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FOULING CONTROL COATING COMPOSITIONS

FIELD OF THE INVENTION

The present invention relates to novel fouiing controi coating compositions.

BACKGROUND OF THE INVENTION

Traditionally, siticone formulations rely on physical means, this being mainly a factor of
modulus of elasticity and surface tension to create a low bio-fouling surface. The traditional
polydimethyisiloxane (PDMS) coatings have shown difficulty in resisting bio-fouling over time,
thus decreasing the advantage of drag reduction,

Hence, there is & nead for fouling control polysiioxane-based coating compositions combining
the benefits of conventional polysiioxane-based fouling-reiease coating compositions with the
banefits of biocide-based antifouling coating compositions.,

WO 2007/053163 discloses an antifouling material that may inciude one or more of a number
of suitable copolymers (e.g. block copolymers, graft copotymaers, etc.} which provide biocidal
and/or fouling release characteristics. The copolymers may inciude a polysiioxane backbone
with one or more polymers graffed onto the polysiloxane backbone. Such grafted polymers
may carry biocidal groups.

WO 2008/132195 discloses an antifouling coating composition comprising a curable polymer
{e.g. an organosiloxane-containing polymer) and an organosilicone polymer.

WO 2008/132196 discloses a method to physically deter marine fouling which method
invoives forming on the substrate a coating compeosition comprising curable polyorgano-
siloxane, polyoxyalkylene block copolymer, organosilicon cross-linking agent and/or
catalyst. The polyoxyalkylene is reacted to ihe silicone binder by addition reaction
{vinyl/hydride) to form a biock copolymer of polyoxyalkylene and polysiloxane. The
copolymaer can subsequently be terminated with vinyltrimethoxysilane to form a moisture
curabte binder,

US 2004/006190 discioses a room-temperature curable organopolysiloxane composition,
which inciudes (A} an organopoiysiloxane with the terminals blocked with a hydroxyl group, a
hydrolysable group, or both these typas of groups, and (B) an organosilicon compound
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containing a hydrolysable group, a partial hydrolysis-condensation product therect, or a
mixture of the two, and (C) a polysiloxane with at least one oxyalkylene group bonded o a
silicon atom via, for example, a C-C-5i linkage.

WO 2002/088043 discioses a process for coating a siticeous substrate with a silicon-
containing iayer, wherein in a first step a layer comprising a biocide is applied.

US 2002/0197490 Al disclosas a curable antifouling polysiloxane based composition
comprising hydrophobic silica possibly in combination with hydrophilic silica. In soma
embodiments, the composition further comprises a silicone oil, e.g. oils comprising
poly(ethylene glycol) or pely{propylene glycol) moieties, It is further envisaged, that
antifouling agents may be used, in particular copper and inorganic copper compounds,

EP 2 103 655 Al discloses a curable antifouling polysiloxane based composition comprising a
reaction curable silicone rubber and a particularly designed organopolysiloxane mbdure, In
some embodiments, the composition further comprises a silicone oil, e.g. a polyether-
modified silicone oil, 1t is further envisaged, that antifouling agenis may be used, in
particular copper and inorganic copper compounds,

US 6,313,193 Bl i.a. discloses a composition comprising a silanol-terminated polydimethyl
siloxane, a dimethylethoxy-terminated polydimethyl siloxane, polydiethoxy siloxane, and
benzalkonium chioride. The polydiethoxy siloxane reacts with the polydimethyi siloxanes so
that the polydiethoxy slloxane bacomes an integrat part of the binder network,

1P 2006 052283 A discioses a coating composition comprising a polyether-modified silicons

oil having polvoxyalkylene side chains, an acrylic type binder system based on a polysiloxana
macropolymer and an antifoujant.

JP 2006 259132 A discloses an antifouling coating composition which is based on a vinyi
copolymer binder system which include poiysiloxane side chaing, and which is modified with
certain reactive silanes, and which further comprises, e.g., an poly{oxyalkylena)-modified
polysiloxane. The composition may also include an antifouling agent.

JP D5-263022 disclioses a hydrolysable coating composition typically based on an acid-
anhydride viny! binder for preventing aguatic organism attachment.

EP 1 261 318 Al discloses a triphenylboron compound-containing antifouling coating
composition stabilised with an amine compound. The composition comprises a non-reactive
polysiloxane (oil) modified with oxyalkylene groups.



10

15

20

25

30

US 2009/0018276 Al discloses a polysiloxane based coating compaosition having biocide
muoieties covalently bound tc the binder matrix,

The silicone based fouling release coatings have demonstrated an advaniage over
conventional antifouiing coatings showing significant iower drag resistance, hance reduced
fuel consumption of marine vessels. The difference is especially obvious as iong as the
silicone coating is free from marine fouling including slime fouling. Many conventional silicone
coatings have until now only been abie to maintain a slime free surface for a shorter period.

A few biocide containing antifouling coatings have demonstrated a greater resistance towards
marine fouling compared to the silicone based fouiing release coatings under e.g. static
conditions, The surface characteristics of such a coating will however lead to an incraased
drag resistance compared to silicona coatings even whean the surface is fouling free.

The rationale behind tha present invention has been t¢ prolong the slime free period of a
silicone based coating by combining the biocidal components from the antifouling coatings
with a silicone based fouling release coating. This provides a coating with low drag resistance
that will remain fouling free for a longer time than conventional silicone based fouling release
coatings.

SUMMARY OF THE INVENTION

In view of the above-mentioned needs, the present inventors have now developed paint
compositions for preparing new fouling control coatings (i.e. a cured paint coat) comprising
(i) & polysiloxane-based binder mafrix having included as a part thereof hydrophiiic
oligomer/polymer moieties, and (i) ohe or more biocides, which matrix facilitates and
controls the {eaching of the biocides. In this way, the advantages of silicone fouiing reiease
are combined with those of traditional anti-fouling coatings, thus gaining a foul-free, low-
friction surface with the use of a relatively small amount of biocide.

The presant inventors have realised that the use of a polysiloxane-based binder system
having included as a part thereof hydrophilic oligomer/polymer moieties, in particular
poly(oxyalkylena) moieties, (see further below} renders it possibie to obtain a media for
water- and biocidal transport through the cured polysiloxane matrix film. The leach rate of
the biocide can be controlted amongst others by the amount and the hydrophiiicity of the
hydrophiiic oligomer/polymer moieties,
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So, in a first aspect the present invention relates to a cured paint coat comprising a
polysiloxane-based binder matrix and one or more biocides, said binder matrix having
included as a part thereof hydrophilic oligomer/polymer moieties, wherein the weight ratio
between the hydrophilic oligomer/polymer moieties and the ane or more biocides is in the
range 1:0.02 to 1:20, and wherein more than 50 % by welght of the binder matrix is
rapresented by polysiloxane parts.

A second aspect of the invention relates to a marine structure comprising on at least a part of
the outer surface thereof a paint coat as defined herein,

In & third aspect the present invention relates to a fouling control coating composition
comprising a polysiloxane-based binder system, said binder system comprising one or more
polysiloxane components modified with hydrophilic oligomer/polymer moieties, and one or
more biocides, wherein the weight ratio between the hydrophilic oligomer/polymer moieties
and the one or more biocides is in the range 1:0.02 to 1:20, and wherein more than 50 % by
waight of the binder system is reprasented by polysiloxans parts.

In a fourth aspect, the presant invention reiates to a fouling control coating composition
comprising a pelysiloxane-basad binder system, said binder system comprising one or more
hydrophilic oligomer/polymer moieties which at ong or both ends carry ~Si{R¥); groups,
wherein each R* independently is selected from C,.4-alkyl and C,.4-alkoxy, or R* is another
condensation curable termination, at least one being C;4-alkoxy, or at ieast one being
another condensation curable termination, and one or more biocides, wherein the weight
ratio batween the hydrophilic oiigomer/polymear moieties and the one or more biocides is in
the range 1:0.02 1o 1,20, and wherein more than 50 % by weight of the binder systern is
represanted by polysiloxane paris.

A fifth aspect of the invention relates to a fouling control coating composition comprising a
polysiloxane-based binder system, said binder system comprising a cross-linker of formula
(2a)

A {4~a-1}

12
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wherein, each R represents, independently, an unsubstituted or substitutaed monovalent
hydrocarbon group of L to & carbon atoms or a hydrolysable group; each X represents,
independeantly, a hydrofysable group; each R is independently selected from ~H, Cy4-aficyl
{e.g. -CHs, ~CH>Chis, -CH>CHoCH5, -CH(CH5),, -CH.CHLCHLCHS), phenyi (-CeHs), and Cya-
atkyicarbony! (e.g. ~C(=0)CHs, ~-C{=0)CH,CH; and -C{=0)CH,CH,CH,), in particular -H and
methyl; each R® is independently selected from Cys-alkylene (e.g. ~CH,CHa-, ~-CH,CH{CH3)-,
~CHCH5CH;-, -CHoCHLCHLCH-, -CHRCH{CHCHL)-), aryiene (a.g. 1,4-phenviene) and Css-
alkylene substituted with aryl {e.g. 1-pheny! ethylene), in particular from C;s-alkylene such
as ~CH,CH,- and ~CH,CH(CH:)-); p is 0-50; a is 0-2; z is 1-3;

and one or more biocides, wherein the weight ratio between the poly(oxyalkylene) and the
one or more biocides is in the range 1:0.02 to 1:20, and wherein more than 50 % by weight
of the binder systern is represented by polysiloxane parts.

A sixth aspect of the invention relates to the use of the combination of one or more
polysiloxane componenis modified with hydrophilic oligomer/polymer moieties and one or
more biocides, whergin the weight ratio between the hydrophilic oligomer/polymer moieties
and the one or more biocides is in the range 1:0.02 fo 1:20, for improving the antifouling
properties of & polysiloxane based coating composition.

DETAILED DISCLOSURE OF THE INVENTION

The cured paint coat

As mentioned above, the present invention provides a cured paint coat comprising a
polysiloxane-based binder matrix and one or meore biocides, said binder matrix having
included as a part thereof hydrophilic oligomer/polymer moigties, wherein the weight ratio
betwaen the hydrophilic ofigomer/polymer moiaties and the one or more biccides is in the
range 1:0.02 to 1:20, such as 1:0.05 to 1:10, and wherein more than 50 % by weight of the
binder system is represented by polysiloxane parts.

The paint coat is preferably used as the top coat in a coating system comprising two or more
paint coat lavers (e.g. at least a primer coat and a tie coat in addition to the top coat).

Without being bound to any particular theory, it is believed that the function of the
poiysiloxane-based binder matrix rendered hydrephilic by means of oligomer/polymer
moieties is to facilitate the transport and accessibility of the biocide at the surface upon
contact with sea-water. Potentially, a hydrated laver formed at the coating-water interphase
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will also aid in retaining tha biocide at the surface, hence allowing the coating 1o exert its
fouling deterrent activity for extended expeosure intervals.

It shouid be understood that the hydrophilic oligomer/polymer moieties forms a part of the

poiysiloxane-based binder matrix, i.e. that the moieties are covalently incorporated into the
bindar matrix. It shouid aiso be understood that the formed covalent bond(s) preferably are
non-hydrolysable,

The polysiloxane-based binder matrix typically constitutes at least 40 % by dry weight, such
as 40-98 9% by dry weight, or 45-95 % by dry weight, or 50-95 % by dry weight, in
particular 50-90 % by dry weight, or 55-90 % by dry weight, or 60-30 % by dry weight, or
60-80 % by dry weight, of the cured paint coat.

The term “polysioxane-based binder matrix" is intanded to mean that the binder matrix
mainky consists of polysiloxane parts, i.e. that more than 50 % by weight, preferably more
than 60 % by weight, e.c. more than 70 % by waeight, of the binder matrix is representad by
potysiloxane parts. Preferably, the polysiloxane parts constitute 50-99.99 % by weight, e.g.
50-92.9 % by weight, in particular 60-99.5 % by weight, or 50-99 % by weight, or 60-98 %
by weight, or 70-97 % by weight, or even 70-99 % by weight, or 86-98 % by weight, or 90-
&7 % by weight, of the binder matrix (i.e. the binder components and any cross-linkars). The
remainder of the binder matrix is preferably made of the hydrophilic oligomer/poiymer
maieties and any (non-polysiloxane-type) cross-linkers, This being said, the nhydrophilic
oligomer/polymer moietias preferably makas up 1-30 % by weight, such as 2-20 % by
weight, e.g. 1-10 % by weight, of the binder matrix.

It should of course be understood that the hydrophilic oligomer/polymer moieties which are
included in the polysiloxane-based binder matrix are of non-silicon origin.

When calculating the amount of the polysiloxane parts and the hydrophilic oligomer/polymer
moteties, respectively, for a given starting material (or an adduct), it is typicaily fairly
straightforward to distinguish between the two. However, in ordar to eliminate any doubt
about any linkers between the twe, it should be understood that the hydrophilic
oligomer/polymer moieties include all afoms up to, but not including, the silicen atom which
is adjacent to the hydrophilic oligomer/polymar moiaty. As an example, in a structure of the
type [polysiioxane-01-Si{Me),-CH.CH,CH,~[hydrophilic clgomer]-CH,CH,CH,-5i{Me},-[0-
polysiloxane], the [polysiloxane-0]-Si{Me), parts are accounted for as silicone parts, whereas
the CHyCH-CH,-[hydrophilic oligomer]-CH,CH,CH; moiety is accounted for as the hydrophilic
oligomer moiety.
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Suitable hydrophilic oligomer/polymer moieties are those selected from poly(vinyl
pyrrolidone)}, poly[N-{2-hydroxypropyl)methacrylamide], poly(N,N- dimethacrylamida},
poly(acrylic acid), poly{glycerol), polyHEMA, polysaccharides, poly(vinyl aicohot),
polvketones, poly(aldehyde guluronate), pslyvinylamine, polycaprolactones, poly(vinyl
acetate}, polyoxyaikylenes like poly(ethylene glycol), poly(propylene glycol}, poly(2-methyl-
2-oxazoling), etc., including copolymers of the foregoing. Preferably the hydrophilicity is
obtained by modification with polyoxyalkylene moieties like poly(ethylene giycol).

Incorporation of the above mentioned hydrophilic oligomer/pofymer into the polysiloxane
polymer backbone is typically done through a linking group. The linking group is understood
as the product of the reaction of two mutually reaction functiona! groups; one functional
group on the pelysiloxane backbone and one on the hydrophilic oligomer/peolymer. E.g. an
amine linking group is result of for example - but not exclusively - the reaction of a glycidy!
ether with a primary or secondary amine. Examples of useful linking groups between the
hydrophilic oligomer/polymer and the polysiioxane backboneg are: aming groups, ether
groups, amide groups. 1,2,3-triazole, C-C bonds, C-C double bonds, C-C triple bonds, Si-C
bonds, C-S bonds, 5-S bonds, urethane group, urea groups, Most preferred inking group is
the Si-C bond prepared by hydrosilylation reaction catalyzed by platinum where the
functional group on the polysiloxane backbone is a hydride and the functional group on the
hydrophilic oligomer/polymer is an allyl group.

In some embodiments, it is preferred that the hydrophilic oligomer/polymer moieties provide
a permanent hydrophilic contribution to the binder matrix. Hence, in such embodiments, the
hydrophilic oligomer/polymer moieties are preferably devoid of any bonds which are
hydrolysable in sea-water. Hence, preferably, the hydrophilic oligomer/polymer moieties do
not include ester bonds or acid anhydride bonds.

In other embodiments, it is also preferred that the hydrophilic oligorer/polymaer moeieties
provide a permaneant hydrophilic contribution to the binder matrix. But, in such embodiments,
the link between the hydrophilic oligomer/palymer moieties and the silicone is devoid of any
bonds which are hydrolysable in sea-water. Hence, preferably, the hydrophilic
oligomer/polymer moieties are not attached to the polysiloxane through hydrolysable bonds
such as for example ester bonds or acid anhydride bonds. However, the hydrophilic moiety
may in itself include hydrolysable bonds, such as for example an acetate capped
poly(oxyaikylene).

in the present context oligomer/paiymer moieties are understood as those encompassing at
least 3 repeating units, such as at least 5 repeating units. Typically, oligomer/polymer
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moieties used for modification include 3-1,000 repeating units, such as 3-200, or 5-150, or
5-100, or 10-80, or 5-20, repeating units.

In some praferrad embodiments, the hydrophilic oligomear/polymer moieties (i.e. oligomeric
or polymeric groups incorporated inte the binder matrix) have a number average molecular
waight {M,) in the range of 100-50,000 g/mol, such as in the range of 106-30,000 g/mol, in
particular in the range of 150-20,000 g/mol, or in the range of 200-10,000 g/mol.

In the present description with claims, the terms "hydrophilic oligomer/polymer moieties”,
"hydrophilic polymer moieties", and similar are intendecd to mean that the oligomeric or
polymeric moieties, in themselves {i.e. when represenied as discrete molecuies) have a
solubility of at {east 1 %{w/w) in demineralized watar at 25°C.

Polysijoxane-based hinder system

The cured paint coat of the invention is typically prepared from a binder system which - upon
curing — forms a cross-linked polysiloxane-based bindar matrix which incorporates the
biocide(s) as well as other constituents such as additives, pigments, fillers, etc. in the cured
paint coat.

Hence, it should be understood that the polysiloxane-based binder matrix is made up of
reactive polysiloxane binder components, e.g. functional organopolysiioxanes, cross-tinkers,
silicates {(e.g. ethyl silicata), and the like. Thus, it is believed that the reaction between such
components will result in the binder matrix in the form of a typically three-dimensional
covalently interconnected network,

The cured paint coat may be formed in various ways, .g. polymerization/cross-linking by
formation of siloxane bonds through a condensation reaction or by the use of their reactive
groups such as for example amine/epoxy, carbinel/isocyanate etc. Condensation reaction is
preferred.

The polysiioxane based binder is a functional organopolysiloxansa, with terminal and/or
pendant functionality. The terminal functionality is preferred. The functionality can aither be
hydrolysable groups, such as for example alkoxy groups, ketoxime groups or the functionality
can be silano! groups. A minimum of two reactive groups per molecule is preferred. If the
molecule contains only two reactive groups, for exampie silanol groups, it may be necessary
to use an additional reactant, a cross-linker, to obtain the dasired cross-link density. The
cross-linker can for example be an alkoxy silane such as methylirimethoxysilane, but a wide
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range of usefu! sitanes are available as wiill be described further on. The silane can be used as
it is or as hydrolysation-condensation products of same, Although condensation cure is much
preferred, the functionality of the organopolysiloxana is not limited to a condensation cure. If
s0 desired, other types of curing can be utilized, for example amine/epoxy either alone or in
combination with a condensation reaction. In such cases, the organopolysiloxane can have
tarminal groups of epoxy or amine and pendant hydrolysable groups, for example with
alkoxyfunctionality.

The polysiloxane-based binder system discussed above is characterized by having included
therein, as a part of the binder matrix, one or more polysiloxane components which are
rmodified with hydrophilic oligomer/polymer moieties. Hence, such polysiloxane components
will upon reaction with other polysiloxane components and cross-linkers provide hydrophilic
properties to the binder system. Alternatively, hydrophilic oligomer/potymer moieties
functionalized with reactive silanes which enable them to react with the polysiloxanea binder,
or the hydrophilic oligomer/polymer moieties, and form a non-hydrolysable bond, may aiso
be used.

The polysiloxane components must include silicon-reactive groups such as S5i-OH groups,
hydrolysable groups such as Si-OR (such as alkoxy, oxime, acetoxy elc.) groups, etc., 5o as
to facilitate reaction with other constituents of the polysiloxane-based hinder system.

In one currently preferred embodiment of the above, the hydrophilic oligomer/potymer
motety is a poly{oxyalkylene) moiety.

In some embodimeants, the fouling control coating composition including the pelysiloxane-
hased binder system may be a reaction-curable composition or & condensation-curable
composition as will be evident for the person skilled in the art. Examples hereof are a two-
component condensation curing composition based cn a silanol-reactive polydiorganosiloxane
and a silane with hydrolysabie groups, or a one-component condansation-curablie
composition based on a polydiorganositoxane with alkoxy or other hydrolysable reactivity.
Another exampie is & reaction curable composition based on an epoxy-functional polysiloxane
binder and an amine functional polysiloxane curing agent. Combinations of reaction-curable
compositions and condensation-curabie compositions are possible, if the binder or the curing
agent (or both) includes condensation curabie groups, such as alkoxy groups.

in one embodiment, the binder phase comprises (i) & binder and (i) a cross-linking agent of
which the binder (I} should include hydrolysable groups or other reactive groups so as to
participate in the formation of the matrix,
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The binder (i) typically constitutes 20-90 % by dry weight of the coating composition, and it
should be understood, that the binder (i) may be of different types, e.g. two or more of the
types described above, so that the binder (i) may, for exampile, comprise a non-modified
curable polysiloxane and a curable polysiloxane which has been modified with hydrophilic
moieties,

In ona embodiment, the binder includes a curable diorganopolysiloxane repraesented by a
general formula (1) shown below:

& A A A
§ J«{ : i ™~ _11 [ gi; 03 1 i; 5 &
}%WT:—-—-”Q s I% L ’& 1 »{ Jb ii # {1}
& A & A

wherein each Al is indepaendently selected from a hydroxyl group, a hydrolysable group and
another functional group, such as amine or epoxy; each A’ is independently selected from
alkyl, aryl, alkenyi and a hydrolysable group; sach A and A® is independently selected from
alkyl, ary!l alkenyl and a hydrophiiic group, such as a polyoxyatkylene group, wherein, if AZ
and/or A*is a hydrophilic group, such as a polyoxyaikylene group, such group may be
attached to the silicon atom via a C,.s-alkylene linker; a8 = 1-25,000, b = 1-2,500 and a+b is
at least 5.

In one alternative embodiment, the binder includes a curabie diorganopolysiloxane
represented by a general formula {1x) shown below:

P as ac ;: &°
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wherein each of AL, A%, A%, A% a and b are as above for formula (1) and wherein each A’ is
independently selected from oxygen or an alkyl group of 2-5 carbon atoms.

in another embodiment, the polysiioxane binder has hydrophilic oligomer/polymer moiefies
grafted as side chains (pendant hydrophilic groups), as depicted below, and can be prepared
by a hydrosilylation reaction between a hydride functional polysiloxane and a hydrophilic
component containing an unsaturated group (-CH=CH,) such as for example an ally! or vinyl
group, in presence of a hydrosilyiation catalyst, such as platinum, in accordance with formula
(1c), where the example of a hydrophilic compound is an allyi-terminated poly(ethylene
glycol). The synthesis is carried out at elevated temperatures, such as 60-150°C. To render
the polymer curabie, it is necessary to functionaiise it with a hydrolysable, or by other means
reactive, group, such as vinyltrimethoxysilane. The reaction is following same principles as
when grafting the hydrophilic compound o the polysiloxane, and it is outiined in formuta
(1b), and the functionalization may be done, but not necessarily, prior to the bonding of a
hydrophilic group.

CH,
CH, CHy H THZ {}}
N O P S I TP S
[ et e 7
CHy CHy CH,y CHy 0
i
L,
Piatingrm catalyst {1b}
60-150° C CHy
!
THs ECH.S THa T TH3 %@—-0——(:&{3
el
Q [y— Si— Si— S 4
SR A SR FREEY FRED W
i | TH4 CHy CH; CH;y CH,
0
|
CHy

The resulting binder from the reaction (1b) is further modified with a hydrophilic component,
for example poly(ethylene glycol) mono allyl ether as outlined in formuia (1c) resulting in a
curable, polysiloxane modified with hydrophilic oligomer/polymer moieties.
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The binder obtained can be used as is, or in combination with a curabie diorganosiloxane (of
the generic type presentad in formuia {1)). As previously described, hydrophilic polymers
other than poly(ethylene glycol) are also useful for rendering the polysiloxane hydrophilic,

It is possible to graft the hydrophilic pandant moieties to the polysiioxane prior to grafting

the hydrolysable silane to the poiysiloxane (i.e. in reverse order than the syntheasis described
in formulae (1b) and (Lc).

Haence, in one interesting embodiment, the cured paint coat comprising a polysiioxane-based
binder matrix has included as a part thereof pendant hydrophilic oligomer/polymer moieties,

The axpression “pendant” means that the hydrophilic oligomer/polymer moieties are attached
to the polysiloxane backbone at 2 non-terminal position and that such moieties are attached

at only the one end so that the pendant hydrophilic oligomer/poiymer forms a “graft” to the
polysiioxane backbone {matrix).
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Pendant hydrophilic oligomers/polymer moieties may in principle carry functional (non-
reactive) groups at the free end, &.g. groups exhibiting a biocidal effect, etc. However, in
most embodiments, the hydrophiiic oligemers/polymar moieties are not carrying such
functional groups, but are in the form of the native oligomer/polymer, possibly end-capped,
like with an alky! group, or possibly with a hydroxyt group or methoxy terminated.

Another variation of the binder is an A-B-A copolymaer of polysiloxane (A} and a hydrophilic
polymer (B), such as poly{oxyalkylene). An example of the structure of the polymer is
depicted in formulz (1d). In this variation, units of & poiymer with hydrophilic character, such
as polyoxyalkylene are introduced in the backbone of the polysiloxane to form an alternating
biock copoilymer, Introducing hydrophilic groups such as oxyalkylene groups in the binder
may increase the hydrophilicity of the binder as described in referance WO 2008/132196. The
binders can be used alone or in combination, and the structure of the copolymer can be A-B-
A and B-A-B. In case of B-A-B, a pendant curable functionality is required, since the terminal
groups of the silicone portion would be blocked by the hydrophilic polymer.
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in yet another variant, the hydrophilic component is obtaimed by hydrosiiylation of a
polyoxyalkylene compound containing at least one, unsaturated group (-CH=CH,) such as an
allyt or a vinyl group, with a silane having a hydride group, e.g. HSiI(R*); groups, wharein
each R* independently is selected from Ci.s-alkyl and C, s-alkoxy (e.g. methyl, ethyl, propyl,
butyt, methoxy, ethoxy, propoxy, and butoxy), at least one being C,.4-atkoxy, such as for
exampie trimethoxysilaneg, triethoxysilane or methyldimethoxysiiane, in the presence of a
nydrosilylation cafalyst, such as platinum, yielding a curable poly{oxyatkyleng). The reaction
is carried out at elevated temperatures, such as 60-150°C. The synthesis is ocutlined in
formula {ie). The polymer has to be used in combination with, e.g., component (i) (formula
(1). Further examples of usefui silanes include, without being limited to, triethoxysilane,
tripropoxysilane, teri-butyldiethoxysilane,
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The cross-linking agent (i} preferably constitutes 0-10 % by dry weight of the coating
composition and is, e.g., an organosilicon compound represented by the general formula (2)
shown below, a partial hydrolysis-condensation product thereof, or a mixture of the two:

Ry B~ X4a {2}

wherein, each R represents, independently, an unsubstituted or substituted monovalent
hydrocarbon group of 1 to 6 carbon atoms or a hydrolysable group, each X represemnts,

independently, a hydrolysable group, and a represents an integer from 0 to 2, such as from 0
to 1.

The compound outlined in formula (2) acts as a cross-iinker for the binder (i). The
composition can be formulaied as a one component curable RTV (room-temperatura
vuicanizable) by admixing the binder (1) and the cross-linking agent (ii). If the reactivity on
the terminal Si-group of the binder (i) consist of readily hydroiysable groups, such as
dimethoxy or trimethoxy, a separate cross-linker is usually not necessary to cure the film,
The technoiogy behind the curing mechanism and examples of cross-iinkers is described in
prior art (US 2004/006190),

In one embodiment, R represents a hydrophilic group such as a poly{oxyalkylene). In this
case, it is prefarred to have a Czz-alky! spacer between the Si-atom and the polyoxyalkyiene
group. Hence, the organopolysiloxane may have oxyalkylene domains.
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In one variant, the hydrophiticity may be obtained (or added teo the hydrophilicity which may
have been obtained by incorporating a hydrophilic group to component (i) as outlined in
previous section), by using a hydrophilic sitane, such as the generic type expressed in
fermula (2a). The hydrophilic silane will react with the sifanal or the hydrolysable groups in
the binder component (formula (1) or {1e)}, and thereby incorporate a hydrophiiic

component.
e
R /ﬁ3 P c] o2 {2a)
g ]
| p
x{4~a~x}

wherein, each R represents, independently, an unsubstituted or substituted monovalent
hydrocarbon group of 1 to 6 carbon atoms ot a hydrolysable group; each X represents,
indepandently, a hydrolysabie group; each R? is independently selected from ~H, Cy.s-alkyl
(e.g. -CHs, ~CHCHa, ~-CHCHCHs, -CH{CHa),, ~CHaCHLCHRCHS), phenyt (-CsMs), and Cig-
alkylcarbonyl {(e.g. ~C{=0)CHs;, -C(=0)CH,CHs and -C{=0)CH,CH;CHs), in particular -H and
methyl; each R® is independently selected from C,.s-alkylene (e.¢. ~-CH;CH;~, -CH,CH{CHz)-,
«CH,CHCHL=, ~CHCH,CHLCH;-, -CH,CH{CH,CHs}-), arylene (&.g. 1,4-phenylene) and C;.s-
alkylene substituted with aryi (e.g. 1-phenyl ethyleneg), in particular from C,.c-alkylene such
as -CH.CHy- and ~CHCH(CH3)-}; pis 0-50, 8 is 0-2; z is 1-3.

Introducing oxyalkyiene units in the organopolysiloxane will increase the hydrophilicity of the
binder, especially when ethyleneoxide type -[CH,CH,-0]- is used.

In a further embodiment, the hydrophilic modification of the binder consists of both A-B-A
meodifications (as described above) and of pendant hydrophilic oligomear/polymer moieties.

Praferred cross-linkers are those selected from tetramethoxysiiane, tetraethoxysitaneg;
tetrapropoxysilane; tetra-n-butoxysilane; vinyltris(methylethyloximino)silang; vinyltris-
{acetoxime)silane; methyliris{methylethyloximino)silane; methyltris(acetoxime)silane;
vinyltrimethoxysilane; methyltrimethoxysilane; vinyltris{isopropenoxy}silane,
tetraacetoxysilane; methyltriacetoxysilane; ethyitriacatoxysilaneg; vinyliriacetoxysilane; di-t-
butoxydiacetoxysilane; methyltris{ethyliactate)silane and vinyltris(ethyllactate)silane as well
as hydrolysis-condensation products of th‘e same,
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Other interesting cross-linkers are those selected from vinyltriethoxysiiane,
methyltriethoxysiiane, ethylirimethoxysilang, ethyltrimethoxysilane, tetraisopropoxysilane,
tatrabutoxysilane as well as hydrolysis-condensation products of the same.

In some interasting embodiments, the polysiloxane-based binder comprises a
polydimethylisiloxane-based binder.

In other interesting embodiments, the binder may include fluoro-modifications, e.g.
fluoroalkyl modified polysiloxane binders such as silanol-terminated poly(trifiuoropropyt-
methylsiioxane).

The polysiloxane-based binder system typically constitutes at least 40 % by dry weight, such
as 40-98 % by dry weight, or 45-95 % by dry weight, or 56-95 % by dry weight, in
particular 50-90 % by dry weight, or 55-9C % by dry weight, or 60-90 % by dry weight, of
the coating composition.

Coating compositions

In view of the above, the cured coating may be prepared from a range of differant
combinations of reactive polysiloxanes and silanes.

Hence, in one embodiment, the invention provides a fouling controt coating composition
comprising a polysiloxane-based binder system, said binder system comprising one or more
polysiloxana components modified with hydrophilic cligomer/polymer moieties, and one or
more biocides, wherein the weight ratio between the hydrophilic oligomer/polymer moieties
and the one or more biocides is in the range 1:0.02 te 1:20, in particular 1:0.05 to 1:10, and
whergin more than 50 % by weight of the binder system is reprasentad by polysiloxane
parts,

In another embodiment, the invention provides a fouling control coating compaosition
comprising a polysiloxane-based binder system, said binder system comprising one or more
hydrophilic oligomer/polymer moieties which at one or both ends carry -Si(R*}; groups,
wharein each R* independently is setected from C;_s-alky! and C,.s-alkoxy {&.g. methyl, ethyl,
propyl, butyl, methoxy, ethoxy, propoxy, and butoxy), at ieast one being C,.;-alkoxy, or R* is
another condensation curabie termination, at least one being Ci4-alkoxy, or at least one
being another curable termination, and one or more biocides, wherein the weight ratio
batween the hydrophilic oligomer/polymer moieties and the one or more biocides is in the
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range 1:0.02 to L:20, and wherein more than 50 % by weight of the binder system is
represented by polysiloxane parts.

In one embodiment, the one or more hydraphilic oligomer/polymer moietias carry at only one
end -Si{R*); groups. In this way, it is possible to construct a binder of a polysiloxane chain
having grafts of the hydrophilic cligomer/polymer moieties.

In another embodiment, the one or more hydrophilic oligomaer/polymer moieties carry at both
ends ~-SH{R*)z groups. During curing, the hydrophiiic component will be incorporated in the
crosslinked network and constitute a non-hydrolysable hydrophilic moiety. In this way, it is
possible to construct a binder of a polysiloxane chain interrupted by segments of the
hydrophitic oligomer/polymer rmoeieties, which are connected through the crosslinking sites.

In a still further embodiment, the invention provides a fouling control coating composition
comgprising a polysiioxane-based binder system, said binder system comprising a cross-linker
of formula {2) above, whersin R represents a poly{oxyalkylena), and one or more biocides,
wherein the weight ratic between the poly(oxyalkylene)) and the one or more biocides is in
the range 1:0.02 to 1:20.

in a still further embodiment, the invention provides a fouling control coating composition
comprising a polysiloxane-based binder system, said binder system comprising a cross-linker
of forrmula {2a)

wherein, each R represents, indepandently, an unsubstituted or substituted monovalent
hydrocarbon group of 1 to 6 carbon atoms ot a hydrolysabile group; each X represents,
independently, a hydrolysable group; each R? is independently selected from -H, C,_s-aikyl
{e.g. -CHs, -CH;CH3, ~-CH2CH;CH3, -CH{CH;),, ~CHaCHCHLCHA), phenyl (-CgHs), and Cya-
alkyicarbonyi (e.g. ~C(=0)CH;, -C{=0)CH,CH5 and -C(=0)CH,CH-CHs), in particular -H and
methyl; each R? is independently selected from C,.s-alkyiene (e.g. ~-CH,CH--, -CH,CH{CH:)-,
-CH,CH-CHy-, ~-CH.CH,CHLCH,-, -CHLCHICH,CH:)-), aryiene (e.g. 1,4-phenviens) and Cs.s-
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alkylene substituted with ary! (e.g. 1-phenyl ethylene}, in particular from Cas-alkylene such
as -CH,CH»~ and ~CH;CH{CH3)-); pis 0-50; ais 0-2; z is 1-3;

and one or more biocides, wherein the weight ratio between the poly{oxyalkylang) and the
one or more biocides is in the range 1:0.02 to 1:20, and wherein more than 50 % by weight
of the binder system is reprasented by polysiloxane parts.

In one variant of the above embodiments, the hydrophilic oligomear/polymer moieties are
salectad from poly(vinyl pyrrolidone), poly[N-(2-hydroxypropyhmathacrylamide], poly{acrylic
acid), poly{giycerol), polyHEMA, polysaccharides, poly(vinyl alcohol), polyketones,
poly({aldehyde gulurenate), polyvinylamine, polycaprolactones, paly(vinyl acetats),
polyoxyalkylenes like poly(ethylene glycol), poly(propyiene giycol), poly(2-methyl-2-
oxazoling), including copolymers of the foregoing, in particular poly(oxyalkyleneas), especially
from poiyoxyethylene, polyoxypropyiene and poly(oxyethylene-co~oxypropytene).

The term "polysiloxane-based binder system” is intended to mean that the binder system
mainiy consists of polysiloxang parts, i.e. that more than 50 % by weight, preferably more
than 60 % by weight, e.g. more than 70 % by weight, of the binder system is represented by
polysiloxane parts. Preferably, the polysiloxane parts constitute 50-99.99 % by weight, e.g.
50-99.9 % by weight, in particular 60-99.5 % by weight, or 50-99 % by weight, or 60-98 %
by weight, or 70-97 % by weight, or even 70-99 % by weight, or 80-98 % by weight, or 90-
97 % by weight, of the binder system (i.e. the binder components and any cross-linkers).
The remainder of the binder systern is preferably made of the hydrophilic oligomer/polymer
rmoietias and any (non-polysiloxane-type) cross-linkers. This being said, the hydrophilic
oligomer/polymer moieties preferably makes up 1-30 % by weight, such as 2-20 % by
weight, 2.g. 1-10 % by waeight, of the binder system.

Biocides

The coating composition used for forming a cured fouling controf coat also includes one or
more biocides.

In the present context, the term "biocide” is intended to mean an active substance intended
to destroy, defer, render harmiess, prevent the action of, or otherwise exert a controlling
affect on any harmful organism by chemical or biological means.

Ilustrative examples of biocides are those seiected from metalio-dithiocarbamates such as
bis(dimethyldithiocarbamato)zine, ethylene-bis(dithiocarbamato)zinc, ethyiene-bis(dithio-
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carbamato)manganese, and compiexes between these; bis(1l-hydroxy-2(1H)-pyridine-
thionate-0,8)-copper, copper acryiate; bis{(1-hydroxy-2(1H}-pyridinethionato-0,5)-zing;
phenyl{bispyridy!)-bismuth dichloride, metal biocides such as copper{Ijoxide, cuprous oxide,
metallic copper, copper metal alloys such as copper-nickel alioys; metatl salts such as cuprous
thiocyanate, basic copper carbonate, copper hydroxide, barium metaborate, and copper
sulphide; heterocyclic nitrogen compounds such as 3a,4,7,7a-tetrahydro-2-((frichioro-
meathyi)-thio}-1H-isoindole-1,3(2H}~dione, pyridine-triphenylborane, 1-(2,4,6-trichloro-
phenyl)-1H-pyrrole-2,5-dione, 2,3,5,6-tetrachloro-4-{methyisulfonyl}-pyridine, 2-methylthio-
4-tert-butylamino-6-cyclopropylamine-s-triazin, and quinoline derivatives; heterocyclic sulfur
compounds such as 2-{4-thiazolyl}benzimidazole, 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one,
4,5-dichloro-2-octyl-3{2H)-isothiazoline (Sea-Nine®-211N), 1,2-benzisothiazolin-3-one, and
2-(thiocyanatomethyithio}-benzothiazole; urea derivatives such as N-(1,3-
bis{(hydroxymethyl)-2,5-dioxo-4-imidazolidinyl}-N, N’ -bis(hydroxymethylyurea, and N-(3,4-
dichioropheny}-N,N-dimeathylurea, N,N-dimethyichiorophenylurea; amides or imides of
carboxylic acids; sulfonic acids and of sulfenic acids such as 2,4,0-trichiorophenyi maleimide,
1,1-dichlore-N-{(dimethylamino)sulfonyi}-L-fluoro-N-(4-methylphenyl)-methanasulfenamide,
2,2-dibromo-3-nitrilo-propionamide, N-(fluorodichloromethylthio)-phthalimide, N,N-dimethyi-
N'-pheny!-N'-(fluorodichloromethylthio)-sulfamide, and N-methylol formamide; salts or estars
of carboxylic acids such as 2-{{3-iodo-2-propynyl}oxy)-ethanol phenyicarbamate and N,N-
didecyt-N-methyi-poly{oxyethyllammonium propionate; amines such as dehydroabiethyl-
amines and cocodimethylamine; substituted methane such as di(2-hydroxy-ethoxy)methane,
5,5'-dichloro-2,2'-dihydroxydiphenylmeathane, and methylene-bisthiocyanate; substituted
benzene such as 2,4,5,6-tetrachioro-1,3-benzenedicarbonitrile, 1,1-dichloro-N-{{dimethyl-
amino)-suffonyl)-1-fiuoro-N-phenylmethanesulfenamide, and L-{{diiodomathyi)sulfonyl)-4-
methyi-benzeng; tetraalkyl phosphonium halogenides such as ri-n-hutyliatradecyl
phosphonium chloride; guanidine derivatives such as n-dodecylguanidine hydrochioride;
disulfides such as bis-(dimethylthiocarbamoyt)-disulfide, tetramethylthiuram disulifide;
imidazole containing compound, such as medetomidineg; 2-(p-chlorophenyl}-3-cyano-4-
bromo-5S-trifiucromethyi pyrrole and mixtures thereof,

Presently, it is preferred that the biocide does not comprise tin,

Currently preferred biocides are those selected frorn the group consisting of 2,4,5,6-tetra-
chloroisophtaionitrite {Chiorothalonil), copper thiocyanate (cuprous sulfocyanate), N-dichioro-
fluoromethylthio-N", N'-dimethy!-N-phenyisulfamide (Dichiofiuanid), 3-(3,4-dichlorophenyl)-
1,1-dimethyiurea (Diuron), N*-tert-buty!-N*-cyclopropyl-6-methylthio-1,3,5-triazine-2,4-
diamine (Cvbutryne), 4-bromo-2-(4-chlorophanyl}-5-(triflucrormethyli}-1H-pyrrole-3-
carbonitrile, (2-(p-chlorophenyl)-3-cyano-4-bromo-5-triffluorometiy| pyrrole; Tralopyril), N~
tert-butyi-N*-cyclopropyl-6-methylthio- 1,3, 5-triazine- 2, 4-diamine {Cybutryne), (RS)-4-[1-
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{2,3-dimethylphenylethyll-3H-imidazeie {(Medetomidine), 4,5-dichloro-2-n-octyl-4-
isothiazolin-3-one {DCOIT, Sea-Nine® 211N), dichlor-N-((dimethylamino)sutfony!)fiucr-N-(p-
tolyiymethansulfenamid (Tolylfluanid), 2-{thiocyanomethyithio}-1,3-benzothiazole ((2-
banzothiazolylthioymethyl thiocyanate; TCMTB), triphenylborane pyridine (TPBP}; bis(1-
hydroxy-2(1H)-pyridingthionato-0,5)-(T-4) zinc (zinc pyridinethione; zinc pyrithione), bis{1-
hydroxy-2(1H])-pyridinethionate-0,5)-T-4) copper (copper pyridinethione; copper pyrithions;
Copper Omadine), zinc ethylene-1,2-bis-dithiocarbamate {zinc-ethyiene-N-N'-
dithiccarbamate; Zineb), copper(i} oxide, metallic copper, 3-(3,4-dichlorophenyl)-1,1-
dimethylurea (Diuron) and diiodomethyl-p-tolytsulfone; Amical 48, Preferably at least one
biocide is selected from the above list.

In a particulariy preferred embodiment, the biocides are preferably seiected among biocides
which are effective against soft fouling such as sltime and algae. Exampleas of such biocides
are N’-tert-butyl-N*-cyclopropyi-8-methyithio- 1,3, 5-triazine-2,4-diamine (Cybutryne), 4,5-
dichloro-2-n-octyl-4-isothiazolin-3-one (DCOIT, Sea-Nine® 211N), bis(1-hydroxy-2(1H)-
pyridinethionate-C,5)-(T-4} zin¢ (zinc pyridinethione; zinc pyrithione), bis(1-hydroxy-2{1H}-
pyridinethionato-0,8)-T-4) copper {copper pyridinethione; copper pyrithione) and zinc
ethylene-1,2-bis-dithiocarbamate (zinc-ethylene-N-N'-dithiocarbamate; Zineb}, copper(I)
oxide, metallic copper, copper thiocyanate, {cuprous sulfocyanate), bis(1-hydroxy-2{1H}-
pyridinethionaio-0,5)-T-4) copper (copper pyridinethione,; copper pyrithione; Copper
Omadine).

In a further particularly preferred embodiment, the biocide is an organic biocide, such as a
pyrithione complex, such as zinc pyrithione, or such as copper pyrithione. Organic biocides
are those either fully or in part being of organic origin.

As detailed in US 7,377,968, in those instances in which the biocide is depleted rapidly from
the film due to e.9. a high water solubility or a high level of immiscibility with the matrix
composition, it can be advantageous to add one or more of the biocide(s) in encapsulated
form as a means of controlling the biocide dosage and extending the effective iifetime in the
film. Encapsuiated biocides can also be added if the free biocide alters the properties of the
polysiloxane matrix in 2 way that is detrimental for its use as antifouling coatings {=.9.
mechanical integrity, drying times, etc.).

'In a particuiarly preferred embodiment, the biocida is encapsuliated 4,5-dichloro-2-n-octyl-4-

isothiazolin-3-one (Sea-Nine CR2).

The biocide prefarably has a solubility in the range of 0-20 mg/t, such as ¢.00001-20 mg/L,
in water at 25 °C.
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The biocide typically constitutes 0.1-15 % by dry weight, e.g, 0.5-8 % by dry weight, in
particular 1-6 % by dry weight, of the coating composition.

The relative weight ratio between the hydrophilic oligomaear/polymer moieties and the one or
more biocides is typically in the range of 1:0.02 to 1:20, or 1:0.05 10 1:20, or 1:0.06 to
1116, or 1:0.08 to 1:12, or 1:0.05t0 1:10, or 1:0.1 to 1:18, even 1:0.15to 1:6, or 1:0.05 to
115, or 1:0.1 to 1:5, or 1:0.2 to 1:4. In other ambodiments, the relative weight ratio
betwesen the hydrophilic oligomer/polymer moieties and the ona or more biocides is typicaily
in the range of 1:0.02 to 1:20, or 1:0.05 to 1.20, or 1:0.06 to 1:16, or 1:0.08 to 1:14, or
1:0.1t0 1:12, or 1:0.05 to 1:10, even 1:0.15to 1:10, or 1:0.65 10 1:9, or 1:0.1 to 1:8, or
1:0.2t0 117,

Catalyst

The coating composition used for forming a cured fouling control coat may further comprise a
condensation catalyst to accelerate the cross-linking. Examples of suitable catalysts include
organometal- and metal salts of organic carboxylic acids, such as dibutyl tin dilaurate, dibutyi
in diacetate, dibuty] tin dioctoate, dibutyl tin 2-ethyihexanoate, dioctyl tin dilaurate, diocty!
tin diacetate, dioctyl tin dioctoate, dioctyl tin 2-ethyihexanoate, dioctyitin di neodecanoate,
tin naphthenate, tin butyrate, tin oleate, tin caprylate, bismuth 2-ethylhexanocate, bismuth
octancate, bismuth neodecanoate, iron 2-ethylhexanoate, lead 2-athyloctoate, cobalt-2-
sethylhexanoate, manganase 2-athylhexanoate, zinc 2-ethylhexanoate, zinc naphthenate, zinc
stearate, cobalt naphthenate and titanium naphienate; titanate- and zirconate estars such as
tetrabutyt titanate, tetrakis(Z-ethylhexyltitanate, triethanolamine titanate,
tetra{isopropenyloxy}-titanate, tifanium tetrabutanolate, titanium tatrapropanolate; titanium
tetraisopropanolate, zirconium fetrapropanolate, zirconium tetrabutanciate; chelated
titanates such as diisopropyl bis{acetylacatonyi)titanate. Further catalysts include tertiary
amines, such as triethylamine, tetrametylethyienediaming, pentamethyldisthylenetriamine
and 1, 4-athylenapiperazine. Further examples include guanidine based catalysts. Even
further examples of condensation catalysts are described in WO 2008/132196 and US
2004/006190.

The catalyst may be used alone or as combination of two or maore cataiysts. The amount of
catalyst to be used is depending on the reaclivity of the catalyst and the cross-iinker(s) and
desired drying time. In a preferred embodiment the catalyst concentration is between 0.01-
10 %, e.g. 0.01-3.0 %, or 5.0-10 %, or 0.1-4.0 %, or 1.0-6.0 %, by weight of the total
combined armount of the binder (i) and cross-tinking agent (if).
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In some embodiments, a catalyst is not included,

Hydrophilic-modified polysiloxane oils

The composition may further include hydrophilic-modified poiysiloxane oils, i.e. constituents
which do not form covalent bonds to the polysiloxane~based binder matrix, Hydrophilic-
modified polysiloxane oils are widely used as surfactants and emulsifiers due 1o the content
of both hydrophilic and lipophilic groups in the same molecule. In contrast to the polysiioxane
components discussed above, the hydrophilic-modilied polysiloxane oils are selected so that
thay do not contain groups that can react with the binder (or binder components) or the
cross-tinker (if present), hence the hydrophilic-modified polysiloxane oils ara infended to be
non-reactive, in particular with respect to the binder components. In particular, the
hydrophilic-modified polysiloxane oils are devoid of any silicon-reactive groups such as Si-OH
groups, hydrolysable groups such as Si-OR (such as alkoxy, axime, acetoxy efc.) groups,
etc., so as to avoid reaction with constituents of the polysiloxane-based binder system.

The non-reactive hydrophilic-modified polysiloxane oils are typically modified by the addition
of non-ionic oligomeric or polymeric groups which can be polar and/or capable of hydrogen
bonding, enhancing their interaction with polar soivents, in particular with water, or with
other polar oligomeric or polyrneric groups. Examples of these grouns include, amides (e.g.
poly(vinyl pyrrolidone), poly[N-(2-hydroxypropylymethacrylamidel]), poly{N,N-
dimethacrylamide), acids {e.g. poiy{acrylic acid}), alcohols {e.g. poly(glycerol), polyHEMA,
polysaccharides, poly(vinyl alcohol)), ketones {polyketones), aidehydes {(e.g. poly(aldehyde
guluronate), aminaes {(e.g. polyvinylamine)}, esters (e.g. polycaprolactones, poiy{vinyl
acetate)), ethers (e.g. polyoxvalkylenes like poly{ethylene glycol), poly(propylene glycol}),
imides (e.g. poly(2-methyl-2-oxazoline}), etc., including copolymers of the foregoing.
Prefarably the hydrophilicity is obtained by modification with polyoxyalkylene groups.

As before, it should be undarstood that the hydrophilic oligomer/poiymer moigties with which
the polysiloxane cils are modified are of non-silicon origin. Preferably, the above-mentioned
“pligomers” and "polymers” include at least 3 repeating units, such as at least 5 repesting
units. In many interesting embodiments, the oligomers or polymers include 3-1,000
rapeating units, such as 3-200, or 5-150, or 5-100 repeating units.

In some preferred embodiments, the hydrophilic groups {i.e. oligomeric or polymeric groups)
have a number average molecular weight (M,) in the range of 100-50,000 g/mol, such as in
the range of 100-30,000 g/mol, in particular in the range of 200-20,000 g/mol, or in the
range of 200-10,000 g/mol,
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In the present description with claims, the term “hydrophilic-modifiad” in the context of
"hydrophilic-modified potysiloxane oil" is intended o mean that the pligomeric or polymeric
groups with which the polysiloxane is modified, in themselves (i.e. as discrete molecules)
have a solubility of at least 1 %(w/w) in demineralized water at 25°C.

Of particular interest are those hydrophilic-modified polysiloxane oils in which the relafive
weight of the hydrophilic moieties is 1% or more of the total weight (e.g. 1-90%]), such as
5% or more {a.g. 5-80%), in particular 10% or more {(e.g. 10-70%) of the total weight of the
hydrophilic-modified polysiloxane oil.

In a preferred embodiment, the hydrophilic-modified polysiloxane oif (if present) has a
number average molecular weight (M) in the range of 100-100,000 g/mol, such as in the
range of 250-75,000 g/moi, in particular in the range of 500-50,000 g/mol.

1t is also preferred if the hydrophilic-modified polysiloxane oils {if present) have a viscosity in
the range of 10-20,000 mPa's, such as in the range of 20-10,000 mPa-s, in particular in the
range of 40-5,000 mPa-s.

In addition to the utilization of the polysiloxane components modified with hydrophtic
oligormer/polymer moieties, the hydrophilic-modified polysitoxane oils may be utiiized to
control the leaching of the biocide,

In one currently preferred embediment, the hydrophilic-modified polysiloxane oil is a
poly{oxyalkylene)-modified polysiloxane,

In one variant haraof, the poly(oxyalkylene)-modified polysiloxane oil is a polysiloxane
having grafted thereto pohly{oxyalkylene) chains. An illustrative example of the structure of
such hydrophilic-modified polysitoxane oils is formula (A):
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R (A)

wherain sach R! is independently selected from C,.s~alkyl (including linear or branched
hydrocarbon groups) and aryl (8.9, phenyl (-CgHs}), in particuiar methyi;

each R? is independently selected from -M, C;.4-alkyl (.g. ~CMs, -CH,CH3,

«CH,CHLCH5, ~-CH{CH3);, -CHLCHLCHCH,Y, phanyl (-CgHs), and Cy4-alkylcarbonyl (e.g.
~C{=0)CHs, -C(=0)CH.CH; and -C(=0)CH,CH,CH,), in particular -H and meathyt; each R* is
independeantly salected from C,s-alkylene (.9, ~-CH,CH,-, ~-CH,CH(CH;)-, ~-CH,CHCH,-,
wCHCH-CHoCHy -, ~CHCH(CHCHS)-), arviene (e.g. 1,4-phenyleng) and C;.z-alkylene
substituted with ary! (e.g. 1-phenyl ethviane)}, in particular from C,z-alkylene such as
~-CH,CHz- and -CHCH{CH:}-); x is 0-2500, v is 1-100 and x+vy is 1-2000; and nis 0-50, m is
0-50 and m+n is 1-50,

Commaercially available hydrophilic-modified polysiloxane oils of this type are DC5103 {Dow
Corning), DC Q2-5097 (Dow Corning), and DC183 (Dow Corning).

In another variant hereof, the poly(oxyalkylene}-modified polysiloxane oil is a polysiloxane
having incorporated in the backbone thereof poly{oxyalkylene) chains. An illustrative
axample of the structure of such hydrophilic-modified polysiloxane oils is formula (B):
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wherein aach R! is independently selected from C;.s-alkyl {including linear or branched
hydrocarbon groups) and aryl {e.g. phenyl {-CgHs)), in particuiar methyl; each R%is
indepandently selected from -H, C,4-alkyl (e.g. -CH;, ~CH,CH;, ~-CH;CH,CH3,

~CH(CH3)s, ~-CHCH.CH.CHa), phenvyi {-CgHs), and C,4-altkylcarbonyl {e.g. -C{=0)CH;,
-C(=0)CH,CHs and -C{=0)CH,CH>CH.), in particular -H and methyl; each R* is independently
selected from Caos-alkylene (&.g. -CHCH;-, ~CHCH{CH5)-, ~CHCHLCH;-,

~CHCHCHLCH,-, -CHRCH(CHLCHs)-), arylene (e.g. 1, 4-phenyiene) and Cos- alkylene
substituted with aryi {(e.g. 1-phenyl ethyiene}, in particular from C,.z-alkylene such as
~CH,CH,- and -CH,CH(CH;)-); x is 0-2500; and nis 0-50, mis 4-50 and m+n is 1-50.

Commercially available hydrophilic-modified polysiloxane oils of this type are DC Q4-3669
{Dow Corning), DC Q4-3667 (Dow Corning} and DC2-86%2.

In still another variant hereof, the poly(oxyalkyiene)-modified polysitoxane oifis a
polysiloxane having incorporated in the backbone thereof polyoxyalkylene chains and having
grafted thereto polyoxyalkylene chains. An illustrative example of the structure of such
hydrophilic-modified polysiloxane oils is formula (C):

R1 [Rﬁ . [~ &' T R1
RLO—E-RQ—C:»}-RS——&MO éi—o‘ ‘ gi—o‘ éi RE—E-O——“RS—}—-O—RQ
R m
X 13 y
T
-
L
| 1 i
VC#} )
R3
- -
o
éz

K®)
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wherein sach R' is independently selected from C,.s-alkyl (including linear or branched
hydrocarbon groups) and aryl (e.g. phenyl (-CsHs)), in particular methyl; each R? is
indepandently selected from -H, C;s-alkyl (.. -CHy, ~-CH,CH5, ~CH,CHLCHa,

~CH(CH3Y,, -CH,CHCHLCHS), phenyl {-CgHs), and C, 4-atkylcarbonyi {e.g. -C{=0)CHj,
-C{=0)CH.CH; and -C(=0)CH,CH,CH,), in particuiar -H and methyl; each R? is independently
selected from Cis-aikylene (e.g. ~-CH;CHz-, -CHCH(CH,)-, ~-CHCHLCHy-, -CHCHYCHRCH -,
-CH-CH(CH,CHz)-), arvlene {&.g. 1,4-phenyiene) and T, alkylene substituted with ary! {e.g.
i-phenyl ethylene}, in particular from Cpc-alkylene such as -CHoCH»- and -CH,CH{CH4)-); x is
0-2500, v is 1-100 and x+vy is 1-2000; k is 0-50, | is 0-50 and k+!is 1-50; and n is 0-50, m
is 0-50 and m+n is 1-50.

In the above structures (A), (B) and (C), the groups -CH,CH(CH3)-, -CHCH{CH,CH -, atc.
may be presant in any of the two possible orientations. Similarty, it should be understood
that the segments present x and vy times typically are randomly distributed, or distributed as
blocks, within the polysiloxane structure.

In these embodiments and variants, the poly(oxyalkylene) is preferably salected from
poiyoxyethylene, polyoxypropylene and poly{oxyethylene-co-oxypropylene), which
sometimes are referred to as poly(ethyiene glycol), poly{propylene glycel) and poly{ethylensa
glycol-co-propylene glycol). Hence, in the above structures {(A), (B) and {C), each R? linking
two oxygen atoms is preferably selected from -CH.CH,- and ~CH,CH(CHs)-, whereas each R’
linking a silicon atom and an oxygan atom preferabiy is selected from Cys-alkyl.

It should be understood that the one or more non-reactive hydrophilic-modified polysiloxane
oils if prasent may be of different types, e.g. two or more of the fypes described above.

The one or more hydrophilic-modified polysiloxane oils are included in the coating
cormposition in an amount of 0.01-20 %, e.g. 0.05-10 %, by dry weight. In cartain
ambodiments, the one or more hydrophilic-modified polysiloxane oils constitutes 0.05-7 % by
dry weight, e.g. 0.1-5 % by dry weight, in particuiar 0.5-3 % by dry weight, of the coating
composition. In certain other embodiments, the one or mare hydrophilic-modified
polysiloxane oils constitutes 1-10 % by dry weight, e.g. 2-9 % by dry weight, in particuiar 2~
7 % by dry weight, or 3-7 % by dry weight, or 3-5 % by dry weight, or 4-8 % by dry weight,
of the coating composition.

When the one or more hydrophilic-modified polysiloxane ofl are included, the ratio between
on the one hand the combined amount of the hydrophilic oligomer/polymer moieties of the
binder matrix and the one or more hydrophilic-modified poiysiloxane oil(s) and on the other
hrand the one or more biocides is typically in the range of 1:0.02 to 1120, or 1;0.05 to 1:20,
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or 1:0.06t0 1:16, or 10,08 1t0 L:12, or 1:0.1 to 10, even 1:0.15 to 1:6, or 1:0.1 to 1:5, or
1:0.2 to 1:4. In other embodiments, the ratio between on the one hand the combined
amount of the hydrophilic oligomer/polymer maieties of the binder matrix and the one or
meore hydrophilic-modified polysiioxane oil(s) and on the other hand the one or more biocides
is typically in the range of 1:0.02 to 1:20, or 1:0.05 to 1:20, or 1:0.06 t0 1:16, or 1:0.08 to
1:14, or 1:0.1to 12, even 1:0.15%0 1:10,0r 1:0.05%0 1:9, 0r ;0.1 to 1:8, or 1:0.2 to 1:7.

in should be understood, that in some embodiments, the paint coat (and the coating
composition) is completely devoid of any hydrophilic-modified polysiloxane oils. In some
other embodiment, the paint composition {and the coating compoesition) is also devoid of any
of the non-reactive fluids mentioned under “additives” (i) and any fluorinated oils (cf,
immediately below). Such compositions may be refarred to as “oil free”.

Fluorinated oils

As an alternative to, or in addition to, the hydrephilic-modified polysiioxane oils, the coating
composition (and thereby the paint coat) may have inciuded therein one or more fiuorinated
oil(s). By the term “oil” is inherently meant that the constituant does not form covalent bonds
to the polysiloxane-based binder matrix, Hence, the fluorinated oii(s) do not contain groups
that can react with the binder {or binder components) or the cross-linker (if present), hence
the one or more fluorinated oil(s) are intended to be non-reactive, in particular with respect
to the binder componants. In particular, the fivorinated oils are devoid of any silicon-reactive
groups such as Si-OH groups, hydrolysable groups such as Si-0OR (such as alkoxy, oxime,
aceroxy eic.) groubs, etc., 50 as to aveid reaction with constituents of the polysiloxane-based
binder system.

It is preferrad that the one or more fluorinated oil(s) (if present) have a viscosity in the range
of 10-20,000 mPa-s, such as in the range of 20-10,000 mPa-s, in particular in the range of
40-5,000 mPa-s.

In a preferred embodimeant, the fluorinated oil(s) (if present) has a number average
molecular weight (M,) in the range of 100-100,000 g/mo!, such as in the range of 250~
75,000 g/moi, in particular in the range of 500-56,000 g/mol.

The one or more fluorinated oils may be utilized to control the accessibility of the one or
more enzymes and/or to control the leaching of any biocides, as well as to distribute the
aenzyme in the wet paint.
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In one embodiment, the one or more fluorinated oils are selected from fluoroalkyl modified
oils, &.g. perfluorinated oils, perflucroatkyl-modified polysiloxane, perflucro siloxane,
parfiuoro poiyether, perfluorinated alkanes, or perfiuoroatkyl medified polyalkylene oxide,
parfluaro polyalkylene oxide.

Commaercially available examples of such olls are:

Ferspistin LR OO R R b - U 53, 10-0F g
i

s i w BelR et a YOS

P4

Lumiflon LF-200: (Fluoroathylene-Alkyl Vinyl Ether) alternating copciymer.

In another emboadiment, the one or more fluorinated oils are selected from fluoroalky!
modified polyoxyalkylene polysiloxane oils {2.g. PEG-PDMS). Thase compounds are
poiysiloxanes which have been modified with a flucroatkyl group and polyoxyalkylene, and
can have a linsar or branched/pendant conformation, or a combination of a linear and
branched/pendant conformation. In the lingar form, the polymer will generally have the
structure A-B-C where A is a fluorcalkyl group, B is 3 polysiloxane and C is 2 polyoxyalkylene.
Therefore, it will oniy have one fluoroalky! group and one polyoxyalkylene group per
polysiloxane molecule. In a variation, the modification of the polysiloxane molecule is in a
branchad/pendant conformation, in which the fluoroalkyl group(s) and the polyoxyalkylena
group(s) are atfached to the polysiloxane backbone in non-terminai positions. This allows
more than one of gach group per polysiloxane molecule. Examples of possible synthetic
routes are disciosed in US 5,445,114,

This type of fluorinated oils appears to provide certain advantages. Without being bound to
any particular theory, it is believed (i} that the migration of the oiis to the surface of the
coating during curing may be higher due to the fivorination; (i) that the fluorination may
lowar the affinity of the oil fo adsorb to pigments compared to non-fluorinated analogues.

Commercially available examples of such oils are Fluorosil 2110, a perfluore nony! ethy! PEG-
8 dimethicone and C1910, a fluorinated silicone polyether of the same generic structure as
Fluorosil 2110,

It shouid be understood that the one or more non-reactive fiuorinated oil{s), if present, may
be of differant types, .g. two or more of the types described above,
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If present, the one or more fluorinated oils are typically included in the coating composition
in an amount of 0.01-20 %, e.g, 0.05-10 %, by dry weight. In certain embodiments, the one
or more fluorinated oils constitutes 0.05-7 % by dry weight, e.g. 0.1-5 9% by dry weight, in
particular 0.5-3 % by dry weight, of the coating composition. In certain other embodiments,
the one or more fluorinated oils constitutes 1-10 % by dry weight, e.g. 2-9 % by dry weight,
in particular 2-7 % by dry weight, or 3-7 % by dry weight, or 3-5 % by dry weight, or 4-8 %
by dry weight, of the coating composition,

Also, if present together with one or more hydrophilic-modified polysiloxane oils, the ong or
more fluorinated oils and the one or more hydrophilic-modified polysiloxane oils are typically
included in the coating composition in 2 combined amount of 0.01-20 %, e.g. 0.05-10 %, by
dry weight. In certain embodiments, the one or more fluorinated oiis constitutes 0.05-7 % by
dry weight, e.g. C.1-5 % by dry weight, in particuiar 0.5-5 % by dry weight, of the coating
composition. In certain other embodiments, the one or more fluorinated oils constitutes 1-10
% by dry weight, e.g. 2-9 % by dry weight, in particular 2-7 % by dry weight, or 3-7 % by
dry weight, or 2-6 % by dry weight, or 3-5 % by dry weight, or 4-8 % by dry weight, of the
coating tomposition,

Solvents, additives, pigments and fillers

The coating composition used for forming a cured fouling controi coat may further comprise
selvents and additives,

Examples of solvents are aliphatic, cycloaiiphatic and aromatic hydrocarbons such as white
spirit, cycichexane, toluene, xylene and naphtha solvent, estars such as methoxypropyl
acetate, n-butyi acetate and Z-ethoxyethyl acetate; octamethyltrisioxane, and mixtures
thereof. Alternatively, the solvent system may include water or ba water-based (>50% water
in the solvent systam},

In one embodiment, the solvents are selected from aliphatic, cycloaliphatic and aromatic
hydrocarbons such as white spirit, cyclohexane, toluene, xylene and naphtha solvent, esters
such as methoxypropy! acetate, n-butyl acetate and 2-ethoxyethyl acetate,
octamethyitrisiloxane, and mixtures thereof, preferably those solvents having a boiling point
of 110 °C or more.

The solvents, if any, typically constitute 5-56 % by volume of the coating composition.
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Examples of additives are:

{i) non-reactive fluids such as organopolysiloxanes; for example polydimethyisiloxane,
methylpheny! polysiloxane; petroleum oils and combinations thereof,

(ii} surfactants such as derivatives of propyiene oxide or ethyiene cxide such as alkylphenol-
ethylene oxide condensates {alkylphenol ethoxylates); ethoxylated monoethanolamides of
unsaturated fatty acids such as sthoxylated monoethanolamides of linoleic acid; sodium
dodecyl sulfate; and soya lecithin;

{iii} wetting agents and dispersants such as those described in M. Ash and I. Ash, "Handbook
of Paint and Coating Raw Materials, Vol. 1", 1996, Gower Publ. Ltd., Great Britain, pp 821-
B23 and 849-851,

{iv) thickeners and anti-settling agents (e.g. thixoiropic agents) such as colloidal silica,
hydrated aluminium silicate (bentonite}, aluminium tristearate, aluminium monostearate,
xanthan gum, chrysotile, pyrogenic silica, hydrogenated castor oil, organo-modified clays,
nolyamide waxes and polyethyiene waxes;

(v) dyes such as 1,4-bis{butylamino)anthraguinone and other anthraquinone derivatives,
toluidine dyes, etc.; and

(vi) antioxidants such as bis{tert-butyl) hydroguinone, 2,6-bis(tert-butyl) phenol, rescrcinol,
4-tart-butyl catechol, tris(2,4-di-tert-butylphenyl)phosphite, pentaerythritol Tetrakis(3-(3,5-
di-tert-butyl-4-hydroxyphenyl)propionate), bis(2,2,6,6,-tetramethyl-4-piperidyl)sebacate,
atc,

Any additives typically constitute 0-30 %, such as 0-15 %, by dry weight of the coating
composition.

Prafarably, the coating composition comprises one or more thickeners and/or anti-settiing
agents {e.g. thixotropic agents), preferably in an amount of 0.2-10 %, such as 0.5-5 %, e.g.
0.6-4 %, by dry weight of the coating composition,

Furthermore, the coating composition used for forming & cured fouling control coat may
comprise pigments and filiers.

Pigments and fiilers are in the present context viewed in conjunction as constituents that may
be added to the coating composition with only imited implications on the adhesion
properties. "Pigments” are normally characterised in that they render the final paint coating
non-transparent and non-transiucent, whereas “fillers” normally are characterised in that
they do not render the paint non-transiucent and therefore do not contribute significantly to
hide any material below the coating.
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Examples of pigments are grades of titanium dioxide, red iron oxide, zinc oxide, carbon
black, graphite, yellow iron oxide, red molybdate, yellow molybdate, zinc sulfide, antimony
oxide, sodium aluminium sulfosiiicates, guinacridones, phthaiocyanine blue, phthalocyanine
green, black iron oxide, indanthrone blue, cobalt aluminium oxide, carbazole dioxazine,
chromium oxide, isoindoline orange, bis-acetoacet-o-tolidiole, benzimidazolon, quinaphtalone
vellow, isoindoiine yeliow, tetrachloroisoindolinone, quinophthalone yeflow.

Examples of fillers are calcium carbonate such as calcite, dolomite, talc, mica, feldspar,
barium sulfate, kaolin, nephelin, silica, periite, magnasium oxide, and quartz fiour, etc. Fillers
(and pigments) may aiso be added in the form of nanotubes or fibres, thus, apart from the
before-mentioned exampies of fillers, the coating composition may also comprise fibres, e.g.
those generally and specificaily described in WO 00/77102 which is hereby incorporated by
reference.

Any pigments and/or fillers typically constitute 0-60 %, such as 0-50 %, preferably 5-45 %,
such as 5-40 %, or 5-35 %, or 0.5-25 %, or 1-20 %, by dry weight of the coating
composition. Taking into account the density of any pigments and/or fillers, such constituents
typicalty constitute 0.2-20 %, such as 0.5-15 % Dy solids voiume of the coating composition

With the aim of facilitating easy application of the coating composition {e.g. by spray, brush
or rollar application technigues), the coating compaosition typically has a viscosity in the range
of 25-25,000 mPa-s, such as in the range of 150-15,000 mPa-s, in particular in the range of
200-4,000 mPa's.

Preparation of the coating compasition

The coating composition may be prepared by any suitable technique that is commonly used
within the fieid of paint production. Thus, the various constituents may be mixed together
utilizing a mixer, a high speed disperser, a ball mill, a pearl mill, 2 grinder, a three-roll mill
etc. The coating compositions are typically prepared and shipped as two- or three-component
systems that should be combined and thoroughly mixed immediately pricr to use. The paints
according o the invention may be filtrated using bag filters, patron filters, wire gap filters,
wedge wire filters, metal edge filters, EGLM turnoclean filters {ex. Cuno), DELTA strain filters
(ex, Cuno), and lenag Strainer filters (ex. Jenag), or by vibration filtration. An example of a
suitable preparation method is described in the Examples.

The coating composition to be used in the method of the invention is typically prepared by

mixing two or more components 2.g. two pre-mixtures, one pre-mixture comprising the one
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or more reactive polysiloxane binders and one pre-mixture comprising the one or more cross-
linking agents. It should be understood that when reference is made to the coating
composition, it is the mixed coating composition ready to be applied. Furthermors, all
amounts stated as % by dry weight of the coating composition shouid be understood as % by
dry weight of the mixed paint composition ready to be applied, i.e, the weight apart from the
sojvents {if any).

Specific embodiments of the paint coat

In one preferred embodiment the paint coat (preferably a top coal) comprises:

(i) 60-98 % by dry weight, or 70-93 % by dry weight, of the total paint coat composition of
one or more reactive polydiorganosiloxanes (e.g. sitanol-terminated polysiloxanes), one or
rnore reactive polysiloxanes modified with hydrophilic oligomer/polymer moieties selected
from poiy{oxyalkylena)s and a cross-linker; and

{ii) 0.1-15 % by dry weight, or 0.5-8 % by dry weight, of the total paint coat tomposition of
one or more organic biocides,

wherein the weight ratio between the hydrophilic oligomer/pelymer moieties and the one or
more biocides is in the range 1:0.1 to 1:10.

In another preferred embodiment, the binder in the preferred embodiment above mentioned,
has been pre-reacted in a moisture free environment to form a single component formulation
by admixing 100 parts by weight of silanoi terminated polydiorganosiioxane with 0.5-30 parts
by weight of hydrolysabie cross-linker, such as vinyltrimethoxysilane or 2 vinyloximosilane,

In the above embodiments, the remainder of the paint coat (up to 100 % by dry weight) is
preferably made up of one or more constituents selected from additives, catalysts, pigments,
fillers, and hydrophilic-modified polysiloxane oils (preferably those selected from the
poly{oxyalkyleng)-modified polysiloxane oils).

Preferably, the paint coats according to the above embodiments include additives, pigmeants
and fillers in the amounts specified further above.
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Application of the coating composition

The coating composition of the invention is typically applied Lo at least a part of the surface
of a substrate.

The term “applying” is used in its normal meaning within the paint industry. Thus, “applying”
is conducted by means of any conventional means, e.g. by brush, by roller, by spraying, by
dipping, etc. The commercially mest interssting way of “applying” the coating composition is
by spraying. Hence, the coating composition is preferably sprayabie. Spraying is effected by
means of conventional spraying aeguipment known to the person skilled in the art. The
coating is typically applied in a dry film thickness of 50-600 pm, such as 50-500 um, e.g. 75-
400 ym, or 20-100 ym.

Moreover, the coating composition is preferably such with respect to sag resistance ¢f. ASTM
D 4400-99 (i.e. relating to is ability to be applied in a suitable film thickness to & vertical
surface without sagging) that it exhibits sag resistance for a wet film thickness up to at least

70 um, such as up to at least 200 pym, preferably up to at least 400 pm, and in particular up
to at least 600 um,

The term “at least a part of the surface of a substrate” refers {o the fact that the coating
composition may be applied to any fraction of the surface. For many applications, the coating
composition is at least applied to the part of the substrate (e.g. a vessel) where the surface
{e.g. the ship’s hull}) may come in contact with water, e.g. sea-water,

The tarm “substrate” is intended to mean a solid material onto which the coating composition
is applied. The substrate typicaily comprises a metal such as steel, iron, aluminium, or glass-
fibre reinforced polyester. In the most interesting embodiments, the substrate is a metal
substrate, in particular a steel substrate. In an alternative embodiment, the substrate is a
glass-fibre reinforced polyester substrate. In some embodiments, the substrate is at least a
part of the outermost surface of a marine structure.

The term “surface” is used in its normal sense, and refers to the exterior boundary of an
object, Particular examples of such surfaces are the surface of marine structures, such as
vasseis {including but not limited to boats, yachts, motorboats, motor launchas, ocean liners,
tugboats, tankers, containar ships and other cargo ships, submarines, and naval vessels of all
types), pipes, shore and off-shore machinery, constructions and objects of all types such as
pters, pilings, bridge substructures, water-power installations and structures, underwater oil
well structures, nets and other aguafic culture installations, and buoys, etc.
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The surface of the substrate may either ba the “native” surface (e.g. the steel surface),
However, the substrate is typically coaied, e.g. with an anticorrosive coating and/or a tie
coat, so that the surface of the substra{e is constituted by such a coating. When present, the
(anticorrosive and/or tie) coating is typically appiied in a total dry film thickness of 100-600
P, such as 150-450 ym, e.g. 200-400 um. Alternatively, the substrate may carry a paint
coat, e.g. a worn-out fouling control paint coat, or similar,

in one impeortant embodiment, the substrate is a metal substrate (e.g. a steal substrate)
coated with an anticorrosive coating such as an anticorrosive epoxy-based coating, e.g. cured
epoxy-based coating, or a shop-primer, e.4g. a zin¢-rich shop-primer. In another relevant
embodiment, the subsirate is a glass-fiber reinforced polyester substrate coated with an
epoxy primer coating.

it shouid be understood that the expression “fouling release” (as well as “fouling control”)
relates 1o all types of bio-fouling of a surface (i.e. settlement of organisms on a surface}, in
particular surfaces exposed to an aqueous envirenment or to agueous liquids (e.g. within
tanks, pipes, etc.). It is however, believed that the coatings defined herein are particularly
reievant for avoiding or reducing marine bie-fouling, i.e. bio-fouling arising in connection with
the exposure of a surface to & marine environment, in particular to sea-water,

A Marine Structure

The present invention also provides a marine structure comprising on at least a part of the
cuter surface thereof an outermost fouling control coating prepared from a coating
composition as defined hereinabove. In particular, at ieast as part of the outer surface
carrying the outermost coating is a submerged part of said structure.

The coating composition, the method of establishing the coating on the substrate surface,
and the characteristics of the coating follow the directions given hereinabove.

In one embodiment, the fouling control coating system of the marine structure may consist of
an apticorrosive layer, a tie-coat and the fouling control coating as describad hearein.

in an alternative embodiment, the fouiing control coating composition is applied on top of a

used fouling control coating system, &.g. on Top of a used polysiioxane-based fouling control
coat.
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In one particular embediment of the above marine structure, the anticorrosive layer has &
total dry film thickness of 100-600 um, such as 150-450 pm, e.g, 200-400 pm; the tie-coat
has a total dry film thickness of 50-500 um, such as 50-400 pm, e.g. 75-350 ym or 75-300
pm or 75-250 pm; and the fouiing control coating has a totai dry film thickness of 20-500
pm, such as 20-400 pm, e.g. 50-300 pum.

A further embodiment of the marine structure is that where at least & part of the ocutermost
surface of said structure is coated with a paint system comprising

a total dry fitm thickness of 150-400 pm of an anticorrosive layer of an epoxy-based coating
established by application of 1-4, such as 2-4, layers;

a total dry film thickness of 20-400 um of the tie-coat established by application of 1-2
layers; and

a total dry filmn thickness of 20-400 um of the fouling control coating established by
application of 1-2 layers.

In another embodiment of the above marine structure, the fouling control coating is applied
directly on the anticorrosive layer without the use of tie-coat,

Use for improving the antifouling properties of @ polysiloxane based coating composition

The invention further relates to the use of the combination of ane or more polysiloxane
components modified with hydrophilic oligomer/polymer meieties and one or more biocides,
wherein the weight ratio betweaen the hydrophilic sligomer/polymer moieties and the one or
more biocides is in the range 1:0.02 to 1:20, for improving the antifouling properties of a
polysiloxana based coating composition. The combination is particularly relevant for
improving the antifouling properties against slime and aigae.

It should be understood that the types of the polysiloxanes modified with hydrophitic
oligomaer/polymer moieties, the biocides, and the types of suitable polysiloxana based binder
systems are as defined further above, just at the amounts and relative proportions of the
various ingredients are as defined further above,

General Remarks

Although the present description and claims occasionatly refer to a polysiloxane, etc,, it
shouid be understood that the coating compositions defined herein may comprise one, two or
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more types of the individual constituents. In such embodiments, the total amount of the
raspective constituent should correspond to the amount defined above for the individuat
constituent.

The *(s)" in the expressions: compound(s), polysiloxane(s}, agent(s), etc. indicates that one,
two or more types of the individual constituents may be present.

On the other hand, when the exprassion “one” is used, only one (1) of the respeciive
constituent is prasent.

EXAMPLES

Materials

RF-5000, ex. Shin-Etsu - Japan, silanol-terminated polydimethylsiloxane

Xyiene from local supplier

Toluene from iocal supplier

Bayferrox 130M, ex. Lanxess - Germany, Iron oxide

Aerosil R8200, ex, Evonik Industries ~ Germany, Hexamethyldisitazane treated fumed silica
DC550, ex. Dow Corning - USA, non-reactive methylphenyl polysiloxane

DC190, ex. Dow Corning - USA, non-reactive polysther modified polysiloxane

Copper Omadine, ex. Arch Chemicals Inc, - Ireland, Copper Pyrithione

SEA-NINE™ CR2 Marine Antifouling Agent, ex.Dow Microbial Control — USA, encapsulated
DCOIT

Sea-Nina™ 211N, ex. Dow Microbial Control —~ China, DCOIT

Silikat TES 40 WN, ex. Wacker Chemie ~ Germany, Ethyl silicate

Neostann U-12, ex, Nitto Kasai — Japan, Dibutyltin Dilaurate

Acetylaceton, ex. Wacker Chemie —~ Germany, 2,4-pentanedione

Dynasylan VTMO, ex. Bvonik Industries - Germany, vinyltrimethoxysilane

Platinum - divinyltetramethyldisiloxane complex in xylene - 2.1-2.4% platinum
concentration, CAS No. 6B478-92-2

Polydimethylsiloxane, hydride terminated - MW, =1100, eq. weight = 550 g/eq
Methylhydrosiloxane — dimethylsiloxane copolymer, hydride terminated ~ MWn = 2300, eq.
weight = 200 ¢g/eq

Polyethylene glycol di aliyl ether - MW, = 300g/mol, Eq. weight =150 g/eq

Polyethylene glycoi mono aliyl ether (hydroxyl terminated) - MW,.= 350 g/mol, eq. weight =
358 g/eq
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Polyethylene glycol mono allyl ether (hydroxyl terminated) - MW, = 500 g/mo!, eq. weight =
500 g/eqg

Viscosity

in the presant appiication with claims, viscosity is measured at 25 °C in accordance with ISO
2555:1989,

Preparation method for the model paints

Pendant hvdrophilic modified polysiloxane (HMP1}:

A pendant, curable poly(ethylene glycol) modified polysiloxane is prepared by mixing 25.0 ¢
{polydimethylsiloxane-maethyihydrosiloxang, hydride terminated) dissolved in 50.0 g water
free toluene, with 0.013 g of a sclution of platinum-divinyltetramethyidisiloxane complex in
xylene in a three necked flask with reflux and a continuous fiow of dry nitrogen gas to Keep
the reaction atmosphere moisture free. A magnetic stirrer is used in the reaction flask to
keep the sciution agitated during the synthesis. The solution is heated to 80°C. To this
soiution, 11.0 g of {vinyltrimethoxysilane) is added dropwise and allowed to react for 1 h at
B0°C. After the completion of the reaction, 54.5 g polyethylene glycol meno allyl ather is
added dropwise, and aliowed to react for 4h at 80°C, The solvent was hereafter partially
removed under reduced pressure using a rotary evaporator until the solvent content reached
10% to obtain the final product HMP1L, The content of PEG-modified PDMS binder in HMPL is
80 % w/w, The amount of PEG in the HMP1 binder is 80.2% w/w calculated on dry weight.

Linear hvdrophilic mopdified polysijoxane (HMP2):

A linear, curable poiy{ethylene glycol) modified polysiloxane is prepared by mixing 5.00 ¢
{polyethylene glycol dizllyl ether) dissolved in 50.0 g water free toluene, with 6.013 g of a
solution of platinum-divinyltetramethyldisiloxane compiex in xylene in a three naecked flask
with refiux and a continuous flow of dry nitrogen gas tc keep the reaction atmosphere
moisture free. A magnetic stirrer is used in the reaction flask to keep the solution agitated
during the synthesis, The sclution is heated to 65°C, To this solution, 65.0 g
polydimethylsiloxane (hydride terminated) is added dropwise, and allowed to react for 1 h at
80°C. After the completion of the reaction, 35.0 g of vinyltrimethoxysilane is added dropwise
at 80°C and aliowed to react for 1 h at 80°C. The solvent was hereafter partially removed
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under reduced pressure using a rotary evaporator until the solvent content reached 10% to
obtain the final product HMP2. The content of PEG-modified PDMS binder in HMP2 is 90 %
w/w. The amount of PEG in the HMPZ binder is 4.8% w/w calculated on dry weight.

Pandant hvdrophilic modified pplsiioxane {HMP3}):

A pendant, curabie poly(ethylene glycol) modified polysiloxane is prepared by mixing 25.0 g
polydimethyisiloxane-methylhydrosiioxane, hydride terminated dissolved in 50.0 g water free
toluene, with 0.14 g platinum - divinyltetramethyldisiloxane complex in xylene soiution. The
solution is heated to B0°C. To this solution, 4.0 g of vinyltrimethoxysilane is added dropwise
and allowed to react for =h at 80°C. After the completion of the reaction, 68.5 g
polyethylene glycol mono allyl ether [A350] is added drop wise, and allowed to react for 3h
at 80°C. The content of PEG-modified PDMS binder in HMP3 is 66.1 % w/w. The amount of
PEG in the HMP3 binder is 70.3% w/w calculated on dry weight.

Linear hvdrophilic modified poivsiloxane {HMP4):

A linear, curable poly(ethyiene glycol) modifiad polysiloxane is prepared by mixing 100.0 g of
hydride terminated polydimethylsiloxane dissolved in 75.0 g water free toluene, with 0.17 g
of platinum - divinyltetramethyidisiioxane compiex in xylene solution. The seiution is heated
to 80°C under stirring. To this solution 1.7 g polyethylene glyco! di allyl ether [AA300] is
added dropwise, and allowed to react for 2h at 80°C. After the completion of the reaction 5.4
g of vinylirimethoxysilane is added dropwise at 80°C and allowed to react for Lh at 80°C. The
contant of PEG-modifiad PDMS binder in HMP4 is 58.8 % w/w. The amount of PEG in the
HMP4 binder is 1.6% w/w caicuiated on dry weight.

Pendant hyvdrophilic modified polysitoxane (HMP3S):

A pendant, curabie poly(ethyiene glycal) modified polysiloxane is prepared by mixing 25.0 ¢
polydimethyisiloxane-methylhydresiloxane, hydride terminated dissolved in 50.0 g water free
toluene, with 0.14 g platinum - divinyltetramethyidisiloxane complex in xylene solufion. The
solution is heated to 80°C. To this sotution, 4.0 g of vinvitrimethoxysilane is added dropwise
and altowed to react for Vzh at 80°C. After the completion of the reaction, 90.0 g
polyethylene glycol mone allyl ether [A500] is added dropwise, and allowed to raact for 3h af
80°C. The content of PEG-modified PDMS binder in HMP5S is 70.4 % w/w. The amount of PEG
in the HMPS5 binder is 75.6% w/w calculated on dry weight,
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Compositions A to Z:

Part {i) sitanoi-terminated polydimethylsiloxane, xylene, silica, polyamide wax, red iron
oxide, {biocide) are mixed an a Diaf dissolver equipped with an impeller disc (70 mm in
diameter) in a 1 L ¢an for 15 minutes at 2000 rpm,

Part {ii} ethyl silicate, (xyleneg), catalyst, 2,4-pentanedioneg, (hon-reactive hydrophilic
maodified polysiloxane oil), {pheny!l methy! polysiloxane)) are mixad on a Diaf dissolver
equipped with an impelier dis¢c (70 mm in diameter) in a 1 L can for 2 minutes at 5300 rpm,

Part (i) (Raactive hydrophilic modified polysiloxane) the container is closed under dry
nitrogen to aveid moisture.

Before the application, part (i}, part (if) and part (i) are mixed to a homogsanous mixture,

Test Methods

Blister Box Test

The Blister Box test is used to determine the influance of polysiloxanes modified with
hydrophilic oligomer/polymer moieties on the stability of the PDMS coating to which they are
added to.

Preparation of panels

Steel panels (150x75x15 mmj} are coated with 100 um (dry film thickness, DFY) of a
commercial epoxy primer (HEMPADUR Quattro 17634) applied by airless spraying. After 12 -
48 hrs of drying at room temperature a silicone tie coat (HEMPASIL Nexus 27302} is applied
by doctor biade of 300 pm ciearance. After 16-30 hrs of drying the top coat paint
compositions are applied by doctor blade of 400 um clearance. The panels are dried for 24
hirs before testing in the blister box.

Testing

The panel surface with the coating system Is exposed to 40 °C, saturated water vapour, at an
angle of 15%/60° to the horizontal. The raeverse side of the panel is expesed to room
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temperature. At the selected inspection intervals during and after completion of exposure,
adhesion between tie coat/top coat and general condition of the top coat are evaluated,

Evaluation of adhesion between tie coat and top coat is based on the below ranking:

Adhasion Ranking Value
FAIL/POOR No adhesion/poor adhesion
GOOQD Acceptable adhesion

Panels are exposed for two months and typically checked every week.

Raft Test
Preparation of panels

An acrylic panal (150x200 mm), sandblasted on one side to facilitate adhesion of the coating,
is coated with 100 pm (DFT) of a commercial epoxy (HEMPEL Light Primer 45551) applied by
air spraying. After 6 — 24 hrs of drying at room temperature a tie coat is applied by doctor
blade of 300 pym clearance. After 16-30 hrs of drying the top coat paint compositions are
applied by doctor blade of 400 um clearance. The panels are dried for at least 72 hrs before
immersion on the raft.

Tesfing
Panels are tested at two different locations; Spain and Singapore.
Test site in Spain

Located in Vilanova in north-eastern Spain. At this test site the panels are immersed into sea
water with salinity in the range of 37-38 parts per thousand at an average temperature of
17-18 °C.

Test site in Singapore

At this test site the panels are immersed into sea water with salinity in the range of 29-31
parts per thousand at a temperature in the range of 29-31 °C. Panels are inspected ever 4-12
weeks and evaluated according to the following scaie!
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Level! Description

Excelient Only slime

Good Algae + Animals < 10 %

Fair 10 % < Algae + Animals < 25 %
Poor Algae + Animals > 25 %
Examples

The following model paints were prepared for testing for antifouling performance,

All entries in mode! paints table are in weight unless otherwise stated. In the calculation of
the final polysiloxane matrix, all the hydrolysable groups are presumed completely
hydrolysed and reacted into a matrix through a condensation reaction with the polysiioxane
binder, Therefore, the ethyl silicate contributes with 41 % of its weight to the calculations of
the final polysiloxane matrix and vinyltrimethoxysilane contributes with 54 % of its weight
correspondingly. When caiculating the polysiloxane content of the binder matrix, the
constituents includad in the calculations as the starting materials, however with the above-
mentioned corrections for ethyl silicate and vinyltrimethoxysilane.
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) Top coat Top coat
Modet paints composition A t composition B
Part (i)
Silanol-terminated
poivdimethyisiloxane 59.1 271
Xyiene 17.4 17.4
Thixotropic agent 2.2 2.2
Pigments 4.1 4.1
Biocide:
Copper pyrithicne 4.8 4.8
DCOIT
Encapsuiated DCOIT
Total part (i) 87.6 556
Part (i)
Ethyi silicate 2.3 2.3
Xyiene 3.6 3.6
Dibutyltin dilaurate G.4 0.4
2 4-pentanedione 1.1 i.1
Total part (H) 7.4 7.4
Fart (§ii)
Pendant tiydrophitic
modified polysiloxane 5
{HMP 1}
Linear hydrophilic
madified peiysiioxane 37
{HMP 23
Total part i) 5 37
Total part (i), (i), 100 100
{iii})
Hydrophific
aligomer/polymer 271 3.39
Hydrophilic
oligpmer/polymer ; 1.77 3.032
biccide (1:1x)
HMP binder in % of
binder phase 6.8 33
Poiysiloxane confent
of the binder matrix 95.8 87.2
{wtth)
Performance on raft
in Spain (Bw) Good Good
Adhesion Good Good

Comments: The examples A, B illustrate the performance of the biocide containing paint
compositions when the hydrophilic polymers have been incorporated in the paint matrix.
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Top coat Top coatl c;;gpoc;ggn

Model paints composition composition DE
¢ D (refarence)

Part {i)
Silanol-terminated
poivdimethylsiloxane 574 25.1 64.1
Xyiena 17.4 17.4 17.4
Thixotropic agent 2.2 2.2 2.2
Pigmeants 4.1 4.1 4.1
Bigcide:
Copper pyrithiong 4.8 4.8 4.8
Total part (i) 85.6 53.6 82.6
Part (il)
Ethy! sificate 2.3 2.3 2.3
Non-reactive
hydrophilic medified 2 2
polysiloxane
Xylene 3.6 3.6 3.6
Dibutyltin dilaurate 0.4 0.4 0.4
2.4-penianadione 1.1 1.1 1.1
Total part (i) 5.4 9.4 7.4
Part (i)
Pandant hydrophilic
rmodified 5
polysiloxane
(HMP 1)
Linear hydrophilic
muodified 37
palysitoxane
(HMP 23
Total part (i} 5 37 0
Total part (i), (i), 100 100 100
(i)
Hydrophilic 2,71 1.59 G
oligomer/polymer
Hydrophiiic
oligomer/polymer .77 3.03 -
biocide {1:x)
HMP binder in % of
birder phase 7.0 55 0
Poiysiloxane content
of the binder matrix 95.7 97.1 100
(wt%)
Performance on raft = .
in Singapore (8w) Excelient Excellent Fair
Adhesion Good Good Good
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Comments: The examples C, D iHustrate the influence of the addition of a hydrophilic
modified polysiioxane oil in a composition with hydrophilic oligomer/polymer moieties reacted
to the binder. Referance example E shows a biocide containing paint formulation without
hydrophilic moieties raacted to the binder,

In the following examples, the coating compositions are provided in terms of the dry weight
of the cured film.

Top coat
Madel paints CO;%%;‘E;; F composition
G (referance)
Part {i)

Silanol-terminated

poiydimethylsiioxane 63.0 63.0
Thixotropic agent 2.8 2.9
Pigments 5.4 11.6
Biocide;

Copper pyrithione 6.2 .0
Total part (i) 77.5 77.5
Part {ii)

Ethyl silicate .9 0.9

Non-raactve
hydrophilic modified 0.0 0.8
palysiioxane

Dibutyltin dilaurate 0.5 0.5
Taotal part (ii) 1.4 1.4
Part (iii)

Pendant hydrophilic
modified

paoiysiioxane 210 210
{HMP3)

Totat part (iii) 21.0 21.0
Total part (1), (i}, 89.9 899
{iii}) ’ -
Hydrophilic

cligomer/polymer 14.8 14.8
Hydraphilic

oligomer/polymer : 0.42 g

biocide (1:x)
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HMP binder in %t of

binder phase 25 25
Polysiloxane content

of the binder mafrix 82.4 82.4
{(wt%)

Parformance on raft Excallent Good

in Spain {7w}

Comments: The example F and reference example G show the improvement of performance

when adding biocide to a hydrophilic modified polysiioxane-based fouling release coating.

Top coat . § Top coat

. o Top coat Top coat Top coat e

Model paints compasition H il . " composition K
(referance) composition 1 composition F composition J (reference)

Part {i)
Silanol-terminated
polydimethylsiloxane 83.7 75.5 63.0 42.1 83.7
Thixotropic agent 2.9 2.9 2.9 2.9 2.9
Pigments 5.4 5.4 5.4 5.4 11.6
Biocide:
Copper pyrithione 6.2 6.2 6.2 6.2
Total part (i) 98.2 90.0 77.5 56.5 88.2
Part (i)
Ethyl silicate 1.2 1.1 0.9 ¢.6 1.2
Non-reactive
hydrophilic modified 0.0 G.0 G.0 0.0 0.0
polysiioxane
Dibutyltin dilaurate 0.5 0.5 0.5 0.5 0.5
Total part {ii) 1.7 1.6 1.4 1.2 1.7
Part {iii)
Pend_a_nt hydrophilic
modified 8.4 21.0 42.1
peoiysiioxanea
{HMP3)
Total part {iii) 8.4 21.8 42,1
-(ri?it)aE part (i), (i), 99.9 100.1 99.9 99.8 99.9
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Hydraphilic
oligomer/polymer

5.9

14.8

296

Hydrophilic
cligomer/polymer
biocide {1:x)

1.1

G.42

0.21

HMP binder in %t of
binder phase

10

25

50

Polysiloxane content
of the binder matrix
{wit%)

100

93.0

82.4

64.6

160

Performance on raft
in Singapore {Bw)

Poor

Exceilent

Excetient

Excalient

Poor

Comments; The axamples I, F and J shows the improved performance of the hydrophilic

modified binder with biocide compared to biocides in a polysiloxane binder without

hydrophilic moieties (reference example H) and biocide-free polysiloxane without hydrophilic

moieties {reference example K).

]
Top coat
. Top coat Top coat Top coal Top coat ! .
Model paints composition L. | composition M | composition N | composition © C?ﬂrggfelﬂggﬁ
Part (i)
Silanoi-terminated
polydimethylsiloxane 63.0 75.8 74.5 76.5 83.7
Thixetropic agent 2.9 2.9 2.9 2.9 2.9
Pigrnents 5.4 5.4 11.5 11.8 5.4
Biocide:
Copper pytithione 6.2 6.2 4.0 1.5 6.2
Total part (i) 77.5 90.0 92.9 g2.7 8.2
Part (ii)
-
Ethyl silicate 0.9 1.1 1.1 1.1 1.2
Non-reactive
hydrophilic modified 0.0 0.0 | G.0 0.0 a.0
potysiioxane !
Dibutyltin dilaurate 0.5 0.5 l 0.5 0.5 0.5
Total part (if) 1.4 1.6 T 1.6 1.6 1.7

Part {iii)
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Pendant hydrophilic 1
modified
nolysiloxane 21.0 8.4 5.5 5.6
(HMPS)
Total part (iif) 21.0 8.4 5.5 5.6 -
Total “?{iti)(')f (i), 99.9 100.0 100.0 99.9 99.9
Hydrophitic
ofigorner/polymer 15.8 6.4 4.2 42 0
Hydrophilic
oligomer/polymer : 0.38 0.98 0.56 (.35 -
hiocide (1:x)
HMP binder in %t of
binder phase 28.0 10.0 6.8 6.8 C
Poiysiloxane comtent
of the binder 811 g2.5 g4.8 94.9 100
matrix{wt%:}
Performance on raft )
in Singapore (8w) Excelient Excellent Good Fair Poor

Comments: Compositions L to O are further examples of the parformance of a hydrophitic

modified polysiloxane binder, Also shown in the examples L to O are the different ratios

between biocide and hydrophilic oligomer/polymer that gives rise to an improved

performance over the biocide-free reference shown as composition H.

Top coat . Top coat
Model paincs composition H | oS0 b | compositon @ | compasion R | CTIECSION K
Part (i)
ﬁgi{ﬁ?;‘::&s’gﬁgig e 83.7 716 71.6 75.5 83.7
Thixotropic agent 2.9 2.9 2.9 2. 2.5
Pigments 5.4 54 5.4 5.4 11.6
Biocitle:
Copper pyrithione 6.2 6.2 6.2
DCOIT 6.2
Total part (i) 98.2 B&.1 86.1 50.0 98.2
Part (ii)
Ethyl sificate 1.2 1.1 1.t 1A 1.2
Nan-reactive
hydrophilic moedified 0.0 0.0 3.8 0.0
polysiloxane
Non-reactive pheny!
modified 0.0 3.9 0.0 0.0
polysiloxane
Dibutyltin dilaurate 0.5 0.5 0.5 0.5 0.5
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Total part {ii)

1.7

5.5

5.5

1.6

Part (iil})

Pendant hydroghitic
modified
polysiloxane
{HMP3)

3.4

8.4

8.4

Total part {ifi)

8.4

8.4

8.4

Total part (i), (ii),
ity

99.9

100.0

108.0

100.0

99.9

Hydrophilic
oligomer/polymer

5.9

5.9

5.9

Hydrophilic
viigomer/palymer :
biocide {1:x}

1.05

1.05

1.05

HMP binder in %t of
binder phase

10.4

10.4

9.88

Palysiloxane content
of the binder matrix
{(wt%)}

160

82,7

92.7

93.0

100

Parformance on raft
in Singapore {Bw}

Poor

Excellent

Excellent

Fair

Poor

Comments: The example R shows the effect of a different biocide in a hydrophilic modified

polysiloxana binder matrix. Exampies P and Q shows the effect of addition of non-reactive

polysiloxane oils in a biecide containing, hydrophilic modified polysitoxane binder.,

Top coat

Model paints COMPOSIION 1 | cmoation s | composiion T | composiion U | compostion
Part {i}

e e 83.7 42.1 63 418 42,5
Thixotropic agent 2.9 2.9 2.9 2.9 2.9
Pigrments 5.4 5.4 5.4 11.6 11.8
Biocide:

Copper pyrithione 6.2 6.2 6.2 4 1.5
Total part (i) 8.2 56.6 77.5 60.3 58.7
Part (ii)

Ethy! silicate 1.2 0.6 0.9 1.1 1.1
Non-reactive

hiydraphilic modified 0.0 0.0 0.0 0.0 0.0
polysiloxane

Dibutyltin dilaurate 0.5 0.2 0.5 0.5 0.5
Total part (ii} 1.7 1.1 1.4 1.6 1.6

Part {iii)
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linear hydrophilic
modified

polysiloxane 4z.1 21.0 38.1 3%.6
(HMP4)
Total part (iif) 42.1 21.0 38.1 { 39.6
E‘:‘t}a‘ part (i), (i), 99.9 99.9 59.9 100. l 100.0
Hydrophilic ]
oligomer/polymer V] 0.67 0.33 | 0.60 0.63
Hydrophilic
oligomer/pelymer @ - g.28 18.6 6.61 2.39
biocide (1:x)
HMP binder in %t of
binder phase W] 50.0 25.0 1 47,0 47.6
I
Polysiloxane cantent [
of the binder matrix 100 95.2 95.6 ’ 99.2 99.2
(WES) ﬁ
Parformance on raft . . .
in Singapore (6w) Poor Good Fair ‘ Fair Fair
Top coat Top coat Top coat
Mode! paints compasition X compositicn | composition Z
(reference} Y {reference) {reference)
Part {i}
Sitanokterminated
polydimethyisiioxane 83.7 42.1 63.1
Thixotropic agent 2.9 2.8 2.9
Pigments 1i.6 11.6 11.6
Bincide;
Copper pyrithicna
Total part (i} 8.2 56.7 77.6
Part (ii)
Ethyl siticate 1.2 0.6 0.9
Non-reactive
hydrophiiic medified 0.0 0.0 0.0
poiysiloxane
Dibutyltin dilaurate 0.5 0.5 0.5
Total part {ii) 1.7 1.1 1.4
Part {iii)
Linear hydrophilic
maodified
polysiioxane 421 21.0
{HMP4)
Total part (i) 42.1 21.0
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{.‘.’.“)a‘ part (i), (i), 9.9 100.0 100.0
EEE

Hydrophilic

oligomer/polymer 0 0.67 0.33

Hydrophilic
oligomer/poiymer : - - -
biocide (1:x)}

HMP hinder in %t of

binder phase t 50.0 25.0

Polysiloxane content
of the binder matrix 100 9g.2 99.6
{wte)

Performance on raft

in Singapore (8w) Poor Poor Poor

N

Comments: The examples G, T, U and V show the performance improvement of adding
biocides to an ABA type hydrophilic modified polysiloxane binder. Refarence examples H and
X is an unmodifiad polysiloxane binder composition with and without biocide, respectively.
Reference examples Y and Z illustrate the performance of a linear hydrophilic modified
polysiloxane without biocides.
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CLAIMS

1. A cured paint coat comprising a polysiloxane-based binder matrix and one or more
biocides, said binder matrix having included as a part thereof hydrophilic cligormer/polymer
moieties, wherein the weight ratio between the hydrophilic oligomer/polymer moieties and
the one or more biocides is in the range 1:0.02 to 1:20, and wherein mere than 50 % by
weight of the binder matrix is represented by polysiioxane parts.

2. The paint coat according to claim %, wherein the hydrophilic oligomer/polymer
moieties are selected from poly{viny| pyrrolidone}, poly[N-(2-hydroxypropylimethacryl-
amide], poly(acrylic acid), poly(glycercl), polyHEMA, polysaccharides, poly(vinyl alcohol),
polyketones, poly(aldehyde guluronate), polyvinylamine, polycaprolactones, poly(vinyl
acetate), polyoxyalkylenes like poly(ethylene glycol}, poly(propyiene glycol), poly(2-methyl-
2-oxazoline), including copolymers of the foregoing, in particular poly(oxyalkylenes).

3. The paint coat according to claim 2, wherein the poly{oxyalkylene) is selected from
polyoxyethylene, polyoxypropylene and poly(oxyethylena-co-oxypropylene).

4, The paint coat according to any one of the preceding claims, wherein at least cne
biocide is an organic biocide,

5. The paint coat according to any one of the preceding claims, wherein the one or more
biocidas constitutes 0.1-10 % by dry weight of the paint coat.

6. The paint coat according to any one of the preceding claims, wherein the weight ratic
between the hydrophilic oligomer/polymer moieties and the one or more biocides is in the
range 1:0.05 to 1:5.

7. A maring structure comprising on at least a part of the outer surface thereof a paint
coat as defined in any one of the preceding claims,

8. The structure according to claim 7, wherein at least as part of the outer surface
carrying the outermost coating is a submerged part of said structure.

9, A fouling control coating composition comprising a polysiioxane-based binder system,
said binder system comprising one or more polysiloxane components modified with
hydrophilic oligomer/polymer moieties, and one or more biocides, wherein the weight ratio
between the hydrophilic oligomer/polymer moigties and the one or more biocides i$ in the
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range 1:0.02 to 1.20, and wherein more than 50 % by weight of the binder system is
represented by polysiloxane parts.

10. A fouling control coating composition comprising a pelysiloxane-based binder system,
said binder system comprising one or more hydrophiiic oligomer/polymer moieties which at
one or both ends carry ~Si(R*); groups, wharein each R* indepeandantly is selected from €4~
alkyl and Cy.c-alkoxy, at least one being C;4-alkoxy, and one or more biocides, wherein the
weight ratio betwesn the hydrophilic oligomer/ polymer moieties and the one or more biocides
is in the range 1:0.02 to 1:20, and wharein more than 50 % by waight of the binder system
is represented by polysiloxane parts.

11, A fouling control coating composition comprising a pelysiloxane-based binder system,
said binder system comprising a cross-linker of formula {2a)

(ng{ 3-1‘3 I -1 R:ﬁ {26}

wherein, each R represenis, independeantly, an unsubstituted or substituted monovalent
hydrocarbon group of 1 £o 6 carbon atoms or a hydrolysabie group; each X represents,
independently, a hydrolysable group; each R? is independently selected from -H, Cy.4-alkyl
fe.g. ~CHj, ~CHzCH3, -CHoCHLCH;3, ~CH(CH3),, ~CHCHoCHRCHa), phenyt (-CeHs), and Coa-
atkylcarbonyl (e.g. ~C(=0)CHj, ~C(=0)CH,CH; and -C{=0)CH,CH,CH5;), in particular -H and
methyl; each R® is independently selected from Cz.s-alkylene (e.g. ~CH>CH;-, -CH,CH(CHz)-,
~CH.CHLCH;-, ~-CHuCHCHLCH,-, -CHLCH(CHLCH;)-), arylene (e.g. 1, 4-phenyleng) and Cys-
alkylene substituted with aryl (e.g. L-phenyl ethylene), in particular from C,.z~alkylene such
as -CH,CH.~ and -CH,CH(CH3)-); p is 0-50; a ts 0-2; z is 1-3;

and one or more biocides, wherein the weight ratio between the poly(oxyalkyiene} and the
one or more biocides is in the range 1:0.02 to 1:20, and wherein more than 50 % by weight
of the binder systam is represented by polysiloxane parts.

12, The coating composition according to any one of the claims © and 10, wherein the
hydrophilic oligamer/polymer moieties are selected from pely(vinyl pyrrolidona), poly[N-{2-
hydroxypropylymethacrytamide], poly{acryiic acid), poly{glycerol), polyHEMA,
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polysaccharides, poly(vinyl alcohol), polyketonas, poly{aidehyde guluronatea), polyvinylamine,
polycaproiactones, poly(viny! acetate), polyoxyalkylenes like poly(ethylene giycol),
poly(propylena glycol), poly(2-methyl-2-oxazolineg), incliuding copolymers of the foregoing, in
particular poly(oxyalkyienes). '

13. The coating composition according to any one of the claims L1, wherein the

poly(oxyalkylene) is selected from polyoxyethylene, polyoxypropyiene and poly(oxyethylene-
co-oXypropylenea).

14, The coating composition according to any one of the claims 9-13, wherein at least one
biocide is an organic biocide.

15, The coating composition according to any one of the claims 9-14, wherein the weight
ratio betwean the hydrophilic oligomer/polymer moieties and the one or more biocides is in
the range 1:0.05 to 1:5.

16. Use of the combination of one or more polysiloxane components modified with
hydrophilic oligomer/polymer moieties and one or more biocidas, wherein the weight ratio
between the hydrophilic oligomer/polymer moieties and the one or more biocides is in the
range 1:0.02 to 1:20, for improving the antifouling properties of a polysiioxane based coating
compaosition.



