WO 2009/156851PCT/1E2009/006255 ANTI-FOULING COMPOSITION COMPRISING A FIRST
ENZYME AND AN ENCAPSULATED SECOND ENZYME The present invention relates to an
anti-fouling wamp@sitiessi In particular, the present invention relates to ap@nisbossing tamMposition
comprising an enzyme capable of 5 produci ompound having an anti-fouling effect. Biofouling is
o problem A B R g B AP o s
growth of living organisms on surfaces causes hygienic and functional problems to many types of
equipment and devices ranging from medical 10 implants and electronic circuitry to larger

constructions, SEEHSRE Y BUELORJ HREH M pHeH RfISARRPsHipR. I Ratiigste BiBrsOling
consists of miowestiopicatatgantc ianparitidsuting visitpesiiony dayerishexuaceilyaepolpamecosubstances
(EPS) CorgtairgngjQg}ﬁbegi@omgﬁgwagﬁﬂﬁrg}q{ggmﬁggﬁgg{is category of biofouling is called

I

microfouling, or more commonly biofilm; and occurs eéverywhere in both natural and industrial
environments where surfaces are exposed to water. When fully developed, biofouling in marine

environmentsEtéouling isle prosleno st apic surézoe s isuehstentionaraachhRmAclesolials tipe of
biofouling is ic t res. S a ipelines, cables, fishing nets,
the pilare of igea e e f e e IOl et BT e

consumption BNEARRERESPISETHEPREBY BPED % 2avpassiemotsuinss. Rnpingidway raediiacussed in

US 5071479, ithglareathi efartenmeditgatnisnmertberdsstome igrs Bapretspliegudldsta particular
problem. Sucpa%g?%mg%ruegﬁsg the frictional resistance of the hull to passage through water, leading
to increased fuel consumption'and/or a reduction in the speed of the ship. Marine growths accumulate
so rapidly that the remedy of cleaning and repainting as required in dry-dock is generally considered
]Eool explensiven 3&36{0&&1@@% Bm&ﬁiaﬁg%riﬁisliﬁ hfbi’dilﬂo&délﬁﬂg &@ﬁ%ﬂ%ﬂﬁé‘%@ﬂﬁ@% WReS, fn amely
oul- release -polishi aints. Foul-re e pain characteris .a smooth surface
which makesiﬂgp tﬁse%rffe%%t{@ﬁ?@g\%o??@u m%%?ﬁ%%?n%s H@ﬁé\ie : ﬁgﬂr}[ﬁgcﬁgﬁgﬁ i?'b%n%%gﬂy only
effective or sPISEHERIBBSd Thistabedre thbiefaiing dn sdBdbreitseéoniagy of higte cansimmpigpeeds. As

the name indigiatis, thruseticnrlishingurainiSirrBogogaal dsSOINGG AP FiRBA-AUVEY Wids provides
COﬂtiﬂUQUS acs%(l:"'fsaséetg aa];%esgxposed to water. When fully developed, biofouling in marine
environments also includes macroscopic organisms, such as algae and barnacles.
This type of biofouling is a particular problem for submerged structures, such as
20 pipelines, cables, fishing nets, the pillars of bridges and oil platforms and other port or
hydrotechnical constructions. Fuel consumption of ships may be increased by up to

40% due to biofouling.

In particular, as discussed in US 5071479, the growth of marine organisms on the
25 submerged parts of a ship's hull is a particular problem. Such growth increases the
frictional resistance of the hull tb passage through water, leading to increased fuel
consumption and/or a reduction in the speed of the ship. Marine growths accumulate
so rapidly that the remedy of cleaning and repainting as required in dry-dock is
generally considered too expensive.
30
- Coatings specialised for inhibiting fouling are mainly of two different types, namely foul-
release and self-polishing paints. Foul-release paints are characterised by a smooth
surface which makes settlement difficult for fouling organisms. However, this
-mechanism is generally only effective for ships that spend most of the time sailing and
35 preferentially at high cruising speeds. As the name indicates, the self-polishing paints
are gradually dissolved or polished away. This provides continuous accéss o a fresh



WO 2009/156851PCT/1132009/006255 layer of paint. These paints may contain antifouling agents
that are gradually released from the coating at a concentration which is high enough to inhibit fouling
by marine ?@%&% he hull surface. 5 Previously, tributyl tin (TBT) h Do j)%%){ used
biocide, particularly in marine anti-fouls. However, due to growing concerns about the environmental

effects causegs i wsipgriushRipRiadImAGdenal theliryapsicial e i fa iR ifowant active

ingredient in coating compositions for aquatic (marineg applications the use has effectively been
stopped. It hagqgéé%es 7ha &Bﬂoﬁ%ﬂ'%d@ﬁé @ﬁgeQBPE@W%WFPH-T9B@Q&%WS in
particular, at cogadrimatd tiedshrytase20 wt.% in paints for ship bottoms, the pollution of surrounding
water due to leaching has reached such a level as to cause the reproductive and immune defects in
mussel and shell organisms. These effects have been detected along the French British coastline and
a similar etfedt OSBRI HRLIFIIS bRt Bavigelt R dieciHRe ARk Ay MBS M aime
Organisation {t4Q) Hdemetiotize Gogrosritip catdhe Gbatrohef éhammimehid-EfetdisaHisiems (AFS
Convenion) afapied.af 3pJMI) dlplamaicanipssncarly QEIGPRL 2001 aRNad ARplalign.of TET

coatings on ships with effect from 1 January 2003 followed, as o anuary y the elimination of
active TBT cd28fgienbiy SrptinereprsifiRnsniemrdalidiyaissy arpfisalingspiiftdafeFased on
copper with betisttivdjotickes £¥eipeal ettahz3008de reigrwastiaiOganit Ghatingesdeaa- 184) oBooster

biocides e.g. - Dyrithi Isqthu ) I t the biocidel
acton of b ek A oA A Y TR R er (.0

Enteromorphd%%SHiF PREEbShe: pridigachragenndigaunater svsprisasanadiag kashadiswrthe
environment. Fheveafaly tof kaosiethiongdesinasbeandrenigiues byrserenal aitbans 4B9xa@lbi2004.

Chemistry To 46-8. u 004. Marine Pollution. Bulletin 2004:49:456-64;
Kobayashi an%%&agr‘f%rgﬁﬁ%ségﬁﬁgr?}eaa @%I%%)r&i' éuzig%r? *QB%iREAP rﬁ&i@?’%ﬁn‘éﬁ%ﬁﬁ%g hactﬁad Albanis,
30 2004. EnviFitire STRtle H9gtibReD 200aTse2 35-4bS Rarkd ah & aakwaters 002 latasnational

F_nVigl)nWﬁf}taﬂﬂlﬁﬂd@ﬁﬂﬁg&ﬂsﬁ%ho@ﬂa@%7&)131?5@_&6@%@5@&%@ﬁ@sdﬁ&}iﬁbpﬁ\ﬂ%ﬁ' : nvﬁﬁﬁlm_elma”y
riendly antifogling ingreaients. ymes are consigered enviro nt riendly since they will be
degraded fast%i?lug%gt?\é %\%rﬁﬁe(%{ﬁnéir?ﬁpﬁgﬂﬁo@%zﬁ/or% %%a"ﬁt tﬁgrg@(?eor%%%a%&p% S I5De active over
the life-time ofsteberiAel bhemnedsarpienirnref dEdtierpipescensshins witheBendttmtd thiguarpblem. In a
self-polishing poBingiotede aaysnas il e L besasive e efnAansHof drevadesieniadhsseirated layer
of the paint Wgﬁiresas the enzymes are expected to be quite stable in the inner dry layer of the paint,
which provides PEontinuous source of fresh, active enzyme throughout the life-time of the paint.
Summangln a first aspect, there is provided an anti-fouling composition comprising (i) a surface
coating mater@linditip) tadiribanaueg: wad Ehiblinsgsyiatiale WasLEiIBRelgpL IR rakfnzyme on

the first substrate.grovi %asetcogd ! st?te ‘HI) a second enzyme, wherein the second enzyme is
encapsulated ?ﬁog Sific 5 LhdwiRbréinsaid Setond &h Fﬂ%nbce S30gs, %ﬁﬁiﬁc%)anl?%ﬁﬁﬁound
when acting obiesidéssecoirappedsveteions arssothinzelope crathoreieprecrisdry toetmgleasisting of a
composition agélafipagd-alyen B dbirbASRRkN ReisdsRiNIdRhRNIHRR ARidaskaansisting of a

composition as defined above. L
25 species tolerant {o.copper (e.g. Enteromorpha spp). The booster biocides are equally

under suspicion for being harmful to the environment. The safety of booster biocides

has been reviewed by several authors {Boxall, 2004. Chemistry Today 22(6).46-8;
Karlsson and Eklund, 2004, Marine Poliution Builetin 2004,49:456-84; Kobayashi and
Ckamura, 2002. Marine Poliution Bulletin 2002;44.748-51; Kenstantinou and Albanis,
30 2004, Environment International 2004;30:235-48; Ranke and Jastorff, 2002 Fresenius
Enviranmental Bulletin 2002;11(10a).768-72). '

There is therefore a desire to provide environmentally friendly antifouling ingredients.
Enzymes are considered environmentally friendly since they will be degraded fast in
35 the marine environment. Enzymes can therefore not be expected to be active over the
life-time of a coating, but the self-polishing coating systems provide a solution to this
problem. In a self-polishing coating, the enzymes will only be active and prone to



In a fourth aspect, there is provided a method for releasing an anti-fouling compound from a surface
coating, which method comprises incorporating in a surface coating (i) a surface coating material; (ii)
(a) a first sayrpoicand (he ayithsitsdsteatel Wb ersin atkoreefttheditsineny ynesgpdtteditstisubstrate

Dioveies SIRCONSBRTER AR PRY RN e pecC0 SIS ERAPSHated T 2

silicate, and wherein said second €nzyme generates an anti ant compound when acting on said
second stiB&fraA6iYSceaAEIDBEYIRRM BEINGHimeref tifensigsent invention alleviates the problem of
the prior art In one aspect the present invention provides an anti-fouling composition comprising (i)a
surface cgatinrg material; (H)(a) a first enzyme; and (b) a first substrate, wherein action of the first

U , : _
enzyme t substrate provides a second substrate (Hl)a second enzyme, wherein the second
enzyme i endnpisatard, ithersifcarovied avhenbifoshig secopebénnymepesiegaiie s savdatsfoulant
CompoungLWARNALIAGI OfF SaIfSREP IR S HRSUAIEWNATY RASRE G RRRIGSROL IMARtiRR provides a

process for the preparation of a silicate enca(l%%ulated enzyme comprising the steps of (i) providing a
fermentafSRBIGHP Rolitaifilih SPERNRIVILGES eh SRR ot e N ) farfRFRAH o BYOIR without
drying (iiveacapdulatiegdhe enzyme in arsitipatéattnl drfusthdiicaspestdhepnese ntaidveationdprovides a

sifcate ensagslaiSsAEYTIP ARBEHOLINANAPIR BY e asesa PLAbs Breseadpyenton. I a

further aspect the present invention provides an anti omposition comprising (I)a surface
coating material; (ii)(a) a first enzyme; and (b) a first substrate, wherein action of the first enzyme on

the first sybsteaieopiONigRSatReEORIBUGHAle (dhmgarrRERY YNE copRindheserdrdenzyme is

an enzyme grepared in accordance with the process of the present invention, and wherein said
apove, . . .

second enzyme generates an anti-foulant compound when acting on said second substrate. In a

further aspect the present invention provides a coating consisting of a composition according to the

present iNYeNtRRY aspect, there is provided a marine anti-foul consisting of a composition as
defined above.

in a fourth aspect, there is provided a method for releasing an anti-fouling compound
from a surface coating, which method comprises incorporating in a surface coating (i) a
surface coating material; (i) (2) a first enzyme; and (b) a first substrate, wherein action of
the first enzyme on the first substrate provides a second substrate (jil) a second enzyme,
wherein the second enzyme is encapsulated in a siiicate, and wherein said second

enzyme generates an anti-foulant compound when acting on said second substrate,

Detailed Description of invention

The present invention alleviates the problem of the prior art

In one aspect the present invention provides an anti-fouling composition comprising

(i) a surface coating material;

(i) (a) a first enzyme; and
(b} a first substrate, wherein action of the first enzyme on the first substrate
provides a second substrate

(i a second enzyme, wherein the second enzyme is encapsulated in a silicate, and



WO 2009/156851PCT/1B2009/006255 In a further aspect the present invention provides a marine
anti-foul consisting of a composition according to the present invention. Aspects of the present
inventionaherdisfinad setitadppeyrde d etairassTae setafudlath enhpoefer etdsaspeintg are digcussed
below. It hashgandeyad that systems of the prior art, such as that of WO-A-001075293 (shown in
Figure 1) may be improved. In such systems the antifoulant hydrogen peroxide is produced by an
oxidoreductase (for example Hexose oxidase (HOX) or 10 Glucose oxidase (GOX)) from glucose and
oxygen. Glugdsetismepistcitoprébeninsokiilersuhsirgde (starstpstyreluseasrybassttafds Zhe present

invention g?é’fﬁg%ﬁc%ﬁgﬂgt in Wh[jf%’] an enz. m%coa[lti%g tabilizes the enzyme components, for

example Hexose oxidase 3G%r G(furé‘gs”g’ 0% éas%‘g( ). Consequently anti-foulant generating
systems fiay bePiReding syfieechiatien BraifoeminigipiigearkhattiteosamerZytimsoetEativonof the
enzyme ig therRatatfHbistmpiyedinfiRg present invention provides a system in which the second

enzyme ii,gncapsulateol y or.in silica particleﬁﬁgilica particles are hard and insoluble in both agqueous
and orga lié solvehte sHE %I'Brggﬁygwgﬁno%ﬁ %‘ncapsulation solution for enzymes in the 20 anti

fouling system described herein. The silicate encapsulated second enzyme is typically provided by

provicin i plsrandiRnBre AN RRC Aol ROl DRt RO Wi apagsypgte buffered

silicate solution (PBSi) resulting in the formation of a colloidal co-precipitate consisting e enzyme
and the pIRRIBRERUAHRNZHG dalba PLRABTR b TReMRsEHARR Y The antifouling composition is

miscible with organic solvent in order to transfer the enzyme to an organic solvent based paint. This

may be a é ?ﬂ VA Q‘aq S . is.not yery efficient. Alternatively the enzymes may be
provided Er?e%ry %r%BTo (E%t]é,et; %H%ﬁ%ﬁ%%ﬁ%%ﬂﬁgﬁgn é¥ rﬁ%f/%“@” Rom x%sé£ it oX Theesh ng as e.g. 30
glucoamyfase (GAYTFRERCRAAY HBYIBX in dry form and starch in dry form. While starch is
commerciglly avajabiesasrxpeuvdes the industrially produced enzymes are primarily available as

fermentation br%f} %r ﬁr%?%%ggt%?é,anv%graqu rancl%i%tnﬁ{:) ttﬁg nrf!sef‘denzyma on the first substrate

provides a second substrate
{il) a second enzyme, wherein the second enzyme is an enzyme prepared in
accordance with the process of the present invention, and wherein said second enzyme

generates an anti-foulant compound when acting on said second substrate.

In & further aspect the present invention provides a coating consisting of a composition
according o the present invention.

3a



individually to provide the powders used in previous art. Many carriers (e.g. salt or maltodextrin) used
for making dry enzyme products are not compatible with paint. We 35 have further provided an
improved pseoesssinsessich mixing the first substrate (starch) and first enzymeifghssoasmsdase (GA)) in
liquid form directly into the co-precipitation WO 2009/156851PCT/1B2009/006255 suspension, the
formulation ofiitl§ il caspesiriljsiteerentainmeting ppdryides provaduecaatidad rareding oftaand

resources. Inﬁ%@g@ﬂ%&gﬁﬁyﬁti@gﬂgq;@@egﬁﬁeémﬁprmance for silica encapsulated enzymes, 5
such as HOX, than non-encapsulated enzymes. Paint producing hydrogen peroxide based on

starch/GA/Silica-(HOX/G0X) was successfully produced. In conclusion, silicate encapsulation, such as
by co-precipitAtipestisoidhg preseniinyeviton espdefitedtaliis atparaled cdiemtioMtekenpyhets=m anti
fouling paint. Jeiaibe ussepbapacificalianegiants” referred to by the terms “anti-foul(s)",

"antifouling”, and "anti-foulants" include organisms which may reside and/or grow on the surface to be
treated with the present composition. The organisms include microorganisms such as bacteria, fungi
and protozoajtanakabgas dmehdrifemtisysestcivfathalgsier Eantsiandiartimals. e Qu@E0EPEnay be a
marine organisiiy i1 FiE.RECSE RSP eRTiGalaNed Y FOUANG, eferRL R Uido e s pantt-foulant
compound” or "antj-fouling composition” refers to a material, or compound or compositiofi which

prevents or rRIRESS SIHRRAHC IRy raR AGeRdiniEse Ho PrRe ple sirespceirasidii@tfake coating
material" iefeBitcosanatietiat ¢GCOH)pHumdgucse pogitionyydrciGaditete s toravidsinaet Provide a

coating on the,sefise SUFARRS QAR AYSHRISAIGILE! KA RID e LEld RLRAINIS e present

specification a silicate i1s a material containing at léast silico oxygen and comprisSing one or

more Si-O-Si #¥HEG8. Whiesap ey ife teatnasiakiizss felsarsme wopensrifedonaxemiieand details
can, for examipixpbe foxiddse KhkOthreer Gocysiopsiiasf Qoaricalchhebaaiagy (orpsated herein

by reference) : iti r | i omprises a first enzyme and a first 30
Substrate, Wh%%i%r t Qé@f% t§ {egﬁigy?n’f‘ép:lﬁ% ﬁgﬂﬁé%ﬁ%@%’éég %%r?tﬁg gﬁg l?glsr}tra%%gfgf Ehg §806nd enzyme
of the prédentiASEREOHIYCALR ATEY IR IRbeRBNIETYR IReAMGsubstrate. This combination of first

enzyme and first substrate is herein after referred to as "substrate generator”. 35 First Enzyme -
Preferably, the g N PR R GO SR ACH W AN S8 RIS, e ading Breg
| ' by or in silica particles. Silica particies are hard and insoluble in both aqueous and
organic solvents and thus provide an optimal encapsulation solution for enzymes in the
20 anti fouling system described herein. The siicate encapsulated second enzyme is
typically provided by providing a mixture of second enzyme and a polycationic polymer
together with a phosphate buffered silicate solution (PBSi) resulting in the formation of
a colloidal co-precipitate consisting of the enzyme and the polycation within a hydrated,
amorphous silica matrix. '
25 .
The antifouling composition is miscible with organic solvent in order to transfer the
enzyme fo an organic solvent based paint. This may be achieved by surfactants but
the process is not very efficient. Alternatively the enzymes may be provided in a dry
form. To date, the individual components have been mixed into the coating as e.q.
30 glucoamylase (GA) in dry form, HOX/GOX in dry form and starch in dry form. While
starch is commercially available as a powder, the industrially produced enzymes are
primarily available as fermentation broth or concentrate, and each must first be dried
individually to provide the powders used in previous art. Many carriers (e.g. salt or
maltodexirin) used for making dry enzyme products are not compatible with paint. We
35 have further provided an improved process in which mixing the first substrate (starch)
and first enzyme (glucoamylase (GA)) in liquid form directly into the co-precipitation



WO 2009/156851PCT/1B2009/006255 oligomeric or polymeric substrates to monomeric units,
e.g.p-galactosidase, peptidase; glucoamylase, and mixtures thereof. Preferably the first enzyme is

glucoamylaggy(bhod <@gt 3)- One skilled in the art will 5 appreciate that glug, [ﬁ%dfgz%so known as
amyloglucosidase. Preferably the first enzyme is glucoamylase from Trichodenna reesei or

glucoamylasesfigankion) igRladamsaiohbPasfprabbiciie Srbmay 1% sl ueaAan RS st fiichoderma

reesei. Preferabéy é%f%]slt enzyme i§ Iéjcrgamylase from Trichoderma reesei prepared as described in
US 2006/0094085 retéra I?/n(%e st e%SZyme is glucoamylase from Humicola grisea. First
Substrate The provision of a first substrate is advantageous because it provides for sustained 20

and/or prolongegaipleaaciydbapesnchiinsEas Puriangl e diist enzypgaadng fisiaubstrate.
Preferably, the fIF\St SLﬁ [ tgPé?‘selected fr%EaO“ omers and %)Hlymers of substrates for oxidative
t ,

a . \
enzymes, Stalti 1381658 cHIToRRN FERABREAEE RIRY™MARHiA A PRGN DETIRRSR AETRNAR two-step
process prefebastyd the fitstchibMSicis(BRIEBO ) atize stamdsis bnrticedadgdprefiercedchspiirst

substrate. Nafiyig.alasnRprowien 3ernsely nackrilishesials WhiGH caBhetgamly Arplisd in a surface

coatings. Moreover, Native starch is water insoluble. = Cellulose is also partiCularly preferred as a first
substrate. Cefitigieaion ¥tiRIERYCE REEPRMSH PR IHiNER M cellulose as a first substrate reduces

the number of 35 additional components which must be added to a paint composition. WO

20091156451 CTUE00H005RIR SRR BRRUTGRIALETb vy ES55AN eigump s ao-gyidase.

Preferably, the second enzyme is selected from glucose oxidase, L-amino acid oxidase, D-amino

oxidase, galaf8ie5 BRMAU-RURS JRRIUdR JRRLITTS Wik S Taride aRR{aEEreMABRE ol oxidase,
arylalcohol oxsdeises atcobaireaiediseiffiathe siesEmxidapesppartdie Qgasema HBRRXIgRSTe.
D-glutamate oyidase e YiaROAIge dasey NAP B gasS, Uk 221dAPs, (loase) and moxtures
thereof. 10 Preferably, the second enzyme IS glucose oxidase, heXose oxidase or a mixture thereof.

algae, plants and animals. The organism may be a marine organism.

15 ‘
In the present specification “anti-foulant” or “anti-fouiing”, such as in anti-foulant
compound” or "anti-fouling composition" refers to a material, or compound or

composition which prevents or reduces or inhibits the growth of a foulant.

20 In the present specification “surface coating material" refers to a material, or
compound or composition which adheres to a surface to provide a coating on the
same. Surface coating materials are well known in the field of paints.

In the present specification a silicate is a material containing at least silicon and

25 oxygen and comprising one 6r_more Si-0O-8i linkages. The scope of the term 'sificate’ is
well knoan to one skilled in the art and details can, for exampie, be found in Kirk-
Othmer Encyclopedia of Chemical Technology (incorporated herein by reference).

The composition of the present invention comprises a first enzyme and a first

30 substrate, wherein the first enzyme and the first substrate generate a subsirate for the
second enzyme of the present invention by action of the first enzyme on the first
substrate. This combination of first enzyme and first substrate is herein after referred
to as “substrate generator”.

35 First Enzyme

Preferably, the first enzyme is selected from exo-acting enzymes capable of degrading



Preferably, in one aspect the second enzyme is glucose oxidase. 15 Preferably, the first enzyme is
glucose oxidase from Aspergillus niger, Preferably, the first enzyme is glucose oxidase from

Aspergillus Rigeyandasprepared as described in US5783414. 20 Preferq,lfcdizﬂg}gogfﬁ;ﬁgggzyme is
glucose oxidase GC199 available from Genencor International Inc, Rochester, NY, USA. Preferably, in

one aspect theligermiid efzybRitehexesesaLigast 2hiiRmstoudased B-hexosaafepxidereductase,
EC 1.1.3.5) (algot{c?ggérequg% as II—éOX)air?dan nzyme thaf in the presence of oxygen is capable of
oxidising D-glache AHPsevers atheMBJUSHT R IR hcluding maltose, lactose and cellobiose to

their corresponding lactones with subsequent hydrolysis to the respective aldobionic acids.

Accordingly, ey i aaBRRe AN duekiAiARS gheeans PXIURsR WHER fRmdCapnipronvert
D-glucose, in that the s congjg?%%%@e can tl|lie a broader range of sugar substrates. The oxidation

catalysed by FCHERAIE AR5, A& 51IBRR <Ry A5 B9 FRiconolactone + H202, or
D-galactose + 02 --> y-D-galactonolactone + H202 35 WO 20091156851PCT111132009/006255 As

used herein, thefeuBry Q% deBRIGH AR g@f{gﬁ%ﬁé&%&%ﬁ&%%@@@&@@%%ﬁj@% selected

from-the grougconsisti_n ’of D-glucose, ctose, D-mannose, maltose, obiose. 5
Preferably, th MRLBE % obtainable or is obtained from Chondrus nous. In one aspect the
hexose oxidase enzyme is an enzyme covered by the disclosure of EP-A-0832245 to Preferably, the

frst enzyype pfaexasie @Y ARTG EOMCSDORMHAR SIS RoHSPALASIGIIERIAIN Droth and prepared as

described in EP-A-0832245. Second Substrate 15 Preferably, the second substrate is selected from
peptides, L-amino acid, and carbohydrates/sugars, including hexoses, preferably glucose, galactose,

lactose, 2-dedkpiioanpahpyiissioaeyrdal, gribokrag|Hesromtanathabexiiancpestiprayadmisiures
thereof. 20 Engymes/pibst 3iessiod figierred embodiment the second enzyme/second substrate
combination is selected from glucose/hexose oxidase, glucose/glucose oxidase, L amino acid/L amino

15 Preferably the first enzyme is glucoamylase from Humicola grisea.

First Substrate

The provision of a first substrate is advantageous because it provides for sustained
20 and/or prolonged release of the second substrate by action of the first enzyme on the
first substrate.

Preferably, the first substrate is selected from oligomers and polymers of substrates
-for oxidative enzymes, starch, lactose, cellulose, dextrose, peptide, inulin, and mixtures
25 thereof. l

In the two-step process preferably the first substrate is starch.

Native starch is particularly preferred as a first subsirate. Native starch provides
30 densely packed crystals which can be readily applied in a surface coatings. Moreover,
Native starch is water insoluble.

Celiulose is also particularly preferred as a first substrate. Celiulose is a common
component in paint and use of celiulose as a first substrate reduces the number of
35 additional components which must be added to a paint composition.



acid oxidase, galactose/galactose oxidase, lactose/p-galactosidase/hexose oxidase, 25 lactose/
p-galactosidase/glucoseoxidase,2-deoxyglucose/glucose oxidase, pyranose/pyranose oxidase, and

mixtures th ighly preferred aspect the first substrate/first enzy secon zyme
combinatior%{?) é?é?éﬁ%ﬁcoamylase/hexose oxidase. 30 Preferably, the ar%?{f(/)?u %H%gjg?c’)grﬁ%ound is
hydrogen pergyde,d&ong.preferred aspect the first enzyme is present in an amount such that its
activity is less than the activity of the second enzyme. Thus, the first enzyme will limit the rate of 35
formation of anti-foulant compound. Thus in one preferred aspect the activity ratio of first
enzyme:secofdetaaplyetiegseatead tearyind , isrefembdpsy |efsefbiretheabbeaid\EfXyme is
2009/15685186145200%/ 000235 A8k ds10- sraferably ahdazst 190-HrefStabl 2t 2 deoO.
efera :10000. In

preferably at least 1:100, pr bly at least 1:1000, preferably at least ne preferred
aspect the fir PEFEFm 85550 DERT R BYRNPRSe QEERR MBS eqsdrrrD Ehniestowl apridrre activity
ratio of glucoamydashdd dXaXdE R thgreaitishamthdstansifesaddyat ipartdte, paatembiynaideast 1:10,
preferaby atigast 28 HelEIa it hindoIRIRLABALIATh Bl O USlelatly Aljeay! 11000,
preferably at least 1:10000. n one preferred aspect the tirst'enzyme’is glucoamylase and the
second enzyriéIFREROFOE ePivERE BSTBPTatio of glucoamylase to HOX is greater than 1:1, preferably at
least 1:2, preferably at least 1:10, preferably at least 1:20, preferably at least 1:50, preferably at least
1:100, prefer st,.1:1000, nref lv at least 1:10000. 15,In one preferred aspect the first
enzyme iz‘ggljg)ljogg%tﬁjéet(ﬁ%dg angegfé@%%%nﬁegﬁsoffo%'gﬁ%ﬁhEeggﬁ\?ityg’fiéﬁgeop élac@éxr%‘fﬁase to
GOX is greatdiarh 1:1, preferably at least 1:2, preferably at least 1:10, preferably at least 1:20,
preferably at least 1:50, preferably at least 1:100, preferably at least 1:1000, preferably at least
1:10000. 20 E'gnce§ rsaglat%grgmseglica D& rggessé%rgdharg aréqsin?,gluble inﬁpoth aqueous and organic
solvents and are thas Peleved o provide an op |m55nenc§psctﬂsa oA 8rs%hzymes in an anti fouling
system. A procedure for co-precipitation of silicate and enzymes has previously been

15 Preferably, the first enzyme is glucose oxidase from Aspergillus niger.

Preferably, the first enzyme is glucose oxidase from Aspergilius niger and as prepared
as described in US5783414.

20 Preferably, the first enzyme is glucose oxidase GC198 available from Genencor
intemational Inc, Rochesier, NY, USA.

Preferably, in one aspect the second enzyme is hexose oxidase.

25 Hexose oxidase (D-hexose: O-oxidoreductase, EC 1.1.3.5) (also referred:to as HOX).
is an enzyme that in the presence of oxygen is capable of oxidising D-glucose and
several other reducing sugars including maltose, lactose and cellobiose to their
carresponding lactones with subsequent hydrolysis to the respective aldobionic acids.
Accordingly, HOX differs from another oxidoreductase, glucose oxidase, which can

30 only convert D-glucose, in that the second enzyme can utilise a broader range of sugar
substrates. The oxidation catalysed by HOX can be illustrated as follows:

D-glucose + Oy ---—- > y-D-giuconolactone + H,O,, or
D-galactose + O, -—-> y-D-galactonclactone + H;0,
35



25 developed (and described in US2005/0158837). A mixture of enzyme and a polycationic polymer is
mixed with a phosphate buffered silicate solution (PBSi) resulting in the formation of a colloidal
co-precipitat& S%QP?IEQQS%]O]C the enzyme and the polycation within a hydrated, amorphous silica matrix.
30 Furthermore; the present invention provides a one-step formulation pro%(égl USRS Ws simplified
formulation of 145, g1iRuie GAMBRRUINRIOLRRING B brelared ashoct (e sncapeialpd second
enzyme is a co-precipitate of an enzyme, a si |ca%e and a N-contalfhing or ahic e Rpratenbfecule.
Preferably thesl‘dt’%@%érﬁ%!ﬁﬁ'fﬁf diearietsrrpmeeraisinauns R-alynsisanihesacioslifetavipsenine,
polyethyleneirriakest pabipaptise s¥lianmedified polypeptide. WO 2009/156851PCT/1332009/006255
In one preferred aspect the encapsulated second enzyme is a co-precipitate of an enzyme, a silicate
and a N-containing molecule selected from a polyamine, a modified polyamine, polyethyleneimine, a
polypeptidé arftisisirblyifitg perpse suinass in drainrbinprdy chipinedtfromilimedssbipned by
neutralising an alkali metal silicate. In one preferred aspect the encapsulated enzyme is obtained by or
is obtainable qX ngroé gicr,gqhaer%gr anosiJcijcate and addinﬁ}a buffer. to In one preferred aspect the
encapsulated SECONG SZYME 15 & Co-pratprata Sr S e AR e fYareh Y 6 yistgriR Hine.
Preferably thefdh?yB8828#yethyleneimine ratio is from about 1 to about 20, such as 2 to about 15, or
such as from about 5 to about 15, or such as from about 5 to about 10, or from 0.3 to about 10, or from
about 0.51t00 aBOL%t o) or fligmgab(g)ut 0.7 to about 2, or from about 0.75 to about 1 25 15 In one preferred
aspect the encar%éaﬁﬁgtgﬁ D8O ENZYMR 1§ A EEBRAPRARE JFAR KORNAUS iEHRRUSndised as
polyethyleneirférmentatien bnetsend mdeparsdes idsisk@ikethm BEX:0BBEMBIeneimine ratio may be from
about 0.3 to about 10, more preferably from about 0.5 to about 5, more preferably from about 0.7 to
about 2, more preferably from 20 about 0.75 to about 1.25. In one preferred aspect the encapsulated
second enzyn‘%%q%gzg%?g@%itate of an GOX, a silicate and polyethyleneimine. When the second
enzyme is GOX the GOX:polyethyleneimine ratio may from about 1 to about 20, more preferably from

25 about;2 OABREA, BRrSBESIR Al ik AOULRILAPHLLB-IALE Pielsiably [om apgut 5 to

about 10. A silicate or organosilicate solution for encapsulating enzyrhe may be prepared from
silica precursSrE PRBYIFAES SR s BIAHERE dissRe shieRebicaivserss arlagtesganasiormorganic

substance tha2-dan:giylecise, topgitinosedionithe, (Siokisdica)nundersialetedeseanitionstin, and
mixtures thereof.

20 Enzymes/Substrates

in a preferred embodiment the second enzyme/second substrate combination is
selected from glucose/hexose oxidase, glucose/glucose oxidase, L amino acid/L amino
acid oxidase, galactose/galactose oxidase, lactose/B-galactosidase/hexose oxidase,

25 lactose/ B-galactosidase/glucose  oxidase, 2-deoxyglucosefglucose  oxidase,
pyranose/pyranose oxidase, and mixtures thereof.

In a highly preferred aspect the first substrateffirst enzymefsecond enzyme
combination is starch/glucoamylase/hexose oxidase. '
30

Freferably, the anti-fouling compound is hydrogen peroxide.

in one'praferred aspect the first enzyme is present in an amount such that its activity is
less than the activity of the second enzyme. Thus, the first enzyme will limit the rate of
35 formation of anti-foulant compound. Thus in one preferred aspect the activity ratio of

first enzyme:second enzyme is greater than 1:1, preferably at least 1:2, preferably at



A silicate solution is a solution containing soluble silicon dioxide in the form of silicate or oligosilicate
salts. The silicate solution used in the method is prepared by mixing a 35 dilute alkali metal silicate

solution or EE&B%E@; salt solution with an aqueous solution or an acig@?g%geggoﬁg%éce the pH to
12 or lower to form a buffered silicate solution, such as a phosphate-buffered solution. The aqueous

solution that rpglyces dMSRRORLB6R5IPCIIBRRANANP 25 R 1ae PELOLIR AlkgILmesa! siligrtes or alkyl
siliconate saltg teg 123?” I%wer {eigéée anfm% an P0|d|c_s%léj§|on, or a low pH buffer. Acids useful for
neutralizationfhefid )bﬁ gﬁ'ﬁfb i tfr& Fi@ ¢ift! 5@8&&'& ,Ohydrochloric acid and the like. Weak
acids such as phosphoric acid, citric acid, and acetic acid are preferred and phosphoric acid 5 is more

preferred. Acihga{1G Usiud at ey il I RRCRATGSHIE: L0 wesh B ARl acidic

cation exchar;ﬁﬁeg;F Aldrich, WI). Silicate precursors useful for esﬁesent invention inc

silicates and iEER%EEhIRe AU TR ueRaMAsa d L 6P Sifisiateaterdthalalim 10
metasilicate, soefienablyrtidsdstate apetfecaiiynaisibeate! sSilupaisjaipptaiskiash SHtapesizaxtdycatsium

silicates. Prefigd AbelarlAl A4 sad W isatp ol qoiorsielicalay. firgiayed alkal

metal silicates include sodium silicates. Sodium silicates are 15 commercially available. For example,

sodium metaslit®8%nd sodium orthosilicate can be obtained from Gelest Inc.(Morrisville, PA).
Sodium silicate solution (a solution of SiO andNaOH) can be obtained from Sigma Aldrich. Alkyl

sticonate, altf, g5l rl Ak 'Cﬂgﬁiﬁlz?ﬂ@%i%(@f%%}%bﬁggmgh@@gc%gucgﬁ%iﬁe;‘gyl

siliconate. Preferred conate salts are sodium a onate and potassium a iconate. A

preferred alkyl'SifcBRadie artidtydaimPhRitsprsiiaitate HPthis ampisaithentt therrsfanblydups
capable of corashlaiopraviiiatyel foieastidn arepafasibiiedtydbie 1PRoiqnativandf Si-Easiet@ugroups,

such as an al g%ﬁgﬁ{qﬁfﬁq:wiwg%&gﬁi%%gp% e %ggéﬁg?%t ?esa s‘lihie@@ te solution may

be prepared by firs olyzing tetraalkylortho- silicate with ‘an aci ase, or'a catalyst, to form
silicate sots. Silicate sols are defined as a stable colloidal solution of silicate oligomers where the

particle size isrroHeepheleaaEtapEtnge: Htaiepals RAGIIAMPEBCINIONS sEEeRIPEAaRaNEEN
exposed to a in.oH_ar. 30 a catalyst (ller, R.K. " The.Chemistry.of Silica; (Wiley, 1979):Brinker, C.
J. and Schere%%g%%.d' o gé ?%ycfgﬁ%eo% @Hé%m%“csg é%?fgﬁg’r%%‘i?xy%? gﬂéé' Fg:ééggﬁﬁét(Academic
press, 1990) Jessifickée BN feastidd aBiatabhaatdersbi 2bae midolnahistrtatd0,

preferably at ieast 1:100, preferably at least 1:1000, preférabiy at least 1:10000.

20 Encapsulation

Silica particles are hard and insoluble in both agueous and organic solvents and are
thus believed to provide an optimal encapsulation for enzymes in an anti fouling
system. A procedure for co-precipitation of silicate and enzymes has previously been

25 developed (and described in US2005/0158837). A mixture of enzyme and a
polycationic polymer is mixed with a phosphate buffered silicate solution (PBSi)
resulting in the formation of a colloidal co-precipitate consisting of the enzyme and the
polycation within a hydrated, amorphous silica matrix.

30 Furthermore, the present invention provides a one-step formulation process which
aliows simplified formulation of the antifouling composition for paint.

in one preferred aspect the encapsulated second enzyme is a co-precipitate of an
enzyme, a silicate and a N-containing organic template molecule. Preferably the N-

35 confaining organic template molecuie is a polyamine, a modified polyamine,
polyathyleneimine, a polypeptide or a maodified polypeptide.



35 solution having a pH of about 2 to about 12, more preferably about 4 to about 10 and most
preferably about 5 to about 9. Examples of tetraalkylorthosilicates include tetramethylorthosilicate

(TMOS) an%gg&t,lgg&ggihosilicate (TEOS). WO 20091156851PCT/M20C}%Q%%&}§ /ﬁf{(}zggganosilicate
solution is a solution containing soluble silicon dioxide in the form of silicate or oligosilicate salts and

an organosilafe oA iReRGONAINNY HdearlARaISIa0Rs SR QAR LN, Jhe grgangsilicate
solution used in_the methgod '{s %re ared 5[@/ first hydrolyzing a tetraallglorthosjlicate and one or more
organosilanes S&Y8ed ﬁjg?ﬂ th nﬁf&&%ﬁ? RRJSeikRPRRARIJIRIRG BRVIRTANG 8 aied
dialkyldialkoxpsilareinanpotiatyytintimiyesimpey e fidan sol s at et milypeititepH (pH 1- 6) or a basic
pH (pH 8-13). A preferred acidic pH is, for example, pH 1-5, or pH 1.5-4. A preferred basic pH is, for
example, pH 9-12. The sols are then added tq a buffer, an 10 acid, or a base to form an organosilicate

solution hévin?é 5P ST aret AsRRr LS licate rbiaingdPynasKraitine 21akpbmetd slieatfore
preferably a pH of about 5 to about 9. For example, phenyltdethoxysilane (PTES) is hydrolyzed with an

agueous acicp dau a RheRY ISR OALR SOLEP SQIMNERIBARMBPES wilbaslicg's,sol derived

from a tetraethylorthosilicate and added to a buffer to form an organosilicate solution. )‘3 ratio of
the organosil N8 RYSIRGAR prarRreliratsRidsaAgiReabBEfa" 100 to about 10: 1, preferably, about 1: 50

to about 2: 1 and preferably about 1: 10 to about 1: 1 on a molar basis. Process 20 As discussed

herein, in,pn C | i ' I r the.preparation of a silicate
encapsu.;?eﬁ*ﬁr??%m%‘%%ﬁ%%?s%%%%ﬂ%%%%?éﬁa%&ﬁéﬁ%&%ﬁ%?a%&@gaoa 2% 2 enzyme

or.an enzymeSeDIEtEd drSiir &R RENRIAVISRRIMIGE SiTetaraRy e (Rrevemp Rabetity'snesrzgme in a
silicate. In oneatispedtafthboutetentpoacass soereds providedia Eronentiias epthaeentaning an

enzyme. 30 100 38PEPLELING SR RIACESSINeIS 4° provideslan epgyne spited o,

fermentation broth without drying. As'w lon héerein, tRe enzyme of

appreciated from the descrip ‘
the present pt%éé@sa@&éféﬁé%ﬂmﬁé%&%@ég%‘r% BF ALl g toatpotitieh. of the present 35
invention;sWO 2009/156851PCT/1B2009/006255 In one aspect of the present process the process
comprises the additi t iiiéof oviding an additional enzyme (such as the first enzyme of the
antifouling co?ﬁg%s%ti %gieﬁﬁg %? ggtrﬂﬁ%veenn %:%Jlaaie secon erYzyme 'S @ co-precipiiate é an
HOX, a silicate and polyethyleneimine. When the second enzyme is HOX the
HOX:polyethyleneimine ratic may be from about 0.3 to about 10, more preferably from

about 0.5 to about 5, more preferably from about 0.7 to about 2, more preferably from
20 about 0.75 to about 1.25.

in one preferred aspect the encapsulated second enzyme is a co-precipitate of an
GOX, a silicate and polyethyleneimine. When the second enzyme is GOX the
GOX:polyethyleneimine ratio may from about 1 to about 20, more preferably from

25 about 2 to about 15, more preferably from about 5 to about 15, more preferably from
about 5 to about 10. '

A silicate or organosilicate solution for encapsulating the enzyme may be prepared
from silica precursors. For the purposes of the invention, a silicate precursor is an

30 organic or inorganic substance that can give rise to silicon dioxide (Si02, silica) under
selected conditions.

A silicate solution is a solution containing soluble silicon dioxide in the form of silicate
or oligosilicate salts. The silicate solution used in the method is prepared by mixing a
35 dilute alkali metal silicate solution or alkyl siliconate salt solution with an agueous
solution or an acidic resin to reduce the pH to 12 or lower to form a buffered silicate

solution, such as a phosphate-buffered solution. The aqueous soiution that reduces

10



S In one aspect of the present process the process comprises the additional step (iii)_of providing a
substrate (such as the first substrate of the antifouling composition of the present invention). In one

aspect of thg grasenileqgcess the process comprises the additional step (p-pfdo.mRyidiag an
additional enzyme (such as the first enzyme of the antifouling composition of the present invention)

and a substrafies(gHCbfasd ks hrahistiniaed hreattlifaitieeeoRmesdion ok theeresanbawantion).

Preferably the additional.enz such as the first enzyme of the antifouling, 15 composition of the
present invenﬁgﬁ) &hd” glsiﬁb%lrﬁait e s‘éghazgwhgl?is‘ré Eaﬁg%ig?es olfst ?(é] afﬁfifgﬁ%ﬁa%%é?r'ﬁﬁda Eg#of the

present invenBbagririprasidi ceitlic ragigs araticeatits vdicahioe rridcandpbsitide h¥ealy aridgesired
releasfe(of)antisaﬁeula@r%hoéam@ a&a,eaiamé Mpw&&r@ge@%@%%wmewéqgigonall
step of (iv). 20.drying the material, Such dryin y provide a.compasition that may, [xed directly
into an orgsani'c? s}éﬁl%np 6%%38 ali\n '%rgsnlggaéggclfqof% & %‘ﬂ%g %%‘BF%&%"JS‘%%’S’BQPSE%@ %’éﬁ\éﬁses the
additional step{iigh defistongly sieicin datian gadhengsr stélorinh, d¥fined herein. 25 The present invention
is advantageous in that crude liquid formulations of enzymes are combined in the same step (i.e.

without inter iate drying or othe aration steps) as the encapsulation of one_ component, thereby
obtaiing the SUFASDRRE A0S RAotR, FSh SRE oG e B R oL B G ulation
from the poinEdfyBGitonaté eaigmalrainukistusticatescitelstbutiviiune adedteamising, faodities and
productiop, timgdramdiie, RISLAT MWQ‘&%@@% fREUARLGR R g@ﬁﬁoﬁﬁ?‘%%ﬁ{ igﬁ;gg{@geferably

the surface coating material comprises components selected from polyvinyl chloride resins in a solvent
based systemP¥hIGHHIHAd ?'LIJBT)%?S if rﬁ%ﬁﬁfinf”ﬁﬁ@eﬂ’%ﬁteﬁ%ﬁﬁﬁ/ii%r?e%'ﬁﬂd%ﬁfﬁr?l}ﬂe resins in
solvent basedpotasgiugositiceystems, WO 2009/156851PCT/1B2009/006255 vinyl chloride-vinyl acetate
copolymer systems as aqueous dispersions or solvent based systems, polyvinyl methyl ether, '
butadiene copolymers such as butadiene-styrene rubbers, butadiene-acrylonitrile rubbers, and

butadiene-styfREEEeR 18 P e UGS RN PPAL T BilichISS: ARSI HEsisicaies A%, epoxy
resins, urethanemesrdaijyadysitbierdiinsxahplzo lodiesmsetatiicaty rasirsodiam denvadlicets, can

cisproportionajechpsin. ARl eQNmeReqhEARnDy HRASRE SR U IRSIn SiaiRRp Tonated

gum rosin, non-aqueous dispersion binder systems, silylated acrylate binder systems, metal acrylate
binder systemS'dEMFNRRID 3 R abirieet ERpS'ampkiEbly the surface coating material comprises

a binder. Preferably the binder is selected from (natural) rosin, rosin derivatives, disproportionated
resins, polr e R o g e, e
~ dispersioRlointRSEst SRR dFIBIIERE Bi%ﬂéﬁ%ﬁ@aétﬁcﬁfﬁ&%ﬂiﬁﬁﬁﬂﬁé plisaBais 3Mms. Such
binders are ofrpastsiuardnie rsikddostani- frefirgeaaiMyosikcuraiasest fierssmnmneMRp DSIRSo M) -aqueous
dispersion binﬁ\e{h@@'ﬁ%&%ent, the Si-OH groups capable of cohdensation with gel formation are
~ generated by the protonation of Si-O-metal groups, such as an alkyl siliconate, e. g.
sodium methyisiliconate, MeSi{ONa),.
25
The silicate solution may be prepared by first hydrolyzing tetraalkylortho- silicate with
an acid, a base, or a catalyst, to form silicate sols. Silicate sols are defined as a stable
colloidal solution of silicate oligomers where the pariicle size is in the nanometer range.
Silicate sols can undergo gelation or precipitation when exposed to a change in pH or
30 a catalyst (ller, R.K'The Chemistry of Silica' (Wiley, 1979):Brinker, C. J. and Scherer,
G.W.

‘Bol Gel Science : The Physics and Chemistry of Sol-Gel Processing' (Academic press,

- 1990) ). Silicate sols are then added to a buffer, an acid or a base to form a silicate

35 solution having a pH of about 2 to about 12, more preferably about 4 to about 10 and

most preferably about 5 to about 9. Examples of tetraa!kylorthoéiiicates include
tetramethylorthosilicate (TMOS) and tetraethylorthosilicate (TEOS).

11



The terms "non-aqueous dispersion resin" and similar expressions are intended to mean a shell-core
structure that includes a resin obtained by stably dispersing a high-polarity, high-molecular weight

resin particyaie(geompeent (the "core component") into a non-aqueous ligiighigghigeiEsa low-polarity
solvent using a high-molecular weight 25 component (the "shell component"). The non-aqueous

dispersion resin may be prepared by a method wherein a polymerisable ethylenically unsaturated

monomer whigh 6?\%% J#? msoﬁa&ﬁqgrg%ﬁﬁh yent ! 'éj nvﬁvr:gpua E[p |séab e tﬁot orm a %elymer (the

core component) 1€’ in YdFoCarDON SOVENt, 1s Sub ec e 16 pertion
polymerrsatroﬁ'i??&:(%rawmﬁfﬁ &35n 98¢ tRSh Araseasdans. tﬁeﬁﬂ?ﬁ%é&?ﬁﬁiﬁ@l&biﬂa’ﬁ theEpresence

of a shell corrsmaaent:a{tberqispersieﬁ@mbéliwémmg@mmewmqharﬁémw&%m in the
solvent. 3? ?%t ﬁ%gious d|s grsio %Rﬁorseﬁrgtgtlgngdoggn be % resin kno m%r se or it can be
produced like the a ueous dis ersronqtyﬁe FRSIPARY
2009/156851@/13&909/@6%5 nr@rrﬁbﬁifmer their pra@mlmmkpavefiaescnb@ayﬁqurwm 607,821,
US 4,147 68&.mrearmeﬁr@me@mﬁa%@nm%me R WrlicrtianMige 28 a51/4973 and
Japanese Laj oPerbaPS?ée Fg_%c%é No 177 0608 19 ecrfrc%l%{ as the shell coryonent
constituting the fion-aquedu s( i e N R TESiRCTIG I d5nileh B SIF'S LRoRtREdLIuble in a
low-polarity sﬁl?@fﬁmﬁcﬁﬁaﬁenﬂemrf@e@kﬁmléeg PW&%GOEBS@%M@&MGM#OMUM@H
Applicatign Nacré?»&?é/a&%% eSimbeh ans"%&t&“&ﬂ%ﬁ%élfrﬁﬂfw'Bﬂa%m%"% abde {mal paint
coat, shell com%o rh] Lg faséan % %l esrréor a vrn | resin m@/ be used. 10 As the core
component, ¢ E(ﬁee Por FreRE ﬁc%%?/“bﬁ ﬁ'ﬂﬁz{ﬂ? REAGHAB mafémﬁﬁ%ﬁléﬂﬁp@generally
applicable. Themexrampieeobsryibjrirsiorsitype (REESLnhpdridyredduith amzetiadkacidiodersse. 15
Examples th%?@)@ﬁ%%@é&ﬂ%ﬂé w&rlqbﬁEewee@meemw@m% YIRLENGAIGEL g previously

formed by blo t'm%)t:i(‘)tlmeerlzatron orﬁ]aft CO- polymerrzatron and they are then mixed in a low-polarity

solvent and, if r&qi YIRS RIthAIRhiGURETR &?SE%P%.BH ?§%%“§5ﬂ8ﬂ§¥?%ﬁ@n?%bhcatlon
No. 29 551/1%1&) obtie: 2 pestbeihne Whidicatamrdouesof ethytenicat yabosaturdietrabaamerg at least

one of which fiag:Bigha sl PelasingrauRiSCq-BRly merssdin asavenighat disseies e,

ethylenically unsatyrated monomer but does not dissolve a polymer (core component) formed
therefrom an{® %Baﬁl'?esence of a dispersion stabiliser that either dissolves or stably disperses in said
solvent, and if required, the obtained copolymer is further reacted with said dispersion stabiliser to
afford a final ppgsagueous dispersion (see U.S. Pat. 25 No. 3,607,821 (Japanese Patent Publication
No. 48,56611982), Japanese Laid-open Patent Application No. 177,068/1982, No. 270,972/2001, No.
40, 010/2%)9)1 and No. 37,971/2002). In the latter method, the dispersion stabiliser contains in a
molecule the Asdisonsszdsbéniie, iin el @appcliisypsedeantmeaibe pesvidenenpraayssdrafiingty for the

resin being dﬁ%%%?%ﬁa%r'aesﬂws@k%@ﬁ?&é&%?%%ﬁj %?nﬁggsﬁ%éog that 30 dissolves in the

low-polarity sglvent is present as the shell com nt an eing dispersed as the core
component isforme BBy Sy R RAABAN P RIBeSs 3 FHEYABN A RILE0EYHISpERA RS type resin
of the shell-cmarstr fietmemtatiod brdinsvidholmarpifign, it is important that at least the core component has

free acid.groyps or i8e., o iating the enzyme in a sificate.

in one aspect of the present process there is provided a fermentation broth containing
an enzyme. '

30 In one aspect of the present process there is provided an enzyme isolated from a
fermentation broth without drying.

As will be appreciated from the description herein, the enzyme of the present process

is preferably the second enzyme of the antifouling composition of the present
35  invention. '
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acid groups and silyl ester groups that are convertible into the acid group by hydrolysis WO
2009/156851- - .PCT/1B2009/006255 in sea water. Preferably 5-75% by weight, preferably 5-60% by
weight, pre{esahb 455090 by weight, of the monomers of the core polymearshissantysiee acid
groups. As the free acid groups will have direct influence on the properties of the paint formulation,
whereas the Bilghesiepatasfitevireaeiyt paveeifithenaeaiierdayootysishe sdaapwaltetept {Bigfportant that

?;’/pfi'gli/ fi%%ﬁ@é?ﬁg‘é&ﬁ?{?&@éHé‘?f!&%@@{&i?fa@ﬁéﬁﬁ %%Q‘@r?é‘gﬂ%%@nﬁiﬂé’blﬁwsé%@é’ fag"S:

Yo by we f monomers of the core component are er monomers,
and most oftéh the RIRASSSIBYRJHERIDS are present in the core. 10 Examples of silyl ester monomers are
silyl esters of acrylic or methacrylic acid. If desired, a smaller proportion of the free acid groups or silyl
ester groups gy alag b spRigined nhe shellsemponent s Naeyerdislioyedingyjegs than 3%
by weight of the monomers of shell conmponent are‘iree acidpgr%ups or sayl ester gr ugs. The
expression "fREVidHIE grouhstiatmfsveieasdneoter swbate ol inntifetion Femaositishooidhse
understood tipaégaaﬁhha@i@tcgipups temporarily may exist on salt form if a suitable counter ion is present
in the composition or in the environment. As an illustrative example, it is envisaged that some free acid
groups may be present in the 20 sodium salt form if such groups are exposed to salt water. Thus, the
non-aqueous't@feBsivethpb dhee sivgnriferagtshiie Piessipsarinpeses tielsddigahgtemOEIgoioreferably

15 to 30Qunaprdvikiicy areiedaiiyal 8rieysR04uenkde e ntsilaipial acide/ap ot edinpoambgoUS

dispersion resﬂhis below 15 mq KOH/qg, the %Strp lishing rat of?t{%e int coat.may be too low and the
antifouling pr8peﬁ)P WB&%W %%‘%n s%rt%f%gfb ?/ @%E@%ﬁﬁ%ﬁﬁa t #&%rf’é?a?f;%%%tﬁ%u Y%bove 400
mg KOH/g, tiremptisikimmpfdbe prepdnt invenfigh)for that reason a problem of water resistance (durability

of the paint coat in seawater) becomes a problem. (When the core component and/or the shell

component contain the gcid precursor group, the resin acid value is one given 30 after the group is
converted intg’rﬁ%r %% Sugd[i'f'ﬂ%?ro '&%‘ﬁerr{'é“‘sésﬁ? a8 ViRle ePer0G e RirtE t T RHBhount (mg)
of KOH conseamgebsiior ofrhiésprésgrifinveation|suiits sdrseaty, (supressing fast eotetrtatd ahtlaeid group

(in case of thg REIAIACELHFYHGBr the PrRBROIIBREI] QFQ‘E‘PJQH_&?% Py dFARIS)RS fg resin

(solids conten%l.ﬁBS It1s advisable that the acid group and/or the acid precursor group is contained in
the core comPEHEWINg feMmpRTtca earnshiw drshpiireieess obAntdRt @ atue, at least 80%, WO
20091156851PCT/1B20091006255 preferably at least 90%, more preferably at least 95% of the total

resin acid valliea6 B BaNAIHE BHAHRRIBIAL IMBSHSRIGS KR Ald #R ARG SRS GPRponent of

the non-aqueous dispersion resin is below 5 80% of the total acid value of the non-aqueous
dispersiofti-ty & s the matiiiah SHPHMNS TRY Hevds mponers oA Rl RyR L MiKecSiEkid value,
potential prolifémshromptie svidasbabed @ittve with respect to water resistance and durability.
Furthermore, if the coating composition comprises free metal ions, a problem with respect to gelation

may occur if the acid value of the shell component is above 20% of the total acid value.
In one aspect of the present process the process comprises the additional step (iii)

defined herein and the additional step (iv) defined herein.
25
The present invention is advantageous in that crude liquid formulations of enzymes are
combined in the same step (i.e. without intermediate drying or other separation steps)
as the encapsulation of one component, thereby obtaining the appropriate ratios
between components while significantly cutting costs of formulation from the point of
30 view of enzyme manufacture as well as cutting needs for mixing facilities and

production time from the point of view of coating formulation.

Surface Coating Material

35 Preferably the surface coating material comprises components selected from polyvinyl
chloride resins in a solvent based system, chiorinated rubbers in a solvent based

system, acrylic resins and methacrylate resins in solvent based or aqueous systems,
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10 This being said, it is normally preferred that the shell component is hydrophobic. The dry weight
ratio of the core component to the shell component in the non-aqueous dispersion-type resin is not

especially lipiedehdsisnormally in the range of 90/10 to 15 10/90, prefergplyBHefhiR 25/ 75,
preferably 60/40 to 25/75. Furthermore, it is believed that the dry matter of the non-aqueous dispersion

resin normallyggnsiflirie iAdhie denee AopapHerPsgbesaldly 4 2riteduefarpalkisne5ae. syietarably
5-20% by wetbv%/ei tcSJf t 16 gsoatin c%n?porsﬁig&n! 2% RS the sc%lvﬁent for %i?f?%%in the non-aqueous
dispersion resiA that wirbe 5 birft , various organic scglver%’fé? H'Gre hf u§88hfor?)gaints can
be used withcetadepsapiitans restricildess 25 Exdmigdisns-gotvientsiin whichutihesomponamds of the
non-aqueous GigRAEHeRRSHR-BaHAAMP dsiRRsarg-Ainp Ave d WIhdiRPirses.aE], AlfQRolsch as
methanol, ethanaql, propanol, isopropanol, butanol, isobutanol and benzyl alcohol; alcohol/water -
mixtures sﬁchaggc}a[gla SWIE%IP#}&{%%@E%WSH&@O SRISR L %{??@%{%Fﬁﬁ‘ﬂﬁ' RAHELBYRs such as

white spirit, cyclharsvatjvesudispropgdiosaied neajshibrrthobrdytekistahesisutiriBQesamdtivgirethy
ketone, acetoggmmeiy! igRBHYbKRINE "aatRYHseamMIksiRRs i SIaRRA ealR:

cyclohexanone; ether alcohols such as 2-butoxyethanol, proepyl_ene glycol monomethyl éetWesF, ethylene
glycol monoeﬂb’%ﬁ?eﬁ'%?eﬁi@?eénay Eﬁ'ﬁsdié%%ll; R hinfes BYRIRTER 5TV FaR etate,

methoxypropyhitgtstéherdofityl acetate and 2-ethoxyethyl acetate; chlorinated hydrocarbons such as
methyleng,35 chloride, tetrachloroethane and trichloroethylene; and mixtures thereof. WO
2009/156851PCT/1132009/006255 Useful solvents are in particular hydrocarbon type solvents and
include aliphafiE &SR §Uiih S0e AVERIE ) BRTBrEEs R RiDERtioRTiveabhefBR diPdRiiploy an

aliphatic hydreetetion Sodventraidial) arvsiticydlisihydevigatives, sdlepripatiststbd sasirentpariiie major

amount. 5 Suitaple alinhaficianAl alicysisdy dseraten r%%%?e@&%ﬂ&%sné%@gﬂ@smgwﬁne’

iso-hexane, n-heptane, n-octane, iso-octane, n-decane, n-dodecane, ¢ cyclohexane
and cycloheptEREsc SRIEN Y e In MDY 2RSS RKIEIardsR 1A e IMTEssn dlfHitha and
shellzole 7R (rpradactdrgsbizos hshdehespstans) Sipixte pitfyaiao bhdeaphitan® . ncnapdtta no. 6
and solvent n anufactu X C ical C0.); ip i lvent.1620 and ip
solvent 2835 n%%ﬁ%%agﬁragé bg?glﬁﬁn%tségggtr%%ﬁ%%c%?cgﬁ IFS )chj%cil p?é]t%%%cj%ra%%é%@agpengazole

3040 (manufat3iteerilignRonfe O TyiNeIPERPRr, the aromatic solvents include, for example,
benzene, toluene, xylene and decalin. Commercial products include, for example, Solvesso 100 and

Solvesso 150 anufacture&i%/ ExxorLC emica{ Co.); and Swazole (manufactured by Maruzen Oil
us dispersion bimnder

Co., Ltd.). 20 ﬁgéaeqﬁyekarocar on §/pe SO ven?gsmear?/ be used alone or in combination as a mixture of
two or ma#e of them. Silylated acrylate binder system 25 In a further aspect, the co-polymer to be used

in the coating TRENRARIHONGLBYUESLE AdpasiaNe=SiHC ShaiBiRRaTIBEAdeRAL Qe IREAMA] esoup of the
general formu@elén a shell-core structure that includes a resin obtained by stably dispersing a high-
polarity, high—molecular weight resin particulate component (the "core component”) into
a non-aqueous liquid medium in a low-polarity solvent using a high-molecular weight

25 component (the "shell component”).

The non-aqueous dispersion resin may be prepared by a method wherein a
polymerisable ethylenically unsaturated monomer which is soluble in a hydrocarbon
solvent and which is polymerisable to form a polymer (the core component) which is

30 insoluble in the hydrocarbon solvent, is subjected to dispersion polymerisation in
accordance with a conventional method in the hydrocarbon solvent in the presence of
a shell component (the dispersion stabiliser) made of a polymer which dissolves or
swells in the solvent. '

35 The non-agueous dispersion-type resin utilised can be a resin known per se; or it can

be produced like the known resins. Such non-aqueous dispersion-type resins and
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wherein n is an integer of 1 or more. 30 When n is an integer of 1, 2, 3, 4 or more, it is in these cases
preferred that n is up to about 5,000, preferably n is an integer from 1-50, preferably n is an integer
from2-15. Xae 3edeqtadsirom: WO 2009/156851PCT/1B2009/006255 ,rl s¢ans2édbodrss R1-R5 are
each groups independently selected from the group consisting of C1_20-alkyl, C1.20-alkoxy, phenyl,
optionally subsétudedghiaay| prépenatighane dptioitaly ispbsiituiedIbEnBRy, VStH reisHera, toishe above
formula | itis ganeigily Biefarfed b 83eh shiaRalupaRr A AGHASd a5y Bsi0r8hg i sycarbon

atoms (C1_5-alkyl). lllustrative 10 examples of substituents for the substituted phenyl and phenoxy

groups inclucéPaNsge - aidropenKiptant P@%{m@wm’ HRERIRBELERGFITic@MdR188 sBBle, RI-Rs
may be the satmponehifetestigipigitcMonanessusodiypesifto tyed essiim alagitustsg- theegalzeral formula

| above mey BARIUUIENAR RS ISPUiE AR GAE P08 Bbd el matemiRts may oy crample

be synthesis condensation, such as e rocondensation or e.g. acry c acid, methacryllc
acid or a malé#é%iﬂ%bﬁ’@é%‘t‘éf‘ ﬁﬁﬁmﬁﬁmﬁ%&mﬁ@ﬁh\ﬁﬂ@ 31884 in its molecule, such as

an organosiloxane having a di-substituted monohydroxysilane group at one terminal, a tri- substituted
monohydroxyélga}]r?]%he aspect of antifouling property of the final paint coat, shell components such
as an acrylic resin or a vinyl resin may be used.
10
As the core component, a copolymer of an ethylenically unsaturated monomer having

a high polarity is generally applicable.

The non-agueous disbersion-type resin can be formed by a method known per se.
15 Exampies thereof are a method in which the core component and the shell component
are previously formed by block co-polymerization or graft co-polymerization, and they
are then mixed in a low-polarity solvent and, if required, reacted to form a non-agueous
dispersion (see Japanese Patent Publication No. 28,551/1973), and a method in which
a mixture of ethylenically unsaturated monomers at least one of which has a high- |
20 polarity group is co-polymerised in a solvent that dissolves the ethylenically
unsaturated monomer but does not dissolve a polymer (core component) formed
therefrom and in the presence of a dispersion stabiliser that either dissolves or stably
disperses in said solvent, and if required, the obtained copoiymer' is further reacted
with said dispersion stabiliser to afford a final non-aqueous dispersion (seé U.S. Pat.
25 No. 3,607,821 (Japanese Patent Publication No. 48 566/1882), Japanese Laid-open.
Patent Application No. 177,068/1982, No. 270,972!2001, No. 40,010/2001 and No.
37,971/2002). In the iatter method, the dispersion stabiliser contains in a molecule the
component soluble in the low-polarity solvent and the compenent having affinity for the
resin being dispersed, or the dispersion stabiliser of the specific composition that
30 dissolves in the low-polarity solvent is present as the shell component, and the
componént being dispersed as the core component is formed by copolymerisation of
the monomers.

in the non-agueous dispersion-type resin of the shell-core siructure used in this

35 invention, it is important that at least the core component has free acid groups or free
acid groups and silyl ester groups that are convertible into the acid group by hydrolysis

15



20 organosiloxane having a hydroxymethyl group or a halogen methyl group, such as a chloro methyl
group, at one terminal, or a tri-substttuted silane. Such monomers may be co-polymerised (in order to
obtain the cg-gpalgmekiibe used in the coating composition according to. e isemionpwith a vinyl
polymerisable 25 monomer A. Examples of suitable vinyl polymerisable monomers include
methacrylate iastets wateh #safeesbiy 5:28% Oyl atsigbthyteTeetibiniaeooyyiveigth aeefatd |y 7ethylhexyl
methacrylate gy Xy B AR AL R P RO RS G &8%8%@?@8%%%85&?%5”0*‘ as

ethyl acrylate, butyl'acrylate, 2 ethylhexyl acrylate and 2-"hydroxyethyl acrylate; maleic acid esters
such as dimeth§ %%Qeéfédaﬁé"li@thwib A8 cHFECkUIRTMRO SR PR SHeR s RigRRTHESqifhethS RfRhrate and
diethyl fumaradtemsigtienewhisngiel tien eilvi-eseth gistype rvall \onlyl shleridiyanioy stethyerdiyiadiene,
acrylamidg, agpdonilis: B AR o Friaar disahoyMAhChUAlg M nleiceid. These
vinyl polymerisable monomers (A) act as modifying components that impart 35 desirable properties to
resulting co-peNREREThase SHY Raler anrarBeiReflificAtie Poirpise habtdmkirky pusiahtrstthat have
higher molecutmnvreigbisithandbe YWpsoenl e 8hilRsiel BaoReieo2ht hwstagidnersiyiade up of

monomers COQQ%J%P&éE%FS?BE@:’,QW#@ gé e general formula Il and Il (below). The amount of vinyl
m 0 a -

polymerisable mon rs is not more than 95% by weight of the total weight of the resulting
co-polymer, preferably not more than 90% by weight. Accordingly, the amount of monomers
comprising thexampieabbsgypestarahihemencinl faprdrdsadiaieyit ot leasidebgibuaeight, in particular
at least 10% by weight. The co-polymers comprising at least one side chain bearing at least one
terminal group of the general formula | (shown above) may be formed by polymerising at least 10 one
monomer confifesieradsmalil jrRpepien eidhfefiepadoraionrs angihd ster srateson@YalFnye

polymerisable:Bresinsaarsttd shap eeribthediresenaevahas bsibled st dre irae isatgrwagiator in

accordance with,routine RroceguE%ﬁ. Methods.of gglgmeri ation include so{ution golymerisation, bulk
.. of the mono ersors omponent are free aid groups. dr s | ester roaps: oot
polymerisation, emulsion polymerisation, suspension polynterisation, anionic 80 ymérisation and

co-ordinatfon 15 polymerisation. Examples of suitable vinyl polymerisation initiators are azo
compounds syeb agprariini SeEe BianitdleardHdpaea Yirelyiaeohen gene Andaidsies guch as
benzoyl peroxide di-tert-butyl perpxide. The co-polymers to be prepared by the methqds described
ahove prefera S S DT Bt S ST e A TS 0G0 BOB.800, such as
in the range o$&t@Eie- tROB000) d5g PHeshBt rithdeco PgmOBiticn0or0D0 the theviemnef 556081 500,000,
in the range ofiGsR8fr2 RO iR EiRiAEE M 80R1HE0004 bihpanalacylapweighipfibe

co-polym E;issto ‘Lliow iili %g}%ﬁ:%cstﬂlgrt]o ;ormsaarrigtiad unérfé:{msg d a%FabIe film. If, on the other hand, the
molecula weig% orptﬁ% co-polymer #1068 hlg%, ﬁbﬁé a esltﬁ’e varnish highly viscous. Such a high
viscosity varnish should be thinned with a solvent for formulation of a coating composition. Therefore,

the resin solidgrc@NigERNEE RAENAISERISRPSHISE ISR BeRHIBRNHEIY N4y Finean e formed by

necossary 1o A ROHRR RPN 8oL R T CIABDy B hare KOO BF
determining tHetaledgld: ssluengé thelcontaavasiytit GspResioolyasin iis detaMoPwittbERHigyihe the
person skijeddpiidithgriaté 5 ERIRtHRHBE yeaislioararagrsarlrcHIAE WRIStSHiesaeRiped in
accordance Wi e eekory Sh 1he Sar hand, 3 BATB 1 A0 \R A 4bEE 400 mg KoHIg, the
polishing rate may be too high for that reason a problem of water resistance. (durability
of the paint coat in seawater) becomes a problem. (When the core component and/or
the shell component contain the acid precursor group, the resin acid value is one given
30 after the group is converted into the acid group by hydrolysis). The "resin acid valug”
here referred to is an amount (mg) of KOH consumed to neutralise 1 g of a resin
(sclids content), expressing a content of an acid group (in case of the acid precursor

group, a content of an acid group formed by hydrolysis) of the resin (solids content).

35 |t is advisable that the acid group and/or the acid precursor group ig contained in the

core component such that the content thereof is, as a resin acid value, at least 80%,



35 In another aspect, the co-polymer to be used in the coating composition comprises at least one
side chain bearing at least one terminal group of the general formula 1l: WO 2009/156851PC
TAB2009/08632 5526632 1- R4 R5 wherein X, R3, R4 and R5 are as definedfaggrpaatabformulal.
Examples of monomers having a terminal group of the general formula Il (shown above) are acid

functional vinyreiehsigritabie oo mers, mmmmme%ﬁﬁdw& fretan assvlisorcihieashacylic
acid, maleic agid Qﬁe [%%WSIQ ég%gﬁm}gg oalkyl ester with 1-6 carbon atoms) or fumaric acid
i ster with

(preferably in the form of a mon -6 carbon atoms). 10 With respect to the triorganosilyl
group, i.e. the -Si(R3)(R. 4)(R5) group, shown in the above formulae | or I, R3, R.4 and R5 may be the

same or diffenemtesaeh aa@m&r@we(ecgnpmmwoethylnam@mhebugth&tgawvéﬁu@@ Bsigwyclohexyl
and substitut t or substituted a I( b tuted phenyl
Ry o 206 s T Xe LIS Bk BB B a2

and substituted napht xamples o or ary ac l,

sulphony! , nif?bthsr #el rRS’""IR%@“&Eeﬂﬁ?ﬂEee?&rhﬁ@ﬁ%ﬁ%@ﬁ%@‘ﬂ%%@@hﬂ@ﬂﬁiﬁﬁ(ﬁ@whé

'Sl(R?T)(lRﬁ)(%héﬁeﬂmcﬁbsm witheganeral J«mﬂ&lsﬁdbmwm@hﬂﬁ&%dﬁ&@yﬁﬂé tri-n-
propylsilyl, tri-n-

tri-iso RIOD IS|I I, tri-n IS|IyI {ri- hex I tr| oct sl I 20
tri-n- dodecylsﬁy tré)ﬁenylssllymn p- r% r e m% iﬁ ibeﬁm IIPH%I’I-X ﬁgy?s%é)roxpypw,
tri-tert- butylsulw%myramﬁy@m Oﬁt%wlaﬂrﬁemmﬁﬂt @ﬁ@@mcaﬂﬂ’u@fﬁbmgtallaﬁcb'caiuedi-n-buty|si|y|,
di-/so-pragryloctadecylsilyl, dicyclohexylphenylsilyl,tert-butyldiphenylsilyl, dodecyldiphenylsilyland

diphenylmeth S|Iyl 25 S CI |c exam Ies Sui et a r lic acid- erl omers bearing at
RS bef na g‘ﬁ %&\ % ﬂﬁ)ﬁi

1S norma ere Ny
least one terminal group of the eneratVfBrmula |ncu rlmgﬁnﬁ Iate

triethylsilyl(meth)acrylate, tri-n- propylsnyl(meth)acrylate, trusopropylsnyl (meth)acrylate tri-n-butylsilyl

Emetmany:atQ’h%iEﬁ@ﬁ%&l&ﬁf'l)/éﬁm@itwé%w%ltt%n%ﬂﬁéhtf’?@'ﬂh&YéﬁUM'mmviﬁ@uetﬂoﬂ'ﬁg‘u)éﬁ]éﬂ
meth)acrylate, tri-n-hexylsilyl (met ate.
n- octylsnyl(m%a acryla %ﬁg'(ﬁ’oa(ﬁ 3 ?%W%ae 5%' yf’atg"ﬂ ﬁﬂ%?{wgwlm the range of 80/10 to

15 10/90, preferab[y 80/20 to 25/75 preferably 60/40 to 25/75.

Furthermore, it is believed that the dry maftter of the non-agueocus dispersion resin
normally constitutes in the range of 2-30%, preferably 4-25%, preferably 5-25%,
preferably 5-20% by wet weight of the coating composition.

20 |
As the solvent for dispersing the non-aqueous dispersion resin that will be a binder,
various organic solvents that are commonly used for paints can be used without any
particular restrictions.

25 Examples of solvents in which the components of the non-aqueous dispersion resin
paint composition are dissolved or dispersed are aicohols such as methahol, éthénol,
propanol, isopropanoi, butanol, isobutanol and benzyl alcohol; alcohol/water mixtures
such as ethanol/water mixtures; aliphatic, cycioaliphatic and aromatic hydrocarbons
such as white spirit, cyclohexane, toluene, xylene and naphtha solvent; ketones such

30 as methyl ethyl ketone, acefone, methyl isobutyl ketone, methyl iscamyl ketone,
diacetone alcohol and cyclochexanone; ether alcohols such as 2-butoxyethano!,
propylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethyl ether and
buty! diglycol; esters such as ethyl acetate, propyl acetate, methoxypropyl acetate, n-
butyl acetate and 2-ethoxyethyl acetate, chlorinated hydrocarbons such as methylene

35 chioride, tetrachloroethane and trichloroethylene; and mixturés thereof,
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(meth)acrylate, tri-p-methylphenylsilyl (meth)acrylate, tribenzylsilyl (meth)acrylate, WO
2009/156851PCT/182009/006255 ethyldimethylsilyl (meth)acrylate, n-butyldimethylsilyl (meth)acrylate,
diisopropyl-tlauyisibsksaneth)acrylate, n-octyldi-n-butylsilyl (meth)acrylatepdiisapsepyisiearylsilyl
(meth)acrylate, dicyclohexylphenylsilyl (meth)acrylate, t-butyldiphenylsilyl (meth)acrylate, and
lauryldiphenyldighi meliertsrdateins Bpianific dwdmpheisool Syptalsidverdieisrakithaleteyedirtrdidumaric
acid-derived raRRRELAXEAIAGEIIENEHRN T HE ITBLERPUR GER, CRSARFEIHE Lrplbingiude

triisopropylsilyl methyl maleate, triisopropylsilyl amyl maleate, tri-n-butylsilyl n-butyl maleate

lerrbutyldi pheﬁ@ﬁﬁ’?ﬁ‘%‘ﬁﬂﬁ%@é@‘@% GRARPAR W%’E}Pﬁﬁ]ﬂﬁ%ﬁ?@@ﬁﬁsﬁrﬁﬂﬂ}%lﬁﬂ ‘fﬁr}inethyl
fumarate, triisiodrepyigjdylzmmoytumarate, tri-n-butylsilyl n-butyl fumarate, tertbutyldiphenylsilyi methyl
fumarate, @nd tert-butyldiphenylsilyl n-butyl fumarate. In another aspect, the co-polymer to be used
in the coating composition comprises monomer units with a terminal group of the general formula 1l (as
discussed ab&GHiRHe18lipBAYG ARH A IHC Y EsRPIb ABRIB IBFHGE: Jon &AMBIm I RYane.
Y-(CH(RA)-Ci(R2)a)p; Z(iHe ptdres cin-dctare Cibotiakey| grdageoe an-dodegeo); cydkbexaneyloyloxy

group, a 20 MethaGIOXIOXK AOUR: A.PRIRRAYIAXYAHR A4 W&¥IQ?§¥I&{8U%B@XQQ\Q!58 are
mdependently selected from the rgg@}ou p consisting of hydroge pis an

integer of 1 to™@8eral spibeg A R@Q@p@%%ﬂ‘%?@g@ﬁaﬁ@ﬁg@ebﬁ &E“tl?é‘ﬁﬁ'ﬂfﬁﬂmer Bis
25 preferably derjveaphitan wopolyeibyieneq|cakphthpal/ B epdabraiyaol. ﬁf(pmhufastomummplated

that monomerEWCERREL L AR HBHPSSUERHCIoZ0- il & ybaif Asghonn in

formula I1l, monomer B has in its molecule an acryloylo a methacryloyloxy group, a

maleinoyloxy GRSTIBTREHeTRFa by ilderdt R W%H?Gﬂﬁbf@alk éstéF“? BPAIRFABr TRy FERIp

(preferably in fhadarmecd e Gidurid/befleblaoiaansaturated group (Y) and also alkoxy- or
aryloxypolyethylene glycol In the alkoxy- or aryloxypolyethylene glycol group, the degree of
polymerisation (p) of the 35 polyethylene glycol is from Ito 25. WO 2009/156851PC T/IB2009/006255
Exampledof thataky| thearPaidisosetysntauslese, npxanelg., braasye.cipiiettopyiertigndycloalkyl

such as cycloHewtrarmbwbst&weﬁwwmnemdraéyé@@,, sbeeydandnapbtbylyeysd wpstituted
aryl (e.g., sub t&%&ur%'&y!»&’é?fg E‘ﬂ%’ tadpaahthyl), Sxample agﬁ%‘a&“ é‘&j razé' inglude
mp

halogen, C1.1 rou Icarbonyl nitro, or ami eC| IC ex es of monomer B
which has a (rﬁ@tl‘l}'&%}yloyloxy group in a molecule include methoxyethyl (meth)acrylate ethoxyethyl
(meth)acrylate, propoxyethyl (meth)-

20 These hydrocarbon type solvents may be used alone or in combination as a mixture of
two or more of them.

Silylated acrylate binder system

25  In a further aspect, the co-polymer to be used in the coating composition comprises at
least one side chain bearing at least one terminal group of the general formula |

R Rs
: |

—X—0 TE—O T—R; )
Ry Rs

wherein n is an integer of 1 or more.

30 When n is an integer of 1, 2, 3, 4 or more, it is in these cases preferred that nis up to
about 5,000, preferably n is an intéger from 1-80, preferably n is an integer from2-15.
X is selected from:
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acrylate, butoxyethyl (meth)acrylate, hexoxyethyl (meth)acrylate, methoxydiethylene 10 glycol
(meth)acrylate, methoxytriethylene glycol (meth)acrylate, ethoxydiethylene glycol (meth)acrylate, and

ethoxylriethylanesghyeek{meth)acrylate. Specific examples of monomer B pyhighbesoasnzaleinoyloxy or
fumaroyloxy group in a molecule include methoxyethyl n-butyl maleate, ethoxydiethylene glycol methyl
15 maleate, ethwrytriethylene glycol methyl maleate, propoxydiethylene glycol methyl maleate,
butoxyethyl methyl malgate, hexoxyethykmethyl maleate, methpxyethyl n-butyl fumarate,
ethoxydiethylene glycoljmethyl fumarateﬁgthoxytriethy ene glygol methyl fumarate, propoxydiethylene
glycol methyl fumarate;Qutoxyethyl arate; and lsmethyl fumarate. 20 As will be
understood by the person skilled in the ajt, other vinyl monomgrs may be incorporated in the resulting
co-polymesr comprising either monomer uits having a terminakgtoup of the general formula Il (shown
above) or In the resulting co-polymer comprising monomer units having a terminal group of the general

formula Il (sh&wnRe8raIseeR)arPeehitAearBHER th Ipieded diimiuherrer BeBFEBIGula Bif¥hown
above). With espemdey0 frenmonsmesBycsbeiitalisablgivifedixp Royopicndionecberareders, use
may be made %%%%“".‘{ﬁn‘{rknéé'sj%”e%? #‘{ﬁésa%%% A |£P?]@A%L%ﬁk§§?é%ga%megac@<*mﬁ ussed
above. 30 In theé monomer mi ure, the proportions of monofher having a terminal group of the general
formula 11, moHkYhen8 AHePBheioHRSNBATeHB) o FRAYInR risAIbRN HPEWIt a8 o rnsERIMPmay be
suitably dgtermiaegidensnsingtanctie tsetnbthamnaiieg qsHaRasHin pligene@bUpavaichidét is
preferred that the propQrtion af the mgnomer 35 haying a terminal graup, of the general formula Il is
o 1.95%6 by A0E N CHEE KT I AGTHRH G 7 B Mt R b By xb Bher ()
co-polymerisaifidh samier @ifRsani@9sPs by weight on the basis of the total weight of the monomers.
WO 20091156851PCT/1820091006255 Thus, co-polymers comprising a combination of monomer

units bearing g terminal group.af th neral formula Il gnd monomer units B.(and optionally monomer
) can be obtHHBATES AL <R TR FIEH P S S (T e bRy o8
polymerisdtiosynitiesisedea Spssribad ou & M #RUE05UBH A SORITENPBRIMBEYaftsiexBmRie, be

Eolimerisatiorﬁymmm E’_yﬁbﬁéﬁ&ém@ﬁ; Qﬂéﬁﬁw.fmm?ﬁaﬁghﬁ?ﬂed%ﬂe.gr@a?r% W&, wlhic_:h will
e known to the person ski IN polymer chemistr t1s,preferre owever, to e Qy t solution
olymeriaatiof Rl PO b A T P AL 26 EXemER BT U R s sation
initiators incluBe aifo dtsmpoeiesddsuckilsd aashisisobergaoaiitisanad thplirtyltnetnidbeiiviegene; and

peroxides sUGRgHoRRIIBRALIRAEYRpd e UbtRRERX Kl arileibaiirb e HORPOBARG RaREd 4R t-buty]
peroxylsoioropa/lcarbqpate. 15
0 organosiloxane having a hydroxymethyl group or a halogen methy! group, such as a

chloro methyl group, at one terminal, or a tri-substituted silane.

Such monomers may be co-polymerised (in order to obtain the co-polymer to be used
in the coating composition according to the invention} with a viny! polymerisable
25 monomer A. Examples of suitable vinyi polymerisable monomers inciude methacrylate
esters such as methyi methacrylate, ethyl methacrylate, butyl methacrylate, 2-
ethylhexyl methacrylate, 2-hydroxyethyl methacrylate and methoxy ethyl methacrylate;
acrylate esters such as ethyl acrylate, butyl acrylate, 2 ethylhexyl acrylate and 2-
hydroxyethyl acrylate; maleic acid esters such as dimethyl maleate and diethyl
3¢ maleats; furparic acid esters such as dimethyl fumarate and diethyl fumarate; styrene,
vinyltoluene, o-methylstyrene, vinyl chloride, viny! acetate, butadiene, acrylamide,
acrylonitrile, methacrylic acid, acrylic acid, isoborny! methacrylate and maleic acid.

These viny! polymerisable monomers (A) act as modifying components that impart

35 desirable properties {¢ resulting co-polymer. These polymers are also useful for the
purpose of obtaining polymers that have higher molecular weights than the.
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The molecular weight of the resulting co-polymer thus obtained is desirably in the range of
1,000-150,000, preferably in the range of 3,000-100,000, preferably in the range of 5,000-100,000 in
terms of wejght@varsges molecular weight. Too low molecular weights resgitrireeiffdasiéiss in forming
normal coating film, while too high 20 molecular weights result in disadvantages that a single coating
operation onlyagnegsijmesoating filmdndehenes, coatinginpdratiensishbgtdupecd dhelugseerah a larger

number. Itis prefereg [ gegUBLRLIAE PRI AR U QliADe RAMBRESIL HhSMBrY aURdNHagrange of
5-90% by Welght, desirably from 15-85% by weight. 25'In a further aspect, the co-polymer to be used

in the coatind deinbreightRidne i heaiat oh e RF Mg AR RS P B BRI 2 rmula 11 (as
discussed abthas) 833%obybieitibn AittvatisgoriicenaormumicoOvairtiesye mamapfeinguthe eiR@hlY -CH(1V)

OLR? wheyeiry %5060/ ey tad BIRAIPROMaLY SHOHP LIRS ALY 2l e SO

fumaroyloxy roup, and both of R6 and R7 are C1.12-alkyl. As shown'in formula IV, monomer C has in
its molecule Hé&%lﬂ?l@% group, a meth- acryloyloxy group, a maleinoyloxy group (preferably in the
form of a mono-C1.6-alkyl WO 2009/156851PCT/11B2009/006255 ester), or a fumaroyloxy group

(preferably indhe fQIm),pEAFRONNGHEREKY REIBTLAS AadNSEr BlariRgoLP e Ak AsAmgpmi-acetal

group. In the hemi-acetal group, examples of Re include C1.12-alkyl, preferably C14-alkyl (e.g., 5
methyl, ethyl SHPoRh % RMGTaISBRRYR 1, [emyIPaYR) fERYHRRYTHRM RARNIESBPR Piltide
Cl.12-alky!, preferabbniat alpasice; . feneiiyigetiny bitker gpykrisdpromid, Iwithitheisoludsd, cind
tert-butyl), a ' ubsti -cycloalkyl (e.d... ),/ 0 r C can be
prepared by%%?éﬁ_ﬁa%gﬁcﬁﬁ%ﬁ%a@%ﬂ%ﬁﬁ%ﬁ%&%&érg}igﬁég talsnglﬁ%g\)/ﬁﬁ r%gﬁg)bmmerp@ cted from
acrylic acid, rAebBRFSREAL dNHRtRNc BeiPeeP RN e tENthEPHERE amfeRRHARE addFiRIhotbester
thereof), with gityalkpibstioyl ethelude.g sobibyh vipglyetbasapioppylbiry| pitenebisiyioninykeailieiorhexy! vinyl

cther, and 2- AMAREM UL SBE O B BRAbY T EHRE 8 e RUIRReXHL B Bgfln1S As il

be understoo e person s In the’art, other vmyﬁ monomers may be incorporated In the
resulting Co-poNimerisainpriEnRRIonshiitabiRy Ryl Aoy Resr3IRR gkl HRIA SZRFRIAROWUIA |1
(shown above)ih eerabibmissbuijrotieis epandpnenmmen dagbibandeme) uad Ydahss amvay. 20 With

respect to other monomers, co-polymeyi ith the above-mentioned monomers, use may be made
of various vir:}))/ P%SW r%rec‘?r)gdseugﬁd(;%{Tﬁ?e{gﬁglll%\g%rﬁghsable monomers (A) discussed above. 25 In the

monomer mixture, the proportions of monomer having a terminal group of the general formula Il,
monomer C arkaibeiopeeaine (5e qRepahsmesmklarbtetmiyitetghad eione pisfanalybrasyitably
oA AR AL SRR SRS 10857 M Mg
weight (prefefangg of 5,000-1,500,000, e.g. in the range of 5,000-1,000,000, in the range of 5,000- ‘
500,000, in the range of 5,000-250,000, or in the range of 5,000-100,000. if the
molecular weight of the co-polymer is too low, it is difficult to form a rigid, uniform and
durable film. If, on the other hand, the molecular weight of the co-polymer is too high, it
25 makes the varnish highly viscous. Such a high Viscosity varnish should be thinned with
a solvent for formulation of a coating composition. Therefore, the resin solids content
of the coating composition is reduced and only a thin dry film can be formed by a
single application. This is inconvenient in that several applications of the coating
composition are necessary to attain proper dry fiim thickness.
30 ,
Although a number of different methods for determining the weight average molecular
weight of the polymer in question will be known to the person skilled in the art, it is
preferred that the weight average molecular weight is determined in accordance with
the GPC-method described at page 34 in WO 87/44401.
35 _
In another aspect, the co-polymer fo be used in the coating composition comprises at
least one side chain bearing at least one terminal group of the general formula 11
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30 from 1-80% by weight), that of monomer C is from 1-95% by weight (preferably from 160% by
weight), and that of other monomer(s) co-polymerisable therewith is up to 98% by weight on the basis
of the total weighssfsdzesmonomers. Thus, co-polymers comprising a comiimaesmebessomer units
bearing a terminal 35 group of the general formula Il and monomer units C (and optionally monomer
A) can be obtained by polymerising such monomer mixtures in the presence of a vinyl polymerisation
initiator by any of various methods such as solutigp polymerisation, bulk polymerisation, emulsion
polymerisation, and suspension polymerisation infan ordinary way, which will be known to the person
skilled in polymer chemistry. It is preferred;-hOweSier;Ba emploffithe solution polymerisation method or
the bulk polymerisation method. S Examples of tl'le vinyl polymerisation initiators include azo
compounds such as azobisisobutyronitrile and trifhenylmethylazobenzene; and peroxides such as
benzoyl peroxide, di-tert-butyl peroxide, tert-butyl peroxybenzoate, and tert-butyl

peroxyisopropyieaiRonaie. ROzhARMaesyakneiphy gk diesHiing ico-polymer thus obtained is
desirably in the range of 1,000-150,000, preferably in the range of 3,000-100,000, preferably in the

range of 5,000-100,000 in terms of weight-average molecular weight. Too low molecular weights result
in difficulties iBX¥ampiesy eformeabowatintgfilng, whéetioal nigbupSoi tie cotarerabifpintsute sl {shown

disadvantagegHia) 2/t FARtRm ARFIANO AL GNRSHIKbARAINELENTL ML ARRGS SARIHA0

operations should be conducted in a larger number. Although it is preferred that the chemistry of the
binder co-polii8r 6 AR IEL 38y ih 36K, iﬂ@'?ﬁSrﬁ@M‘Pﬁ&?ﬁH‘hﬁ’ﬁlé’b"d’&@ efj@-Tereaiing
co-polymers katengith slidadiiberstonstjurtiumanagdie (pseferhidy théhp dopnsdsadessaibgddsterein. Thus,
an example %ﬁhbi@%rﬁ%oﬁy%r having a slight different structure compared to the chemistry
disclosed above is a binder co-polymer comprising at least one side chain bearing at least one
terminal group of formula V: 25 - X-0-CH|jSi-O R2 .

10 With respect to the friorgancsilyl group, i.e. the -Si(R;)(R4)(Rs) group, shown in the

above formulae 1 or ll, R;, R4 and Rs may be the same or different, such as C1;20—alkyt

(e.g. methyl, ethyl, propyl, butyl, cycloalkyl such as cyclohexyl and substituted

cyclohexyl): aryl (e.g., phenyl and naphthyl) or substituted aryl {e.g., substituted phenyl

and substituted naphthyl). Examples of substituents for aryl halogen, Cyqg-alkyl , Cq40-
15  acyl, sulphony! , nitro, or amino. -

Thus, specific examples of a suitable triorganosilyl group (i.e. the -Si(Rs}{R;)(Rs)
group) shown in the general formula | or !l include trimethylsilyl, triethylsilyl, tri-n-
propylsilyl, tri-n-butylsilyl, tri-iso-propyisilyl, tri-n-pentylsilyl, tri-n-hexylsilyl, tri-n-octylsilyl,

20 tri-n-dodecylsilyl, - friphenyisilyl, tri-p-methyiphenyisilyl, - tribenzyisilyi, tri-2-
methylisopropyisilyl, tri-ferf-butylsilyl, ethyldimethylsilyl, n-butyidimethylsilyl, di-iso-
propyl-n-butyisilyl, n-octyl-di-n-butylsilyl, di-iso-propryloctadecyisilyl,
dicyclohexylphenylsiiyi, fert-butyldiphenylsilyl, dodecyldipheny!silyl and
diphenylimethylsilyl.

25
Specific examples of suitable methacrylic acid-derived monomers bearing at least one
terminal group of the general formula | or il include trimethylsilyl (meth)acrylate,
triethylsilyl{meth)acrylate, tri-n-propylsilyi{meth)acrylate, triisopropylsilyl (meth)acrylate,
tri-n-butylsityl (meth)acrylate, triisobutyisilyl {meth)acrylate, tri-tert-

30 butylsilylimeth}acrylate, tri-n-amyisilyl (meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-
n-octylsilyl (meth)acrylate, tri-n-dodecyisilyl {meth)acrylate, triphenylsilyl
{meth)acrylate, ftri-p-methyiphenylsilyl (meth)acrylate, tribenzyisilyl {meth)acrylate,
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SiR4 R5 'Tiwherein X, n, RI, R2, R3, R4 and R5 are as defined above in connection with general
formula I. Metal acrylate binder system 30 WO 2009/156851PCT/1B2009/006255 In another aspect,
the co-polymerindssssed in the coating composition according to the invetitioseesvnpiises at least one
side chain bearing at least one terminal group of the general formula VI 5-X-0-M-(L),, (VI) wherein X is
selected fronethyldenethyisiylagroetfilmaidioy erviitityidigmttivisiyeneratinonieiel. Misperongtat Metal (M)
is any metal | r i _mw . (i p } |@ials may be
selected from%%}g ?\)I@g@n%gﬁc igfé)rew_lg?y&@%q NI@S%&;}?E I%Aﬁ%parﬁgﬁ%y?}gﬁﬁ?famples
are Co, Ni, CIM&h)ag1aieg Te,f%'ﬁVﬁéﬂfEﬁ’Eﬂ‘QPWaM zn. (MEENSHFEsising yllélg 6 aining
co-polymer, tlreathidaiviate, beddaaplujstbinyldigl forethdddtyisiede, hydroxide or chloride. It is
contemplgted, however, that the metal may also be employed in the form of other 20 halogenides

(such as its fluoride, iodide or bromide salt) or in the form of its sulfide or_ﬁarbon te. L is a ligand. 25
Examples of RRETHINEXEMRGH §SHIARIR YRS BCSH RIS 2R HERAIR RS TSV ER SRR Se) are
acid-functionaluiing pblyaseosaldeninahgrmepsofdhelyesenatthannjdid ecitinaiodditisorippyistiyene

sulfonic acld famasRAEVIRTIIR RIRAANE e Ae celianedpabatpsieRe piaRy .
methacryl 3-chloro-2-acid phosphoxy propyl, metha%:%l acid phosphoxy et%, itaconic acid, maleic
. h

acid, maleic Mﬂ%ﬁ%?ﬁﬁﬁ‘h%ﬁﬂﬁﬁ%a@‘f&@ RN AUl a5 n TRaRARYFiYhalky!
maleate (@.g.ratibyfuetidieh ytydogrephigineaylyhalfestts, dfisctlibidiydrideiwitarngatexykdontaining

polymerisable RRNEARETIARGI 90 R blbe sl isIEi ARG Malpannycride o

phthalic anhy thyl methacrylate. 35 As will beé understood by the person skilled in
the art, and as discussed in detail below, the above-mentioned monomers may be co-polymerised (in

order to obtaimthsctiepoismert teheecogailyndi eochatingd tmipesiiatirac corpogitiortvermpraseson) with
one or monomer units with a terminal group of the general formula 1! (as discussed above) in
15 combination with a second monomer B of the general formula |11

Y~(CH(RA)-CH(Rg)-O)p-Z @i

wherein Z is a Cpalkyl group of an aryl group; Y is an acryloyloxy group, a

20 methacryloyloxy group, a maleinoyloxy group or a fumaroyloxy group; R, and Rg are
independently selected from the group consisting of hydrogen, Cy.c-alkyl and aryl; and
‘pis an integer of 1 to 25.

if p> 2, Ra and Rg are preferably hydrogen or CHy, ie. if p>2 the monomer B is
25 preferably derived from a polyethylene glycol or a polypropyiene glycol.

If p=1 it is contemplated that monomers, wherein R, and Rg are larger groups, such as
C.zp-alikyl or aryl.

30 As shown in formufa !ll, monomer B has in its molecule an acryloyloxy group,‘a
methacryloyloxy group, a maleinoyloxy group (preferably in the form of a mono-Cqe-
alkyl ester ), or a fumaroyloxy group (preferably in the form of a mono-Cqg-alkyl ester )
as an unsaturated group (Y) and also alkoxy- or aryloxypolyethylene glycolln the
alkoxy- or aryloxypolyethylene glycol group, the degree of polymerisation (p) of the

35 polyethylene glycol is from 1 to 25.
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WO 2009/156851PCT/1B2009/006255 more vinyl polymerisable monomers. Examples of such vinyl
polymerisable monomers are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate,
propyl acryigte promesmethacrylate, butyl acrylate, butyl methacrylate, octgiraseplateqassy!
methacrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl methacrylate, methoxy ethyl 5 methacrylate,
styrene, vinyBcoaes einyicpgiisine, aryiygnoyroidoinelude T acetisd (a.cryImelints, etiwthatg¥onitrile,

dimethy| itacm@cgmwte&amagec@r&iem;vsnwasaﬁﬁa@@cmmwgnalstée@.gmwl hexyl)
o FeEhiy

L), eaé:g1 g

maleate, ethylene, propyléne and vinyl chloride. iO With resii)ect to theiiga%:l.
UBSHR

ligand is pref@fgbiFRfadtade SHRHE SR ARG eisERFEHEPH IPeaYhaD

A2

vidual
-0-R4 0 - 5-

R4 and -0- SEx4rpiBsvivéreinbRitisrdsmboroaid nirmigaaichalegine. CsPadetablpuR4.isGelected from
the 9rouDSCO%%@I&%%J;,?Z%,C&%%BG- C- R5 -R8-R9 and R5, R6Re wherein R5 is hydrogen or a
hydrocarbon group having from 1 to 20 carbon atoms; R6 and R7 each independently represents a
hydrocarbon group having from 1 to 12 carbon atoms; 20 Re is a hydrocarbon group having from 1 to
4 carbon ator@isecific &aripiegctt nydooer Bowhich imbavinginjaor Bay@q gavbpriratormygsuieh as abietic

acid, pallustrig acid, a%mkfééﬁﬁ?}ﬁeéﬂ\é%%}mfi_%ﬂﬁ&%%%@g%ﬁﬁ&%f?&iSrcﬂim@gﬁmﬁkelﬁslpimafic

acid, sandaracopimaric acid and 48,9-1sopimaric acid.

10

15

20

25

30

35

ethoxydiethylene
glycol (meth)acrylate, methoxytriethylene glycol (meth)acrylate, ethoxydiethylene glycol
(meth)acrylate, and ethoxytriethylene glycol {meth)acrylate.

Specific examples of monomer B which has a maleinoyloxy or fumaroyloxy group in &
molecule include methoxyethyl n-butyl maleate, ethoxydiethylene glycol methyl
maleate, ethoxytriethylene glycol methyl maleate, propoxydiethylene glycol methyl
maleate, butoxysthyl methyl maleate, hexoxyethyl methy!l maleate, methoxyethyl n-
butyl fumarate, ethoxydiethylene glycol methyl fumarate, ethoxytriethylene glycol
methyl fumarate, propoxydiéthylena glycol methyl fumarate, butoxyethyl methyl
fumarate, and hexoxyethyl methyl fumarate.

As will be understood by the person skilied in the art, other vinyl monomers may be
incorporated in the resulting co-polymer comprising either monomer units having a
terminal group of the generai formula Il (shown above} or in the resuiting co-polymer
comprising monomer units having a terminal group of the general formula 1 (shown
above) in combination with the second monomer B of the formula [lf (shown above).

With respect to other monomers co-polymerisable with the above-mentioned
monomers, use may be made of various vinyl monomers such as the vinyl
polymerisable monomers (A) discussed above. '

in the monomer mixture, the proportions of monomer having a terminal group of the
general formuia |1, monomer B and other monomer(s) co-po!ymerisabie therewith (e.g.
monomer A) may be suitably determined depending on the use of the coating
composition. In general, however, it is preferred that the proportion of the monomer
having a terminal group of the general formula Il is from 1-85% by Weight, that of
monomer B is from 1-95% by weight, and that of other monomer(s) co-polymerisable
therewith is from 0-95% by weight on the basis of the total weight of the monomers.
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WO 2009/156851PCT/182009/006255 0 I | - O- C- e.g. aliphatic acids, such as levulinic acid; alicyclic
acids, such as naphthenic acid, chaulmoogric acid, hydnocarpusic acid, neo abietic acid, levo 'pimaric

acid, palustgicpgishZdngthyl-bicyclo-2,2,1-heptane-2-carboxylic acid; aromafiepsasbesiig acids such 5
as salicylic acid, cresotic acid, ix-naphthoic acid, p-naphthoic acid, p-oxy benzoic acid; halogen
containing aliphatic acids, such as monochloro acetic acid, monofluoro acetic acid; halogen containing

aromatic aC|d1°. EQCh asjy4 5- trlchlor? pagenoxgmat%gg{:oﬁcb 2.4- dlchlora hPeno aC%tI!(_: aC|

rs_comprisin mbngmer unit
3,5-dichloro benzd|c a€| rogen ontdining organic acids, such as quinoline c rboxylné aC|d nitro

benzoic acid, W@ﬂwb@mmqélcfptmwﬁrarﬁpﬁqwméﬁ@wwémewlma%@@mmﬁ%%ds, such
as pulvinic acisé \waiinissasid purﬁﬁﬂr@fb/m EIETRS ufmiJréscamﬁéybeea@i%eSzﬂuarQruyacil -4-
carboxyllc acid, uracil-5-carb acid; p n|CLII|n der ed car ids s ch as peni V,
ampicillin, pe c'P{Fﬁ Bﬁat'ﬁer‘ﬂ‘é%ux gcr{(l:lc3 a?:ﬂ:Y pevnl%qf"n eeéeglc b‘ba%:? F?cn elﬁlcsgngo’r%y}:'?n
Salcomycin, d:mtymarrfﬁpm@mulemndtpwaﬂ@aamrnen@mdspsr\mmg@lsgpﬁtﬁetmam?m@rd@a@)

(C<)Jmpounds GRAPPURIBE e Bé%vﬁQo%eéﬂﬁ&%ﬂéieﬁféfhﬁmw%@Hﬁtﬁ}ithi%aﬁ%%ﬁz%f@s 01-0-S
3) Compounds com rsm e grou ur cantaining aromatic s, such as
1-naphthol-4- SUYV?]OH’IC aci S‘ %Jhﬁe benze ogn]ep-ﬂ%a gffat;b &%ar%?ﬁ% L%ﬁﬁ‘gﬁlscag%’?d and
quinoline sulpﬁéth@damd (4) Compounds comprising the group such as compounds comprising the
following groups

Exampiles. of the vinyl polymerisation initiators include azo compounds such as azobis-
isobutyronitrile and triphenylmethylazobenzene; and peroxides such as benzoyl
peroxide, di-tert—butyl peroxide, fert-butyl peroxybenzoate, and fert-butyl
peraxyisopropylcarbonate,
15
The molecular weight of the resulting co-polymer thus obtained is desirably in the
range of 1,000-150,000, preferably in the range of 3,000-100,000, preferably in the
range of 5,000-100,000 in terms of weight-average molecular weight. Too low
molecular weights resuit in difficulties in forming normal coating film, while too high
20  moiecular weights result in disadvantages that a single coating operation only gives
thin coating film and, hence, coating operations'should be conducted in a larger
~ number. It is preferred to regulate the solid content of the polymer solution to a value in
the range of 5-80% by weight, desirably from 15-85% by weight.

25 in a further aspect, the co-polymer fo be used in the coating composition .comprises
~ monomer units with a terminal group of the general formula Ii (as discussed abo\le) in
combination with a second monomer C of the general formula IV:

Re
Y—CH (V)

OR;
‘wherein Y is an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy group or a
30 fumaroyloxy group, and both of Rs and Ry are Cy_.o-alkyl.

As shown in formula IV, monomer C has in its molecule an acryloyloxy group, a meth-
acryioyloxy group, a maleinoyloxy group (preferably in the form of a mono-C,s-alkyl
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-S- WO 2009/156851PCT71B2009/006255 (5) Compounds comprising the group - - 1/4r,0or-S-\s 5
such as various thiocarboxylic compounds. 10 (6) Compounds comprising the group -0- or -OH e.g.
phenol, cresah xdensdsdhymol, carvacol, eugenol, isoeugenol, phenyl phemalbsnayopimanol, guajacol
butyl stilbene, (di) nitro phenol, nitro cresol, methyl salicylate, benzyl salicylate, mono-, di-, tri-, tetra-
and penta-chistephenal fonlamytresgholp Enkdecatylle mohe itono tfyamobnpe-Chlpeatky-esiei -Eeayl phenol,
p-chloro-o-cyglanentyl 9!3 Q,l,(argr&-g-wagggpgl_o%bc_hloro-o-benzyl phenol,
p-chloro-o-benzyl-mcresol and 'other phenols; 8-naphthol, 8-hydroxy quinoline.  Although not
generally preferred, it is also possible that one or more or all of the 20 ligands (L) are -OH groups. The
co-polymer toimend Seshndieat gading eoampbsitisiRadociidia i thiy) weeateoabipal, belpreeared as
described n 6.5 Q120431 ER0SAREL0IARED LAMAARB], LruaRRel lisdolowing
ethod wherein ate

methods: 25 A'm Eﬂ’gﬂ merisable unsatur monomer Having the desired organic acid
metal ester e drmendiybrBtER Vspprﬁﬂﬁﬂe@-éndﬁ%bﬁbl?mrigé{ﬂ%}*ﬂh‘B?Ii?é‘?H%IWHEWBab!e

unsaturated nebater@d tert-butyl), and a substituted or unsubstituted Cse-cycloalkyl (e.g.,
cyclohexyl).

10 Monomer C can be prepared by an ordinary addition reaction of a carboxy group-
containing vinyl monomer selected from acrylic acid, methacrylic acid, maleic acid (or
‘monoester thereof), and fumaric acid (or monoester thereof), with an alky! viny! ether
(e.g., ethyl vinyl ether, propy! vinyl ether, butyl vinyl ether, hexyl vinyl ether, and 2-
ethylhexyl vinyl ether), or a cycloalkyl vinyl ether (e.g., cyclohexyl vinyl ether).

15 _ '
As will be understood by the person skilled in the art, other vinyl monomers may be
incorporated in the resulting co-polymer comprising monomer units having a terminat
group of the general formufa Il (shown above) in combination with the second
monomer C of the formula IV (shown above).

20 o
With respect to other monomers co-polymerisable with the above-mentioned
monomers, use may be made of various vinyl monomers such as the vinyl
polymerisable monomers (A} discussed above.

25 In the monomer mixture, the proportions of monomer having a terminal group of the
general formula [, monomer C and other monomer(s} co-polymerisable therewith (e.g.
monomer A} may be suitably determined depending on the use of the coating
compaosition. In general, however, it is preferred that the proportion of the monomer
having a terminal group of the general formula Il is from 1-35% by weight (preferably

30  from 1-80% by weight), that of monomer C is from 1-95% by weight (preferably from 1-
80% by weight), and that of other monomer(s) co-polymerisable therewith is up to 98%
by weight on the basis of the total weight of the monomers.

Thus, co-polymers comprising a combination of monomer units bearing a terminal
35 group of the general formula Il and monomer units C (and optionally monomer A} can
be obtained by polymerising such monomer mixtures in the presence of a vinyl
polymerisation initiator by any of various methods such as solution polymerisation, bulk

25



30 A method wherein a co-polymer obtained by the co-polymerisation of a polymerisable unsaturated
organic acid monomer with other polymerisable unsaturated monomer(s) WO

chloride or hydroxide or is subjected to an ester exchange reaction with a monovalent carboxylic acid
metal ester. Nokerepiesifisalmigoposplylyierisationy drel piaparatbhyeitherisatnofithen foitivang methods.
5 (1) A mixtutg gf () aial g, NG SRR b Ao PRRBOV RIS gl 2cid or s

alkali metal salt,’and (c) a polymerisable unsaturated organic add or its alkali metal'salt, is heated.
under 10 stirrliRyaYs. ténpateiRyr dheviei-tinth RV HREHHPD SRR IE rApdPgt o PIEMASSRER Metal ester

product, and thekaproduced substances as alkali metal chloride, water, monovalent organic acid
metal ester; bifunctional polymerizable unsaturated organic acid metal salt are removed to obtain a
purified metal ester between the polymerisable unsaturated organic acid and the monovalent organic
acid. 15 In th&xasoniesmehioaednrdapabmatisstinn Aairhdoedanpee LLATRBHISD AlEic &mounts of
(a), (b) and (QR-ABRigsKuMAYILEE dRd e efieatiyRifsicmtthe(aa i perbxkifs &3:A. 8s2onabiain the

desired product, Z%él'he Hiwg rggﬁ?gpedp@et%eeste{eg_egv\{gen the? og’\érpzeorggble a"ill%satyerﬁzﬁt rganic

acid and the r%eorﬁ)gv_aient organic acid’or the mixture of said metal ester and the monovalerit organic
metal ester iSHETENYSABFRLERIEAAEMO0-polymerisation or a co-polymerisation with other
co-polymgyisable monomer(s) to give the desired co-polymer having at least one side chain bearing at

least terminal_group as shown.in formulae | or Il above. 25 (2) Alterpatively. a mixture of (g).a
co-polymer h%gn%)l% Y @%rewé?fgql‘r{ gnmﬁ)ﬁr%arﬁ?gfgg %‘%’ﬂ%‘%@ali}frwgtﬁggaa! ,e?ésa rﬁséifé\j?@xﬁﬁeg?ﬁydroxide,

sulfide or chiggoge ahd @P8- h56RNMkIerierainitn dbkl raper atbd. 0PRIAPSHGHh Peafarebiiparitire lower

Lhan thotle 30dd%@p@si®%m°«mﬁrwg@_ ]ftfafh\% frsim%m?éaé@y@ﬁ?a@mﬁnmﬂﬂlm@mmd_(tjhe o
-produced substances are remo IT.. S|Ie ,.tO taln a co- mer Vin east phe side chain
e e P caaE warae e Siealies, i Shis HomBP SRt il Aie s, Bk

ovéa.t 38 With _respecf) tq' e ratios of
the materifls toltiathicighisticauit I gieddvartaaesdbalatsingle gfaanl arsiatianoonly gives

(d):(e):(N=1:0tfil SoQtfBe? ANE rareraerier dbobtidgl Sbdratidry dhauld be conducted in a larger

number,

Although it is preferred that the chemistry of the binder co-polymer is as described

20 above, it is contemplated that also other silyl-containing co-polymers having a slight
different structure may be useful for the purposes described herein. Thus, an example
of a binder co-polymer having a slight different structure compared to the chemistry
disclosed above is a binder co-polymer comprising at least one side chain bearing at
least one terminal group of formula V:

25
Ry \ Ta
— X—0—CH;, s|;—o ?iwm B\
n

wherein X, n, Ry, Ry, Ry, Ry and R; are as defined above in connection with general

formuia 1.

Metal acrylate binder system
30
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WO 2009/156851PCT/1B2009/006255 When a low boiling monovalent organic acid is selected and
the reaction is accompanied by a dehydration, there is a fear that the monovalent organic acid is
distilled off {pgethgr; vk, water and that a metal bond is formed between thepahigesosdghains,
thereby causing an increase in viscosity and gelation of the product. Therefore, in this particular case,
it is therefore prafemed tapse, aHa dheicimern ok(lshinipdiciashgRevadsiN iasestiMaothe
desired produgt may he prepared by reacting a cq-pglymer having.tp at a side chain an organic acid
() with o mot S LA SR AT (LB BT AL BARR HOREP IR o
decompositiothteagperatfperefand desired product, thereby effecting an ester exchange reaction
between the materials used. In this reaction, when the selected monovalent organic acid has a low
boiling point (as, 15 for example, acetic acid) is.a fegr that a metal ester bonding is formed

between the polymer-chains and, therefore, theTe Id be carefully controlled and proceeded

with. Usually, the material (h) is used in an amount of from 0.3 to 3 equivalents, more preferably of .
from 0.4 to 2.5eadiMalentsipareguialent of (g). 20 Examples of polymerisable unsaturated organic
acids (c) to be used include methacrylic acid, acrylic acid, p-styrene sulfonic acid,
2-methyl-2-acrylamide propane sulforjjc acid, methacryl acif phosphoxy propyl, methacryl
3-chloro-2-acid phosphoxy propyl, mel hacryl aci%‘p(gospho ethyl, itaconic acid, maleic acid, maleic
anhydridg, monoalkyl itacoriate (g Riethyl, ethyl, bufyT, Z-gthyl hexyl), monalkyl maleate (e.g. 25
methyl, ethyl, butyl, 2-ethyl hexyl; hali ester of acid anhydrigde with hydroxyl containing polymerisable
unsaturated monomer (e.g. half-ester@f succinic anhydridePthaleic anhydride or phthalic anhydride
with 2-hydroxyVigrgin mésiap slefinateatithwitls pegand tthgemembfeateviadrganic acid (b), any aliphatic,
aromatic, alicyclic or 30 heterocyclic organic acids may be used. Typical examples of such acids are:
acetic acid, propionic acid, levulinic acid benzoic acid, salicylic acid, lactic acid, 3,5- dichlorobenzoic

acid, lauric acty, S BdREAciMeTRr-OYb i 5 Lorfali NGRS & faIeREhBlefc BRPTEMAYIPE Y& aric acid,
fluoroacetic aSpegiitvixmraded, efosetietdeichetatr canydise neittay fenccaadotiZaocltl, Ba, Te,

naphthol-1-caggoxdiceacig, isP'ae i RENZANESBRUBANG AU &BrEESRZ 6 agidc g oggetic acid,

dichloroacetic agid, naphthenic acid, b-naphthalene sulphonic acid, naphthol-1-sulfonic acid,
5-chIoro-a,a-b"}E‘@:%L IRARBT YRt faed B MMESoREIHERiSkY the metal-containing co-polymer,

the metal may be employed in the form of its oxide, hydroxide or chioride. it is
contemplated, however, that the metal may also be employed in the form of other

20  halogenides (such as its fluoride, iodide or bromide salt) or in the form of its sulfide or
carbonate.

Lis a ligand.

25 Examples of monomers having a terminal group of the general formulae | or I} (shown
above) are acid-functionai vinyl polymerisable monomers, such as methacrylic acid,
acrylic acid, p-styrene sulfonic acid, 2-methyi-2-acrylamide propane sulfonic acid,
methacryl acid phosphoxy propyl, methacryl 3-chloro-2-acid phosphoxy propyi,
methacryl acid phosphoxy ethyl, itaconic acid, maleic acid, maleic anhydride,

30 monoalkyl itaconate (e.g. methyl, ethyl, butyl, 2-ethyl hexyl), monalkyl maieate (e.g.
methyt, ethyl, butyl, 2-ethyl hexyl, half-ester of acid anhydride with hydroxy! containing
polymerisable unsaturated monomer (e.g. half-ester of succinic anhydride, maleic
anhydride or phthalic anhydride with 2-hydroxy ethyl methacrylate.

35 As will be understood by the person skilled in the art, and as discussed in detail below,
the above-mentioned monomers may be co-polymerised (in order to obtain the co-
polymer to be used in the coating composition according to the invention) with one or
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dichloro-2-hydroxyphenyl) toluene sulphonic acid, p-phenyl benzoic acid, p-toluene sulphonic acid,
p-benzene chlorosulphonic acid, dimethyl dithio carbamic acid, diethyl dithio carbamic acid, dibutyl
dithiocarbaggig aeigsdidzacholic acid, phenoxy acetic acid, 2,4-dichloropheroxysacetimensil, pivalic acid,
valeric acid and various synthetic fatty 5 acids. With respect to the above-mentioned other
polymerisablemasns atoybpedymensaivie s caainets tbraaiigs sé dusthyisyli palymensabliegdomamenmmer may be
used. Examplgs of sieh Mepamersiif methybacidagnieipanetagy Anatylacyeis ethyl

methacrylate, 10 propyl acrylate, propyl methacrylate, butyl acrylate, butyl methacrylate, octyl acrylate,
octyl methacr?FéYg’,t%-é’fW BEhacER, BRrHisls Rvivh Reeiharsyaieursty Fltﬁet?fﬁ)f[?/ylate,
styrene, viny| natheneyjatisy| gtidindieviyly lapyyialiel o rieetiviy Irecetatesthaigridais; i enettetina ceyhgl nitrile,
dimethy! itacqnae, aihuty! Laeonats,dii2eiRxthaiitaaanate. dimetmaleatsygi Gyl hexy)
maleate, ethylene, pfopylene and vinyl 15 chloride. Onée particular type of co-monomers is acrylic or
methacrylic e&EYOEemTEcesn I“Fesm@tmblﬁa@ﬁtﬁufﬁ?‘ﬁ%l‘%@%% eyl Aesh segment,
for example aitacanatec dialsthye stexdme|nlj € eatiiohexgirbarieatonetiyteney plopiiiyhe stet himying 6 or
more atoms, @}Q&J’Xg!kylene glycol monoacrylate or monomethacrylate optionally having a terminal
alkyl ether group or an adduct of 2-hydroxyethyl acrylate or 20 methacrylate with caprolactone, e.g. as
described in EP 0 779 304 Al" If desired, hydroxy-containing monomers, such as 2-hydroxy ethyl
acrylate, &rhydnexyeatiadinnethaciytaie, (Ryhydebxydvionysl dgayidta, Rréfpeubyysptepytirfrethanegylate may
also be used.ﬂgguéxé%ggﬁ%c&to the polymers (d) and (g) which have an organic acid group at the side
chain, mentio ade of drganic acids bearing vinyl resins, polyester resins, oil modified alkyd resins,
fatty acid modified alkyd resins and/@r epoxy resingy 30 It should lre noted that in the resulting
co-polymer, not all the organic acid side groups neﬁclj to contaj agnertgl esterobo d; some of the
organic acid side groups may be lefUn-réacted in the formi ot frée acle, if desired The weight
average molecular weight of the metal-containing coépolymer is generally 35 in the range of from
1,000 to 150,000, such as in the range of from 3,00@jto 100,000, preferably in the range of from 5,000
to 60,000. WO 2009/156851%‘@’%@3%06—2‘5%@@ a number of different methods for
determining the weight average molecular weight of ghe polymer in question will be known to the
person skilled in the art, it is preferred that the weight average molecular weight is determined in
accordance with the GPC-method ﬁ;le cribed at page 34 in WO 97/44401. S In another interesting
embodiment SfREThUaMiB M THE 3% 8@%%"6(%%%% further comprises an amount of an organic ligand

at least equal to the ligand-to-metal coordination ratio of 1:1, said organic ligand being selected from

the group; gonsigtingulf, HOR 3 ABEPHRAMTRE YIS BERERSNGTeA compounds, alcohols, phenols,
aldehydes, 10 ketones, carboxylic adds and organic sulphur compounds, whereby the co-polymer

defined above forms a polymer cgmplex with t&e organic ligand in situ. Thus, if the above-defined
co-polymer is considered as a hy%?id salt then!’ny co- ordinating an organic ligand to each metal atom,
the ion-association of the hybHel—’ls‘aI%Rs» Ra“““(’:““Rﬁ’ —Rg—Rg and Ry,

Rs Re

- wherein R;s is hydrogen or a hydrocarbon group having from 1 to 20 carbon atoms; Rs
and R, each independently represents a hydrocarbon group having from 1 to 12
carbon atoms;

20
Ry is a hydrocarbori group having from 1 to 4 carbon atoms; and Ry is cyclic
hydrocarbon group having from 5 to 20 carbon atoms, such as abietic acid, pallustric
acid, neoabietic acid, levopimaric acid, dehydroabietic acid, pimaric acid, isopimaric
acid, sandaracopimaric acid and AB,9-isopimaric acid. |

25

Examples of compounds which may be used as ligands (L) are:
(M Compounds comprising the group
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15 is retarded significantly to have a lower viscosity in a solution compared to the corresponding
solution not containing the organic ligand. Furthermore, improvements may be found both in the
sustained rejgasgidngtal ions and the film consumption rate. Another impefianhadatage is the fact
that the complex hybrid salt is no longer reactive with conventional antifouling agents and pigments
such as cuprous oxide, zinc 20 oxide and the like. Therefore, the coating composition of the present
invention is compatible with the conventional antifouling agents and pigments. Examples of monobasic
organic acids usable for forming the hybrid salt ingjude monocarboxylic acids such as acetic,
propionic, butyric, lauric, stearic, linolic, oleic, 25 naphthenic, chloroacetic fluoroacetic, abietic,

Do o e eI PURIO SIS0 D48, 2L BAPIGNE cith U MBREHPIAN 2o
such as benzenesulphonic acid, p-toluenesulphonic acid, dodecylbénzenesulpnonic acid,
naphthalenesEiFHEREBicpasite ANHRrARESE IR A60 . alielicerbrie Raog rsidhrorluslrg the
polymeric hyhsighisalinraByberpabsz R IetkitalapatassoRate Bt okainitic LAB09HIRSIACeasding to this
method, copolymers ¢ontainin ndant acid s are, reacted, with a metal salt of a low boiling
pointmono asgiéc %Sr{';c ﬁfca&% %%gp%ag%?aﬁg oI |ﬁ%%%%%%-arﬁ‘gn%6%%?(%8?@%%?&%8?8 HmuiEn 86 ty to form a
hybrid salt in W&RgeHoaNRiBIRD Blipkatiscrnidmsachl ammrnachi®s acetisighidotimgqiorte meatishasic acid

anion are bougifondlsgeAnesBRiNCaHRRatitorQYaNRIe adylrislensry SRl dbereolymeric acid

and naphthenic acid may pe obtained by reacfing the polymeric acid with cupric acetate and
naphthenic ar::éi(f“w E%%ﬁ&%i@%(%@%ﬂ@égg Wécr?cﬁ %vmifgégﬁgiﬂqﬂwauced take
a pseudo-crogsitinksddforas dusngjiten catsuyliti@sidndittb chefanis Femid: afvelativelyzighacigcosity in
solutions; HowenpapRe RO ILY HBRNO HeBCTRRES SIHRiGRLYRYSORIinating Afiiktheydigand to
the hybrid 5 salt as. described herein. The resulting polymer complex thus formed also exhibits a
relatively conStART I%:& tﬁ’ﬁﬁcflné%f"f%ffégﬁe%ﬁ fﬁg\ @{ﬁ? B R R il U8 Hesitfouling
coating film. Gegeenglitgacids uresi-feratiisxylcpasd; apenislibetstivesctneogybc cidasisticly a$ 10
aromatic nitroRABRAUNGSaMSRIREMPANERR. iFileseAlanhRls RReNpLAIHERYdeRAEGIRNGS. carboxylic
acids, and orgg?l iC sugjgu comg%lﬁnds. The organic Il%ands are not limited to unidentate figands but
also include p 1%6'@1& o) ¥ﬁlﬁir%a§‘fﬂ&%ﬁtf8 [qampbanisoliNaratini SHRRGIdRsm&™ the ligand
moleculeld5 Fpwsifisyntbetiptegvasdsh ligands include aromatic nitro, compounds such as
nitrobenzene; nitriles such as isophthalonitrile; urea compounds such as urea, thiourea,
N-(3,4-dichlophenyl)-N'-methoxy-N'-methylurea or N-(3,4-dichlorophenyl)-N', N'-dimethylurea; alcohols
such as butari6l, SERENSP GRPRIBING IS8R ch as hydroquinone, hydroquinone monomethyl ether,
nonylphenol or BHT; aldehydes such 20 as acetaldehyde or propionaldehyde; ketones such as
acetylacetone, acetophenone or 2-amino-3-chlorg-1,4-naphthoquine; carboxylic acids such as acetic
acid, propionic acid, benzoic acid, lactic acid, malic acid, citric acid, tartaric acid or glycine; and sulphur
compounds such as thiophene and its de’rﬁiz’itﬁ@s?'ﬁfpropyl,ptoluenesulphonate,
mercaptobenzothiazole, dimethyldithiocarbamate Or 25 benzeneisothiocyanate. Some of these
ligands may beg.shddnyediifiogkins: piate cersoih SomRstippanamsiouling coating compositions. The
amount of organic ligand for complexing the polymer hybrid salt should be at least equal to the
ligand-to-metal co-ordination ratio of 1: 1. The maximum will be such an 30 amount to saturate the
co-ordination number of a particular metal used. For example, when a metal species having a
coordination number of 4 is used, one or two moles;jof unidentate ligands or one mole of bidentate
ligand may be co-ordinated to the metal atom;—O——ﬁ—

O
(3} Compounds comprising the group

e.g. sulphur containing aromatic compounds, such as 1-naphthol-4-sulphonic acid, p-
phenyl benzene sulphonic acid, B-naphthalene sulphonic acid and quincline sulphoﬁic
acid.
25
(4) Compounds comprising the group
such as compounds comprising the following groups
S - S
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35 The organic ligands are incorporated to a solution or varnish of the polymer hybrid salt to form a
polymer complex in situ. The presence of excessive amounts of the organic ligands may be tolerated
unless coatipg hifas; g pdversely affected such as WO 2009/156851P CR{ERBOR9/AR6255
occurrence of cracks or blisters when soaked in saline. The complexed copolymer may have a metal
content from 0.3 to 20 %, preferably from 0.5 to 15 % by weight. Examples of such further binder
components are: oils such as linseed oil and 5 derivatives thereof, castor oil and derivatives thereof,
soy bean oil and derivatives thereof; and other polymeric binder components such as saturated
polyester resifd: PYRRAYET ERABTHBY R AR rate, polyvinylchloride-acetate, copolymers of vinyl
acetate and vinyl isobutyl ether; vinylchloride; copolymers of vinyl chloride and vinyl isobutyl ether;
alkyd resins or modified alkyd resimii‘ydrocarbon resing_suchas 10 petroleum fraction condensates;
e

chlorinated polyolefines sucla;asd?h orinateg ruhbgr_,_qh{’(orinted pdlyethylene, chlorinated
polypropylene; styrene copolyme?g h as styrene/bm@' e copolymers, styrene/methacrylate and
styrene/acrylate copolymers; acrylic resins such as homopolyrffers and copolymers of methyl
methacrylate, ethyl methacrylate, n-butyl methacrylate, isobutyl methacrylate and isobutyl
methacrylate; 15 hydroxy-acrylate copolymers; polyamide resins such as polyamide based on
dimerised fatty acids, such as dimerised tall oil fatty acids; cyclised rubbers; epoxy esters; epoxy
urethanes; polyurethanes; epoxy polymers: hydroxy-polyether resins; polyamine resins; etc., as well
as copolymerg\qﬁyéraeso‘f?ré%ﬁ%hoga% El15':nc o (%‘(?%hat the group of other polymeric binder
components may include polymeric flexibilisers such as those generally and specifically defined in WO
97/44401 that is hereby incorporated by referencgg ~ The dry matter of such further binder
components is typically 0-10% by wet weight. Further Components/Aspects The compositions of the
present invention may be formulated as coatil ?,Cré"é(']uers, stains, enamels and the like, hereinafter
referred to generically as "coating(s)". Thus, in one aspect the present invention provides a coating
consisting®f a composition as defined herein. Preferably, the coating is formulated for treatment of

any surface thaj S sQUNES EWHBrmy Riehranoleg famipccasional humidity to constant immersion in
water and which th%s has the iﬁotential to be fouled. More referabl?/ the surface is selected from

outdoor woodbrRMENREHFEF L XEENSY o IOUTRL) FRDEER) SFHE5ORNg §%‘f§ﬁ{‘,%aﬂ%‘ﬁ‘&¥ R wo
2009/156851 RSTM 32000 0E6RES, hutyostibereifdivaibreaboeramhynifh sinesel i msttiid salisylated surfaces

in food produdjigp{packpgag aniHoANERINGAINdUR Il PP CESRES chigkbsheABLINgHBRIBGKde a liquid
vehicle (solven%yfﬁor dIISSO w;g{ or sus endln&ﬁhe 5 comé)osm n. The liquid vehicle may be selected
from any hﬁui& O3y %‘gs qrR Wi cgo-o—cyci -hexyl phenol,  p-chlioro-o-cyciopentyl

phenol, p-chloro-o-n-hexyl phenol, p-chloro-o-benzyl phenol, p-chloro-o-benzyl-m-
~ cresol and other phenols; B-naphthol, 8-hydroxy quinofine.

Although not generally preferred, it is also possible that one or more or all of the
20 ligands (L) are -OH groups.

The co-polymer to be used in the coating composition according to the invention may
be prepared as described in e.g. EP 0 471 204 B1, EP 0 342 276 BY or EP 0 204 456
B1, i.e. by one of the following methods:

25
A method wherein a polymerisable unsaturated monomer having the desired organic
acid metal ester bond at an end portion is first prepéred and co-polymerised with other
polymerisable unsaturated menomer(s);

30 A method wherein a co-polymer obtained by the co-polymerisation of a polymerisable

unsaturated organic acid monomer with other polymerisable unsaturated monomer{s)

30



activities of any essential components of the composition. In particular, the liquid vehicle should not
interfere with the activity of the essential enzyme(s) and/or anti- 10 foulant compound. Suitable liquid
vehicles are‘,‘M&?%%QIUSA-SOHMQ and include water and organic sqlyeits,iasldiag aliphatic
hydrocarbons, aromatic hydrocarbons, such as xylene, toluene, mixtures of aliphatic and aromatic
hydrocarbonsdavaedriting pekisdreinesinkdi-anshd 20teBleiedabinibataermkkO@irbLZR0C; high
aromatic petrolepm dhsllates, &0y solverinanta, disticd tanpl Andimiires 4 hgreqt aloohols
such as butanol;0o¢ 2ho! ang g?yco S,V getaab e and mineral ofs: ketones sudh as acetone; petroleum
fractions suchgsenfinesificefyritthe e iasipeenaneil denbrerarsdrer Aitfwisongy ¢b| tbstdedoyipgol ester
ethers, derivatigassagd mixtures thereof. 20 The liquid vehicle may contain at least one polar solvent,
such as water, in admixture with an oily or oil-like low-volatility organic solvent, such as the mixture of
aromatic and aliphatic solvents found in white spirits, also commonly called mineral spirits. The vehicle
may typically JoAtamixtréseist one of a diluent, an emulsifier, a wetting 25 agent, a dispersing agent or

other surface @givaaginidEMRIag0LaIiRYe #RulEfiers are disclosed in US-A-5071479 and
include nonylphenol-ethylene oxide ethgrs, %o%%@/et enﬁi);%r itol esters or polyoxyethylene sorbitan

esters of fatt c?d@,oag S0t R9aNg 74 t?frje 8¥ itable surface coating material may be
incorporated {i)tAepchimeosiiie emsioraiodtivorgafichecidresdist aikatintieta!l Jaitoie espedtmbercoating
may compyise@angiGl esiRsyariRiNasadalrrefiaseLHaBhsitbR (AHBRMRY SORPIR]FagthY!
methacrylate, n-put Imethacr(%late, 3 rﬂfthacr lic acid terpolymer an ,pol@/m | methyl ether). The
composition ARABr RGBT ETH 08 W’rﬂ'/'gﬁﬁi%‘?‘grﬁ%\?ﬁ PRigiLLFe Shioride, water,
2009/156851 PCAIE2B0NGDER B6id credte ceftern hiforgtivie!pigineets;able vessatitetddnoganide, ferric
oxide, silica, gty RetXlIBAHCERY nHARBIFBIGASALS SURRLATRAPnG!BeliREAYRS JRfphdnsislssea water,

derivatives and mixtures thereof. 5 The composition and/or coating of the present invention may
contain mate2RELIBIPA OTHUF AP BURL 2 BIRPONBIRPERERRIGPHE anti-foulant compound, rosin being

to a very Klight extent soluble in sea water. Suitably the rosin may be present in a liquid vehicle as

described herging, [oGEXAMRIE A HAHIEYBRICIE CORYPTLHIA, S ViRREs <Ly TR GUNABRIBMARE/Or coating
of the present invention may contain plasticisers, rheology characteristic modifiers, other conventional
ingredients afPAYREE&S tﬁi're@ﬁ. Bnskitss dRdYorEBath g eMReYre SHIVARSh G  particularly
the coating, ntay(fyritied Codrhifite2aio atjandheaEsiedppodilist.employed in compositions used for 15
protecting materials exposed to an aquatic environment. These adjuvants may be selected from

additional fungicides or biocides, auxiliary solvents, processing, additives such as defoamers, fixatives,
plasticisetd, U%P‘?st%ﬁii&%’é‘&?@tﬁﬁiﬁ&%ﬁ’ﬂaﬁ%@?‘%ﬁ"’%&%@r%%YHFﬁE%P\ﬁa‘iB??Hé‘@F&SI@W@Q B6ibr
pigments, sictivte_e,mopmna’!entin@bﬁbr&i&ﬁ@am&ﬁw&pfimﬁmmmm ’.fmqlnmmam».(ymethyl
cellulose, F’O'Béggé)ﬁ'ik? Aeid 2918F @QW&H%-%&EYQ& Racﬁjia&%:%l%@%ﬁ%ﬂ&’éj@é%%ére@%m'Xtures

thereof. The additional fungicide(s) or bioCide(s) used in the Composition and/or coating of the present
invention is pMéteraBRT SeraBlemATRRRIR MencerRse) ‘?@Wﬁé"&rﬁ&%&ﬁ#ﬁtﬂﬂ‘ﬁﬁ&iﬂéﬂ%é\?

one or more luoeisids eiszin bastomatyeasttartiesliglduf zastples of fowoitkes|aneli above.
metallo-dithiocarbamates such as bis(dimethyldithiocarbamato)zinc,
ethylene-bis(dithiocarbamato)zinc, ethylene-bis(dithiocarbamato)manganese, and complexes between
these; bis(l-h%@&?ﬁmﬁy-@/%%%natoo,S)-copper; copper acrylate;

bis(1-hydroxy¢2) kHdppyticiee tionatalaS)da revairheanyhd:aeysidy b)-dsamathnaiedilesicle; metal biocides
such as copp% CORAST &%@Iﬂm&%{%iﬁgigpgﬁaﬁggkgkauoys; metal salts such as cuprous

thiocyanate, basic copper cafbonate, copper hydroxide, barium metaborate, and cop;er sulphide;
copper compéﬁrﬂj@%@{‘ﬂ%“c@fm Wi éS Reatra R AltFRAt GiRpearAIyreenesdhan the
3a,4,7,7 asbetrabysiposititifi b eragtaf- tho fdsire s aiatid lestdr-adrtdh i re -pulvie ire add the
triphenylborane, 1-(2.4.6-trichlorophenyl1)-1H-pyrrole-2 5-dione, ,o-tetrachloro-d- .
(methyisutons PSR SRR Be bR AR le B el 8 S BS0REE Raving 2 inoine
derivatives; hé&atbepeliside shrEoPspEIM @S 5iash eredeuringh a5nuP) as shown in formulae | or i

above.

5888 comprise

35  With respect to the ratios of the materials used in this reaction, it is preferred to use, in
terms of equivalent ratio, (d):(e):(f)=1.0.8-1.5:0.8-2 and more preferably 1:1.0-1.2:1.0-
1.5.
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WO 2009/156851PCT/1B2009/006255 benzimidazole, 4,5-dichloro-2-n-octy1-4-isothiazolin-3-one,
4,5-dichloro-2-octy1-3(2H)- isothiazoline, 1,2-benzisothiazolin-3-one, and
2-(thiocyangiarngifyiiaia)-benzothiazole; urea derivatives such as POT/IB2009/006255
N-(1,3-bis(hydroxymethyl)-2,5-dioxo-4-imidazolidiny1)-N,N'- bis(hydroxymethyDurea, and
N-(3,4-dichlorophenyl)-N,N-dimethylurea, N,N-dimethyl- 5 chlorophenylurea; amides or imides of
carboxylic acigg, sulfonjc acids;and i i u s .2,4,.6-trichlorophenyl imide,
1,1-dichloro-N%ﬁ?né%h&ﬁfm%@@éuﬁéﬁ%?%ﬁl?(’()}g%\ll%- -rﬁﬁetrimgylggiéeé&y% -r%%%hg%/esru eﬁé}qmi](?e,
2,2-dibromo-ﬁﬁ?ﬁﬂ?ﬂ?{%ﬁ%ﬁ&nﬁi&’@f’)@@&:ﬂﬁ'hoﬁ'léfﬁoﬁ%ﬁ\ |thas) ihatmaneraent organic acid is
N,N-dimethyl-distiedrof-tgeftee raicichinee anal iltib i retdicspideisaoehid dnetisen taEargide:- salts or
esters of 10 ¢ j ids -((3-10d0-2-pro | -ethanp|.phenylcarhamate and
N,N didecglf N %%%Iqﬁﬁ%%fégﬁ%gﬁr# o%ﬂé%%i "62%%?8%}( é %ar%%@éog uoc{:p A’%sp é%%%roa%%ﬁﬁam ines
and cocodimefhyifmpaeicsiasstrste dtnfe tharricsa chrefemad-teye)e iahsxygmedntieé (f than |
5,5'-dichloro-2nidditevicapaysliphenylmethane, and methylenebisthiocyanate; substituted benzene such
as 2,4,5,6-tetrachloro-173- 15 benzenedicarbonitrile, 1,
1-dichloro-N-Rdimethylamino)-sulfony1)-1-fluoro-Nphenylmethanesulfenamide , and
1-((diiodometkShAloysin- e dgatse iy efect sty BR®TeNISH Mg iRasing R gerolsmeubaving
hydrochionde. Gialies Soh e s ey hoCa oy e foy et drsulid
ydrochloride; disulfides such as his-(dim iocarbamoy\)-disulfide, tetramethylthiuram disulfide;
imidazole 20 (t:%rﬂ flﬁalqnuéec%l#rﬁg@d' %,eguc%ﬂztéér/néeeﬁgfgﬁ%ﬂﬁ?er};/%—Tﬁ%ﬁ}gf r?ﬁgrl)]?/ﬁee?%?aﬂr -@f‘gomo-S-
trifluoromethyilisieieBpmingiriuesieiirxrbenus mastespeeivwernihesoateiiniensed. provides a marine
anti-foulant consisting of a composition as defined herein. 25 Preferably, the anti-foulant is

e ol S S0 SRS, B opr e e oo con o

€ coating' Composition Qe
Nautical ifiled¢18Brpenpretistanidinters koedeantvd withethbeyter itndigdscforyedhetvited below.

Preferably themolsieialtissinile eef, 1180 b Parittabd hrfandsat-ondd ryper
10,000 Nautica}_lorglél%f r%18 g}zq}rmﬁz Pciishin%tratg test 35 Po(lé')shin and Ieachlng characteristics are
measured usiRg & rota y“g Upe hate Rt FidSELy kAN PTCRGICSTHRRAI & &, Yebra,
D M, Dam-JoggHvelents, oG 2ederaispes irpm 143200 B06atents/ peinecbivéanirg (gotection: design
of controlled release antifouling paints.” In: Ng, K M, Gani, R, Dam-Johansen, K (ed) Chemical Product
Design; Towards a Perspgctive Thro %f; Case St%dies, 23IDBN-13: 978-0-444-52217-7. Part 11 (7),

Elsevier. {2006/f TheSset. uBOHE: PSRN AT WHRRALRIS B cEhiBE ciftelRWRR the inner
5 cylinder (rotmethranvéecacid, cagryficageich giesityreney swjcrapald, @k ruetityb2-sEhdayitiecdenopaieis

immersed in as{akic YA NRaBBRN bEROPBSIHERS BfIlitRNSEIW LRE-8/LNAChot Aty

MgS0O4-7H20 and 0.2 %aNaFCOS The tank is fitted Wlt_h baffles to break the liquid flow, which
enhances turtRisHkd % RS @ﬁ%@@%ﬁfﬁ% BRtRR'S S D Alsic 26 BRI @Y ARSI
enhance heatroensfiyifitavoasiectendstogiingl s pdten bitik Brathybeeaflisimgrtaioytyimidets {s.p create a

close approximatian QEPUKIR, v %)R@,tw&fie&QP&%&H%W?H%M@%%?&%W@%%QW@“ a

constant velocity). Theﬁ\[acftor iS Oﬁera ed at 20 knots and the pH is adjusted frequéntly to 8.2 using 1 M
sodium hydro? ET5E

%ﬂﬂ%’g Taﬁ‘g Jogpomer {e.g. half-ester of succinic anhydride, maleic
anhydride or phthalic anhydride with 2-hydroxy ethyl (meth) acrylate.

With respect to the monovalent organic acid (b), any aliphatic, aromatic, alicyclic or
30 heterocyclic organic acids may be used. Typical examples of such acids are: acetic
acid, propionic acid, levulinic acid benzoic: acid, salicylic acid, lactic acid, 3,5-
dichiorobenzoic acid, lauric acid, stearic acid, nitrobenzoic acid, linolenic acid, ricinoleic
acid, 12-hydroxy stearic acid, fluoroacetic acid, pulvinic acid, abietic acid,
mercaptobenzothiazole, o-cresotic acid, naphthol-1-carboxylic acid, p-phenyl benzene
35 sulfonic acid, p-oxybenzoic acid, chloroacetic acid, dichloroacetic acid, naphthenic

acid, b-naphthalene sulphonic acid, naphthol-1-sulfonic acid, 5-chlore-a,a-bis (3,5-
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15 Samples are prepared using overhead transparencies (3M PP2410) that are primed using
two-component paint (Hempadur 4518 ex Hempel's Marine Paints NS) applied using a Doctor Blade
applicator with sgaaaize of 200 pm. Coating samples are applied adjacant tamaeivootass using a
Doctor Blade applicator with a gap of 250 pm. 20 After drying for 1 day, the coated transparency is cut
in strips of 2 dishtesulithgdreeighesdiriplesnst $uph@icniZion p-fiegy2banm)ictApdT Ivdeitigns are
mounted on {gqiRiRk bk Blihaind UhRisaknoHIE eRE MRsthinfieStiraedieakaying the

experiment, samples are remaved 25 after 35, 65 and 140 days In order to inspect the polishing and
leaching depfi&er iR eamipiacd, i PRYMFRERES 298 R EIRIE AR ARENSRE REHIR AR y are cut
in half and castidighicatirnefibeyintatitabtidnpivaticcssaim pidatdcptmik droffyasiare sytahélin Hfigkness and
leached Igyer,thigkness is established using light microscopy (coating cross-section inspection). 30
The compasition of the present invention can be provided as a ready-for-use product or as a
concentrate. The ready-for-use product may be in the form of a powder, an oil solution, oil dispersion,
emulsion, or &¥itaeespebpie fise atione-hianiorse nthatgpolymbdsabbdyfesiexatethteoasnmrsaaditive for
coating. o ca e AP AIPLIR AR AN ASAIIN ARl ALIeIS, Ao UsBE iR dhraerosol

preparation according to the invention may be obtained in the usual manner W

2009/156851@@’9’1‘8@0@)@/@%%@W'W&Eiﬂ&%@%%ﬂbﬁc&’% ﬁVé‘gé?ﬁtnﬂféﬂﬁEﬁn
comprising opssb asdestén propyitateitsoivetet, botel \wolatite)iguigh snéhbieviate setgsamytaipellant, for

example the guie.ALeNaoeALK ivadnS, CRiatyes gl RElPR RdAATS camPLaigly avaiable

under the trademark "Freon”, or compressed-air. S'As discussed in US-A-5071479 the composition
and/or coatinG#ParEY s TRUBNHEN ntelySABILWEYACRKTIBING iMEPEJRFRIRABW MY LREEE&RuI in
preservative saardbaitdieatingsabyieh Andgee dienéshyl cliad enbia i dita sl daas ate boxg-ambiihesliulose,
polyvinyl alco. affi - : t I a te, 10
plasticisers ﬁ%"!ﬁ?‘ bgg?)?%% p%%é%%’sﬂigg gﬁtﬁlgtgegpf gﬁ;?%&%ﬂ:ﬁ%%&%%ﬁ%%ﬁg@m and
didodecylphtFiaipaide fenRAMESUHINRREIE MREIRBEDSiBFIG & BEIearsyinigRRAY e Bsion
inhibitors, chemeicalbstriiligeksuer pigoadyves (kgrsysticaascoddltactieassicebatieraptithenate,
may also be i in Ific icat] 5 Sif] oating of the
present nveran e s o e e
spraying, roll R34 APFEaARESnbiRAeHYIENe SHICe 0tHRATHERIENT INHEH k&ention can
be prepared sigfiphally HaviRoatkervREDalRyNgredigRispairatesipecati B midndygitiieycaiet@et adversely
affected. Preparation conditions are not critical, Equi t. cpnventionally employed in
the manL]?Pact%?eeﬁo %%?%%’%%%%?r‘%?ﬁ%@hgré&sﬁﬁﬁ? 8c%])r% éﬁ‘%@igg&@s@y employed. 25 The
invention will now be described in further detail by way of example only with reference to the

accompanying Hgsired, iRyiiei-cbigairing Fvemns enclyme bagedaniopmgyisierhydrdgyre 2
e RS A S MGl o
be used. ' :
25
‘With respect to the polymers (d} and (g) which have an organic acid group at the side
* chain, mention is made of organic acids bearing vinyl resins, polyester resins, oil

modified alkyd resins, fatty acid modified alkyd resins and/or epoxy resins.

30 It shouid be noted that in the resulting co-polymer, not all the organic acid side groups
need to contain a metal ester bond; some of the organic acid side groups may be left
un-reacted in the form of free acid, if desired.

The weight average molecular weight of the metal-containing co-polymer is generally

35, in the range of from 1,000 to 150,000, such as in the range of from 3,000 to 100,000,
preferably in the range of from 5,000 to 60,000.

33



Figure 4 shows the silica retained HOX activity with varying pH. The pH of the PBSi solution was
varied as indicated in the graph. The highest activity is obtained at a pH of 8.5 tog. 35 Figure 5 shows

the time scaj; bifgss; B4 incubation. Figure 6 shows the second round of HGp,sligaiRERPrecipitation
optimization. Figure 7 shows the silica-HOX powder at 600x magnification. 1A/0

20091156851 dudkB a00R1BRE 2B diffdpeerReshniySdh actarzymegiiiesialidity aFdeiye hoishaws the

Fioure 15 sholS STt Rofmel o Bk AR MR S R SRR M s set o
100 and the RealRIvest it taenyrigty ueratesedesuiativeigtiadetrimieetkinasadpecepiitfisation of

PEI concentragi® GPClihnfasidescrreaipiatigs s8astivo. diesagtvity of the free enzyme was set to 100
and the a%tivity of the co-precipitates is given relative to that.  Figure 15 shows the release of H202

from a surtace painted with the samples 10 described in table 4. Figure 16 shows the long term
storage stabillfy F19tEKX iaigsesing rageffesahofctp drxantion Mgueeatingisewpapigafiatben the field

raft trial in thesblppis&eanadinbd® da\en 428aKSIgahd aitSeand-didlaysinbhgyBaneaisnasscegted with

(from left): 11202-releasing 15.enzyme-containin ating; the carresponding enzyme-free reference
conting; CuoCP SRS WS R N B S BA Dre e SRRt hne panels
from the field ERNEHE MTACCRVRAUBES, AifffeD 7uky LOMPTURIRVAIAtoRISyiRhRDRh caliietudised, by way

of examplg ondtolpthedelionirg2uE s Rigai AN Ri-ESRhps Al fanlins g irstef gayamii-fouling
composition oé tpe R sentinvention is tested 25 ac rgjgin to the following examples. These
e ri% St %,!ng

Examples shéWw QLnveiTess 8P %eﬁrceosrg%l? it %ﬁaﬂ%"g% uling. The Examples also

provide for the optimisation of the anti-fouling properties of the present composition.
Silicate-copregii§atiPthe above-defined co-polymer is considered as a hybrid salt then, by co-

ordinating an arganic ligand to each metal atom, the ion-association of the hybrid salt

15- is retarded significantly fo have a lower viscosity in a solution c_ompare_d to the
corresponding solution not containing the organic ligand. Furthermore, improvements
may be found both in the sustained release of metal ions and the film consumption
rate. Another important advantage is the fact that the complex hybrid salt is no longer
reactive with conventional antifouling agents and pigments such as cuprous oxide, zinc

20 ovide and the like. Therefore, the coating composition of the present invention is
compatible with the conventiohal antifouling agents and pigments.

Examples of monobasic organic acids usable for forming the hybrid salt  include
monocarboxylic acids such as acetic, propionic, butyric, lauric, stearic, lindlic, oleic,
25 naphthenic, chloroacetic flucroacetic, abietic, phenoxyacetic, valeric, dichlorophenoxy-
acetic, benzoic or napthoic acid; and monosulphonic acids such as benzenesulphonic
acid, p-toiuénesuiphonic acid, dodecylbenzenesulphonic acid, naphthaienesulghonic or

p-phenylbenzenesulforic acid,

30 A preferred method for producing the polymeric hybrid salt has been disclosed in
Japanese Patent Kokai No. 16809/1983. According to this method, copolymers
containing pendant acid groups are reacted with a metal salt of a low boiling point-
monobasic organic acid and a high boiling point-monobasic organic acid
simuitaneously to form a hybrid salt in which both the polymer pendant acid anion and

35 the high boiling point-monobasic acid anion are bound o the same metal cation. For
exampie, a hybrid copper salt with the polymeric acid and naphthenic acid méy be
obtained by reacting the polymeric acid with cupric acetate and naphthenic acid.
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30 Materials: Sodium silicate solution: Na207Si3 ( 27 % Si02, 10 % NaOH), (Sigma-Aldrich 13729- 1L)
35 Polyethyleneimine (PEI): 50 % wi/v in I-120, Mn 60 kDa, (Sigma-Aldrich P3143) Phosphoric acid,
85% WO 2Q09/1n68adR CT/1B2009/006255 HOX: Hexose oxidase from {hopdiusdiisaus was used
as fermentation broth prepared as described in EP-A-0832245 GOX: Glucose oxidase GC199
available from Genencor International Inc Rochester, NY, USA. 5 GA: Glucoamylase from

Trichoderma tges t e r 0 4080
General procg%%rgé)%%m 'e%%élﬁn%gl-k ?ggérlf‘%/gn%pévé)%%% %%%%%eﬁﬁ%ér@ %ég % §o that
PolyethyleneifSFReigtien) 389 rHwseions. 1y folalatiabsdign \M@@ﬂtm*maﬁ‘t@ﬁésﬁwﬂﬁﬁ@;ﬁam
phosphate-bufiiagtyiicatesakbioss M&iﬁ#@@eﬁﬁw&irﬁﬂr@% fLARe? fgamMoS ) BrRpared from
sodium sicale.golytion And phospRoNE AR > M0 mib disllect solid by centigation or
alternatively spray dry roduc xact aramgtg Used are cf'escn e results sec?on. 20
Activity meas[ﬁ‘éﬁY@M@PﬁiﬁﬂﬁG@@qthé"H@}@‘dP@@R and iy wersuiRiniraheicaprlipgpioaavary et
al., 2001, Enzmeding 25:ktigrmbial Technology:29:42-51). One unit is defined as the amount of
enzyme required to produce 1 urnol H202 pr minute at 25 C at the given conditions. The plate reader
was set to mix in-between each measurement in order to ensure a homogenous distribution of the
silica-HOX/G Orgprimidrandshesgiuferstiip ansrsso fasarselestest irominterfareumitrasisting /.

10 aromatic nitro compounds, urea compounds, nitriles, alcohols, phenols, aldehydes,
kefones, carboxylic acids, and organic sulphur compounds. The organic ligands are
not limited to unidentate ligands but also include polydentate ligand containing a
plurality of identicai or different ligating atoms in the ligand molecuie.

15 Specific examples of such ligands include aromatic nitro, compounds such as
nitrobenzene; nitriles such as isophthalonitrile; urea compounds such as urea,
thiourea, N-(3,4-dichlophenyl)-N'-methoxy-N'-methylurea or N-(3,4-dichlorophenyl)-N',
N'-dimethylurea; aicohols such as butanol, octanol or geraniol; phenols such as
hydroguinone, hydroqujnom monomethyl ether, nonylghenol or BHT, aldehydes such

20  as acetaldehyde or propionaidehyde; ketones such as écetyiacetone, acetophenone or
Z2-amino-3-chioro-1,4-naphthoquine; carboxylic acids such as acetic acid, propionic
acid, benzoic acid, lactic acid, malic acid, citric acid, tartaric acid or glycine; and
sulphur compounds such as thiophene and its derivatives, n-propyl p-
toluenesuiphonate, mercaptobenzothiazole, dimethyidithiocarbamate or

25 benzeneisothiocyanate. Some of these ligands may be used for antifouling purposes in

conventional antifouling coating compositions.

The amount of organic ligand for complexing the polymer hybrid salt should be at least
equal to the ligand-to-metal co-ordination ratio of 1 : 1. The maximum will be such an

30 amount to saturate the co-ordination number of a particular metal used. For example,
when a metal species having a coordination number of 4 is used, one or two moles of
unidentate ligands or one mole of bidentate ligand may be co-ordinated to the metal
atom.

35 The organic ligands are incorporated to a solution or vamish of the polymer hybrid salt
to form a polymer complex in situ. The presence of excessive amounts of the organic
ligands may be tolerated unless coating films are adversely affected such as

35



30 Glucoamylase: GA activity was measured using a megazyme assay (R-AMGR3 05/04) based on
pnitrophenyl-6-maltoside and 6-glucosidase according to manufacturers instructions. 35 WO

2009/1568548G61B2099/006255 Artificial sea water NaCl: 24.0 g/L, Mggd®1p:hd@bocda2S04 4.0 g/L,
CaCl2 1.1 g/L, KCI 0.67 g/L, KBr 0.098 g/L, H3B03 0.027 g/L, SrCl2 0.024 g/L, NaF 0.003 g/L,

NaHCO30.19c¢gltrehcRbddhckS totsliztpte Whércuiiyeaflik Ex¥nis. P Ebmiﬂéiiatiiy‘.dﬁdwa&ima@rying
trat OgL,15
e with 0/ T AT ST P 20 SOr RS TR Lol e e e o bt for

10.min at Rl and HOX activity measured. All samples were prepared and assayed in duplicate. The

activity of HORifriplespisFsenee @lirvasyingraencaintiriients0bRE |diRlativentoathaiddeactivityandthout PEI
is shown in Fi result | some infibitio h co cen rations of PEl,
? &lil:vafz ve ht% lf %%?@tr X;Ir.lgl I nvativ %é reog' sfogl_:gg% ﬁfga 8 8?(;smcate

only 70% activity IS re alne When usin excess ( xamp

co-precipitatidifeefe A/ @f@ﬁéreurgermubmgoewemnimm Afg AR AR mﬁy%ies f8piMe mg/mL)

was mixed in&%ﬂ;ﬂﬁd@&aérewwm@mﬁﬁﬁoo;raMzRﬁ@:it@cmMMéordcsbﬂvﬁ;ewewam@}es were
centrifuged for2 mzﬁf t[tYF sutln P%\Oe& were ashed 5th n500 Pand

resuspended |n ve\)/'éls\"'l gsared ?He%? PEI'S |ocr)1nsd The reglﬁ1 pended

pellets and th@%@érﬁﬁtﬁht@‘#ﬁn Fﬁ%’“ér@éuﬁﬁl@ii&ﬁ"r@éﬂ%ﬁe@ﬁ% tEYHECERT WEIA%WﬁySMbmty in silica
Sample#pconeapléaHPERBEHOMMALL e/ kiR Fablefines such as chiorinated rubber,

chiorinated polyethyiene, chlorinated polypropylene; styrene copolymers such as
styrene/butadiene copolymeré, styrene/methacrylate and styrene/acrylate copolymers;
acrylic resins such as homopolymers and copolymers of methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate and isobutyl methacryiate;
15 hydroxy-acrylate copolymers; polyamide resins such as polyamide based on dimerised
' fatty acids, such as dimerised tall oil fatty acids; cyclised rubbers; epoxy esters; epoxy
urethanes; polyurethanes, epoxy polymers, hydroxy-polyether resins; polyamine
resins; efc., as well as copolymers thereof.

20 It shouid be understood that the group of other polymeric binder components may
“include polymeric fiexibilisers such as those generally and specifically defined in WO

97/44401 that is hereby incorporated by reference.

The dry matter of such further binder components is typically 0-10% by wet weight.

25
Further Components/Aspects
The compaositions of the present invention may be formulated as ceatings, lacguers,
stains, enamels and the like, hereinafter referred to generically as "coating(s)".

30

Thus, in one aspect the present invention provides a coating consisting of a
composition as defined herein.

Preferably, the coating is formulated for treatment of any surface that is in contact with
35 water ranging from occasional humidity to constant immersion in water and which thus
has the potenfial to be fouled. More preferably, the surface is selected from outdoor
wood work, external surface of a central heating or cooling system, bathroom walls,
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111%27% 250%62% 310- 21%57% WO 2009/156851PCT/1B2009/006255 The indicated activity is in
percent of the activity of total enzyme added. The experiments were performed in duplicate and the
average actiyiiydappged 5 It can be concluded that HOX can be encapsyaiegysigsilisate
co-precipitation. Example 3: Optimization of HOX-Silicate co-precipitation A series of HOX-silicate
co-precipitationdl wefreapentoimse drdeseptionizentheofiGht@ctivigiallfliondh easilicaprutidesn Thedeactions
were carried j TRy e Trals) 5 I ditions except for the varied
parameter d-e%t%%%gﬁ? 5e%ch illfgq%re: 100 mgm&gg’%ﬁggﬁﬂsg%%% HOX in HOX:PEI solution; 5
mg/mL PEI in HOX:PEI solution; Reactions were performed at room temperature. 15 The precipitation
reactions wergheetimatingdriayrinbiate aridadtiviiyiassapiéntupticedoingaahsrmpiemnethe
recorded @Cti@%&gﬁ(&p in percentage of activity of the same amount of enzyme in solution. The
results are summarised in figures 3-5. Figure 3A: Four different concentrations of HOX were tested as
indicated. The graphs 20 show the relative activity with respect to the amount of enzyme added.
Therefore, pléaseliooie tealdbampesdieastialy fefithargilicpinasioal b higheesercamiatiens of HOX
is higher than i C olg) the relative activity loss is lowest with lowest
enz;?me concg\%@t@s}%ﬁf §§§I;|ees§§egé% %ﬁﬂ%ﬁﬁcg‘%gﬁ%g |8€Iign0f &EP\?\%F@ ?é’set%gvéglf'r%icated. A
cloudy precipi8iFifaDevderobintarine withptanasivtmefthe rasseniiahsrayanstah pre@RIRNS mg/mL
The incuhatiofotiaie efridd:BE Boriele KheisobHicB6s @iddede@ed?aéiwmﬂg@lrm@da@icated in
the graph. So chivity is lost during_loenger.incubation times. In. summary, the best activity was
obta?ine% Withvg ?g?teééta é@éﬁ%&%ﬁ??#gﬁ’b%ﬁdﬁ‘?ﬁr{?eqéyéﬁ%ﬁ%‘&diﬁB"r'f{‘t""é'ﬁn%VE@%?rsé’m fon. Low
concentrationS8FBotR eiiefite laligneE IraxikEase sf raliptivticaanditgrametie phiveedqeFpetshbaPiBSi was
shown to be assiigl Poirfs UBiNEMVI0DNEABLIBNoNTs reRarpne beimamisdhenaapidred aglivity was
unchanged using, ERSKERIESAr Ao vies S0 200M (RRhEROUPei "SRy mixures

15 thereof, alcohols such as butanol, octanol and glycols; vegetable and mineral oils;

ketones such as acetone; petroleum fractions such as mineral spirits and kerosene,

chlorinated hydrocarbons, glycol esters, glycol ester ethers, derivatives and mixtures
thereof.

20 The liquid vehicle may contain at least one polar solvent, such as water, in admixture
with an oily or oil-iike low-volatility organic solvent, such as the mixture of aromatic and
aliphatic solvents found in white spirits, also commonly called mineral spirits.

The vehicle may typically contain at least one of a diluent, an emuisifier, a wetting
25 agent, a dispersing agent or other surface active agent. Examples of suitable
emulsifiers are disclosed in US-A-5071478 and include nonylphenol-ethylene oxide

ethers, polyoxyethylene sorbitol esters or polyoxyethylene sorbitan esters of fatty
acids, derivatives and mixtures thereof.

30 Any suitable surface coating material may be incorporated in the composition and/or
coating of the present invention.

In one aspect, the coating may comprise acrylic resins and methacrylate resins.
Suitably, the coating may comprise methyl methacrylate, n-butyl methacrylate,
35  methacrylic acid terpolymer and poly(vinyl methyl ether).

The composition and/or coating of the present invention may contain pigments
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It was decided not to go lower in enzyme concentration than 1 mg/mL because even though the
relative loss in enzyme activity will be lower using lower enzyme concentrations, the absolute activity

of the silicapartigl§ssyil;be too low. A second 5 round of optimization wasggiisaasheyayying PEI
concentration and pH value near the found optimum values (Figure 6). PEI concentration and pH was

optimized arcshetiareinoushofganid pigtimeots, sahiess Titaeibestmaitstyfes ko orida tyiida) mli:hm_ PEI o
concentration, Q- gymollid e HERE LB LNe AR HAUR R AT AN RLer g il yield n

production facilities,will be”highly dependent on process equipment and parameters. Example 4:
Upscaling anfe5WaHESa88 BPEYES ARRG parameters The process was scaled up to 2 L total
volumes based on the best result from the activity optimization. In order to transfer the silica particles

from the QaueHUS SHABRID IR SIRYCH B B SHIDINEC 20 RABINEIEI:ALA0 UL PES, pH

9.0 1 mg/mL HOX in HOX:PEI solution 0.75 mg/mL PEI in HOX:PEI solution 1.6 L PBSI was mixed

with 400 mL ERSIR ISEreyidsrRatcied celgssphina Sitid wvianh errapeEi ofPsindteiegaie YR dryer

(SUCH! Mini ﬁmwﬂemeaaﬂé)imsmmajr ﬂo}taﬂﬁ;@lﬁ@rb&p ang indepresopiaraiieuld ddk@ and outlet

of 85 C. The 9@@@%&@&&@%9&%‘%&%@ f:ﬁfag'tfag.awaaﬁc?@%ﬂ)sﬁa;%mﬂézle- 30 The procedure
llica-H g powaer.

resulted inas X powder with an activity of 380 HOX U xample 5: Microscopy of
silica encapsulated HOX 35 A picture of the dry powder at 600x magnification is shown in Figure 7.
Particlesias seen usinghigibhnzicsnsceopatiag tbe ey pewsarirkeashomayictoseapyidbiciaréicle size

o e SRR el ORI g g oo

of. .
appear to be ration of the' particles (not show Size is thus sultable for paint.

‘ The composition and/or coating of the present invention, particularly the coating, may
further comprise an adjuvant conventionally employed in compositions used for
15 protecting materials exposed to an aquatic environrﬁent. These adjuvants may be
selected from additional fungicides or biocides, auxiliary solvents, processing additives
such as defoamers, fixatives, plasticisers, UV-stabilizers or stability enhancers, water
soluble or water insoluble dyes, color pigments, siccatives, corrosion inhibitors,
thickeners or anti-settlement agents such as carboxymethyl cellulose, polyacrylic acid

20 or polymethacrylic acid, anti-skinning agents, derivatives and mixtures thereof,

The additional fungicide(s) or biocide(s) used in the composition and/or coating of the
present invention is preferably soluble in the liquid vehicle.

25 The anti-fouling composition may also comprise one or more biccides as is customary
within the field. Examples of biocides are: metalio-dithiocarbamates such as
bis(dimethyldithiocarbamato)zinc, ethylene-bis{dithiocarbamata)zinc, ethylene-bis-
(dithiocarbamatojmanganese, and compliexes between these; bis(1—hydr0xy~2(1H)-
pyridinethionato-O,S)-copper; copper acrylate; bis(‘t-hydroxy~2(1H)-pyridinethionato-

30 O,S)-zinc; phenyl(bispyridyl)-bismuth dichloride; metal biocides such as copper, copper

- metal alloys such as copper-nickel alloys; metal salts such as cuprous thiocyanate,
basic copper carbonate, cdpper hydroxide, barium metaborate, and copper suiphide;
copper compounds such as cuprous oxide; heterocyclic nitrogen compounds such as
3a,4,7,7Ta-tetrahydro-2-({trichloromethyl)-thic)-1H-isocindole-1,3(2H)-dione, pyridine-

35 triphenylborane, 1-(2 4,6-trichlorophenyl}-1H-pyrrole-2,5-dione, 2,3,5,6-tetrachloro-4-
(methylsulfonyl)-pyridine, 2-methylthio-4-tert-butylamino-8-cyclopropylamine-s-triazin,
and quinoline derivatives; heterocyclic sulfur compounds such as 2-(4-thiazolyl)-
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Example 6: Comparison of silica encapsulated HOX (SiHOX) and non-encapsulated HOX 10 The
enzyme temperature stability of HOX in solution and silica encapsulated HOX was compared. As can
be seen in kguied;theare is no significant difference in temperature stabilityietwesmébes samples.
The relative activity of free HOX and silica encapsulated HOX after 10 min incubation 15 at the given
temperature (ber0iddebizhodFhditdipk-@- B)oﬁhb@sﬁﬁﬁgmﬂi@&@ms@émm@@ NochiBiflbant

difference in (GHRRIRIHE, §'0UNRERIBRSIEEEhd Nrp'- afcRiR ARCARRRIAIRRERX and HOX
in solution was compared by incubating the two samples in 100 mM hosphate buffer with a given pH
at RT for 24h¥83 ?’@f@ﬁewﬂﬁhas'ﬁaa 8 @tﬁ@@ﬁfé"&’%{ﬂb%?ﬁ%%&&*%ﬁ {RidarRiiryibid than HoX

in solution. Thesghydiepencibnl) stedyiligndf M GX4 diddtutipmapithi BXimetapaaatdd Mrditethylas
comparedsby ieLBAHEG, RFET itidd %Hﬁrﬁéééodﬁééﬁﬁﬁg%ﬁé’@u%%t%d@ difgieHmdiit The

activity was ass qéed at standard conditions (25C, pH 6.5). The activity of a sample stored 24 h at pH

6.5 and 4C waS'$et f4ah0gs THE BFshREERRS™ dm%lf‘é'ﬁ'l"fﬂﬁ vaitigSWpe-Méeimriaviratiorine
standard HOX&ksey))-MAfludhe iéxdeptibplphahiferpicapsatébafieevas adi Biddtortbaimthizated pH

value. 30 ThessdRuRr! SN RR RGN Bl AIEARTHRIe NOi BAR MEBREAGIY thar

HOX in solution at pH above 7. At PH 8, which is relevant to sea wa er; silica encapsulated
HOX reta|ned@W&’ﬁEﬂWf?’E@M‘&'@h%fﬁﬁ@%tl@W e Byl irmeTyewisatieasTHessetm Shiution 35
only has 3b%caftibeyii tiidss aehi v\ Mmr@dmarptbﬁyammﬁmapau!myi@bbmm@ Ksble at pH

relevant to se%ag%qerrq N=ETn] a¥ %8 ﬂo@%aﬁﬁw&&gf sili gﬁéﬁ ord Hﬁ)‘égst inz p]g”wt acgénty,

silica-HOX an X on st 1.0K,5 Danls 6 HOX/g) was added to a final
concentraﬂon%ﬁgérﬂﬁb‘ﬁﬁ‘ﬂﬁm%ﬁe@ﬁBePWﬂ@WSW*FMGB) %Qﬁ@‘gﬁ%ﬁl‘é@éﬂe SL&K'NG% dithded to a 6

well polystyrengipiaiestinskptieaiesheo mwcﬁwhlbree daymvAfteydiphagytnanastsang iesiasées in water
and enzyme q)q%%né/cvxéq’%guahtastl%%g{ Venfl?oqr‘%ﬁ/r gddln&gth %f subatrg?st(t)e%gnll %N%Hl (?gure 11

row 1). The sur aces were immerse g\SW ee days and enzyme’activity quall
measurediagapngengtiearaoniier) 1,1-dichioro-N-{{dimethylamino)-sulfonyl}- 1-ﬂuoro—N-

phenyimethanesulfenamide, and 1-{(diiodomethyl)sulfonyi}-4-methyl-benzene; tetra-
atkyl phosphonium halogenides such as tri-n-butyltetradecyl phosphonium chloride;
guanidine derivatives such as n-dodecylguanidine hydrochioride; disuifides such as
his-(dimethylthiocarbamoyl)-disuifide,  tetramethyithiuram  disulfide; imidazole

20 containing compound, such as medetomidine; 2-(p-chlorophenyl)-3-cyano-4-brome-5-
trifluoromethyl pyrrole and mixtures thereof.

in one aspect the present invention provides a marine anti-foulant consisting of a
composition as defined herein.

25
Preferably, the anti-foulant is self-polishing.

When used herein, the term "self-polishing" is intended to mean that the paint coat (i.e.
the dried-film of the coating composition} should have a polishing rate of at least 1 um

30 per 10,000 Nautical miles (18,520 km), determined in accordance with the "Polishing
rate test” specified below. Preferably the polishing rate is in the range of 1-50 um, in
particular in the range of 1-30 um per 10,000 Nautical miles (18,520 km).

Polishing rate test

35 Polishing and leaching characteristics are measured using a rotary sef-up similar to the
one described by Kiil et al. (Kiil, 8, Weineli, C E, Yebra, D M, Dam-Johansen, K,
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In-paint activity of Silica encapsulated HOX and free HOX were assayed as described 15 in the text. A:
SIFIOX; B: free HOX. Row 1: Activity assay immediately after immersion in ASW. Row 2: activity after

three days §fdmmeensiaain ASW. The green colour developed within 2-3 mgtigseedlgshaspaint activity
immediately after hydration of the paint (Figure 11, row 1) was 20 comparable for HOX encapsulated
in silica and H@Xfervofatdidgopraentiin. [desipy o, a@iéotiec ctmps entifmmipgsmithelacgitik of the

starch-HOX ws igRificaniin ayuardbRANKNE S IcRERFANS-SRa MR RICtHER AVaS Shecrameiadter 20 days

(not shown). As expected, the silica_encapsulation %rowdes a better retention of the enzyme activity in

the paint. 25 EQ&WB%%%@&%%O&%P%&"@&(%& a7 e digtalidinES Tl 4R ucose

oxidase (GOXJha sztiep toonsite sUacrthay the, sysighrhasthenlgonoeksifocHGrsThighstmdngeneral
proceduresas dasgupedaP QG AOLPMARUREG D% FHTBAIRYIB VIRLEE Hhyvamighserved

(example 1) that HOX is sensijtive to addition of PE"and incubation 35 time of HOX and PEI have a
significant imPat SiremerRed in Ry @rle SRR gPortHO M dber el tifiss) sravatal 82/ GoX after
incubation in MaGatingl AlgSMntaHORIBHE NWDz206MHTRRR51PCT/1B2009/006255 was determined in
order to investigate if the same is the case for GOX. GOX (2 mg/mL in 100 mM phosphate buffer pH
6.3) was mixed with PEI to give a final volume of 1 mL with PEI concentration as indicated in Figure

12. 5 Contrary 6 tR8késfiftecwithibestier i RrBakstsinvid & orligrRancRsEREHISRR AR presence
of PEI. Optimigaildesofdetet concenthition speciqaraeipiatd freadhenpbihidased enharedousat

once. N re P 4 sil
R lon are AR U IAERRARIG SIS T B SAR U ShE TR T AR 18 esloier sllca

For optimisati6fissf RrPresmelinf-dticruslie flom (fimshpiress vosnainisl walks: 199 ors é@lyme-PEI
mixture whereribge€az ypensGimeslsaipn Masréepinbicragedal 2onaobediE eopEaswalieteyaried as

indicated n FiuEeh; 1 B4R PUCAINRHN SRR PRI BGragmes excess on a wiw

o i
basis with respect to énzyme. pH In co-precipitation reaction
15

Samples are prepared using overhead transparenciés (3M PP2410) that are primed
using two-component paint (Hempadur 4518 ex Hempel's Marine Paints A/S} applied '
using a Doctor Blade applicator with a gap size of 200 ym. Coating samples are
applied adjacent to each other using a Doctor Blade applicator with a gap of 250 um.
20 After drying for 1 day, the coated transparency is cut in étrips of 2 cm resulting in eight

samples of 1.5 x 2 cm® on a long (21 cm) strip. The strips are mounted on the rotor,
and left to dry for a week.

After one week, the test is initiated, and during the experiment, samples are removed
25 after 3b, 65 and 140 days in order to inspect the polishing and leaching depths. The
samples are dried for three days at ambient conditions} after which they are cut in haif
and cast in paraffin. The internal front of the sample is planed off before total film
thickness and leached layer thickness is established using light microscopy (coating
cross-section inspection).
30
The composition of the present invention can be provided as a ready-for-use product
or as a concentrate. The ready-for-use product may be in the form of a powder, an oil
solution, oil dispersion, emulsion, or an aerosol preparation. The concentrate can be
used, for example, as an additive for coating, or can be diluted prior to use with
35 additional soivents or suspending agents.

An aerosol preparation according to the invention may be obtained in the usual manner
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For optirnisation of pH, 400 pi PBSi adjusted to the pH given in Figure 3 was mixed with 100 p.L.
erizyme-PEI mixture where the enzyme concentration was kept at 1 mg / 25 mL and the PEI

concentratigyoalebonigi®l. The optimal pH for the PBSi solution of the praaipitatiosp r@agtion is in the
area of pH 6 to 9. 30 Preparation of dried Silica co-precipitated GOX (SiGOX) A medium scale

preparation oPBiGOwalnpgrisacetpesitiesailtbel piesent invaptitre dottpnsing posehenrsietiob) mL PBSI

(100 mM, pH 4 flitwe SHKRAVINARRIN GG ki ionWhgTe MReeaMBCORERARAtON was
kept at 1 mg / mL and the PEI 35 congentration at 5 mg/mL. After 30 min of mixing the E)H was

adjusted to 5,06 & B8N EH8HECITT ENEE R 0BESERI IR RA T AtH7HS #3he product
dried using a Bfatlablprayienibe Baddnwith frietriemperapmessed 80. C and outlet temperature at 85 C
and airflowy of 600 Uh. pH of silica solution Act (u/g powder) 5.0 238 * 47 7.0 272142 9.0 97t 10

Table 2: Activ%%obtained SIGOX gowder It is observed that the best activity is obtained when
spraydrying & i m%@dﬁ%ﬁsﬁ_p 1479 the composition and/or coating of the present invention

may include additional ingredients known to be useful in preservatives and/or coatings.
Such ingredients include fixatives such as carboxymethylceliu!bse, polyvinyl aicohol,
paraffin, co-sclvents, such as ethylglycol acetate and methoxypropyl acetate,
10 plasticisers such as benzoic acid esters and phthlates, e.g., dibutyl phthalate, dioctyl
phthalate and didodecyl phthalate, derivatives and mixtures thereof. Optionally dyes,
color pigments, corrosion inhibitors, chemical stabilizers or siccatives (dryers) such as
cobalt octate and cobalt naphthenate, may also be included depending on specific
applications.
1'5
The composition and/or coating of the present invention can be applied by any of the .
techniques known in the art including brushing, spraying, roll coating, dipping and
combinations thereof. A

20 Compositions of the present invention can be prepared simply by mixing the various
ingredients at a temperature at which they are not adversely affected. Preparation
conditions are not critical. Equipment and methods conventionally employed in the

manufacture of coating and similar compositions can be advantageously employed.

25 The invention will now be described in further detail by way of éxampie only with
reference to the accompanying figures in which:

Figure 1 shows the enzyme based antifouling system.
Figure 2 shows the HOX activity in varying concentrations of PE] (polyethyleneimine).
36 Figure 3 shows the silica retained HOX activity with varying HOX and PEI
concentrations. ‘
Figure 4 shows the silica retained HOX activity with varying pH. The pH of the PBSi
solution was varied as indicated in the graph. The highest activity is obtained at a pH
of 8.5t0 9.
35 Figure 5 shows the time scale HOX:FPE! incubation.
Figure 6 shows the second round of HOX silicate co-precipitation optimization.
Figure 7 shows the silica-HOX powder at 600x magnification.
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Example 9: Preparation of starch-GA-SIHOX/SIGOX system Starch-enzyme formulations for paint
were prepared with varying concentrations of glucoamylase and SIHOX / SIGOX in order to verify that
the hydrogendgparaxiegielease can be controlled by enzyme dosage and f@riusadi iz field trials of
enzyme based coatings. 15 Samples with the composition indicated in table 3 were prepared using the
following prodédure Sisiomua thenenkstion iof Sikb@idg was prepared as described in example 4 and SiGOX

using the prog&u&e@w@q@g@wiﬂhtggp@@“w ditions: 100 mM PBSI, pH 7.5, GOX

concentration in Enz:PEI 2 mg/mL, PEI concentration in Enz:PEI 20 10 mg/mL. Cornstarch (Cargill
C"gel 03401, CaYE REFRYES IR RN sVt OERBcmEI QX AR BepdBSitate and glucoamylase (62000
U/g) added infilgediatelysheisreren GO XiytngpLbphity diyingmuasHedetvitgbDGaN inimapBryer B-191

(Buch Lagorigglll il (Hbysing @ LRk {PaGLAERrL T a0d ULl B gand an airflow

i
of 600Uh. The aspirator was held at 90%. Ice-cold”water was applie Spray nozzle.

Sample 1D Stal¥& Fr&Epitatihesypiimisaietel i) Jeesrrabone e theo¥IE oxriesiritpliong) H202
release (m1-1nkG@kflonb BRO aoliviiHO KO 042 dnkyme was set to 100 and the activity of the co-

precipitates is given relative to that.

Figure 15 shows the release of H,O, from a surface painfed with the sampies
16 described in table 4.

Figure 16 shows the long term storage stability of HOX and SiHOX at different

temperatures. : - '

Figure 17 shows the panels in the field raft trial in the North Sea, after 28 days, 42

days, 67 days, and 84 days. The panels are coated with (from left): H202-releasing
15 enzyme-containing coating; the corresponding enzyme-free reference coating; Cu20-

based Hempel Mille Xtra; biocide-free Hempel Mille Light. |

Figure 18 shows the panels from the field raft trial in the North Sea, after 97 days.

The invention will now be described, by way of example only, in the foillowing
20 Examples.

EXAMPLES

The anti-fouling effect of an anti-fouling composition of the present invention is tested

25 according to the following examples. These Examples show the effectiveness of the
present composition at preventing fouling. The Examples also provide for the
optimisation of the anti-fouling properties of the present composition.

Silicate-coprecipitation
30

Materials:

Sodium silicate solution: Na2,0,Si; ( 27 % SiO;, 10 % NaOH), (Sigma-Aldrich 13728-
1L)

35 Polyethyleneimine (PEl): 50 % wiv in H,0, M, 60 kDa, (Sigma-Aldrich P3143)
Phosphoric acid, 85%
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142.0 13.385.3 8.92 75500 mL SIHOX 0.115101 161.9 8.3 381.7 38.1 3 75 500 mL SiHOX 0.575
501234.8 14.7 832.9 100.8 4 75 500 mL SIHOX

WO 2009/156851 PCT/IB200%/006255

HOX: Hexose oxidase from Chondrus crispus was used as fermentation broth
prepared as described in EP-A-0832245
GOX: Giucose oxidase GC199 available from Genencor International inc, Rochester,
NY, USA.

5 GA: Glucoamylase from Trichoderma reesei was used as fermentation broth prepared
as described in US 2006/0084080

- General procedure:

10 1. Mix enzyme (1-100 mg/mL) with Polyethyleneimine (2-20% wifv) so that
Polyethyleneimine (PEI) is present in 1 to 5 fold excess by weight.
2. CAdd fo freéhly prepared phosphéteQbuffered sificate solution (5 o 10 foid
excess viv pH 5-8, 100-200 mM SiO,) (prepared from sodium silicate solution and
phosphoric acid)

15 3 Mix 30 min
4, Collect solid by centrifugation or alternatively spray dry the product

- Exact parameters used are described in the resulis section.

20 Activity measurements

HOXIGOX:

The HOX or GOX activity was measured according to Savary et al., 2001, Enzyme and

25 Microbial Technology;29:42-51). One unit is defined as the amount of enzyme required

to produce 1 umoi H0, pr minute at 25 °C at the given conditions. The plate reader

was set to mix in-between each measurement in order to ensure a homogenous

distribution of the silica-HOX/GOX particles. The dilute suspension of particles did not
interfere with the assay.

3G
Glucoamylase:
GA activity was measured using a megazyme assay (R-AMGR3 05/04) based on p-
nitropheny!-B-maltoside and B-glucosidase according to manufacturers instructions.

35
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1.151001 211.117.8 1309.1 127.55 75 500 mL SiHOX 0.575 50 % 100.8 7,1 840.1 91.8 WO
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Artificial sea water: NaCl 24.0 g/, MgCl; 5.1 gll.,_ Na,S0; 4.0 g/L, CaCl, 1.1 g/,
KCl 0.67 g/L, KBr 0.098 go/L, H:BO; 0.027 g/L, SrCl, 0.024 g/L, NaF 0.003 g/L,
NaHCO; 0.196 g/L. ‘

5 RESULTS

Example 1: Activity 'gf HOX in PEY

The activity of HOX in varying concentrations of PEl was determined to investigate

10 possible inhibition. HOX (500 pb, 1.5 mg) was mixed with 0, 1.5, 3, 10, 20 and 30 mg
PE! in 600 ul water. The solution was allowed to incubate for 1Q min at RT and HOX
activity measured. All sampies were prepared and assayed in duplicate.

The activity of HOX in the presence of varying concentrations of PEl relative to the
15 activity without PEI is shown in Figure 2. '

The results clearly indicate some inhibition of HOX in high concentrations of PEI, only
70% activity is retained when using 20 fold excess (30 mg) of PEL

20 Example 2 HOX-silicate co-precipitation

A freshly prepared solution (100 pL) of HOX (1 mg/mL) and PEI (1, 5 or 10 mg/mL)
was mixed into 400 pl of a fresh solution of 100 mM PBSi and mixed for 10 min. The
samples were centrifuged for 2 min at 800 g and the resulting pellets were washed

25 twice in 500 pl. H,O and resuspended in 1 mL HO. HOX activity was measured in the
HOX:PE! solutions, the resuspended pellets and the supernatants from the
precipitation reaction (see table 1)

PEI Activity in Activity in silica
Sample# ' concentration reaction Pellet |
{mg/mL} . supernatant
1 1 1% 27 %
2 5 0% 62 %
10 21% 57 %

Table 1: Relative HOX activity in different fractions from co-precipitation
30 reaction.



50 500 mL SIGOX 0.231 50 ND ND 750500 mL SIGOX00 268.1 11.2- 8 75 150 mL buffer 0.575
WO 2009/156851 PCT/IB2009/006255

.

The indicated activity is in percent of the activity of total enzyme added. The
experiments were performed in duplicate and the average activity recorded

5 it can be concluded that HOX can be encapsulated using silicate co-precipitation.

Example 3: Optimization of HOX-Silicate co~gfec§gitaﬁon

A series of HOX-silicate co-precipitations were performed to optimize the HOX activity

10 in the silica particles. The reactions were carried out as described in example 2 using
the following conditions except for the varied parameter described in each figure; 100
mi PBSI, pH 6.5, 1 mg/mL HOX in HOX:PEI solution; 5 mg/mL PE! in HOX:PE]
solution; Reactions were performed at room temperature.

15 The precipitation reactions were performed in triplicate and activity assays in duplicate
for each sample and the recorded activity is given in percentage of activity of the same

amount of enzyme in solution. The results are summarised in figures 3-5.

Figure 3A: Four different concentrations of HOX were tested as indicated. The graphs

20 show the relative activity with respect to the amount of enzyme added. Therefore,
please note that the specific activity of the silica material with higher concentrations of
HOX is higher than with lower concentrations of HOX, but the relative activity loss is
lowest with lowest enzyme concentrations.

25 Figuré 3B8: Five different concentrations of PEl were tested as indicated. A cloudy
precipitate was observed in the sample with 5 mg/mL PEI but not the sample with 10
mg/mbL

The incubation time of HOX:PEI before the solution was added to PBSi was varied as
30 indicated in the graph. Some activity is lost during longer incubation times.

in summary, the best activity was obtained with shortest possible HOX:PE! incubation
times prior to addition to the PBSi solution. Low concentration of both enzyme and PEI
gave best relative activity. The optimal pH of the PBSi was shown {o be around 8.

35 Using low concentrations of enzyme (1 mg/mL), the captured activity was unchanged
using PBSi concentrations between 50 and 200 mM (not shown).
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it was decided not fo go lower in enzyme concentration than 1 mg/mL because even
though the relative loss in enzyme activity will be lower using lower enzyme
concentrations, the absolute activity of the silica particles will be too low. A second

5 round of optimization was performed, varying PEI concentration and pH value near the
found optimum values (Figure 6).

PE! concentration and pH was optimized around previously found optimum values. The
best activity is found at pH S with a PEI concentration of 0.75 mg/mL.
10

The highesi retained activity was arcund 60%. However, the final yield in production
facilities will be highly dependent on process eguipment and parameters. ‘

Example 4: Upscaling and optimization of spray-drying parameters

15

The process was scaled up to 2 L total volumes based on the best result from the
activity optimization. In order to transfer the silica particles from the aqueous solution
to xylene, spray-drying was employed.

20 Parameters:
- 100 mM PBSi, pH 9.0
- 1 mg/mL HOX in HOX:PEI solution
—~ 0.75 mg/mL PEIl in HOX.PEI solution
- 1.6 L PBSi was mixed with 400 mL HOX:PEI for 30 min at 4°C
25
Spray-drying was performed on a lab scale spray dryer (BUCHI Mini Spray Dryer B-
191) using an air flow of 600 L/h, and inlet temperature of 180 °C and outlet of 85 °C.
The aspirator was set fo 80% and cooling was applied at spray nozzle.

30 The procedure resulted in a silica-HOX powder with an activity of 380 HOX U / g
powder,

Example §. Microscopy of silica encapsulated HOX

35 A picture of the dry powder at 600x magnification is shown in Figure 7.
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Table 3: starch/GAL1(SIHOX/SiGOX) preparations for paints. The samples were prepared as described
in the text using the amounts of starch and enzyme indicated. The columns GA and HOX level indicate
the level of {6 sespeglive enzyme where the concentration has been set tg#/fefwanupiesl. Measured
HOX/GOX activity was 5 measured in the presence of glucose. H202 release indicates the activity
given in mU whtirtinisitasgdeensasipeoidind tiorosiogytioa senaieyassadewithout glucose added. .) This value
is theoretical glucose release (nmol/min/g) based on GA activity assay, rather than hydrogen peroxide
release. ND: not determined. 10 It is observed that the HOX activity shows some batch to batch

variation, but B8R TBiIAgeRBY atitshRATiRECEZE fhan bRrbaamsyERe IMPene wre prdeiarstmples
(HO)UGOX amwtyﬁagwstma@liﬂa@a ralRAse. garedy dingepaciuidgseleaseanmaeantplied by

the amount of C}(;ﬁ lgut a %ear q_fe er &i? DY ds Z)am i%sseé\f/eg 15 Ex%r&g falo Ir% paint activity of full

system In orde Est - pa T Actvi ples dicaie vas added to 18 g
xylene based paint (Hempel Mille light 71400) and 5 mL xylene. The paint samples were applied in 6
well polystyrepgapaips and elisasiiednefordineAaysapinin@a applyingsasKy |ass oheaint that
was allowed to dry forthree days. The plates were immersed in a large volume of ASW and release of
hydrogen pergxeftor-tire-strface assayed. Hydrogen peroxide release from the paint surface was

assayed 2 h after immersion and after one week of immersion in ASW (table 4). 25 Sample ID GA
level HOX eveh 51202 Felea i Ata -2 g UEPASAMAIIARR LalPaRe AL A IR FmE selay) 1 1 1

compared. As can be seen in Figure 8, there is no significant difference in temperature
stability between the samples.

The relative activity of free HOX and silica encapsulated HOX after 10 min incubation
15 at the given temperature (in 100 mM phosphate pH 6.3). The activity at 25°C was set
to 100. No significant difference in temperature stability was observed.

The pH stability of silica encapsulated HOX and HOX in solution Was compared by
incubating the two samples in 100 mM phosphate buffer with a given pH at RT for 24h

20 {Figure 9). At pH above 7.5 the silica encapsulated HOX was more stable than HOX in
solution,

The pH dependent stability of HOX in solution and HOX encapsulated in silica Was
compared by incubating at RT for 24 h in a 100 mM phosphate buffer at the indicated

25 pH. The activity was assayed at standard conditions (25°C, pH 6.5). The activity of a
sampie stored 24 h at pH 6.5 and 4°C was set to 100%.

The HOX activity at different pH values was measured using the standard HOX assay
with the exception that the phosphate buffer was adjusted to the indicated pH value.

30 The activity at pH 6.0 was set to 100%. Silica encapsulated HOX has higher activity
than HOX in solution at pH above 7. |

At pH 8, which is relevant to sea water (7.5-8.5), silica encapsulated HOX retained
50% activity compared to the activity at pH optimum (6.0), whereas HOX in solution

35 only has 35% of the optimum activity. Moreover, the silica encapsulated HOX was
more stable at pH relevant to sea water.
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Example 7: in-paint activity of silica-HOX

in order to test in-paint activity, silica-HOX and HOX on starch (HOX HP 1.0 K,

5 Danisco: 1223416, 666 HOX/g) was added to a final concentration of 80 U pr g paint
(Hempe! Mille light 71400). Paint samples of 0.5 g were added to a & well polystyrene
plate and allowed to dry for three days.

After drying, the wells were washed in water and enzyme activity was qualitatively

10 verified by adding 2 ml of substrate to each well (Figure 11 row 1}. The surfaces were
immersed iﬁ ASW for three days and enzyme activity qualitatively measured again
(Figure 11, row 2)

in-paint activity of Silica encapsulated HOX and free HOX were assayed as described

15 in the text. A: SIHOX; B: free HOX. Row 1: Activity assay immediately after imrﬁersicn
in ASW. Row 2: activity after three days of immersion in ASW. The green colour
developed within 2-3 minutes.

The in-paint activity immediately éfter hydration of the paint (Figure 11, row 1) was
20 comparable for HOX encapsulated in silica and HOX formulated on starch. However,
after three days of immersion, the activity of the starch-HOX was significantly lower
than the Si-HOX. The observed picture was the same after 20 days (not shown). As
expected, the silica encapsulation provides a better retention of the enzyme activity in
the paint.
25

Example 8: preparation of Silica-GGX

Silica co-precipitation was tested for glucese oxidase (GOX) in order to make sure that

the system not only works for HOX. The same general procedure as described above
30 for HOX was used.

GOX compatibility with PEI

It was observed (example 1) that HOX is sensitive to addition of PEl and incubation

35 time of HOX and PEl have a significant impact on the resulting enzyme activity of the

co-precipitates. Enzyme activity of GOX after incubation in increasing amounts of PE!
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1/4 1055 1308 6 50 GOX 3504 3034 Table 4: hydrogen peroxide release from paint surfaces. Painted
surfaces were immersed in ASW and hydrogen peroxide release from the surface assayed after 2h

and after 7 gaysed/isigqabserved that there is no significant loss of hydrogery peiaxidessekease from the
surfaces after one week of immersion. The release can be efficiently controlled by the glucoamylase
level. The wairdgeEnrpiesakic emdehsiavestigata dingammuris thedasNBNEOX . 1G0¥eks ggrdh shown for

sample Sand;§ WREKRAQLSEMBIE Dher 18 47 Q4L FBERDS: BfBRRal erhEIdbiIgd elepsg of sample

3 decrease from aé)groxmately_moo nmol/(cm2*day) to 520 nmol/(cm2"clay) after 29 days, 67
nmol/(cm2+daythkk eneeRisatipnEs dirRIrdim b QS After 119 days (i.e. 17 weeks). It is important to

note that the 15 experimental work in this example was carried out in a laboratory system where the

polishing f ””@oﬂﬁm%‘@@"u’?ee r%@ih’té%’tr?HE‘.BP&GBQﬁ%@sé&ﬁﬁé{)@&%ﬂ@i‘iﬂ?H&J%@ﬁ&ﬂ’x‘@'t& gh a steady

state in the final application when the polishing rate has reached equilibrium. 20 Previously, antifouling
activity was répeeEaas¥ £Rlydrogen peroxide release rate of 36 nmol/(cm2"day) from a photocatalysed
hydrogen peroxide releasing antifouling paint (Morris and Walsh, 2000, US 6,063,849). Further,

Nippon Paint t.n‘@gagl%@i‘ljef\c&i%q‘rgg‘%%&%(’)?&%%_rﬁiggﬁeﬁ% : 8 £lvgv_i?ttta}c(i\‘rt].,tiiifouIing activity of 21

nmol/(cmrday) (Hamade and Yamamort, 6 IS concluded that in a system with
no or only weak polishing, sample 3 will be able to produce an antifouling effect for 3-4 months. If this

is combingd veEenCsH gfrslicRd) exiRGEiS iROrate RigbefRinanBR G IR RATIIIGE Qffect is
eXpected 10 b D ARy O 1R ot ed L s AR QNS L Ra o7 and pH. The

parameters were varied and the results shown below.

For optimisation of PE! concentration 400 ul. PBSi pH 6.5 was mixed with- 100 plL
15 enzyme-PE! mixture where the enzyme concentration was kept at 1 mg / mL and the
PE! concentration varied as indicated in Figure 13:

The optimal concentration of PEl seems to be 5-10 times excess on a w/w basis with
respect to enzyme.
20

Optimization of pH in co-precipitation reaction

For optimisation of pH, 400 ul. PBSi adjusted to the pH given in Figure 3 was mixed
with 100 plL en\zyme~PEi mixture where the enzyme concentration was kept at 1 mg /
25 mL and the PEI concentration at 5 mg/mL.

The optimal pH for the PBSI solution of the precipitation reaction is in the area of pH 6
to 9. ’

3¢ Preparation of dried Silica co-precipitated GOX (SiGOX)
A medium scale preparation of SIGOX was prepared as described above using the
following procedure. 1600 mL PBSi (100 mM, pH 7.5) was mixed with 400 mL GOX

PE! solution where the enzyme concentration was kept at 1 mg / mL and the PEI
35 concentration at 5 mg/mL. After 30 min of mixing the pH was adjusted to 5, 7 or 9 as
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WO 2009/156851PCT/1E2009/006255 Example 11: Storage stability of HOX and SiHOX in artificial
sea water (ASW) To determine the long-term stability of HOX and SIHOX enzyme in solution,
enzymes WRI8 sityiedsapproximately 2000-fold in sterile filtered Artificial seamiatndA&y¥3 to give 5 an
initial activity of 250 HOX u/L and stored at 10, 20, 25, 30 and 35C for 12 weeks. The enzyme activity
in the samplendiftetedtiordgsléoR lihadekpakithe trilidateiddesmpichi seaydrpotii@indituield6 as
percentage o Lt tNVIEY el | e i | etter stability results
than HOX at g%ﬁgf%%élﬁfé%pﬁ%ﬁe% %eﬁs?g%?%rﬁsbﬁg%%ﬁé\ge&??ﬁgt ga%ﬁ(sﬁg@%?gniﬂcant bet)t/er
stability 10 than HOX at temperatures from 25 C and above. At 30 and 35 C there is no detectable

activity in the HOX spngefickitoriiRIMS thakey¢indauwherp significant difference in short term

temperature stabili%ga&ebsemed—(%«amW, ability of the enzyme in sea water is

increased when enc% sulated in silica. 15 E g 5I 12: Raft trial of enzyme-based hydrogen peroxide

releasing coating Rafftrials were performed #7didé? to test the in-sea performance of the system.

Xylene-based rosin ggff-polishing coatings wgre. gepvided by Hempel A/S, Kongens 20 Lyngby,

Denmark. The xylene=based rosin self-polishing-coatings-were formulated with a volume composition
eT%gbr%' fig

of solids of 3 Assiviicof abtainet piG A n-butyl methacrylate/methacrylic acid
terpolymes (100/100/1 molar ratio. Purchased as 25 Degalan LP 64/12 from Rohm GMBH) and 6%

poly(vinyl methyl ether % .inert r%;gi ] xi%a igme S 'ﬁO@G g% 0 nstarch,
which had pl’é?/?%l?é%/e eee%r?%agrghyev% égég%di ﬁ@@%@%&%ﬁ;ﬁ@? id ga%np g%gga%"lopr(?ﬁ%‘yielding
the enzyme-cBrtaining coating. 30 In addition to the enzyme-based coating an enzyme-free reference
coating and two commercial coatings were included in the test. These were the Cu20-containing Mille
Xtra and the hiocide free Mille Light (Hempe] A(S, Kangens.L-x nmark). The coatings were
applied in dup e ' £Rak %_# smc#% fratn ersed in the North Sea. The
raft trial started in July and ended beginning of 35 November, with an average seawater temperature

reported to 17%%5%% ?B%&%&;ANQZPBQW%%B@EQ&?W%W concentrations of

glucoamylase and SIHOX / SiGOX in order to verify that the hydrogen peroxide

release can be controlled by enzyme dosage and for use in future field trials of enzyme
based coatings.
15 )
Samples with the composition indicated in table 3 were prepared using the following
procedure. Liquid formulation of SIHOX was prepared as described in example 4 and
SiGOX using the procedure described above with the following conditions: 100 mM
PBSI, pH 7.8, GOX concentration in Enz:PEl 2 mg/mL, PE! concentration in Enz:PEI
20 10 mg/mi. Cornstarch (Cargill C*gel 03401, Cedar Rapids, 1A) was mixed into 500 mL
of the co-precipitate and glucoamylase (62000 U/g) added immediately before spray
drving. Spray drving was performed on a Mini Spray Dryer B-181 (Blchi Labortechnik,
Flawil, CH) using an inlet temperature of 135°C and outlet of 80 °C and an airflow of
6800L/h. The aspirator was held at 80%. Cooling with ice-coid water was applied at
25  spray nczzie.

Sample Starch co-precipitate GA HOX  HOXWGOX Hz0: release (milig)
[») [{+}] {ml} GA {mL} fevel level  activity (Ulg)

K 75 500 mL SiHOX 0.012 1 1 1420+133 853+88

2 75 500 mL SiHOX 0.115 10 1 1619+83 381.7 + 38.1

3 75 500 ml. SIHOX  0.578 50 1 23481147 832911008

4 75 500 mL SIHOX 1,15 100 1 211.1£178 13081 +£1275

5 75 500 mL SiIHOX 0.575 50 Y% 1008171 840.1 £91.8
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period. The rafts were regularly inspected visually for the nature and density of biofouling, and images
were taken for documentation. Images taken during (Figure 17) the raft trial illustrate the gradual

build-up of {gylinge Q¥er a 97-day period. The H202 producing test-coating-WithQIAYmes (far-left) was
compared to an enzyme-free reference coating (center left), and the two commercial coatings

containing either Cuzcstand baiomdea(Mkae }zmza cersner rlght) or bIDIde free (Nhile nght far-nght). to |
Late-juvenile Y 3 ' ] g-after 28 days
of immersion,“yhite-theenzy ined-relatively

clean (Figure . vipe-ReferenceMillex aMille Light-} aipingcoating
. 75 mL Si 479
coating 28- arna 0me young
barnacles 67- 8lime 5 adult BARAAEE*SEme vouﬁwq barn4cles 1‘6@/*§r‘?ea dlatoms Appeared less
fouled than othablthrée saatiBAKSHODESIRIN)epréghritiens atle spaikiaelhe samples were
prepared as described in the texi using the amounts of starch and enzyme indicated.
The columns GA and HOX level indicate the level of the respective enzyme where the

concentration has been set fo 1 for sample 1. Measured HOX/GOX activity was
5 measured in the presence of glucose. H,0, release indicates the activity given in mU

with in-situ glucose production using the same assay without glucose added. ) This
value is theoretical glucose release (nmol/min/g) based on GA activity assay, rather
than hydrogen peroxide release. ND: not determined.

10 It is observed that the HOX activity shows some batch to batch variation, but it is the
in-situ generation of glucose that will be the rate limiting step for all samples
(HOX/GOX activity higher than H,0. release). The hydrogen peroxide release can be
controlied by the amount of GA but a linear dependency is notf ocbserved.

15  Exampie 10: In-paint activity of full system

In order to test in-paint activity, 2 g of samples 1-8 indicated in table 3 was added to 18
g xylene based paint (Hempel Mille light 71400) and 5 mL xylene. The paint samples
were applied in 6 well polystyrene plates and allowed to dry for two days before

20 applying a new layer of paint that was aliowed to dry for three days. The plates were
immersed in a large volume of ASW and release of hydrogen peroxide from the
surface assayed. Hydrogeh peroxide release from the paint surface was assayed 2 h
after immersion and after one week of immersion in ASW (table 4).

25
Sample GA HOX H:0; release After 2h Hz0, releaSe Day 7
D level level (nmol/{cm™day}} (nmol/{cm**day))
1 1 1 368 275
2 10 1 754 640
3 50 1 1330 - 1317
4 100 1 1463 1772
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No further characterisation possible 10-20%area Late-juvenile to adult barnacles - Slime - 25-30
individual adult barnacles - Slime - 30 adult barnacles 10-20 tunicates 15%area diatoms Slime Very

abundant agultpasnagles No further characterisation possible - Slime - QUPgmQRMER ¥UNg
barnacles 10%area green algae - Slime - Some young barnacles - 5 adult barnacles 20-30%area

diatoms 5 50 Yz 1055 1308
6 50 GOX 3504 3034

Table 4: hydrogen peroxide release from paint surfaces. Painted surfaces were
immersed in ASW and hydrogen peroxide release from the surface assayed after 2h
and after 7 days.

It is observed that there is no significant loss of hydrogen peroxide release from the

surfaces after one week of immersion. The release can be efficiently controlled by the

glucoamylase level.

The hydrogen peroxide release from a coating immersed in ASW for 17 weeks is
10 shown for sample 3 and 8 weeks for samples 1, 2, and 4-6 in Figure 15:

It is observed that the release of sample 3 decrease from approximately 1400
nmol/(cm®*day) to 520 nmoil(cmz*day) after 26 days, 67 nmol!(cmz*day) after 84 days,
and 20 nmol/(cm®*day) after 118 days (i.e. 17 weeks). It is important to note that the

15 experimental work in this example was carried out in a laboratory system where the
polishing of the paint will be very low or non-existing. It is expected that the release will
reach a steady state in the final application when the polishing rate has reached
equilibrium. '

20 Previously, antifouling activity was reported for a hydrogen peroxide release rate of 356
nmol/(em*™day) from a photocatalysed hydrogen peroxide releasing antifouling paint
(Morris and Walsh, 2000, US 6,063,848). Further, Nippon Paint Co. has detailed a
hydrogen peroxide release rate with antifouling activity of 21 nmol/(cm2*day) (Hamade
and Yamamori, 2000, US 6,150,146).

25
it is concluded that in a system with no or only weak polishing, sample 3 will be able fo
produce an antifouling effect for 34 months. If this is combined with a carefully
adjusted polishing rate of the coating the obtained antifouling effect is expected to be
comparabile to the lifetime of current state of the art coatings.

30
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- Slime - Algae No further characterisation possible Slime Slime - Some young barnacles - 5%area
green algae - Slime Some young barnacles 5-15 adult barnacles 5%area green algae - 20% diatoms
Slime - AlgaggNaydurhgr characterisation possible WO 2009/156851PCTy&B20R90a62=5 97 (after
short rotor treatment) - Slime- Slime- Slime- Slime - 6-12 barnacles - 10%area- 15-50%area-

25-60%area -Exiihpteadingrsialy diakMmsdiptiMSand SIHOX in artificial sea water (ASW)

To determine the long-ferm stability' of HOX and SIHOX enzyrhe in solution, enzymes
were diluted approximately 2000-fold in sterile filtered Artificial seawater (ASW) to give

5 an initial activity of 250 HOX u/L. and stored at 10, 20, 25, 30 and 35°C for 12 weeks.
The enzyme activity in the samples after storage for 12 weeks at the indicated
temperatures is plotted in figure 16 as percentage of the initial activity in the sample. It
is observed that SIHOX provides better stability resulis than HOX at all of the
temperatures tested. It is aiso cbserved that SIHOX has a significant better stability

10 than HOX at temperatures from 25 °C and above. At 30 and 35 °C there is no
detectable activity in the HOX sampies. This shows that even though no significant
difference in short term temperature stability was observed (Example 8}, the long-term
stability of the enzyme in sea water is increased when encapsulated in silica.

15 Example 12: Raft trial of enzyme-based hydrogen peroxide releasing coating

Raft trials were performed in order to test the in-sea performance of the system.

Xylene-based rosin self-polishing coatings were provided by Hempe! A/S, Kongens
20 Lyngby, Denmark.

The xylene-based rosin self-polishing coatings were formulated with a voiume
composition of solids of 36% zinc resinate, 18% methyl methacrylate/n-butyl
methacrylate/methacrylic acid terpolymer (100/100/1 molar ratio. Purchased as
25 Degalan LP 64/12 from Rohm GMBH) and 6% po}y(vinyi methy! ether), 10% inert red
fron oxide pigment (Cas nr: 1308-37-1), and 30% cornstarch, which had previously
been spray with GA and SiHOX as described in Example 8 sampie 3, vielding the

' enzyme-centaining coating.

30 In addition to the enzyme-based coating an enzyme-free reference coating and two
commercial coatings were included in the test. These were the Cu,O-containing Mille
Xtra and the biocide free Mille Light (Hempel A/S, Kongens Lyngby, Denmark), The
coatings were applied in duplicate to rotor panels and mounted on rafis that were
immersed in the North Sea. The raft trial started in July and ended beginning of

35 November, with an average seawater temperature reported to 17°C throughout the trial
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diatoms on one -40 barnacles- 10 barnacles, of theon onel0%area green duplicatesduplicatealgae
and one - 35 barnaclesoyster on one and 15%areaduplicate tunicates on second duplicate Table 5:
ObservatioRgdram isdad inspection of coated panels from sea raft trial, Jutyr@stoberndsplicate panels
were used. After 42 days, fouling was still moderate with notably denser settlement of barnacles on the
enzyme-free pefeodncEheortitsg werm pamdktly tireptotad. Bsadiho sofoiewsdlee|atod, deosily 63,

barnacles wepgahindant P hUlLalere MR8l B8 dnshtieas, and diatoms had increased on the

commercial coatings. Fouling on the enzyme-containing coating, however, had only increased slightly
from day 42, and a pronounced difference was seen between this and the other coatings. 10 After 84
days, visual aissagsmiakénidirng (Righe 174 rtbks tedtdttise diusteadiffibalgebal deinksiudhBulig day 97 the
panels weje dgpayaing, ke e 1bs RRSIRINPIEdERREUBIFI AR Al drad Ulected to a

10 knots rotary speed for 10 minutes. This mild rotary shear (washed off the sludge but left the
adhered biofdtAMBAAHR FarERME HeeirRissante aaatnadrenter ixfvaed the MeFRBRYRElining
coating and theasthige nostdisioanaines rZaiGanitl i HloedbSiMilleeXha eentéronghtn dfigiowdeSfiaee coated
with (from left 74l 'ﬁ?lﬁ?ﬁi |gtenzyme-containing coating; the enzyme-free reference coating;
Cu20-based Igle!rnperngHe X?ra,) biocide-free Hempel Mille Light.Whereas the reference was covered
by large quantities of barnacles in addition to slime and diatoms, the 20 enzyme-containing coating

had only & few agligresibaaelar BipRs-ILhaHERS, aasl Slatoignibtile Hsrdad WMerestiniass than the
enzyme-containin, coz{én%g# no bgr_naclesl, Wheﬁfs t%ne ofz the M{i)lkeiall_i%ht pggt?rlls hae}% (ﬁéh
barnacles and&H' ?/s? attach@y: & é%{n%%ﬂanw e of tha Eﬁ'ﬁ%a cpay997 was“scored using
method derivegfrmertiatRaingT MaiaeddtirtidbiyorerDd99urevharéabirufihg Resistance (FR) of the

panels is scored by subtracting either the coverage (expressed as a percentage) or actual WO
2009/156851PCT/1B2009/006255 number of organisms counted on each panel (and slime as 1

subtraction pqyal) fpm a vajgah_e00. Valuggeisiugen 0 (no gnifoukng activiwmballyand 100
(perfectly cleandinintisH facsoritslifiate the degeemgf protection of the individual panels through the

trial. The higher the FR rategdlgidgetter the antifouling performance. The enzyme-

28 - Some slime - 10-20%area - Slime - Slime
- Few juvenile Late-juvenile {o
barnacies adult barnacles

42 - Slime - Slime - Slime - Slime
- 3-10 aduit - 25-30 - Some young - Some young
barnacles individual adult  barnacies barnacles
-Someyoung Pamacles 10%area green - 5%area green
bamacles algae algae

67 - Slime - Slime - Slime - Slime
- 5 adult - 30 adult - Some young - Some young
barnacles barnacies barnacles barnacles
- Some young -10-20 - 5 aduit - 5-15 adult
barnacles tunicates barnacles barmacies
- 10%area - 18%area - 20-30%area = - 5%ares green
diatoms diatoms diatoms algae
- Appeared less ' - 20% diatoms
fouled than
other three
coatings overall A

B4 - Slime - Siime - 8lime - SBlime
- Adutt - Very abundant - Algae - Algae
barnacles adult barnacles  _ Ng further - No further
- Algae - No further characterisation characterisation
- No further characterisation possible possible
characterisation POSSible
possible
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5 containing coating achieved the highest collective fouling resistance score (table 6), even better than
Mille Xtra, and superior to the enzyme-free reference. FR of both panels FR (avg) Enzyme containing
coating 93; ¢, 8aRedergnce coating 49; 39 44 Mille Xtra 84; 49 66.5 Millg,Light »ife k836 Table 6:
Fouling resistance (FR) of coatings calculated after 97 days of immersion. to All publications
mentioned in glc)qaﬁ@pve spedgificgtion are her@Mgcorporated k@(ﬁrh%ference Varigis,modifications and
variations of tiwpaesgibed n%e]ilgqods anpl Syst 5 of the mventhg i, be appare&t Lhose skilled in the

/ Yodr area
art without degpeatingntiom the scope At spm B |nvent| the | n h5% been
described in connection with'Sp&fR preferre od ments |t should be un ers ood at the 15
invention as claimed shoultg e nn?ﬂﬂy Ilng‘ S %‘iﬁﬁt specific embodlmenI » §§HOUS

e /area re

modifications of the descri ﬁg&@gs for cagpylgsput the invention which are é’r?d?Brgose skilled

in chemistry or related fields are intended to %g g’altr%'ancfhe scope of the followiggLElapRgné LAIMS

and 15%area duplicate
tunicates on

second

duplicate

Table 5: Observations from visual inspection of coated panels from sea raft trial, July-

October, Duplicate panels were used.

After 42 days, fouling was still moderate with notably denser settlement of barnacles
on the enzyme-free reference coating compared to the others.

Almost four weeks later, at day 67, barnacles were abundant on the reference coating,
and algae and diatoms had increased on the commercial coatings. Fouling on the
enzyme-containing coating, however, had only increased slightly from day 42, and a
pronounced difference was seen betwsen this and the other coatings.

10
After B4 days, visual assessment of the mounted panels had become difficult because
of sludge. On day 87 the panels were de-mounting from the rafis, the panels were then
mounted on a rotor and subjected to a 10 knots rotary speed for 10 minutes. This mild
rotary shear (\tvashed off the sludge but left the adhered biofouling on the panels. At

15 this point, the difference between the enzyme-containing coating and the reference
became very clear (Figure 18). The panels shown in Figure 18 are coated with {from
left) H.O.-releasing enzyme-containing coating; the enzyme-free reference coating;
Cu,0-based Hempe! Mille Xira; biocide-free Hempel Mille Light. Whereas the reference
was covered by large quantities of barnacies in addition to slime and diatoms, the

20 enzyme-containing coating had only a few adhered barnacles along with slime and
diatoms. Mille Xtra had more diatoms than the enzyme-containing coating, but no

barnacles, whereas one of the Mille Light panels had both barnacles and an oyster
attached.

Overall performance of the paints at day 97 was scored using method derived from the
25 ASTM International norm DE990 where Fouling Resistance (FR) of the panels is

scored by subtracting either the coverage (expressed as a percentage) or actual
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1.An anti-fouling composition comprising a surface coating material; (ii)(a) a first enzyme; and (b) a
first substrate, wherein action of the first enzyme on the first substrate provides a second substrate
a second erRgyMRMdgEein the second enzyme is encapsulated in a silicageragdowinkeiy said second
enzyme generates an anti-foulant compound when acting on said second substrate. A composition

according to clainbdr, svhegainsing feaheazymeaihearepanatemng 4 c@mﬂ@‘aﬁ&ﬂmw@ﬁg 4o claim 1
or 2, Where'”&QB&%‘%@%“%%%%%%%%Z@ r%u%&‘iﬁ Ct'{?lttatgm A en glg%eﬁﬁcll'c e,gnd a

N-containing organic templa composition ac er m?ﬁe silicate is

obtained by n@ﬂﬂ‘a%ﬁfﬁf@h*%&%ﬂ?ﬁf@ﬁapMé’fﬁrAtmd&ﬁbﬁ nebddem peoRifiaiah 4hgvherein the

N-containing mgamﬁéeﬂyﬂatqr%)mlmlewfeabaﬁbfamwanﬁfénmﬁbflgdrwﬂﬁaﬁﬂmeﬂmlaﬁibmsnelmlne a
Pobypeptic of BRI BINPERIE, S RAMROSURD ACCorNg a2 sherein e grayme:
polyethyleneimine rat ? 5 P A COMPOSITON e 0 any o prec ‘ding
claims wherefVafebpttar éh%?Mé'ﬁs"é‘l%cﬁﬁlﬁ}‘l&%’@"SﬂN\@@mﬂtﬁﬁ%@f@i@?ﬁg to any of the preceding
claims wherein the first substrate is an 30oligomer or a polymer of said second substrate. 9. A
composition according to any of the preceding claims wherein the first substrate is starch. 3510.A
composition according to any one of the preceding ERisi®adherein the FR {avg)

paneis
Enzyme containing coating 93,77 85
Reference coating - .49, 38 44
Mille Xtra 84; 45 . 66.5
Mille Light 74, 18 46

Table 8: Fouling resistance (FR) of coatings calculated after 87 days of immersion,

16 All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the

15 invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention
which are obvious to those skilled in chemistry or related fields are intended to be
within the scope of the following claims.
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WO 2009/156851PCT/1132009/006255 second enzyme is an oxidase. 11.A composition according to
any one of the preceding claims wherein the second enzyme is an oxidoreductase. 5 12. A
composition according to any one of the preceding claims wherein the second enzyme is selected
from hexose oxidase and glucose oxidase.  13. A composition according to any one of the
precedingléldiffs wherein the 10 second enzyme is a hexose oxidase. 14. A composition according to
any one of claims 1 to 13 wherein the second enzyme is a glucose oxidase. 15 15.A composition
according to a ne of the preceding claims wherein the ratio of first enzyme: second enzyme is at
least 1:2.'16.A MB&&WHWM&%&?&%&W&W@ of the preceding claims wherein the ratio of first
enzyme:{8econd emfspedstaglewstial0. 20 17. A composition according to any one of the preceding
claims whgrein thesratoLh-finst epgyme: second enzyme is at least 1:50.  18. A composition '
according to any one o th cedln claim rein 25 second strat su ar. 19. A
composngl]on acg%)r mg[t ﬁ%%ﬁ??m w%e?'éllr? ae sug%r érsglﬁgcz)‘ém? 053‘? B Sﬁ 5hPa cg?alﬁg to any
one of the precé8irgLrairasaifherein the 30 composition further comprises a blnder to immobilise at

least ongif the_ecgartsisit{w@nigraé tm@@mmﬁé@end?énzem@m@aaaiﬁma@aqm&r@naat@lam 2avkigrein the
binder impablisgsiabiaas 118 S2ER0 SAYE P2, 2Rafh G9MERSn Bocarding fa AN ans.of the

ormu g& as a coatlng,g Ofécquer a

precedlng claims w e composmon is ain or an enamel.
2. A compaosition according to claim 1, wherein the first enzyme is encapsulated.
3. A composition according to claim 1 or 2, wherein the encapsulated second enzyme is a

co-precipitate of an enzyme, a silicate and a N-containing organic iemplate molecule.
15
4, A composition according to claim 3, wherein the silicate is obtained by neutralising an

aikali metal silicate.

5. A compaosition according to claim 3 or 4, wherein the N-containing organic template
20 molecule is a polyamine, a modified polyamine, polyethyleneimine, a polypeptide or a modified

polypeptide.

8. A composition according to claim 5, wherein the enzyme: polyethyleneimine ratio is from
0.3 to 10.

25
7. A composition according to any of the preceding claims wherein the first enzyme is

glucoamylase.

8. . A composition according to any of the preceding claims wherein the first substrate is an

30 oligomer or a polymer of said second subsirate.

9. A composifion according to any of the preceding claims wherein the first substraie is
starch.
35 10. A composition according to any one of the preceding claims wherein the
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23. A composition according to any one of the preceding claims wherein the surface coating material
comprises components selected from polyvinyl chloride resins in a solvent based system, chlorinated

rubbers in ayp@MpBl Based system, acrylic resins and methacrylate resinsgp-seivgaidagsad or aqueous
systems, vinyl chloride-vinyl acetate 5 copolymer systems as aqueous dispersions or solvent based

systems, polyviadnietRyhRikesnidagiene copolymers such as butadiene-styrene rubbers,
butadiene-acrylonitrile rubbers, and butadiene-styrene-acrylonitrile rubbers, drying oils such as linseed
oil, alkyd resins, asphalt, epoxy resins, urethane resins, polyester resins, phenolic resins, natural)
rosin, rosin detizativés carspesiioni@sacsdingsia, paytignsolyhtbrsetbresing hylawgembeetircithesin, gum

rosin, dispropeEigRaias gHEd asiBxaeRagsasss dispersion binder systems, silylated acrylate binder
systems, metal acrylate binder systems, derivatives and mixtures thereof. 24. A composition

according To any one of he preceding claims wherein the surface 15coating material is a resin. 20 25
3035  25. Mcoatthgrenpsekitioy eecodingdsitany areomfinheopanseding of mlmbneitocdd.the 26. A

marine anti-fouk cORBitYMOfRMBATHIANRSEALIRG 0PI YIG0E S BiMsst to 24. 5 27. A marine

anti-foul according to claim 26 wherein the anti-foulant is self-polishing. 28. A method for releasing an
anti-fouling compound from a surface coating, which method comprises incorporating in a surface
coating 10a suface oatmgasitiveriak;dddaiga thr strgnpymesfaihe (bleadiisgsulstratehetadreiineaction of

the first engyme QRdhe Ak s RS RIS PIavides a second substrate (il)a second enzyme, wherein the

second enzyme is encapsulated in a silicate, and 15wherein said second enzyme generates an
anti-foulant compound when acting on said second substrate.
14. A composition according to any one of claims 1 to 13 wherein the second

enzyme is a glucose oxidase.

15 15 A composition according to any one of the preceding claims whe%ein the ratio of
first enzyme: second enzyme is at least 1:2. '

18, A compositioh according to any one of the preceding claims wherein the ratio of
first enzyme: second enzyme is at least 1:10.
20 . .
17. A composition according to any one of the preceding claims wherein the ratio of
first enzyme: second enzyme is at least 1:50.

18. A composition according to any one of the preceding claims wherein the
25 second subsirate is a sugar.

18. A composition according to claim 18 wherein thé sugar is glucose.,

20. A composition according to any one of the preceding claims wherein the
30 compesition further comprises a binder to immobilise at least one of the constituents of
the composition.

21. A composition according to claim 20 wherein the binder immobilises at ieast the
second enzyme,

35
22. A composition according to any one of the preceding claims wherein the

composition is formulated as a coating, a lacquer, a stain or an enamel.
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23. A composition according to any one of the preceding claims wherein the surface
coating material comprises components selected from polyvinyl chloride resins in a solvent
based system, chlorinated rubbers in a solvent based system, acrylic resins and
methacrylate resins in solvent based or aqueous systems, vinyl chloride-vinyl acetate
copolymer systems as aqueous dispersions or solvent based systems, polyvinyl methy!
ether, butadiene copolymers such as butadiene-styrene rubbers, butadiene-acrylonitrile
rubbers, and butadiene-styrene-acrylonitrile rubbers, drying oils such as linseed oil, alkyd
resing, asphalt, epoxy resins, urethane resins, polyester resins, phenolic resins, natural)
rosin, rosin derivatives, disproportionated rosin, partly polymerised rosin, hydrogenated
rosin, gum rosin, disproportionated gum rosin, non-aqueous dispersion binder systems,
silylated acrylate binder systems, metal acrylate binder systems, derivatives and mixtures

thereof.

24, A composition according to any one of the preceding claims wherein the surface

coating material is a resin.
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25.

26.

27.

28.

A boating consisting of a composition according to any one of claims 1 to 24,
A marine anti-foul consisting of a compaosition according to any one of claims 1 to 24.
A marine anti-foul according to claim 26 wherein the anti-foulant is self-polishing.

A method for releasing an anti-fouling compound from a surface coating, which

method comprises incorporating in a surface ceating

()
(i)

(iil)

a surface coaling material;

(a) a first enzyme; and

{b) a first substrate, wherein action of the first enzyme on the first substrate provides
a second substrate |

a second enzyme, wherein the second enzyme is encapsulated in a silicate, and

wherein said second enzyme generates an anti-foulant compound when acting on said

second substrate.
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