein the silyl alkyl
substituents are selected from the group consisting of methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, t-butyl and phenyl substituents and
mixtures thereof.
25
7. A composition or use according to claim 6, wherein the silyl alkyl
substituents are selected from the group consisting of methyl and ethyl
substituents and mixtures thereof.

30 8. A composition or use according to claim 7, wherein the silyl alkyl

substituents are methyl substituents.



7. A conposition or use according to claim6, wherein the silyl alkyl
substituents are selected fromthe group consisting of nethyl and et hyl
subst i t uewtoso3aamomi xt ures thereof. 30 8. A conposition or RIERCAMSAI g to
claim?7, wherein the silyl alkyl substitygents are nmethyl substituents. WO
03/ 037999 PCT/ EPO2/ 11957 26 9. A conposition or use according to any
preceding claim wherein silylesters of rosin are used in conbination with
ot her binder co n . 0 it.ion_or _use according to, an
preceding claim %2? %@ﬁoﬁgoac%ﬁﬁ%gr??%ﬁé'h@n&?r ngs&gﬁ%&[}g %’ whéreth
antifoul ants. 11. Asjlylestesss dforogin epiar i usgdpadmn ntembinatiarct with sether nbindat one
step of the proce i e addition of silylesters of rosin as binder
conmponent of the %émgl%ﬁ‘%ﬂ&? system

5 10.A composition or use according to any preceding claim wherein the

composition comprises one or more antifoulants.

11.A process for preparing paints characterised in that one step of the
process is the addition of silylesters of rosin as binder component of the
10 binder system.



