WO 2010/089378PCT/EP2010/051437 1 ENZYME-BASED SELF-POLISHING COATING
COMPOSITIONS FIELD OF THE INVENTION The present invention relates to enzyme-based
self-polishing ¥t %EdHbositions. BACKGROUND OF THE INVENTION &t ARy present
self-polishing antifouling coating compositions, coppey is a main component in the form of cuprous
oxides. Copper is an expensive raw material and the environmental effect of copper is under debate.
Consequently, there is a growing interest in antifouling coating compositions with reduced copper
content or eVelF PIERISE T Fof ddppidic Eitfd Bistion'E4er nge cuprous oxide with zinc oxide (e.g.
WO 97/00919), however this 10approach also have its limitations; e.g. high amounts of zinc oxide may
have a negative etfeatendissoloration. Both cuprous oxide and zinc oxide are slightly soluble in
seawater and thereby have a strong effect on the polishing properties of the paint coat (Yebra, D.M.,

Kill, S., Weingll, &..DemJahansen. i, Q%Q\Pn@ug%@e%oég#g)gﬁ) i Meaasusmenia,af Seawater Soluble

Pigments for Aénﬁfou ?ng':jmli?giﬁq[g: an). Prog. Org. Coat. -337). On the other 15hand,

non-soluble materials typically have a negative effect on the polishing properties. Hence, there is
generally a negd, forself-pelishing,gQatiklg compositions where cuprous oxide and/or zinc oxide is
partly or fully replaced with other "pigment/filler" constituents, while maintaining the self-polishing
properties. EP 866103 Al (NiPan Paint) discloses a method for releasing an antimicrobial
compourid 28GR G RIFEEXSAPRITAIN A HRY A S tIRER RS TEPHE EnZSRE 58 TRGAEIRAEH in the matrix.
US 5,770,188 theippromd sinth ¢ 9l dese S wnr e itiofotieGHE M SIs03ia0h e StairmAg are!
enzyme-susceiptioe qegkr ancddipitaco atedegnzyimetvenich ag stableiiteorgdniodolieats and is capable
of catalysing dheislegragadimof fhe sasin déjisomentioned dhat podenzyree-susaeptible resin may
include starch, andthatzinspch insiansed.a@-aniase  Samyasmoddgucaamylase and the like may
be used,gs 3 ENRYME, Wi A0RIIORIE (arisardseianesan Aiawiggcameositon

comprising a“slirtace coating material, an enzyme and an enzyme S bstlrI te. One entzym%-substrate
combination ﬁéf?étp?%g?ﬁ?g’aa%ﬁnar%oﬁob“ﬁfgg?’sf)df ds?e%%?ai?‘r’cn:ﬁﬂ%“edfosg %)3%g!e\{sseo-gl]fueclcr)ls'ﬁt(aE “hée composition
may be self-pBFSRINGE VAR EOBER62 850 Al I8 RICAS) st e A S s &Rty Antifouling coating
composition Serisiisihga Pydrisliasbie HORAHer ewipiaithaicdtriafraten2{ateading anti-fouling
activity. In onsearbeidinrentfa sefonterzymeaenihittrgs Capsabie 66HydiolySiTg trethydrodysable
polymerigompgsitigshisdnsivieaekHns\igw-0f theabesarthese-ds annpegferialteraptivesself-polishing
coating composition. SUMMARY In a first aspect, there is provided an enzyme-based self-polishing
coating complgsition comgriésggr%f binder. (pha e{ijﬂ R@r% fgr?r%n%fcgrpggg%n%yﬁg@ &ggjogs%i)ggggnt phase,

said pigment Wé‘oé’et%%?ﬁ sin %ﬂeg fséé% _grlée and (i) an enzyme capable of facilitatin
P19 b p g P ! %erﬁc Et%tients wﬁﬁe 9

hydrolysis of %%ﬂb%ﬁﬁs%%‘éﬁag,ys"éi&'énrfﬁﬁcgdo‘ﬁﬁ?gc’m%mgbqﬁ'zeé’t of said polysaccharide. In a second
aspect, there T piavitethasHaPmE sBREARFE Edating with one or several layers of a coating composition
as defined above. In a third aspect, there is provided a method for the preparation of an
enzyme-baseg sel:pslishingeoating) cxnpesiierwasdefinec:abpye psaidcmsthochgemprising the step
of bringing ()2 RQlysaccharide-And (i) ansaznecapahlenf facilitatingbydrolysisafisaid
polysaccharide, wherein said enzyme is immobilized on said polysaccharide, in admixture with a
binder system and one or more co,nstit_uelnts selectgg f,’,om d%@sé addilttive%bﬁoa!xﬁntgd pigments, fillers,
fibres and anH—SféLﬁi?nOglgﬁéWPs?%Pg'?gu?’ﬁwc %Sfﬁé*’é‘t?'ﬂ iere iggppr?owqce’dn%ﬁse,lﬁge of a pglysaccharide and an
enzyme capaBle'Befadhtativly Kyaran advt-seated sRRAECHRIAYE, &0 Brizgmk BT HARddbilized on
said polysacchasile cirraabsitngcorapositonttprovidé e orsRti§BREAFEBating composition. In a
fifth aspect, thesesisipeowitiectay metdeddomprovidisg- inselfrpoiishirg effeotddsa. Goatiigseomposition,
the methgd cgmpesinesthe step nkinreomoialing tinto-thersaating composition a polysaccharide and an
enzyme capable of facilitating hydrolysis of said polysaccharide, said enzyme being immobilized on
said polysacchaqde, 2 BRIEF, DESCRIETION OF TE INYENTION. A5 aaposaig.gome of the
earlier descrlbeaz_apéﬂca%ons ?enzy esin antlfoutlln% coatings, the invention Is Lr,ect,ed to the use of
enzymes and M8 EoNREHYn g RIS TH & SLRRE Gy r{ﬁ’emﬁfé‘f'%‘cétﬁ HRYER ST 8B4ting
compositions A eRIErL S MEINERIHCISE BAATE P RCERaNM fBact 1617 d torth&hdre in close
proximity of thelpoligaurharide, it has been found that the enzyme advantageously is immobilized to a
carrier. The carrier is typically another constituent of the pigment phase, and in preferred embodiments
the carrier may even be the polysaccharide. '



This being said, it has been found that the polysaccharide in combination with a corresponding
immobilized enzyme suitably can replace at least a part of the pigments and fillers conventionally used
in self-polishing antifouling coating compositions, in particular the water-soluble pigments cuprous
oxide, A0 e osle Higue & lshales bt ﬁ&%}%%ﬁk@ RIgmENts; sush,as cuprous oxide, are
|mportant tor ob aIQrIr‘\r% fwta le rr:?:lt(?no t%ls r antl ouling coatlrtl gs. | Dissolution of the

seawaleP SHIERIE Pigmants TR4aTEs i aD?eac eaé’cia S of BETOUS BT RateHal (residues of the binder
phasé?tfﬂ'f@dIWﬂF\eseé%Rﬁﬁf%?”trﬁé?é%%ﬁﬂ%é?’%r‘ﬁéﬂ&@& SherebethEsurface-area of the
seawziterciysinhtccoatimtadiacesting therblsgdaccelerates the rate of the reaction leading to dissolution of
the residues of the binder phase. A potential substitute for cuprous oxide must therefore also be of a
form thateallowsit o artbrork il Constiita dhe: Rigmenphase-pf theseating. In addition to the
pigment characteristic, a substitute for cuprous oxide must also be continuously dissolved in the
seawater. The present invention resides on the fact that polysaccharides (in particular in particulate
formParéNgkable "pigments"” for coatings, and enzymes capable of facilitating the hydrolysis thereof
can be used to control the dissolution of the polysaccharides. However, generally polysaccharide
degrading. enzymes are onl obI able in solytio orm lai S
solut%n o% 5tn% e would %\ér roubleSome for tlllhe %?éjpgtlésnlg%solve % %%%%%Q;}gﬁ%ﬁ%%ﬁ (i:%%;t%lngs
Everblflﬁmmélmzyrﬁhes are used in the coating production, the WO 2010/089378PCT/EP2010/051437

3 engymes yilhbs spseenible wfmwam@@tga&fb@gmmeahw@ém g, dry antifouling coating, causing
severe IossC oafr%g%q? act|V|t e vy%gaci st ave ﬁ:ordlr}gslg/cp novercome by the present
mveﬁ’?a/ y Immo 91 Flnze m s on P Carriar mAten SISnopar B?d’sgcfna?erlal included in the
pignTaift PryEe B?‘fﬁé’ﬁﬁ‘ﬁf&&ﬁ‘@&éﬁt‘i’n@%ﬁ*ﬁﬁ@éi%n In that way, 5otherwise water-insoluble
polysaccharides become applicable as a substitute for e.g. cuprous oxide and zinc oxide in polishing
antifowlingcoatings:Terp iepentiirdentorsrdeavectas;ostingrisitighpdourdvwralt incospdrationing the
plgmen Orgislso%g agoa q%]composmon of a polysaccharide and an enzyme capable of facilitating the
hydro sala po’lysac \afide, and wherein said enzyme is immobilized on a carrier 10material,

provides mterestlng alternatives to the previously known principles for self-polishing antifouling paint
COMPRSIBAS aeACHIB 8 St aspesi:he fovertiotpretates faramenzyineBasédSellippisHing coating

composmon comprising a binder phase in the for. %&astg giﬁg ﬁg aandaplgment phase, said
plgmen B?]é%%ﬁggr%%ﬁlgfinagbf‘fap%ysiﬁc ari %nsﬁg anwenzyme cg[l)able of facilitating 15hydrolysis

of sajtpelysaccharidéi saicervzyerrensdingfifmtaingdy on seairaicTrateRarh figefurther aspect, the
inventiondielairs:to\anaanine stiuteitie eodtpsyadthrangpfrseveralsy etdssivedayers of a coating
composition as defined herein. In a still further aspect, the invention relates to a method for the
prepRfafBhof (1 éﬁ?ﬁﬁec?ﬁgé‘tfgglfﬁf)ﬁgﬂ ﬁ@”&%‘fﬁ@%%%ﬁ%sﬁ? 5R"5% Q&G herein. In still a further
aspetethdinsertiorieiatdaaeatitsuse of a 20polysaccharide and an enzyme capable of facilitating
hydrolysis of said polysaccharide, said enzyme being immobilized on a carrier material, in a coating

com @9§iﬂﬁﬁggspéav{té&@@&ﬁrmmﬂ%&&fo‘f@ig’og@mﬁfﬁ@magﬁi&mmmcapmu funthenaispastroheiindention
relates to a method greRrowdeeg a self d%qllsgln'g %fgect an%cgg%lnq comdogsmon the method

Sac ar'; 54t o] nac
com|8r|§/| & Step of Incarp ora{l% into the coatln %ompo& tion a polysacghande and an enzyme

25cai§5‘[‘ﬂ855l’c‘l’éf,‘ilﬂé‘ﬂ’hﬁ ﬁ%’r‘%ﬂﬁg‘%%éﬁj 58&}%‘&&9#?%&‘?&%'0&51@ enzyme being immobilized on a carrier
material. BRIEF DESCRIPTION OF THE FIGURES Figure 1 shows the mechanisms involved in
polishing @f ap.antfavlingseatingndhddingpheinrecass-paihiea stepsa diaAry aniifoxiing, deatiagod
consiSHng,; Qﬁdc?d%mgﬁ Qhﬂ%e&!u%ngt@- ﬁ@@é‘@ﬁ@ %ﬂ%mdaapgggggmw%%m@se including

plgments an ers ltres. h/ mers aémf uI|n gtlnstg gwll Ieachbseawater -soluble pigments
into the Sea. ipageawaat%rE ? &% |3’0r g’f? bahi r1pcf ysa}[:heageawatere rézolrﬂﬁleeplaments constitute the

leachBE PERD PIHE eI TREGurface area of the water-paint coat interface is increased by
formation of the WO 2010/089378PCT/EP20101051437 4 leached layer, which allows for more
interactions between water and the residues of the binder phase, 3: As a result the outermost layer of
the paint coat is released into seawater, DETAILED DESCRIPTION OF THE INVENTION As
mentioned above, the present invention relates to an enzyme-based self-polishing coating 5
composition comprising a binder phase in the form of a binder system and a pigment phase, said
pigment phase comprising (I) a polysaccharide and (i) an enzyme capable of facilitating hydrolysis of
said polysaccharide, said enzyme being immobilized on a carrier material. The coating compaosition
Coating compositions (occasionally referred to as "paints” or "paint compositions") typically 10 consists
of a binder phase (which forms the paint film upon drying and thereby corresponds to the continuous
phase of the final paint coat) and a pigments phase (corresponding to the discontinuous phase of the
final paint coat).



In the present context, the binder phase is in the form of a binder system. Binder systems to be utilized
in the present context are conventional systems as will be appreciated by the 15skilled person.
Examples of currently preferred binder systems to be utilised within the concept of the present
invention are described further below. The coatinggcomposition also comprises, as a part of the
pigment phase, (i) a polysaccharide and (ii) an enzyme capable of facilitating hydrolysis of said
polysaccharide. A particular feature of the polysaccharide-enzyme combination is that the enzyme is
immobilizedzarrarBcarranmateria IAETWIbe apparent from the following (see further below), the
carrier material may be the polysaccharide for which the enzyme is capable of facilitating hydrolysis, or
another PO'Xé%CgQg%%Qﬁ ;8. Srholsacehatde fonwihich the pazymedsnatranableahiacilitating
hydrolysis), or 5 comp etely |fferetr%tt e pf carrier rggttggal.rrl-lovt\)/ga/igr,st e carrier material is preferably
a constituert O PGHENT Phase. g S Fost Prachical embodiments, the binder phase constitutes
30-80 % by €BligecTRiHRe &%ﬁ@&%@*@éﬁwﬁ&gﬁm 5?18%?&'&?@%%ﬂidﬁﬁéf’s%”%?)‘ﬁ’lcﬁi‘iﬁ?es 20-70 % by
solids volunsezefrthie edetitignebnipasifism distbrranEiRARTERE M @R FRIEE Cnstitutes
50-70 % by isaliglseeoltume, seicthas bbr6 30/ By solitsiyvolmieiattie coztiag Conmpositién and the
pigment phasgsanstituias:sQthaefd Byaoligsaalpmaess, siichras-35+86 Soilndisatits welcmerof the
30coating cQMpOsifien-\WQZ91APa378PCT/EP2010/051437 5 When expressed by wet weight,
typically the binder phase constitutes 15-70 0/0 by wet weight of the coating composition and the
pigment phase constitutes 30-85 % by wet weight of the Qoatincq) com t,ositic{:ﬂ. In preferred
embodimentSithessadr hRzRE e iR %988’675%:9%'8? Weight o7 the 6afing composition and the
pigment pheser soRRUNAERIOIST VA BY el AR GRE GFRIRESCE A8RTH TOFE SRR WItE i being limited to
one particul&ndhseonysittis hbweseiniselienviishtia e théo dom binkitio O BPHIE poh/Saectarriéhand a
correspondingtnmebiizegnenzyinedin additon fodheieffect of any binder phase constituents,
pigments, fillers, antifouling agents, etc.) provides a unique possibility for providing a sufficient, even
and long-ter self;pplishing rate. 10When used HRLein. he e selflishingmisipienged to mean
that the paint Coat (I.e. the drletd fl%m Pf the goaﬂi ngm&ggglonbgga%g hgf\é%easg%ligmg rate of at
least 1 pm pRTABBRONEN A AHES (18850 n%% etermingd in accordance with the "Polishing rate
test" specified i BROmEaFh FTRLrs BatitA e R AN A SR G Fsie & i HEr 3G 8 B1E50 pm, in
particular in theseafites ofth-BoWsisr Jere 19060 RsttcarAirely (18836 1hD) SUPTHE Fighteht phase The
polysaccharigevwiHae-pigmernt phasecam prisesy(Breepolysdtenardd W henstipseepiepein, the term
"polysacchagide’isdntenseciauresnpalyimesisade wpeof a plusadity of menasacotarides joined
together by glycosidighonds Rolvsaschaides:sarbe 2ahgrmarelyeasehasides-(rasbpilgip of
essentially the %%‘S%'?%g@fﬁ‘t%% ceharide).ar heteronolysaceafidas:i- . uiidayp Of iwo.r more different

monosacchacrlaé sacc a_rlaes are t glcally very large, often branched, macromolecules. The
molecular Wéf’éﬂf“é‘f@mfﬁ%\’ﬁgIS?StBEC'éﬁ%"F%e% is typically at least 5,000 g/mol, in particular at least
500,000 g/mol, such as 1,000,000-100,000,000 g/mol or 5,000,000-20,000,000 g/mol. The 25
polysaccharitiesprguestienianeepiisteralily iwatéransotaienasdiss ¢h, roristivastresifptises 95 % by
weight of moyge-sf waterinsoipble-cansiituenis;shut aeegradualytie ntierédaivaré wiateissiuble by
interaction with the &RZVNE(S) AR WALEL dubaRiBresen Hijke-fnakipainbiilven aeearance with the
invention. WQ 2010/089378PCT/ER2010/051437,8Mluslrative exAmplesAfARRligakiesng
polysaccharides inelide starch diycogen, Geliase (e.g.mieroerysialing eelluloss). emicellulose,
glycopyranos& sihyBE8 amylopectin. \qulfan, Jfucan: pectn which may be use alone or in a
combination BFEAGEIPHEIR PEREaCFATIRES N2 RE BRIERT Ot Vatsr LS BT SR in the
polysaccharide used should typically not exceed 55 % by weight of the polysaccharide. In one
currently preferred embodiment, starch is used as a polysaccharide, in particular as the sole
polysaccharide. Preferably, the starch comprises less than 3 % by weight, in particular less than 1 %
by weight, of waters-soluble constituents. 10Also preferably, the starch has a weight average
molecular weight of at least 1,000,000



g/mol, such as at least 5,000,000 g/mol e.g. at least 8,000,000 g/mol. Suitable qualities of starch
include "native" starch derived from corn, tapioca, wheat, potato, rice, sas%o peas or c¥cads (see also
Example 1). WO YBHEr embodiment, cellulose, in particular microcr)}) glﬁnzé]ig@ﬁm%se, is used as a
15polysaccharide, in particular as the sole polysacchgride. The polysaccharide is preferably in
particulate form allowing it to simulate the function of a pigment or filler in the pigment phase of the
final paint coat. In some preferred embodiments, the average equivalent sphere volume diameter (see,
e.g., Exampl&"yissi'thes s 8 0ts S5 M e BURHN S L1955 HRTe 26 e Pof S UG AHE ¥ typically
present in arraustLsverel 500/ 88 Winliree Strvtbar sl ba3e P iselids YoRRE BT Bie coating
composition teegrd<hd ifocbycsalidsnvaltimeg on2+30086 bysulids valtania, in hersorise @mbodiments, the
polysaccharigdgsisiprasentdhan-ameient ka0 e bysalids veltirpeosipehias IrddaMaby solids
volume, of (g, RIGRRETLRNAREN B IpdyLa: i cSlids 2yplume g@@%t%e%se?%dcgg%ine. When
expressed by wet wei e polysaccharide is typically present in an amount of 1- y we
weight, suchOéisdi?ﬁgﬂ%ct?f'\?\?eﬁﬁé@ﬁﬁgoﬁ‘ntg{éuégga)%lgr?gmggmposition, e.g. 1-10 WID by wet weight, or
15-30 % by wet weight. WO 2010/089378PCT/EP2a10/051437 7 In some embodiments (when
expressed by et weigite e poks dteh sHasTe Présert P HAcamait b s 9By Wetiveight, such
as 1-35 % byfvetoateig htrobstie pidmerit pheseide apd b S 2t oarebieffhtigrPo B8 % by wet weight.
The enzyme /R pigment phasecfiartber.eompsisies an @ngyme whichilisecapabteodrfacilitating
hydrolysis of sgighpolsagehatides i inae-thaaape polvsacobarseisiiesentdnstirepigment phase,
the enzyme ig n&ﬁgﬁl‘p %ngtfggmﬁgggg&p_ydrolysis of at least one of said polysaccharides. In one preferred
variant of the embodiment where more than one polysaccharide is present, corresponding enzymes
capable 10of facilitating hydrolysis of these polysaccharides are present in the pigment phase. The
expression "¢pEbl@ BffedRtsih g Ry BrEN e e S RIed T Hhiearr thst the 82y MEr enzymes) -
upon expresseTpitsiten zymtitnactiondeattrs ifobfeakiig apdyessiicpbads RrHiAES:
polysaccharidad Pipeartheeazymatigradtionpshyespdiysaceiafitlenisionoke regavepfritoiteong- or di- or
oligosacgharigdeiegments poisemeddnieestirgembeginentspiheenzymeris kaaaty capable of
facilitating hydrolysis (degradation) of the polysaccharide (e.g. starch) into the corresponding di- or
oligosaccharides, Rencehe snzye.s.essanlialy Ingopabie.Llaclianng.dighusia (egradation) of
the polysaccharld"e _meto fhe ¢orres ,on(ﬁ]lng monosaccharides. The enzymes are typically selected from
glycosidasesSEBHZyMES Pyro %ﬁoﬁ‘-pgsrﬁ%D%???fé'f}e(?o%VF%Mpaoﬂﬁégr%%ﬁ%ﬁ’.fhi\mylases, such
as a-amylasenysaieryiasissgrue Sirhghise haargrarina st Bre W HRENg ap SREGTRESERREON of the
enzyme(s) isscasasibhesafsfare hefontie SKikddrper sopectdBgendatiooretiiesitrcioeles of 2
polysacebarige(gkcchhnidbergreieiagne riaadikne ficiiviterehyatarah df duiclpdedidrhtndspigident phase, the
enzyme is 25gigfatahlyselaeiasdrosn amylasastsuthasa:amasgsduamylaseiglvesamylase and y-
a_my'an- lr? t%‘&%ﬁ&@%@@@@&%@%&@@ﬁef %cig fm!groﬁsgié%@mg%@#wq%a{@simmdedl in the
pigment phase nzyme.is preferably. se rom cellulases, suc -1.4-f3- glucanase,
cellobiohydrolh%éstgé?%p'-ggrl_ coc\)’gﬁgses,e_fﬁjcf %%régoF?%dér?o(l)gtgéoa%%)g%?c(%%%ﬁgg@% éjlg%hg%;b%/la 1437 8 The
enzymes (e.d"eAFHH @7’88?&8?9'%?@&@%%% RYEPSI L PSR SAR ST ‘™dy be purified
enzyme3or cFeRie!eAiZpMBRIngiY 4R 86 9 cai b PRHEREH A e (84 SERBES A BBREHFEY Plants and
animals. Inworeecuaeritly preferred variant, the pigment phase does not include enzymes capable of
5oxidizing any monosaccharides resulting from the hydrolysis of the polysaccharide. Oxidative species
may damage the polysaccharide-degrading enzymes irreversibly. This being said, the enzyme is
typically preséRifn 2RFEmERN @l URT EfaEtHTETatio between said enzyme and said polysaccharide is
0.05-200,000 milliunits enzyme(s) per g polysaccharide e.g. 10-200,000 milliunits enzyme(s) per g
polysaccharidgy skighasd the HARAOAIMillRISeRTYMG(S) Pesrgpalysacsharideidmeradreferably
0.5-20,000 milliynits,enzymefs),per. pPahsatrRAdLe . SURH R0 8:900 fillinits shzyme(s) per g
bolysaccharide, ot BrelRrAbCO 10000 IS BNAYMS(SLRE L oRgly sReeligyide, such as
100-10,000 mlmunl% enzyme(s) per g pofysaccharl e. . _

immersed antifouling Coating will leach seawater-soluble pigments into the sea. 2: Seawater-

filled pores left behind by the seawater-soluble pigments constitute the leached layer of the

coating. The surface area of the water-paint coat interface is increased by formation of the



The activity of the enzyme glucoamylase is determined according to the method described in
15McCleary et al. 319913J Biotechnology Techniques, 5, 255-258. An activity of 1 U (one unit)
corresponds 1 the WRSoit of glucoamylase releasing 1 pmol glucose plé? Mindte at 4t C and pH 4.5
using the synthetic soluble p-nitrophenyl p-maltoside gubstrate. It should be understood, that the
activity of the enzyme is determined prior to immobilisation of the enzyme to the carrier. 20For other
enzymes, an activity of 1 U (one unit) generally corresponds to the amount of enzyme releasing 1
pmol monosé?@éﬂ%ﬂ%éeﬁﬁﬂgc Bl FREERRIRN S ?f)ﬁ?ﬁllﬂfﬁ%%{%%edr%?dé’?éﬁ{ﬁ@?ature of 40 C and
a pH of 4.5. P RRSTel AnbGaIhESt COPIPASIRY Sl RAB EAYME PR EEnEIA"Eleh an amount
that the ratio between said enzyme and said starch is 0.05-200,000 milliunits enzyme(s) per g
25starch e.g. 10-200,000 milliunits enzyme(s) per g starch, such as 10 - 75,000 milliunits enzyme(s)
per g starch,%ﬁ%@é*‘é?ﬁ%ﬁﬁ%-%%w enzyme(s) per g starch, such as 50-20,000 milliunits
enzyme(s) per g starch, more preferably 0.1-10,000 milliunits enzyme(s) per g starch, such as
100-10,000 mlkeanits renzynve(shopeegstarcmti@ars erion polysaochaside cdgradingenzyme WO
2010/08937 8B EiN2QLAER I vhdarpebilisatieidnays eithiedepeyviacavale phhendshasehy
nog-fhova'en_fsQQﬁ%@ﬁ%@M{@M&% &w@&g%i@@@% éQ%ﬁ‘z%@%@?bl@@‘-fﬁéﬁ%‘f@@n tthe ir)lzyme
and the carrigr. In certain cases, the enzyme (e.q. an amylase when the ) ride Is starch) may
include a siteﬁ\é%"é]gﬁdi%g Iila’a éJ?tseaaC or 'é%hé?ﬁ%eggﬁga%%?esﬁgﬁéﬁgg D(t aeczsg%upbéétrr%a%gfglénd hence the
5polysaccharide may be a suitable carrier. These latter variants are - contrary to what should have
been believed - fcgg%t&lg ' Pagficularly interesting, although enzymes are not commonly formulated on
their substrates because the enzyme-facilitated hydrolysis may occur at a premature stage. In a
currently preferred embodiment, immobilisation is via non-covalent bonding. 10In a currently preferred
embodiment SR RTERABANTHFERAIR T8FRFAdB AR BIY the PYRSIEERaTiaR (piAiéular its
correspbhdingsigisafad)nddepossiithe Vet wvpiere tieypendatshtdess Bt rcresisadenzyme
(preferably am amylase)dsdmpaebifigedion thnstasthenhd e vaniamhegadrerthepolysactharide is
cellulose, e.gisnicracrystaliaeccaliipsesdine @azyme (preferably a cellulase) is immobilized on the
cellulose. 15In another embodiment, the enzyme is immobilised on a carrier materials not being a
polysaccharide fiydolysis ol Whigh ihe,enzyme s Gapaple of falitating. Wihigdhis embediment, the
carrier material Is resferafﬂy selected from a'list of materials commonl)%)res_ent in the pigment phase
S

of antifouIingbgdﬁiﬂﬁﬁjsi.nfﬁ%pﬁ%’é?re\?fﬁ%t?ﬁ%ﬁ/ieé‘)gr’.f%‘go§é|&%edm 8 Polysaeehatid egy(lt.hee. non-substrates
for the éfizynilYeH§ESAcErPAMRIE SUGARSY Silfaied st e & sitR B TiEt it a), metal oxides
such as titaniensaioxithe, rRsaninay felfrouseoiierizadd febrc sikide, and graphite. Immobilising the
enzymes on a carrier material gives rise to additional material in the coating composition, which may
affect the coatingdaeipemansedegativehpdheteiomntbersubgiraiesiakthe engyesrspreferred as
carrier materigl,in, g?gmé?m@@g;Qfmﬁfa'él&%\F%M%mm;ésm%%m sipjes as carrier
induces the Roten |a} %f egradatio of the palysacck arld%}tgefore the material has peen enclosed in a
a 1 orysaccharige-enzyme Ccompinaiion 1se [

. ure o tthe énzyie is immobiliZed on a. .
coating, and therefore | r%ay in other embodiments be preferred 0 Use a§3| ment andc}lller materials

commofify apITe esmtothifid U rE Brobl RIS S EarHErF S IR BRZYMEE EJlolytic enzymes
are preferred Béea seaTHS\ e GehrEH2RER DEfOVE ThEFARNDR BfRe itRida 0T ¢4 Férefore be
immobilised enatrircopaly subisirdies svithoispedetign oo viintitg, casvioads astwaieraetivity is limited, or
the enzyme astiMidyiis eanirgieddoy otherdeganSetpi tipmnperatare) Satisityoinhibitais camtit there is no
water left in thgmnateyigkr WG, 2QLAO83 &R THER2A18H61437 10 Other constituents of the pigment
phase The pigment phase (i.e. the phase corresponding to the discontinuous phase of the final (dry)
paint coéat) may of course also include ptilgments,ﬁfgler, fibr§s an?n%tij/%lin ,gg%}ts as.well as other

[

. o n most practical.embodimgnts e binder phase' constijutes sel ume of
suitable consItltuenEgtoctoe chu ed in the pigment phase of coaling com Ssitions.

the coating composition and the pigment phase constitutes 20-70 % by solids volume of the
coating composition. In preferred embodiments, the binder phase constitutes 50-70 % by
solids volume, such as 55-65 % by solids volume of the coating composition and the pigment
phase constitutes 30-65 % by solids volume, such as 35-55 % by solids volume of the

30  coating composition.



5Such other constituents of the pigment phase (i.e. constituents besides the polysaccharide(s), the
enzyme(s) and any carriers) are not strictly mandatory components. Ho er constituents
are typically ir%%rzb}ltl)or/g%gsm a total amount of up to 60 % , such as up towggf%z@yg%l%s volume, e.g. in
amounts of 20-50 % or 35-50 % by solids volume of tlhe coating composition. When related to the wet
weight of the total Composition, 10such other constituents are typically incorporated in a total amount
of up to 60 0/\?\} such as up to 50 % t@{jwet welg%hlg, .9, in %mountst%)fto.l-ég % or O'tlﬁ;SO Ot/o , by wet
weight of the" QGG TN IR BIe b g Are Griaesar matal oXides 8N as cuprous
oxide (Cu20)f &McCaic-OXRAS (eLY (86 el ToGgReEc g ORTVE TS Bia € i ELPRE St  tay have
antifouling ageatingSemaresaitieristiessirisdakadtoptshae hindre presserpedntexe e ntétal oxides are
only considered eggfpighrentssiintitantpmithioxceireddromontide cingiokedalatrbohyblatk, graphite,
yellow iren oxigehtrgdnnelybslatemyeltoyn molybdate, zinc sulfide, antimony oxide, sodium aluminium
sulfosilicates, quinacridones, phthalocyanine blue, phthalocyanine green, Utaniumdioxide, black iron
oxide. graphije, Indanireng e, coball Aminium, pxide, 20eaibazle. digxazing, clyrgmjum oxide.
isoindoline orange, |s-%1qetoacet-o-t%il iole, benZ- imidazolon, quma‘ htalone yellow, i1soindoline
yellow, tetralHiIISBIRTSINTGHE 2FaEBRARR IR oG %ﬁé’ﬁ%&%‘?@i@”a? CREFSELSTiZRY in that they
render the fikEKBaRIPED ERTBSR EnsateTE dia haitfatsr eV PLUBIE Bbe is present in the
coating compositidity, Hreo Q20 coatEistastprefecidols-BRAGSL byidditsirelume, such as in the range

of 5-35 % by solids volume of the coating composition. When expressed by wet weight of the coating
composiion yand WRERSHRr S videds piesanRt thakd2Ocrptpnhis preferathsatileast5 % by wet
weight, Suchis 18 @Ra8.0hd O:ARstha WL Gl PhING FRalAG,LamAesiignihe pigments phase
may further 'E‘C'é‘o%emg'ﬁ.ma?%ﬁigé‘? ingredients such as fillers: foExamales.of filers are cgleium -+
carbonate, do?()r_n_lte,_ al€ mica, barlum sul ate,rﬂao In, sfﬁqa E(mclu&m pyrogenic S|ﬁca, colloidal silica,
fumed silica,SBEEJepEHte RRRpfEStreoxiar cERikitBeRdquiara P, oINSl 5idVEY Ynthetic
zeolites, caldtartcsificHphespliate’, 1y e seaRAHPRNASHR Sl e Bt fite)) organo-midified clays,
anhydrous gypsum, etc. WO 2010/089378PCT/EP2010/051437 11 These materials are characterised
in that they do not render the final paint coat non-translucent and therefore do not contribute
significaftly @ hrAE SRy MAferial below the final paint coat. It should be noted that some of the fillers
(and pigments) may provide certain advantageous 5properties of the types provided by the additives of
the binder phase (e.g. as stabilizers against moisture, dehydrating agents, water scavengers,
thickeners arBeRas I G gents, etc.), however for the purpose of the present application with
claims, such particulate materials are to be construed as being part of the pigment phase.

Examples offilereigracet @igisthosedren éadlycarsdcspeeitically described in WO 00/77102, which 10is
hereby incorporated by reference. In order for a certain particle to be considered as a fibre within the

present conteyl. e Jplighetween ihe areaisshdimensionand hespalest dimensignerpendicular to
the length dimension/nstiostanialy i boints.along hedonoldinaais.(asdenglh dimension -
longest dimension shoulofnot exceet 5 1 pre erat?l[% not exceedin 5 . Furthermore, the 15ratio
betweef the T8RGBYY FARTEIRH sh d S R EGE 87 th & g Sh BIREFHIRRERSIShs should be at least 5:1.
Thus, fibres BrEERAPECHEIRIEN Of Rabifil ehef [BRPUMENSEHhah B s 3AET Yitension, where the long
dimension isRsiisstamiaky fopgmictianaydame shortainseediors pyplealissbipameladeirof magnitude, or
even more), aadihe twtsh e dineasiens ayeislib stasitalbyooquahfbfithersante ergestof magnitude).
For completelyyegulardibrasniL. fites0hayving, accyindiicab shapeoibisoevideny hew tadetermine the
“length®,dongestdimension cﬂa%&ameaﬁxvgr&g%ewgéh%ﬁﬁéﬂé@&ﬂﬁ;mt léggms?afrigag%lar fibres, it is
pelieved Iha e IelatonPn PEGED (ng Aimensions.canpe ¥pIaIRT by e qipuag ypothetical
experiment: A're ufar, right-angled box Is constructed afound the fi re. The box Is constructed so as to
have the smaNLESVSSi5IAYVSTUIHE, TS SPaiutiRd 10fly @t piisa Efﬁe?%r’@.t%gnoa REEXEBNL that the fibre
is curved, it i8SREETFhYIBHEHRARAPAssumed that the fibre is flexible so that the volume of the
hypothetical box can be minimised by "bending" the fibre. In order for the "“fibre" to be recognised as
such in the present context, the ratio between the two smallest dimensions of the box should be at the
most 2.5:1 (preferably 2:1) and the ratio between the longest dimension of the box and the average of
the to smallest 30dimensions of the box should be at least 5:1. At present, especially preferred are
mineral fibres such as mineral-glass fibres, wollastonite fibres, montmorillonite fibres, tobermorite
fibres, atapulgite fibres, calcined bauxite fibres, volcanic rock fibres, bauxite fibres, rockwool fibres,
and processed mineral fibres from mineral wool.



WO 2010/089378PCT/EP2010/051437 12 When present, the concentration of the fibres is normally in
the range of 0,5-15 0/0, e.g. 1- 10 0/0 by solids volume of the coating c Iti hen related to
the total coma?){s)iﬁ%ﬁ/%veg weight), and when present, the concentlration(i’%fLP {ﬁg‘% {ngg'ﬁgynormally in the
range of 0.1-20 /0, e.g. 0.5-10 0/0, by wet weight of the coating 5composition. It should be understood
that the above ranges refer to the total amount of fibres, thus, in the case where two or more fibre
types are utilised, the combinec% amlougts spouldhfa_l{ljwi_thiln dthetablr(])v raa%gnes. ﬂe %?ating composition
may also comprise BhEBIRTSIE ARG s EE S heforvary 20wt e fi&Td *Examples of
antifouling agures T e taidoatth i EERB YN aTe 8 KRN HY st RSt AIRRSE EPp X1 f8to) zinc,
ethylene-bis@itaio cadiamidie) Zirne, kethsdainedois (dithioneiaasandte)errarman esk szastrteraplexes
between these; bis(1-hydroxy-2(1H)-pyridinethionato-O,S)-copper; copper acrylate;

bis(1-hydroxyn2 (bR)=RysidinethiensionSazin e dhsnnkbispysicyd)-hismudhhdinblesidec-saetal biocides
such as goppey, &pggggmg@é B‘&%&&%ﬁtj&h as copper-nickel alloys; metal salts such as cuprous
thiocyanate, basic copper carbonate, copper hydroxide, barium metaborate, and copper sulphide;
heterocyclic nitrogen compounds such as ) S

3a,4,7,7a-tetrA RS i RIETBrSH BT BLTE)- TR Sinasl 1 RPET i, FyrRiiSriphenylborane,
1-(2,4,6-trichitt6pRealypradRpyerole-2,5-dione, 2,3,5,6- tetrachloro-4-(methylsulfony1)-pyridine,
2-methylthio-4-tert-butylamino-6-cyclopropylam ne- 20s-triazin, and guinoline derivatives; heterocyclic
sulfur compauedssychas a-{dcthiaaaly rsbenainrdazaleigh didichiane2ees aatyli-4sispthiazolin-3-one,
4,5-dichloro-Zzy158( &b Isgthiazelinguhd-benzisothiazolin-3-one, and
2-(thiocyanatomethylthio)-benzothiazole; urea derivatives such as
N-(l,3-bis(hydroxymethyl)-2,5-dioxo-4-imidazolidir%\‘rgelﬁl\!,W- bis hxdr?x metth 8(1}15%%band
N-(3,4-dfEhIdYSPRERTERK N RRIE YTt P N N RS A S S B hIGIS LAY 1T 78 AMIdES or imides of
carboxylic adldee!sEHme AcRIS AP OP LY RERR aBidS 'SaTHP 482U BAMIorophenyl maleimide,
1,1-dichloro-N-((dimethylamino)sulfonyl)-1-fluoroN-(4-methylphenyl)-methanesulfenamide,
2,2-dibromo-SnstnidorpnoRio oesnide i (fldoracdiehlarem athykhipyrpbbhalispide;, wheat, potato,
N,N-dimethyl:Nr-phenyi:N1-FHusrodichlaromsthyilthip)-sulfamide, and N-methylol formamide; salts or
esters of carboxylic acids such as 2-((3- 30iodo-2-propynyl)oxy)-ethanol phenylcarbamate and
N,N-didecyl-N-methyl-paly(oxyeth J ammonium propionate; amines such as dehydroabiethylamines
Pl coaocmB R e P e B RSl S A e e
5,5"-dichforo 2/ a5ErExY: RpEAY imEthiie PaRF rEliiene-bisthiocyanate; substituted benzene
such as 2,4,5,6- tetrachloro-1,3-benzenedicarbonitrile,

1,1-dichloro- ka4 (citysethiytaint mo)rstetamy iy-daftivoraeNe r36plwemd th ethameésel fen Amite; e
1-((dilodomegyhsl tpnindy) 14 1eihyide paanesr wtraalkybphoesphonivim halegeaides such as

tri-n-butyltetradecylrhasahonium chlpridr-guaaIding WQ: 2ALIQ893 18P GHFRRQILA5 1437 13
derivatives qu%hrae}js D-dade é{l%andgrgg hydrochloride; disulfides such as

bis(dimethylthiocar amoyl?— |su’lﬁde, tetramethylthiuram disulfide; imidazole containing compound,
such as medetomidine; 2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole and mixtures
thereof 28PreREihy RIS Pretdrrad et RF& R0 I g tis Ark Ry ERtth 4t d8es Kot ¥otprise tin. In
one preferred&mbodiitsrvotirecoatingedimpexitos tonpsisesd Gt antifbdivg weernr sétééted from the
group consistingy ebipyridinedriphenylborane, 2-(p-chlorophenyl)-3-cyano4-bromo-5-trifluoromethyl

pyrrole and imidazole containing compounds, such as medetomidine. 10The total amount of the

antifouling ageni(s), If pIsseOhSAURISANRME [ARae.Af HRI0,0.0Q SUss,PBR:25 0/0, by solids
volume of the (forgtlnglg(})]m 9%%9% e.g..0.05-20 0/Q by solids volume ofl'ghlg 0(;Qbatlnog%qpsomposmon. When
related to the' Totafweight of t e%o‘ﬁng compoéi?lon, fhe total amodit o % e antifou ing agent(s), if
present?Ts ty ity i tre*farig 671646 876 such as 0.05-30 0/0, by 15wet weight of the coating
composition, e.g. 0.05-20 Ok by wet weight of the coating composition. The binder phase The binder
phase of the woatingrcamrpbsitionyfeinms theppasat diandgpoo tydrgivgaaehthe relayroonteggoekds to the
continuous phasevak thedinaluryy pamtcoake Oighipdytadl oincgrsypiems cerventonadly used in
self-polishing,cpatiRd:ComBositinns May.bg-wsed as the binder phase of the present coating
composition. It is also found that with respect to the relative amounts of binder system vs.
pigments/fillers/etc., only minor modifications (optimizations) may be necessary in order to obtain
suitable polishing rates.



For the purpose of illustrating the scope of the present invention with respect to possible 25types of
binder systems, a number of examples of binder systems for marine pu _ ht purposes,
respectively, ar{e) f)ﬂr%)bulsd’éa&in the following. For yacht purposes it is beIie%%%‘?ﬁa@G@%%gllowing types of
constituents within the binder system are especially interesting: (natural) rosin, rosin derivatives,
disproportionated rosin, partly polymerised rosin, hydrogenated rosin, gum rosin, disproportionated
gum rosin, acrylic WO 2010/989%78PCTIEP 910/9514%2 ltﬁ reslinsa,C oal d\éjril I;Q%mylneather, and vinyl
acetate-vinyChiSAGS BIRYIERE ST MBI &lith Lonsttieht May A150 be présent in binder systems for
marine purp888Ent of bt %riestHFREsS e b e haE ST GEBlE S G &iBRthmder systems,
silylated acryldte bibdersysiEmatidinéal aayaebinder system are especially interesting. These
5binder systems will - for illustrative purposes - be describe in further detail in the following.
Non-aqueous dispersion binder system The terms "non-aqueous dispersion resin”, "NAD" and similar
expressions diedméRged to mean 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 10nontagyrews distic nediumdmasiewnpolarity solvenrt-asing af ghmejecudlaryvieight
component ({hg rshelapmponent”). 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 El)olé/merisable to forrr[rl1 a,é:)oéglmer tthe gare com ofpent)(fyvrékczhgjseigsl:glu%’gép the
hydrocarbon’ 158GIVEHt, R SOBEEERA S digharsion poiymensatioh in accordance with a conventional
method in thE e SMIeYesIvErt FRstHReH PESHIA P G RHEIFEIMPIUTERETRS B S8 stabiliser)
made of a paiphedimehicrhelis sl ar GRerly sctharSelFatTEsTHeABRSRIYEE B HIBFR3RMIty pe resin
utilised in thisfifavétdion candeiadfesrskpoyvacperiges aribeasnbe producedtlikedhe known resins. Such
non-aqueous dispersion-type resins and 20method for their preparation are described in, e.g., US

3607 821, USIALG8R-LS A4S anch IR 4.960,828.Janansss RaIThl Bubliaion No.

29,55111973 A7 Japangese g oReRRINL APRERIONNG a7 Q0Re g, 3Beklisplly, as the shell
component constity ing ?he ngn-aqueous is ersmn-%pe resin, various olecular substances

| -

soluble in a I BSTERS SBREATTHERLYE GRACPBSFTH . §' DR A BT 858 (Iafsancet (- 250pen
Patent AppliG2aisn N & - £33 progyidedraadisedn FYDm THESEEpREr BPARGTOtINAEG PRSP of the final
paint coet, shel carnpentfaditich hgimtvaielghorpaaiivorod Wingtresi aidy BeousethASthe core
component, encepolynietiof an ethydesicallydsmsatarated enomonmerdanvialy nbaghbalarity is generally
applicable. W@i2049/0823 48R =b/ERA H0R 43¢ ha-Rrafembltheearmearponent of the
non-aqueous,dispersianatype resin has free acid groups or silyl ester groups that are convertible into
the acid group by hydrolysis in sea water or combinations thereof. Preferably 5-75 % by weight, e.g.
5-60 % by weight or 7-50 Wo by weight, of the monomers of the core polymer should carry free acid
groups or silyi St& %‘ﬁ?cﬁﬁ‘fﬁ/E’)'F%'(’ﬂrﬁeg‘?ﬁtﬁﬁcg??&ﬂ%?g%ﬁai‘% thes FEEEEDGBUBLI BEVE direct influence
on the popeplisssyf wwiaRsaids fGtniudatior ereas thesARLtes dratpLewile b Had ifitlience after
hydrolysis inseapaserri igoprtisenthepreferred to have an overweight of free acid groups. Examples of
silyl ester monomers are silyi esters of acrylic or methacrylic acid. 10If desired, a smaller proportion of
the free acid-groups-Q5-SHE SIS, BFALNS MAYABe LS Sentatned ikkile shell-companeat.ofhe
expression "f{rgeqn%m egr&m;é&ig‘g&gﬁd to cover the acid group in the acid form. It should be
understood that such acid groups 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 15is envisaged that some free
acid groups a9 PrESE BN ReHBSG IR EAREThsInSIERI POt p S AT ehihBsed 1o LAl Uidter.

25

preferably selected from arnylases, such as a-amylase, B-amylase, glucoamylase and y-

amylase,

In the embodiment, wherein cellulose, e.g. microcrystalline cellulose, is included in the
pigment phase, the enzyme is preferably selected from cellulases, such as endo-1,4-B-
glucanase, celiobiohydrolase, B-glucosidase, and glucohydrolase.



Preferably the non-aqueous dispersion-type resin has a resin acid value of usually 15-400 mg KOH/qg,
preferably 15 to 300 mg KOHY/g, such as 18 to 300 mg KOHY/g. If the total acid value of the NAD resin
is below 15 m‘@’%@ﬁ%, the polishing rate of the paint coat is too low an(ﬁ%@}%g}ﬁﬂtslfgﬁing property will
often be unsatisfactory. On the other hand, if the totalgacid value is above 400 mg KOH/g, the polishing
rate is 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 grotf TREFSSHR SR TARIE SR §ivar5§ar e gheliie Csrreittd s 8 & Acid group by
hydrolysis). THE AT BEFPRSWAR B 2HBFE REFEFFE G T8 A ErABUIMEHY) OF'ROH consumed to
neutralise 1 giobarvessmoldscodtanithaexpressing 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). It is
advisable thg{ the Qeid-gyoerandi QL ibe: ARICLRIGEN BRI isGRataNGH R tbe-pasr 6pmponent such
that the coniSIEISY) iR ASRHSAILACULVRIR, AIRISLAN % RislfahluI0adeast &R b, more

0

preferably at least 0 f etLotaI resin acl .Va“é?di%f tpnez non-aqueons dispersion-type resin. This
being said, it ?gcﬁeér%%lyagr%rrgﬁ ?Hg?ct%ear"s ee‘i’legomp Rent s hydrophgbic. \We
2010/089378PCT/EP2010/051437 16 The dry weight ratio of the core component to the shell
component ifitheeNABifeshe kROpmEs Sedially Hientatinisueishomaail/MattHe raiyeeBT<s0/10 to 10/90,
preferably 86A20eta25d Abd sidpaigs6GADide i25/T52SilvH ed aciidatesomde msystem 5In one interesting
embodimentgfitheciavieation thetinder-systerdope-tsesin Hig Leatingeeuipasition according to the
invention, compiisesfusidaied-aqtylate Lasholymsihaving plleashons.-sidesshainhearing at least one
terminal groyp of tgsee) grrléa%%usoara\:/\tlj?:l??g, Su\é%haesrgmztar%@%mg‘gg%rngygng(rsmg}:% a_nd X, Rl, R2, R3r R4

and R5 are as defi above. 10 e’nis an inte e of1,2, 3, 40r more, it1s in these cases
preferred that SIS An R BH0 L A ad PHI LU aS BIE R PRE KrE e ath grotps selected from
the group cofisidiny GPETBEARNZENES0 Reke RS Y BRErR dBptionally substituted phenyl, phenoxy and
optionally substituted phenoxy. With respect to the above formula | it is generally preferred that each of
the alkyl andratkaxiyigretips basp do@boybicatsanmatemns-¢&dik atkyh rlustakveiideixamples of
substitugnts fReihe,substittded phewyhang, phenmoegroups-rslute Lalagent u (one aity5-alkoxy or
comprcing (e e ol et o< dosoribed in £P
comprising the terminal groyps o eneral farmuyla | abov escribed in

0 297 505 Blérfo%{?d% Lrj'rsfcr)kﬁcgl.'!‘rr%e‘"; gtrrﬁef)?%oéugg-%g'{%%ﬁg\g | ina%?ggg%égéﬁ%%h t_%fogg%glymer with a vinyl
polymerisabid ASGHEHIER K BSEMPILS SPE EABIE VifSFEoIy M EraBd MERETRES Thilfide methacrylate
esters such &84feANyHA&HERTylate, ethyl methacrylate, butyl methacrylate, 2- ethylhexyl
methacrylate, 2-hydroxyethyl methacrylate and methoxy ethyl methacrylate; acrylate esters such as
ethyl acrylatesbethydracpytate, 2naltiyibhexyl agplateigngtr-afhydwxyethy gerylatenoaleic acid esters
such as dimethylpalpate.and.disthyhsaaleatei-fumare acidestessuak ascgimathylkBdmarate and
diethyl fumarate; styrene. viputaueng . ay W§-2010/089378PCT/EP2010/051437 17 methylstyrene,
vinyl chloride, vinyl acetate, butadiene, acrylamide, acrylonitrile, methacrylic acid, acrylic acid,
isobornyl methacrylate and maleic acid. The amount of vinyl polymerisable monomers is not more than

95 % by weidht 6F 158 tBEIRdIgITD bFtRE IRRURRG e B SRAHRT [P ERRTALN ST FHGFECHAA™8D 0/0 by

weight. Accofftfirgfly,between said enzyrne and said starch is 0.05-200,000 milliunits enzyme(s) per g
25  starch e.g. 10-200,000 milliunits enzyme(s) per g starch, such as 10 -~ 75,000 miiliunits
enzyrme(s) per g starch, more preferably ¢.5-20,000 milliunits enzyme(s) per g starch, such
as 50-20,000 milliunits enzyme(s) per g starch, more preferably 0.1-10,000 milliunits
enzyme(s) per g starch, such as 100-10,000 milliunits enzyme(s) per g starch,

Carrier for polysaccharide degrading enzyme

30 The enzyme(s) is/are immobilized on a carrier.



5the amount of monomers comprising the terminal groups of the general formula | above is at least 5
% by weight, in particular at least 10 % by weight. The co-polymers preferably have weight average
molecular Wei‘afft)gui‘ﬁ/?%7lsange of 1,000- 1,500,000, such as in the rang*é‘j&@,/ﬁ)é?i‘-’iiﬁdo,ooo, e.g.in
the range of 5,000-1,000,000 in the range of 5,000-5@0,000, in the range of 5,000-250,000, or in the
range of 5,000- 10 100,000. In another interesting embodiment of the invention the binder system to
be used in the coating composition according to the invention comprises a silylated acrylate copolymer
having at ledS B EHH AR T BELAR Y Ar RAED RS 4 M 1°Gr VR SR 8R4 AOPRIa 11 -X-0-Si-R4
wherein X, 1209'/4 WP w5 Bpdiy defif Serdieyveict BEE AT B G ofhBYS HEAERd A terminal group
of the generatfommakzd] ttshowrmekeve parendert firictionablisagcpoigme deatiiemavimoinéss, such as
monomers detiveddfiomyaafiediithneihacykoagid maleic acidufprefenabhy iethe tferm of a
monoalkyl egigywith-l rREDAN2AMS) effumanisacidLuaieranlyein tbadetrafratraanalkyl ester with
1-6 carbon algros). WV RSP IR RS INAranas W GRHR,, | Fintie ; SHEAULAHERS) group, shown in
the above 20itmulac. ) of 1L 33, 34 00, 3 M BN saime ot AUTEIENT, SUEHAS G- 20-alkyl (6.0
methyl, ethylc, prop Iy utyl, cyc oa‘i yfsucsh as cyccla(‘)%exy and substitute cyclo%ex{ﬂi aryl (e.g., phenyl
and naphthy 8t SBSEIEYERIFEE 9., substituted phenyl and substituted naphthyl). Examples of
substituents for aryl halogen, C1.10-alkyl,sulphonyl, nitro, or amino. Thus, specific examples of a
suitable triorgamosityhityrotgie(rel thde@i(RB) (RAREytproigp)LEstroveiem thedgeneral formula | or 11
include trimethylsilyl, triethylsilyl, tri-n-propylsilyl, tri-nbutylsilyl, tri-/so-propylsilyl, tri-n-pentylsilyl,
tri-n-hexylsily}, frispraatylsiyb-taAnsaryizibltinbemdsiie tiR-methvrbendsilv «dbenzylsilyl,

- 2-methylisopiapXISIYL 1t ISHbUVE: WO 20A0I080R MRS THER 21 QI9S A 16l
ethyldlmethy[fsﬁg?l, n-butyldimethylsi i; I-ISO-pro I-n-but 'lesnyl, n-octyl-di-n- ut¥IS|I l,
di-iso-propryfSetEIERISayT ,s(t:ﬁ(r:?c:l%.}%?ﬁ%ee §Fs'ié?)i%?lf'ee7f'-8u '?&Fﬁﬁ%wrgs?ﬁ}ii,z%fjo%chﬁc%%ﬁghgﬂsilyl and
diphenylmetMAiRiar g pEeRheRiped eS8 e thack i d¥ R HaR vEY RTIBNOMERY Béaring at least
one Stermindppfemblof trupsaciairiorhiitadonthinedlidestrimethylsilyi (meth)acrylate, triethyl-
silyl(meth)acrylate, tri-n-propylsilyl(meth)acrylate, thisopropylsilyl (meth)acrylate, tri-nbutylsilyl
(meth)agyylaig otitneberiysiivhdreity) acryiates winesiibidyisdyltmetnaeiviataotbaramylsilyl
(meth)acrylafg, tinshexy IRyl (MEINAGEK e « HyRoc sl meiRiRa R trinadodecylsily 1 ,
(meth)acrylate, tr herytﬁ'%’%gﬁiﬁgne%‘;)t%% @t&-?%!-'af%w‘"%%‘éf'g‘%@%” '§'1‘,ﬁ9? %%E%)ﬂa%%oa%'%e' tribenzylsilyl

(meth)acryla%e, éjtlrynﬁﬂmet yi (meth)acrylate, n-buty (meth)acrylate,

methyls
diisopropyl-rEESEE A RETNEANAa S ATE WAL B rsil)F %?ﬁ')%sc 4t€; 4iZopTSpy Stearylsilyl
(meth)acrylaferHrRYRsTesEARh Erfy Ry EURTEtD IR &N TRy BiBASKY IS FEnfeafiaciiifates and
lauryldiphenylsityas @hexlidacfitand, Spocificteiarpiescbfes itatileniaksiie ctididerfeed and fumaric
acid-derived snonoemdesbeaiiagibatdeast one terminal group of the general formula | or Il include
trilsopropylsilyl methyl maleate, trilsopropylsilyl amyl maleate, tri-n-butylsilyl n-butyl maleate,

tert-butyldiphenylg;fy| WQXLEP%'&%S’etEQHQ’J%Q&%QN%%éJﬁEEQHQH&H%@P&%%QQ%PEQ@&’JéHM%Sfﬂsltmthyl

fumarate, triisopropylsilyl amyl fumar tri-n-butylsilyl n-butyl fumarate, tert-butyldiphe

fumarate, an%%%’ﬁ-%%jﬂ/l i%ﬁ%ﬁﬁ%%%ﬁ?—%%&ﬁaﬁgr%f%%?&fﬁ g%g?rﬁ\gr%‘s%négmg%ebgé w%%%ttr%%he present
invention, th&'dBEFER)ME? 157 RES(REEY % fRE BineRT 8 SR ESTRBPUEE o BN FuHREYRR a terminal
group ofthe gEMBRs| FORARECR S HFSEIR et s U PRFRETh S HagiBAANAth A e s EER oG er B of the
general formodéoit iNE-(@d (RIAROCH (B ei®seZ (H 1) whitreind as®te20~akyt giaip or an aryl group; Y is
an acryloyloxyngsauenss mephaendo - 2 axygaiet pna el eineytoxyograupycipalika maroyloxy group; RA
and R5 are independenti-selectedframtbe arodpieopsisting. of hydrogen, C1.20-alkyl and aryl; and p
is an integer of 1 to 25. If p> 2, RA and Rs are preferably hydrogen or C1-13, i.e. if p>2 the monomer

B is preferably derived from a polyethylene glycol or a polypropylene glycol. 30If p=1 it is contemplated
it e G B B R e BB e

for the plrpoSey GRsEIEEarhErdM WAKSES 71 BN6E 947 SERSTAED S0 YH R4S occurming, as

long as water activity is limited, or the enzyme activity is controlied by other means (pH,
temperature, salinity, inhibitors) untll there is no water left in the material.



19 As shown in formula 1ll, monomer B has in its molecule an acryloyloxy group, a methacryloyloxy
group, a maleinoylox roup (preferably in the form of a mono-C1.6-alkyl ester ), or a fumaroyloxy
group (prefer %}‘/ ¥8rm of a mono-C1.5- -alkyl ester ) as an unsatué?ér@gzrodp fﬁ7and also
alkoxy- or aryloxypolyethylene glycol.In the alkoxy- o @ryloxypoly- Sethylene glycol group, the degree
of polymerisation (p) of the polyethylene glycol is from 1 to 25. Specific examples of monomer B which
has a (meth)acryloyloxy grouP in a molecule include methoxyethyl (meth)acrylate, ethoxyethyl
(meth)acryla ihe =R JESAaRE  butoxyethyl (meth)acrylate, hexoxyethyl (meth)acrylate,
methoxydlethylene egcoI 10(meth)acrylate methoxytriethylene glycol (meth)acrylate,
ethoxydiethyteaeighyeobfiaeth)achdatesandrethoxytaethyledecghicob metbdact yaténd peeific examples
of monomer Biwehich has armalenayioxy @k folgraneyexy-gretss, isna moleaume dneludesmethoxyethyl
n-butyl malegte ethoxydiethylans alyepbmeiiylimalpais shexyiiethianaplyrRbmeiyl maleate,
propoxydiethylene glycol methyl maleate, butoxy- 15ethyl methyl maleate, hexoxyethyl methyl
maleate, methoxyethyl n-butyl fumarate, ethoxy- diethylene glycol methyl fumarate, ethoxytriethylene
glycol mEthﬁTﬁ%?Sféoﬁ%ﬁ%ﬁfeW%e@W SF%é?hy??St'm At BUSxVethyl methyl fumarate, and
hexoxyethy! PABERAGHTRIFARFAUEN AWM BE ARBIERLEBEERY te e RER SKIRBLRIAHE Ere Siher vinyl
monomers nigyber2incorroratesdiivethiearesubitndydorpolyriet sonipasimyaitiétpio®dier units having
a terminal graup af theogerersy fonmulailings Royvm abovets af BtibeekesUitirig coyyclyieer comprising
monomer unitsuavingha derminal-gsastinbef e aengsakiannuia WLghowmakavelinseerination with
the secopd manamer f_%ngt %J@gpa% Ue!l&%?éﬁ’ﬁb?’é?é&’%)a toW'E‘PnB%ﬁP@&E&QoOéB% MRAQEESS
e e D e I, 2O B el
monomers suc e V|n 1yn?er|sa € monomers f)A) discussed above. Itgls preferred that the
proportion oiﬂﬂ?‘é%ﬁ‘?ﬁ%‘iﬁ%ﬁmﬁ‘awng a terminal group of the general formula Il is from 1-95 % 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 Bléripyevefiglhientirdasiso b0t taikEsweiylht oftheinesidortiers) hemmlecular weight of
the resulting sarpalymektbushobjaingddscesisalaly dndthe rangeaohiy 000 OO0y swehk as in the range
of 3,00Qs100,09918¢@1i8, the [RBG8:0EPNG:IRA0NAQINterns Qf-weight-aureage saglecular weight. In a

furher interesjing smhodiment a1 he, WA B0IQLORSRZARCIIERRQAAINAAS g9 present invention, the
binder system tO be u ln the %oatlr%]qnc? SI'[IOlﬂJ accC I getO the |rrgvent|(%n com rases a

e iDW Iron oxige, r ZiNc 54
rmlna rougf ormula I—P(as Scussed above)

co-polymer hqa\f)ng onomer units 'wi o¥t e genera

in combinatiGAYMheX SRR GHRSHGHRS: €167 TR BPHISHRTIRIVMS KB 85T ESilerein v is an
acryloyloxy gie0jMaiskh &EFIDLY R oUPP H P AIGIRBYIOR\P Y Po GRPBIF AHTHEFOPINNE group, and both of
R5 and R7 arseri@ioid BialkapheAssimown driderrmitddNiermranambels-Eckfascit-its aibiese it an acryloyloxy
group, a methacsydaylooingrbtyhra prateineylaxyrgreupvprefecablyitaitiieifore of a mono-C1.6-alkyl
ester), 1001 fiAapRreMixY, aroMns(Rratarahiy indhedarmeretaimanod(e] romdkil estarpasan unsaturated

group (Y) and alsq ahemiacetal.araup. Mppgmer 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 add (or monoester thereof), with an . E‘éﬁql vinyl ether (e.g., ethyl

vinyl 15ether’ B?BWP(HPF)/P’éﬁ’?é? PR Vet HESASFHOT e UgheP YINEG PN ether), or a
cycloalldd vnﬂﬂ Bt sdg) Voo RextyPyin e tReds. A8l /b YRSt SEHBTEEY tifepiddn skilled in the
art, other vinybmyosiopnevémaaxiyessrddrporatedaint thehresulimgeeoqelyimerrcorprisimgerionomer units
having a termainal grougaf the gepemtdormulartt{shewsabove hineomiingtioohwith tihe second
monomer C Qetrl&.eof 10-75 % by wet weight of the coating composition.

The pigments phase may further include pigment-like ingredients such as filiers.

30 Examples of fillers are calcium carbonate, dolomite, talc, mica, barium sulfate, kaolin, sliica
{inciuding pyrogenic silica, colloida!l silica, fumed silica, etc.), perlite, magnesium oxide,
calcite and quartz flour, molecular sieves, synthetic zeolites, calcium silicophosphate,
hydrated aluminium silicate (bentonite), organo-midified clays, anhydrous gypsumn, etc.



20formula IV (shown above). With respect to other monomers co-polymerisable with the
above-mentioned monomers, use may be made of various vinyl monomeg%guz%rllo%ﬁé@ vinyl
polymerlsable‘W&%r‘(ﬂgﬁg (A) discussed above. It is preferred that the proporFon of the monomer
having a terminal group of the general 25formula Il is;from 1-95 % by weight (preferably from 1-80 0/0
by weight), that of monomer C is from 1-95 % by weight (preferably from 1-80 % by weight), and that
of other monomer(s) WO 2010/089378PCT/EP20101051437 21 Cco- merlsable therewith is up to
98 0/0 by welgFESAt R LB amet5ed A EIghTSY i PhETBHers. i e"rtn% &8 weight of the
co-polymer iEHELIFEMPTH fREfaifgle BPtCOBBRYT g0 cHbrérarly M tetaiR) as3lEn 200,000, such
as in the rang@not&000-100,000 in terms of 5weight-average molecular weight. Metal acrylate binder

system In an interesting embodiment of the invention the binder system to be used in the coating
composition acaerding tetheHnvention srnises a metahasiiate-saipebraarbavingAteast one side
cham Degrindl aldaelens {sig@g%w%%@w%s%@m@g ey M 4l 3 wherein X is

-C(=0)-, -5( metg5 jaying a valenc or mo tee% r of 1 or more

efisand in
s set
with the prowgo Tni% uaVs t t""?naectar] Valenc Cia_ven%fﬁsbr Eﬁnei?:eé%?& reS|due and each L is

|ndependentﬁfcsbI@?ﬁ't’élﬁefr@ﬁf'iﬁBLﬁ?Bi?p‘)&H}?s‘?é‘fﬁ?Q}‘/@Pp%at@” Wi I K PIEEUIRS - 0- Re 11 -S-R4
and -0-S-- 1:2atenals are tprereintRed i3S EHENBVar Metgarie RESfdue, or L is -OH or combinations
thereof; R3 is 15hydrogen or a hydrocarbon group having from 1 to 10 carbon atoms. Examples of
monomers havingiasterminabereup wbibegenaralformuaeaily {shown abae)mre aeidvfumctional vinyl

polymerisable moaRromears.«sueh Bs-dpethacrylic acid, acrylic acid, p-styrene sulfonic acid,
2-methyl-2-acrylamide propane sulfonic acid, methacryl acid phosphoxy propyl, methacryl

3-chloro-2-acid phosphoxy propyl, methacrgll acid phosp hox 20ethyl, itaconic aC|d hmalelc acid,
maleic anhydRAESHBRBARATRESHSHE 65 & '8?5‘“353@@1 r%ufﬂf "Zth%/ KSR

monai af Mmaleate (e.g.

methyl, ethyPBUEA? hregistRendmgire st bt %ﬂ%ﬁﬂ%ﬁ”@'@r\/\ﬂfﬁoﬁ fb%lt%ﬁ?ﬁﬁ?ﬁﬁb polymerisable
unsaturated fosmne(eubsthatibbsi roitudeisicharinpiiridea mxiididalshydiri@ssiphthalic anhydride
with 2-hydroxangdtnt:methacryated ndi ©x<20:10/G393r8REDYBR2086/b4 437 RRtiheabore-mentioned

monomess MayhecRpPalimpdsadiinaidesia ohtaiertie aarealympbmath dnensibraareNNY!
polymerisablg.mopomers. ﬁe@m@%&f é&é@é’t&é‘@@dﬂ@'h@%&%ﬂ@@r@@#ﬂ%@ﬁ aeamethylacrylate,

ety et aTIalE: SRR s WISl eLARIe ProRY BVIAIS I MethagR(are, bty
acrylate, butyl me%hacrylate oct{/ élefae oc Smet acrg tatee,{ Wzogto 34 acrylate 2-ethyl hexyl
r|

methacrylate TRISEHSRY BRI FhatmAdes, gy enem?/‘ﬂylaf' IUENE VN Ae,

ine, V|nyI p% rolidone, vinyl

acetate, acry?é?ﬁ‘fﬁl@a'Fﬁéﬂﬁ‘éb??ﬂ@?ﬁt?ﬁ@‘edﬁﬁ%"tﬂﬁ/ﬁ?a%‘ﬂﬁﬁe F%I‘E&T@ﬂ‘ﬁrﬁ dﬁﬁ’t@rép?%ﬂ'ﬁllf 5yl itaconate,
dimethydtmalbatieg di (Qireting Feaog) himfeirnt Sty leeteprops ten denath VoI SHERSPOWiIth respect to
the ligand (L reash tndddusbkl gandes pirefesaiphy Belected-feonethiergsots cevmsistitigiohtlll -S-C-R4
-0-C-R4, 'O‘GeBﬂon@riBgetween the dimensions can be evaluated by the following hypothetical
experiment: A regular, right-angled box is constructed around the fibre. The box is
constructed so as to have the smallest possibie volume, as it should fuity comprise the fibre.
25  To the extent that the fibre is curved, it is (again hypothetically) assumed that the fibre is
flexible so that the volume of the hypothetical box can be minimised by "bending” the fibre,
In order for the "fibre" to be recognised as such in the present context, the ratio between the
two smallest dimensions of the box should be at the most 2.5:1 (preferably 2:1) and the
ratio between the longest dimension of the box and the average of the to smailest
30 dimensions of the box should be at least 5:1.

At present, especially preferred are mineral fibres such as mineral-glass fibres, wallastonite
fibres, montmorillonite fibres, tobermorite fibres, atapulgite fibres, calcined bauxite fibres,
voleanic rock fibres, bauxite fibres, rockwool fibres, and processed mineral fibres from

mineral weol.



011-S- R4 and wherein R4 is a monovalent organic residue. Preferably, R4 is selected from the
group consisting of - C- R5 R5- C- Rg ' - Rg - Rg and Rg, R6R6 15 wherej IS hydrogen or a
hydrocarbon &gﬁﬁz%ﬁﬁé from 1 to 20 carbon atoms; Rs and R7 each?l)n &%ﬁ%@gﬁiﬁepresmts a
hydrocarbon group having from 1 to 12 carbon atoms;;R5 is a hydrocarbon group having from 1 to 4
carbon atoms; and R9 is cyclic hydrocarbon group having from 5 to 20 carbon atoms, such as abietic
acid, pallustric acid, neoabietic acid, 20levopimaric acid, dehydroabietic acid, pimaric acid, isopimaric
acid, sandard0SpirrEiEtalin AT RS Ci iR AREREa° W Tﬁf@@%?@%ﬁﬁéﬁ’f&l /051437 23
Examples of'€othpoemids Which PhEi FertiReEPES fdtids are: (1) Compounds comprising the group
e.g. aliphatic acids, such as levulinic acid; alicyclic acids, such as naphthenic acid, 5chaulmoogric
acid, hydnocaretsitaadds neotahietggidotevepinaris, acithpal psttengait, @ncentration of
methyl-bicycls3ig-L-ReRIaARy 2rcRbadicracid: Aspraatic carboxyic addegHEbr @ saligyéic acid,
cresotic Qddtgﬁ%gggggpic acid, 0-naphthoic add, p-oxy benzoic acid; halogen containing aliphatic
adds, such as monochloro acetic add, monofluoro acetic acid; halogen containing aromatic acids, such
as 2,4,5-trichloro phenoxy acetic acid, 2,4-dichloro phenoxy 10acetic add, 3,5-dichloro benzoic acid;

nitrogen-contaRRYY Sy e <h & OR 2ROV ITABITTE Lar ORI BERT PR bagtit dtst Wnitro benzoic
acid, nitronaptithatene wariorgiiciatidy raerae diamsoliecc abisd strtds Purhieadi vipinic acid;
uracil derivatiwegs sughsas uracil4-carboxylic add, 5-fluoro uracil-4-carboxylic acid, uracil-5-carboxylic
acid; penicillin-derived carboxylic acids, such as penicillin V, ampicillin, penicillin BT, penicillanic add,

penicillin G, 1ppenigilin s Rifasnyrl B LraRRmMCE mACORYGIR, GRIRRO3MP beRAIRRwariotin,
Trypacidine; &wnvtﬁ“%ﬁg.Se%gthagng;mif%gﬁ% ég%n%oamep%qgmmgggﬁsg%@ grgup e.g. dimethyl
r

dithiocarbamate and other dithiocarbamates: _3 Com oundstcozmgrgstkr}gergg%ig{gwo_wo
2010/08937SBCTTEPYOTUIGH PABF 24T Gy P is(dithiccarbamato)zint,
carbarmmato)manganese, and cormplexes between these; bis(1-hydroxy-2(1H)-pyridine-
thionato-0,S)-copper; copper acrylate; bis{1-hydroxy-2{1H)-pyridinethionato-0,5)-zinc;
phenyl(bispyridyl)-bismuth dichloride; metal biocides such as copper, copper metal alloys

15  such as copper-nicke! alioys; metal salts such as cuprous thiocyanate, basic copper
carbonate, copper hydroxide, barium metaborate, and copper sulphide; heterocyclic nitrogen
compounds such as 3a,4,7,7a-tetrahydro-2-((trichloromethyl)-thio)-1H-isoindole-1,3(2H)-
dione, pyridine-triphenylborane, 1-{2,4,6-trichiorophenyl)-1H-pyrrole-2,5-dione, 2,3,5,6-
tetrachloro-4-{methylsutfonyl }-pyriding, 2-methylthio-4-tert-butylamino-6-cyciopropylamine-

20 s-triazin, and guinoline derivatives; heterocyclic sulfur compounds such as 2-(4-thiazolyl)-
benzimidazoie, 4,5-dichloro-2-n-octyl-d-isothiazolin-3-one, 4,5-dichloro-2-octyl-3(2H}-
isothiazoline, 1,2-benzisothiazolin-3-one, and 2-(thiocyanatomethylthio)-benzothiazole; urea
derivatives such as N-{1,3-bis{hydroxymethyi)-2,5-dioxo-4-imidazolidinyl)-N,N'-
bis(hydroxymethyljurea, and N-{3,4-dichlorophenyl)-N,N-dimethylurea, N,N-dimethyi-

25 chiorophenylurea; amides or imides of carboxylic acids; sulfonic acids and of sulfenic acids
such as 2,4,6-trichlorophenyl mateimide, 1,1-dichloro-N-({dimethylamino)sulfenyl)-1-fluoro-
N-(4-methylphenyl}-methanesulfenamide, 2,2-dibromo-3-nitrilo-propionamide, N-
(fluorodichloromethylthio)-phthalimide, N,N-dimethyi-N'-phenyl-N'-(fluorodichtoromethyl-
thio)-sulfamide, and N-methylol formamide; salts or esters of carboxylic acids such as 2-((3-

30 iodo-2-propynyhDoxy)-ethanol phenylcarbamate and N,N-didecyt-N-methyl-poly(oxyethyl)-
ammonium propionate; amines such as dehydroabiethylamines and cocodimethylamine;
substituted methane such as di(2-hydroxy-ethoxyjmethane, 5,5'-dichlore-2,2'-dihydroxy-
diphenyimethane, and methylene-bisthiccyanate; substituted benzene such as 2,4,5,6-
tetrachloro-1,3-benzenedicarbonitrile, 1,1-dichloro-N-({dimethylamino}-sutfonyl)-1-fluore-N-

35  phenylmethanesulfenamide, and 1-({dilodomethyl)sulfonyl)-4-methyl-benzene; tetraalkyl
phosphonium halogenides such as tri-n-butyltetradecyl phosphenium chloride; guanidine



e.g. sulphur containing aromatic compounds, such as 1-naphthol-4-sulphonic acid, p-phenyl benzene
sulphonic aC|d 3-n A aphthalene sulphonic acid and guinoline sulphonic aﬂ% éﬁéé{z&n g,pnds comprising
the group -S- sﬁ)c% 0% compounds comprising the following groups /7/or ompounds
comprising the group -0-- such as various thiocarboxyljc compounds. (6) Compounds comprising the
group -0- or -OH e.g. phenol, cresol, xylenol, thymol, carvacol, eugenol isoeugenol, phenyl phenol,

benzyl 10phenol, jacol, butgl stilbene, nitro henol ni ro cres ethyl salicylate, benzyl

a
salicylate, mofioe a%Fs FHD 0y %ﬁd@éﬁ?{é Bty e?lrbEe c%f’bjroc?rsesuo c% oroxylenol, chlorothymol,
p-chloro-o- c%ﬁ?%@l %ﬂ%@?ﬁloﬁlcﬂ‘ﬂkﬁ@% t@?@[ﬁﬁ‘@ﬁ'ﬁrf‘l‘Lﬁﬁ@ﬁﬁﬁ”*ﬂdéhlﬁ%aﬁdﬁﬁ@& ri‘ﬂ’l%nol
p-chloro-o-berpbysitepeih pschidrtroitieniz3itnctinsselicara-ether pridiee BirfaprmeS-hydroxy
guinoline. 13)iherespetitiveth@aretal (M), any metal having a valency of 2 or more may be used.
Specific examples of suitable metals include Ca, Mg, Zn, Cu, Ba, Te, Pb, Fe, Co, Ni, Bi, Si, Ti, Mn, Al
and Sn. Efefﬁfers%qtﬁ%%pdﬁeeﬂfe% €Q: Ni: SblroBhhMBe AN T SR RALHGHIRTGU ARGHENsAVhen
synthesising the metal-containing co-polymer, the metal may be employed in the form of its oxide,
hydroxide or chloride. The co-polymer to be used in the binder system in the 20coating composition
according toth&R/EfTGH ARPHESIEHaea a8 B icd MEPY~ER 202 BIEP 0 342 276 B1 or
EP 0 204 456%B¢tev\f@r20‘m08@$vmmeﬂ9/mﬂﬂmm?srehew@srmen%ﬁﬁé?é%ﬁhw&r?g%é%ermmal
groups of the-gemersl-foflovutentytiaboxrecmaydbeidazpo lyamienged-¢mrordes. te:dbtain the co-polymer )with
other polymerisaldednsaturated monomers, any customarily used ethylenically unsatured monomer
may be used. Examples of such monomers are methyl acrylate, methyl methacrylate, ethyl acrylate,
ety Smghacty gl Hrony o%%wﬁ;,%mqg @;u%&}aﬁ 3/et&tbwp%gwl%te@gngmemqsryéate octyl
acrylate, octyl met (%//ate exyl acr I m{e{ghgcryg%tg Ené-;tlgox . thyl
methacrylate sf;%é’r?é ?ﬁ’yﬁoﬁje eso\'/lﬁy bj)'}?l ne eV|ny pyrol 85ne vm acetate acry onitrile,
methacrylo nifHERMBRHYPHITEMHERES HButyl itaconate, di-2-ethyl hexyl itaconate, dimethyl maleate, di
(2-ethyl hexyl) maleate, ethylene, propylene and vinyl 10chloride. One particular type of co-monomers
is acrylic or methaerylie estessonh erginttbferel coftolg esidueitine|udes @l Bulkyrhyéitocarbon radical or a
soft segment,fehexranpea pranchad alkybesierhavingdt of tnare.caibioss atopscor abgycloalkyl ester
having G-0r mare, AR ARBVAKUGIR AYEOL (?"Qﬂ@sﬂ%)d@@ QeMRAPNEHacate optionally having a
terminal aIkyI ether roup or an adduct of 2- hy roxyethyl acrylate or methacrylate with caprolactone,
15e.9. as descrlgngDn EP 0 779 304 Al. If desired, hydroxy-containing monomers, such as 2-hydroxy
ethyl acrylate, 2-hydroxy ethyl methacrylate, 2-hydroxy propyl acrylate, 2-hydroxy propyl methacrylate
may also be %eeghde; %ggéjld be noted that in the resulting co-polymer, not all the organic acid side
groups need to contaln a metal ester bond; some of the organic acid side groups may be left
un-reacted in 20the form of free acid, if desired. The weight average molecular weight of the
metal- contalﬁﬁf’gb&?eﬁ@f?ﬁﬁ’e?flg‘ﬁé?%%Iﬁofﬁpﬁfét‘i’ﬁﬁﬂé“%m?o‘?ﬁrf o0 R L4000 A SHERRYS in the range of
from 3,000 tocXCBRO0s preferablpinthenrangetint frsd BY0e6ItHh®B8;000. In another interesting
embodiment of the invention the coating composition further 25comprises an amount of an organic
ligand agdeasteeuildpdne-liganeio-petalisannrdinationrasignin: tofnis rganicdigang being selected
from the groweﬁ%%%'mq%t ?ﬁgmﬂeeI&stemmwa%m'a@m% HrRacOmRQHAdswalcohols, phenols,
aldehydes, kelanes, CAMAUIC acids and oIganCURLEL GOMRONATS gTEPI g co-polymer

defined above orms ap mer comP ex with the organic |i : t}ln Sit ut ]t xerg les %)f monobasic
organic amd§'l§?§5‘6f‘é’%? %Wﬁ"ﬁ@t% HYB |8e§7§ﬁﬁ'ﬁs€fﬁdn On?gnooc%r SoxyMcAciHS 'SUch 8 4 cetic,

propionic, butyric, lauric, stearic, linolic, oleic, naphthenic, chloroacetic fluoroacetic, abietic,
phenoxyacetfoy Vadaricoaic i dhapanoxyacetie cherzorsant Aupiioicvditidesand engdutphonic acids
such as2enzgpesitiphosievatichs pa Niide2 01 46892y BRGHHA: R20:b0 BB Id3h26urposes and

yacht purposes, respectively, are provided in the following.

For yacht purposes it is believed that, the following types of constituents within the binder
system are especially interesting: (natural) rosin, rosin derivatives, disproportionated rosin,

partly polymerised rosin, hydrogenated rosin, gum rosin, disproportionated gum rosin, acrytic



toluenesulphonic acid, dodecylbenzenesulphonic acid, naphthalenesulphonic or
pphenylbenzenesulforic acid. A preferred method for producing the polymeri ' It has been
disclosed in Jg[?a"'r?é(ggsggfent Kokai No. 16809/1989. 5Further binder cé%%%%%ﬁ?sgﬁﬁz
above-mentioned binder systems (e.g. the non-aqueegus dispersion binder system and the silylated
acrylate binder system) may have included therein - as a part of the binder system - one or more
further binder components. It should be un,detrstood that tple I%in_d%r com on?rllrt‘srm [}Hg)ned below may
also constituTet B BHOE SSEHMHr. Ie G T A TP e RTatioh Of Bie DIRdErSystem. Examples of
such further BIRIEYEEMBOAENES AFescRb ST HE% YAV ES WA SO Htal salts of rosin i.e. resinates,
oils such as linseed oil and derivatives thereof, castor oil and derivatives thereof, soy bean oil and
derivatives thereefiansLaihes, poly meriedingeceamponentpsuch tiscatyrated, polaster resins;
polyvinylacetate..Rohndayibubrratadnalyyinvablotdeeld aaataiecarpalymesealninacetate and vinyl
isobutyl ethey; vinylehloride:, cagopymers.fvipyl chlaride andevinyl-rabuidiGNAE Bhsweheesins or
modified alkyd resins; hydrocarbon resins such as petroleum fraction condensates; chlorinated
polyolefines such as chlorinated rubber, chlorinated polyethylene, chlorinated polypropylene; styrene
copolymers sigh assty'saeibidiadisnecaprlymers, styrene/methacrylate and styrene/acrylate
copolymers; 20acrylic resins such as homopolymers and copolymers of methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, isobutyl mgtha&&ylatg and{L isobut I,metha(;g/laﬁeéj h(}/droxy-acrylate
copolymers; P5iyamitdE¥EEHE ¥R 8y aRide his 0o it &ifE&d fatty GidE, Such as dimerised
tall oil fatty aBleR:! eyeRsaerpEHekEe SRR HeE R rEBbRIARE R R BRATFE M ES e poxy polymers;
hydroxy-polyethaetyiesshsT pefyamissrbsiss petdculaevien s 25 CBiso RS iersst) Thedterms "rosin”,
"resinated’ anehthaylikeuisitnie mekeoltoineféntapgemy rasmnweind sddgih-obgrates g, D, E, F, FF, G, H, |,
3, K, L, M, NeWiehW-\Wdas definedddhie ASTM 0509 standard); virgin rosin; hard rosin; yellow dip
rosin; NF wood rosin; tall oil rosin; or colophony or colophonium. The terms "rosin" and "resinate" and
the like are a|so intended to 30include suitable types of maodified rosin. i rticul lgomerisation;
hydrogenatizca}Lr]?;ed’é?ﬁ'S/a “oeﬁg?ﬁgfﬁ%eﬁ 'Ofofre’gg]enﬁg’fi,gﬁ%j%spﬁ{gégyﬁﬁoﬁg%[%n/ﬁ%’gﬁr%ﬁtgﬁﬁgi?;}f‘ée%%ﬁat will reduce
the amount GEEBRHTGRtEGABIRHOMARE Q0B Botis' e YT P FIEPA1 51051437 27 It
should be urkRbrE&stsEbiRA® TREGY EEI BT R EF BRTECREBIRpYHEHEITRYPIR IR POYARIEITE flexibilisers
such aslthoseryente ralybiotts pedificatiprdefinediatWon $744140de thith ischerebiptacogiorated by
reference. Thewsnyaaitenoh sticknfutthersbiacler compenentsisdyp{cally Bt Odbostapiieet weight.
SFurther congtituents Qfifheindenrhase ThabivderpRasent.e. the phase corresponding to the
continuous phase of the final (dry) paint coat) may - besides the binder system (including the further
binder compc%ﬂent%)_ - Of COLH'Se ?é,l’{sr}(r?-.nceltg’dgnd T aségl gwqm\s/?ﬁgvean l%ns cc:)ell\r!n%gtg ’rasnv}éﬁg %Sp%ﬂ%e"r suitable
constituents t0 be neflidec |r{5fﬁae Bindér p%ase ot coating compositions. 10Exam ‘ﬁes of gﬂ/es are
1,4-bis(butyl&filraarRFadnTLiE B RHRr st Rt AYHAHE R AR O E Wt Etc. Examples
of additiies aretpradiicirersrstaraectiforhiateer farafinpRiRalatés Stich'd< 885uly? phthalate,
benzylbutyl phitsalate, iUty # Slithiéd ates rinesn Baty hpPitbisdzitenditd ¢1ISbU@eyF phthakaessphosphate
esters such asitrigsesybfRhosphateonenylpgre) pisasphatecangiyl thbakiicketngeneoxy)ethyl
phosphate, tifidaxyethvtrlpsehaies soReinhpsnaaie andue neiyibruykeRbesytahosphate;

sulf Onam'dessapﬁa as Nsethvlnstolugnsulionarige-alkyliptolyens syligramide.adipaies such as

bis(2-et9¥Ihex%e%a9ipate ) q,ilsobu&yl gg%gfgggd giair(])%teylagfijpate; phosphoric acid triethyl ester; butyl
S0

0 fcation No. ATE<lep . .
stearate; sorBitah Hfoa ; and epoxidise 6an oil surfactants such as derivatives of propylene

oxide or ethylene oxide such as 20alkylphenol-ethylene oxide condensates; ethoxylated
monoethanolEmmidés axfrgrisHtentiadfampersil st za rahb skt hienpemakchihric® of linoleic
acid; sodium stogdiecysisuifatenalksdiphrendbethexylates; and soya lecithin; wetting agents and
dispersants; defoaming agents such as silicone oils; stabilisers such as stabilisers against light and

heat, e.g. hindered aming light; stabilisers (HALS budabydiexYsMetRebRIZRReAP RS, R (5-chloro-
25(2H)-benzog|iaarlzﬁolrsz- %%Fgf”-metrlllxlb?é(tert—butyl)phenol, and 2,4-ditert-buty1-6-(5-

chlorobenzotfiazo Yé-y%p enyoﬁpgta%l iSers against moisture or water scavengers, substituted
isocyanates, substituted silanes and ortho formic acid triethyl ester; stabilisers against oxidation such
as butylated hydroxyanisole; butylated hydroxytoluene; propylgallate; tocopherols;
2,5-di-tert-butyl-hydroquinone; L-ascorbyl palmitate; carotenes; vitamin A; 30inhibitors against
corrosion such as aminocarboxylates, ammonium benzoate, barium/- calcium/zinc/magnesium salts of
alkylnaphthalene sulfonic adds, zinc phosphate; zinc metaborate; coalescing agents such as glycols,
2-butoxy ethanol, and 2,2,4-trimethy1-1,3- pentanediol monoisobutyrate; and thickeners and

anti-settling agents such as WO 2010/089378PCT/EP2010/051437 28



aluminiumtristearate, aluminiummonostearate, ricinus oil, xanthan gum, salicylic acid, hydrogenated
castor oil, polyamide waxes and polyethylene waxes. Dehydrating agents such as orthopropionic acid
ester, orthofoﬁ’ff?(?(g&&s’?g?er, orthoacetic acid ester, alkoxysilane, alkyl JidEER kG a ethyl
ortosilicate, or isocyanates. 5It is preferred that the cqgting compositions comprise dyes and additives
in a cumulative amount of 0-20 Ws, e.g. 1-20 Wo, by solids volume of the coating composition. When
related to the total weight of the coating composition, it is preferred that the coating compositions
comprise dyBEERPHYALRRRES AR W NEHTS AR GrORIB IRV E YT 0P84 By WhEREIG ht of the
coating compositiorFtar GFEHm v o5f SRR dre HIeGHEI8 U hvay ArdtRiafibFeatiztaor propanol,
isopropanol, dutengipischetarnotrafdbenzyt atdohetjdliphatis; Eyd daliphaticand@reomatic
hydrocarbong&stah AsHehite s ceeebexaNen oo Rie, e resad Yapbiha solverd: ketones such as
methyl ethyl ketone, acaiangiRetyldsoluiy kelang JrRetykiseamyl-keteng.diagetane alcohol and

cyclo- hexanoge ek aleanal SRl AS. updieRyFInaNPLBIORVIENS AYGY MANAMEly ether,

B
15ethylene glycol monoethyl ether, ethyl ether and puty| diglycol; esters such as ethyl acetate, propyl
acetate, metﬁo%rﬁ’rr%ﬁg}ﬁsgégtséafaevf aﬁe-Blﬂttﬁ/%/ RISRTAtY 5?13('11% ig/eth()o%(%veetfalg‘lloz\;fqé"e 3 (5;t (c:th%r‘?naacéd hydrocarbons
such as metif{f&ie chloride, tetrachloroethane and trichloroethylene; and mixtures thereof. When
related to the total weight of the coating composition, it is preferred that the coating 20compositions
comprise onéammerefstiwesits moacurudativg ameunt efHHE0r8hsteagryif=260.Wo, by wet weight of the
coating composition. In the present context the term "Wo by wet weight" is intended to mean the

weight/weighy perrentage . atihe weldnafiae althe Gopling GPMAQSIIPE-Jliszhesd Beginderstood that

solvents are include[g, In thgcpresent context the term "9/ci by solids volume" is intended to mean
cgntained in the shell component.. . . . "
the volume/volUMe percentage of the solid (i.e. non-volatile) matter of the coating composition. It
should be understood that any solvents (i.e. volatiles) are disregarded. Preferred embodiments
Currently prefeeregremibbdiffents efate preterehiscitiontaedheToifoniig ¥ohing-3bcompositions:
WO 2010/01938RETIEF 20101081487 220 ohoukn termeyrmebasedxselbpaiistamy itaatifapleomposition
cor_nprising m%&ys&ﬂﬁeémymlmﬁe@f@éziauder ;pha&ermrt}ma_w&atrmpéxanbjnehervsyst@maand 25-50 % by
solids velume; of aspigmeat Ahase.Sait RIgME N MRS LomRigIng.) starard:¢ddan enzyme

se[ectec_j fro rf%ﬂﬂX?%%%@s@@t@%Wt@i 20-49 % by solids volum.e qf the dry coating, ar_1q said enzyme
being 5immobilised on said starch. B. An enzyme-based self-polishing coating composition

comprising 50-75 % by solids volume of a binder phase in the form of a binder system and 25-50 0/0
by solids volGFiE8PY HryAReRIpRASE S5d BIPRENEIh AR EHIpIRNG Y etardA™id (h°dR%nzyme
selected fronf @iyl asserahhahSdineRre RO G yssHlits308I M BB théf dry 'esating, valhd said enzyme
being 10immahiizediorsais starchs rah KIHanzyenelisbisedzs el poti shinmg o ding tomnmposigon
comprising Senifo e by spdids volsae ©f mbinderphase inctbe dora ofiechinster systameand 25-50 0/0
by solids volyme.of @ RigRSMPRRaSSISAM RigMent PhASE-GARPLRDG (siRFeRandLH) an enzyme
selected fro”#e%%‘%é(r'}%‘é?&'rgbﬂﬁly%mg%‘a.‘%ﬁ &390k RY-50Ud5 valume,of 16 div.eoating,gnd said enzyme

being 15immobilized on galdtgtarhcrilI and an amoutn_t Q 10-41 % b,)é solids v%lumei of(%@aﬂg more
pigments sel 2B ER"S é’Fou%scgng?gﬁjﬁﬁegf Eﬁrbra(')nus %ﬁ%"epé%ca z?rrlgr(()))lf?de.elf)e.sﬂr? enzyme-based
self-polishind &t L P SR AYRIH RS RG S0 B DA HFeohd VoiirEsr B bintidt Pifhse in the form
of a bindér systernharlroBrsd BYG 159 3BhU VoIMmer6rarpighmedttp Radealsait bRymEstphase comprising
(i) starch and {#¥sarvenzyneseicoteddranniarhylasss 20ummranount ofi2 0-49:6/0 byeolids volume of
the dry coatirgm@mchsaichanzysue beirg inryakiNeed #rnsaidistansbs andeantifouling agent in an amount
of 0.05-20 0/0 by solids volume of the dry coating. E. An enzyme-based self-polishing coating
composition GAMpIIRING. 307 0L pY,Salds yglume of 3 binder ANASR In i (armipl g pinder system
and 25-50 Wo Iby Solids volLme Of & igment 25 %ase, said pigment phase comprising (i) starch and
() an ey SEREL o e ST Aot BFI0EA8 g SOTISUAuRE B e dry coating,
and said®enzgeBEh FimmAEHIREabNEHersarchohe RIFmHb MR YN AN AHEGR of 0.05-20
% by solids viiteenecoftitre wejncoating, said antifouling agent chosen from a the group consisting of
pyridine-triphenylborane, 2-(p-chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole and
30imidazole ¢aRtiRiNeLEOMRYAHSHSHeRasIVedetordingmiondn enzyrashased self-polishing
coating composition comprising 50-75 0/0 by solids volume of a binder phase in the form of a binder
system and 25-50 % by solids volume of a pigment phase, said pigment phase comprising (i) starch
and (H) an enzyme selected from amylases in an amount of 1-10 Ok by solids volume of the dry
coating, and said enzyme being WO 2010/089378PCT/EP2010/051437



30 immobilized on said starch, and an antifouling agent in an amount of 1-20 % by solids volume of
the dry coating. G. An enzyme based self-polishing coating composition comprising 50-75 % by solids
volume of a b%géplﬁﬁ’ﬁ?é' in the form of a binder system and 25-50 % b§%“8ﬁ§% %‘fg]maé of a pigment
5phase, said pigment phase comprising (i) starch and(ii) an enzyme selected from amylases in an
amount of 1-10 % by solids volume of the dry coating, and said enzyme being immobilized on said
starch, and an antifouling agent in an amount of 0.05-20 % by solids volume of the dry coating, said
antifouling agBhEeHEREM FROMAHE UG EGSRIG BF SYRUMERAPHER o fire esin s not

2-(p- chIoropﬁ@ﬁ’?ﬁlfzitfy%mﬂ’dﬁd?ﬁ@lgltriﬁ&@Té?ﬂ@‘tﬁ’ylgﬁyﬂacﬁe1%11%%@8%?@@%%%%1’@ compounds,
such as Med=tbraiding OReeid@ration of the coating composition The present invention also provides a
method for the preparation of an enzyme-based self-polishing coating composition as defined in any
one of claims 1-9, sald method comprising the step of bringing (I) a polysaccharide and (ii) an enzyme
capable of faeiligtie st EEgiE@aid polysaccharide, wherein said enzyme is immobilized on a
carrier material, in admlxture Wlth a binder system and one or more constituents selected from dyes,

additives; sojwentsi-RigmRgieHlerse{tuasantanti-ioulingagssisnandanyoineradilakje constituents

to be includegl &lmrgtt%@tn&e&n@m&tt*t%me&ee%a&e ofcRting cOMAOSIlARS. The coating
composition of e pre eecr;‘tam\é%nttlfgnals fp %%%e%ﬂ%%% rpggn ,"{‘Q,Q; gOd spersing the above
components a?ﬁa? ohes orin a divided ion by a conhventiona apparatus'for producing coating
composition (paints), such as a ball mill, a pearl mill, a three roll mill, a high speed disperser. The
coating compositions according to the invention, optionally containing fibres, may be filtrated using bag
filters, patron filters, wire gap filters, wedg wr e filtets, pYetal edge filters, EGLM turnoclean filters (ex
Cuno), DELTA strain filters 25(ex; ; ineg filters (@x Jenag), or by vibration filtration.
The coating composition of the present inyention thys pfepared may be coated as it is or after having
the viscosity adjusted by a diluting solvent, oR.a shi orF& maritime structure having a rust preventive
coating material coated thereon, by e.g. airless spray coating, air spray-coating, roller coating or brush
coating. The exact technique chosen depends upon the object to be 30 protected and also upon the
particular composition (such as its viscosity etc.) and upon the particular situation. Preferred
applications t&EKHTGUES AR IHRfinGHRE D theehs B &:bRushbi-2 o FciNfd above.
2010/089378PCT/EP2010/051437 31 Preferably the immobilised enzymes and their substrates are
added toothewgating somiRgsition,as powers;-andsim anpietessd-emnbedimentiofithe Mvention,
immobilisatiofqehthe-palysagchrride-degrading.enaymedsdeney sRAYE NG torkanyater-based

slurry of the ‘S‘PE)/mQ@PQ:}DGea%%‘?M@ﬁJPGétrom @&ttmgeggh@%@apétsay%ﬂ&%mgtg itis desirable
that the coatlrltj%s mépo%lgé)é;(gwrtgses v%nt% sothatt solids volume.rati gSV |s in the range

e form itis enera referr
of 30-100 %, such he Invention furth fél?es MmAaring structure coated with one or

urther re
several Iayer%f tf??ﬁ%ﬁﬁ@t]?a?‘%?.i‘é’c%gsﬁ?é’i’éy@r? %qoﬁtc%%?fﬂﬂ‘éé?ﬂﬁégﬁhﬂkég défit@l fereinabove. 10The
coating BomSu3tider ateerehifig e ReNfVeRETH M &P 2pPIREE R IPEPMELATCLEIRSS be protected in
one or severél-sateessivellayers (ypiedilizal b B. |ay exciee faratslyRl-te Baayerbe Feedny film thickness
(DFT) of the ggatingappited per layer will typically be 10 to 300 pin, preferably 20 to 250 gm, such as
40 to 20011m. Thus, the total dry film thickness of the coating will typically be 10 to 900 gm, preferably
20 0 750 gm, jn particylar, %%@qgma.ttétt%m@agget%ép&qmam DAHIRESUUSLY Which the

coating composmon accor to the invention may be applied to may e any of a wide variety of solid
objects that GN8N COtactWitR water, for example vessels (including but not limited to boats,
yachts, motorboats, motor launches, ocean liners, tugboats, tankers, container ships and other cargo
ships, stbhmdiines thotre20nachsaio v verisasiioeady; wmbrinvdkviessdigef wilhtypéyy; pipes; shore and
off-shore maghinesyszconsugtions arnchoehjectswhal tynessuchrashpiersygilingsclorielge substructures,
floatation deviges Hndersatesah wethstiychsiasslistd)ets\andetplarRabeythannasiallatipns; cooling
plants; and buyqyig. Anthit-SSRekIEYBRRIGARIR ﬁ%ﬂ%r@%@éﬁd%%?\/ﬂ&mﬁt&%@@@'pes 25Prior to
the appllcatlon o|f a coatln% gompasition tota manine stguc& % th arine structure may first be coated
Sters as ‘ethyl acrylate, bu elhyihexy, acry e an
with a primer- system which may comp fise severa T ayers and mag e any of the conventlonal primer

system&lsel ?{%ﬁwec?%ﬁ‘?ﬁﬁtﬁ%eﬁh%ﬁfl(?ﬁt%f &ﬁt?fgd% FHROSIAGAS f”(S"‘jrr‘f‘'ertﬂit"ritye‘rs1 fictires. Thus, the
primer syste{i5§ 6 Gefe anah AT & PRk BptT ANy aIRMR FBYFaTayRY Blugne: &
adhesion-promoting primer. 30The above-mentioned primer system may, for example, be a
combination of an epoxy resin having an epoxy equivalent of from 160 to 600 with its curing agent
(such as an amino type, a carboxylic acid type or an acid anhydride type), a combination of a polyol
resin with a polyisocyanate type curing agent, or a coating material containing a vinyl ester resin, an



WO 2010/089378PCT/EP2010/051437 32 unsaturated polyester resin or the like, as a binder system,
and, if required, further containing a thermoplastic resin (such as chlorinated rubber, an acrylic resin or
a vinyl chloridg?ezgw,sgs&ring accelerator, a rust preventive pigment, apgg{gﬁ%?ﬁgﬂﬁ%%ent, an
extender pigment, a solvent, a trialkoxysilane compoy#nd, a plasticizer, an additive (such as 5an
antisagging agent or a precipitation preventive agent), or a tar epoxy resin type coating material, as a
typical example. Use and Method The present invention further provides the use of a polysaccharide
and an enzy%@@éﬁﬁ’ﬁﬁ?@’d’f?‘é{ﬁn‘fﬁfﬂ%‘ﬁ%F&E@Tg’%?gfanﬁoﬂ?%%%riagyigﬁiH'IShWFﬂ%C%g%g
immobilized #ffa?catiterolrPRsRidI MR WAt e SHABESifien to provide self-polishing of said coating
composition. In particular, the enzyme is immobilised on said polysaccharide. The present invention
further provides avmethadifgr porvidisgr selfdpalishingtefieetnd-aocoatiygvennpositanthe method
comprising the;stepr efdneQinrsating iptethe-Loatind £ABROSIINBoPRIVsagRH AR R an enzyme
capable of f%g'5%%{&@{%9%@@23%&? plysanshaifssaidenzyme heingdmapgpllized on a carrier

material. In Qartltcsu (art,) the,e}gtzyme s imm |I|ste1%g bsaldigh%lysacc aride. The specifications above,
including theesaﬁ‘eci ication: régrépalriﬁu{ﬁreapg 37-’sacc°aP/i(§Mee nd the enzyme, also apply in connection
with the use and the method described above. In one preferred embodiment of the above-specified
use and the avoverspetificeaiecbly da20reit eloeise thiceray o glutsdangrise! d¥dthe
polysaccharid&as, starcha sarphiiculer sfarieat; theiglocoamylase ispanichiligedasn, doe, starch, e.g. by
spray-dryingi+z XMyARE ESobestofonovatesssahiler cosuent obpolysacehaides of Beavater-soluble content
of polysgechasiflgsis Agierpingd-eiadaetisalivn. bhe LhRalysacrbaride: is mixed in delgnised water
and stired effectively, The sty e, cenifiogd at 000 mm ien ipies, agddne cry matter

content of the supernatant Is determined gravimetrica 011911151437 33

Polishing rat&t4d Bofhing 458 Featmmy haraang |(¥esr%“rréatrrcl’(5%' e dULing A T8EBAY $t-up similar to
the one described by Kiil et al. (KM, S, Weinell, CE, Yebra, D M, Dam-Johansen, K, "Marine biofouling
protection: design of controlled release antifogjng paints.” In: Ng, K M, Gani, R, Dam- 5Johansen, K
(eds.) Chemical Product Design; Towards a Perspective Through Case Studies, 23IDBN-13:
978-0-444-52217-7. Part 11 (7), Elseviér-02066))Rfhe setlip consists of a rotary rig, which has two
concentric cylinders with the inner cylinder (rotor, diameter of 0.3 m and height 0.17 m) capable of
rotation. The cylinder pair is immersed in a tafk containing about 400-500 litres of Artificial Seawater
(cf. Table 1). Table 1: Composition of Artificial Seawater Salt Concentration in gil_ NaCl 32
M@g504.7F120 14 NaHCO3

wherein X, Rs, R, and R; are as defined above.

15 Exampies of moenomers having a terminal group of the general formula II (shown above) are
acid functional vinyl polymerisable monorers, such as monomers derived from acrylic acid,
methacylic acid, maleic acid (preferably in the form of a monoalky! ester with 1-6 carbon

atoms) or fumaric acid (preferably in the form of a monalkyl ester with 1-6 carbon atoms).

With respect to the triorganosilyl group, i.e. the -Si{Rs}{R4){R:) group, shown in the above
20  formulae I or II, R;, R, and Rs may be the same or different, such as C,.pp-alkyl {e.g. methyl,
ethyl, propyl, butyl, cycloalky! such as cyclohexyl and substituted cyclohexyl}; aryl (e.g.,
phenyl and naphthyl) or substituted aryl (e.g., substituted phenyl and substituted naphthyl).
Examplas of substituents for aryl halegen, Ci.ig-aliyl, Cy.qp-acyl, sulphonyl, nitro, or amine.

Thus, specific examples of a suitable triorganosilyl group {i.e. the -Si(R3)(R4)(Rs} group)

25  shown in the general formula I or II include trimethylsityl, triethylsilyl, tri-n-propylsilyl, tri-n-
butyisilyl, tri-iso-propylsilyl, tri-n-pentylsilyl, tri-n-hexylsilyl, tri-n-octylsilyl, tri-n-dodecylsiyl,
triphenyisiivi, tri-p-methylphenylsilyl, tribenzyisiiyl, tri-2-methylisopropylsilyl, tri-tert-buty!-



0.2 10 The tank is fitted with baffles to break the liquid flow, which enhances turbulence and enables
faster mixing of the sPecies released from the paints and enhance heat transfer from a thermostating
WO 20100084378 . : POHEPII0STIS)
system. The purpose ot using two cylinders is to create a close approximation to couette flow (flow
between two parallel walls, where one wall moves at g constant 15velocity). The rotor is operated at

20 knots at 25 C (unless otherwise specified), and the pH is adjusted frequently to 8.2 using 1 M

sodium hydroxide or 1 M hydrochloric acid. Samples are prepared u,sing_overh,ead transparencies (3M

. ya _ mples :
PP2410) that A" BRIAET NEHY WS COHPSHER palirt (’I’-Péi%iﬂléf(’j'ﬁ Htﬁgi’é’exoﬁélfﬁ'ﬁ@‘llf’sumglr fe Paints A/S)
applied using'zSPretorBrRIE A c At aPHED sire G0ty BIRN T HEtif e drRpTEd e -applied
adjacent to Z0eacl ditheruietgyEiDoctor Blade applicator with a gap of 250 pm. After drying for 1 day,
the coated transparency is cut in strips of 2 cm resulting in eight samples of 1.5 x 2 cm2 on a long (21
cm) strip. The,gHiRS AR ROUNGERAR MeHRI0H: and iefie dntprdHeskdfiaenaweek, the test is
initiated and ghiing s, xRRE ALl SamEISs &6 IRMAYer-alleL A BRAnd-J40 daus n order to
inspect the pglishing and leaching, depih, [e samples are 25died forfiee, days,af ambient
conditions, aferw |c)ﬁ fHey are Cut | afané ast In bara? N TRe internal front of the sample is

planed off bt AR RRcEEaRE SR A B THHEY B RN R BEAIRFE R UG Ilght microscopy
(coating crodsasésih AEHERTNGRALE: WO B 51RO IRPE Py TS TAS TSR AV igEIiHY property test
An acrylic testgrdrel {i¥b 20 em23tsdndidiagtéd onetinecsides tdfacitittirerddghésignottine coating, is
first coated veitly18@ prbdbdHE)yofeecommate) abviyhtat piip enétignpany Il 28Qiextkiempel's Marine
Paints A/S) apRiedRY-8ll SRERYHG-AHES &I IHRHRLYRIAc g @i 2dupdouradm e laloratory at
room tempergiue R ies! RRINSARRIRANUR A RACIRREIAAS (rheAoBlEALor Wl gap sizes with

a film width of 80 mm. One coat was lied i 00 pm. After at least 72 hours drying the
test panels asr'é\%fl né@(gn 3%C§?5%l?r§r%ﬁ%ﬁ§?§%yés ?H%Engtwg%gfrté Y?\ this test site the panels are immersed in

seawater with salinity in the range of 29-31 parts 10 per thousand at a temperature in the range of
29-31C. Evefpdrfioeypeaies ispedtio Matitspaiseisdsrideaassd FH eitfo MG pererafiance is
evaluatedl acooedahgrotteisgaleshoivhe nefabldoPn@nicsddrigligivéseiomeath okthe fouling types:
algae and animgialse, tablerdpoalafor geaditg tha-pariennance/oheratd) gstndaigomy static
antifouling testing SeaEuWasi@Eaan(Ta) 0-00/0 fauling, 102 % faulinge3 B.oReuling 3 6-25 %
fouling 4 26'%95(3{8@%9% amyl fumarate, tri-n-butylsilyl n-buty! fumarate, tert-butyldiphenyisilyl

methyl fumarate, and tert-butyldiphenylsilyl n-butyl fumarate.

20  In an interesting embodiment of the present invention, the co-polymer to be used in the
binder system comprises monomer units with a terminal group of the general formula I (as
discussed above) in combination with a second monomer B of the general formula 11

Y-{CH{RA~CH{Rg}-Q),~Z (IIL)
wherein Z is a Cy.a0-alkyl group or an aryl group; Y is an acryloyloxy group, a methacryloyl-

25  oxy group, a maleinoyloxy group or a fumaroyloxy group; R. and Ry are independently

selected from the group consisting of hydrogen, C;.z0-alky! and aryt; and p is an integer of 1

to 25.

If p> 2, Ry and Ry are preferably hydrogen or CHs, i.e. if p>2 the monomer B is preferably
derived from a polyethylene glycol or a polypropyiene glycol.

30 Ifp=1itis contemplated that monomers, wherein R, and Ry are larger groups, such as

C,.20-alkyl or aryl, may aiso be useful for the purposes described herein.



5 51-100 0/0 fouling The fouling species of most relevance are animals. For animal fouling a level
of 1 is 15considered good For algal fouling, a level of up to grade 2 is acceptable. Test for residual
enzymatic act})\vlﬁ)?{ ?%?%Ionged exposure to sea-water Paint film piecggﬁ%})r%e{%s%%r trial were
immersed in Artificial Seawater (cf. Table 1) in Ewell B-ISA plastic plates and analysed for glucose
development through 3 days of incubation at 20-25 C. Gentle movement of the solvent was applied
with a shaker board (IKA KS130 20 control) operated continuously at 100 rpm. The glucose
concentratiofi§ ﬁWé’bf@%‘f’ﬁ)ﬁ%’s@%@%ﬁaﬁ%éﬁ'%ﬂ’%‘fé\]ﬁé'ﬁrﬁc'ah/%%‘é%%%%f (CELHLGw). The
activity was héovaratated STy 9:p ISR WS IaEY AR RSETURIE MDAty WHErESTE'IGUP is defined
as the surfadercareaireqaired forietbasimt 4 fang giucoseoper: it eaO as an unsaturated
2010/089378P4af {EP2Q 05437 3% GlicpseoAssay ghne: glutestsamplerfld9nsias mixed with a
substratg bleng, (20mlLWith.exerse AQX(Rexase:oxidased: HotssradisthPeroyidaseanebARTS
(2,2'-azino big{3-ethylbenzthiazoline-6- sulfonic acid). Fully HOX-degradadion of glucose produces
glucolactone and H202, which reacts (oxidises) ABTS and induces a spectrometric detectable
colorimetric response correlating to the 5sample glucose concentration. The glucose concentration
was quantifie@@‘ﬁ%ﬁ%ﬁﬁﬁfﬁé“&%ﬁ)i’i’Bﬁrhg%@sﬁ?ﬁtﬁﬁﬂrﬂﬁyffé%@r%ugfﬁﬁdw U to 0.4 mg
D-Glucoselnmtathexseibsttare Brertpiss s s R0 Hiptis B vyt BRPTOOMMPREHPOREpH 6.3; 200p1
ARTS solution{&06mg (ART B8igmahA«D8881b B0t HRE) n20BptRENdRIdategolution (10mg Sigma
P-678210 10Qrath1Q0mid, ik2indR @ dinyid HoB roant-20ptvpii fretbkl@ X {oX dsaan Chondrus crispus
was used as feementation Hioth, Japrepaied asdesaubedingatent application EP-A-0832245 and
purified according to Rand et al (T. Rand, K.B. Qvist, C.P. Walter & C.H. Paulsen. FEBS Journal,
2006, 273, 2693-2703). Preparation of s ir‘;';%-g}ried stfl;\r.ch Yvith gl}ycoam lase (glab,oratory scale) Corn
starch, obtain8H4S BRGRGATLIFTHT Eargih Kid Jacoiwiise BbERed friom Dafisco A/S are
spray-dried fFORIFAIG/ AR ARSEPSIGHY! THGYStaRa End g RER PR B bRek tfation of 56
units/g slurryesrecgpiciitéried fronmetiwbiersastumerekBH0HENe A IBEtRrhpeleriGre i kept at 135 C,
and theair anghpowder ootettempeyatuyeistB) Caldtthensprayeiior rieshWWatesresoktipwith 0 C water

is used. _The @@m@r@,@g&&&M&nﬁﬁm@y@rm&ﬂﬁ&zﬁm@u@&i &&lawﬁtgﬁyre@ummeme Preparation of
spray-dried Sé?ercﬂb\é@{g?@m&mﬂ@%m@%%%w%ma s obRIReth AR Gr0aLA3A01 from

Cargill, and gLucqa{Qy ase obtained from Dan sco A/S was mixed in water to form slurry comprised by
7.5 kg starch, i l?g water, and glucoamylase at a concentration of 3325 mUig starch (unless
otherwise specified) and spray-dried. The activity was as measured on the pure enzyme preparation
before additidf ' tPreUSEsrel &l N SRFEIRRARE WES perRiffedifi ANAERP Y3 8pray unit with an
atomizetiwheelPBoperdteticat 38 000mm and adfeethiratebr10B0RY ShiF Y Pglsgrifinlet and
outlet temperatures werg:190-200Cand8ovi E0 e espettivelu ige-airdiovenvast80d 20 m3/h. Test
for enzyme agliviinaf @lycramylasamamaohilised 4e stach Astivityrofthesprayegiied
starch-glucoamylase nawdernas dgtesminer sQmee 18-k DB Whown andvoGU (Starch-Glucoamylase
Unit) corresponds to the amount of starch-glucoamylase 30powder releasing 1 mg glucose per hour at
25C and pH 4.5 in a 2 w/w% starch- glucoamylase dispersion, calculated as an average glucose
release throuffitFRSTATS T8 RTHFID 1080 TSP 7B AT0AE T 4% S8 HoUFE SP Tt iBation).
Glucose8leveldpet Mass Roritet WY tReDQTprFistaft B vertAlGRibACKTaaARR S with a standard
glucose assayisasingy atlghgcose standard curve for quantification. Composition of test paints Table 3:
Test paints based on a silylated acrylic binder system with or without starch with glucoamylase

Comparativeﬂf:qg'pp@fm]:eli M%L B%B&%MQ%E%&RB%er having a terminal group of the general
formula II is from 1-95 % by weight, that of monomer B is from 1-95 % by weight, and that
of other monomer(s) co-polymetrisable therewith is from 0-95 % by weight on the basis of

30  the total weight of the monomers.

The molecular weight of the resufting co-polymer thus obtained is desirably in the range of
1,000-150,000, such as in the range of 3,000-100,000, e.g. in the range of 5,000-100,000 in
terms of weight-average maolecular weight. In a further interesting embodiment of the



Model Paint 3 wet weight solids volume % wet weight % solids volume % wet weight % solids volume

% wet weight % solids volume Binder phase Binder system comprigg%&l%@&glggylic copolymer
solution and r8SIF28B2 78 52 29 52 32 52 Additives 4 8
20

present invention, the binder system to be used in the coating composition according to the
invention comprises a co-polyrmer having monomer units with a terminal group of the general
formula 11 (as discussed above) in cormnbination with a second monomer C of the general
formula IV:

Y—CH (v)

OR;

wherein Y is an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy group or a
furnaroyloxy group, and both of R; and R; are Cy.ip-alkyl.

As shown in formula IV, monomer C has in its molecute an acryloyloxy group, a meth-
acryloyloxy group, a maleinoyloxy group {preferably in the form of & mono-C,¢-alky! ester),
10  or a fumaroyloxy group (preferably in the form of a mono-C,.s-alkyl ester) as an unsaturated

group (Y) and also a hemi-acetal group.

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 monocester
thereof), and fumaric acid (or manocester thereof), with an alkyl vinyl ether (e.g., ethy! vinyl

15 ether, propyl vinyl ether, butyl vinyl ether, hexyl vinyl ether, and 2-ethylhexyl vinyl ether), ar
a cycloalkyl vinyl ether {e.qg., cyciohexyl vinyl ether).

As will be understood by the person skilled in the art, other vinyl monomers may be
incorporated in the resulting co-polymer comprising moenomer units having a terminal group
of the general formula II {shown above) in combination with the second monomer C of the

20 formula IV (shown above).

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

It is preferred that the proportion of the monomer having a terminal group of the general
25 formula IIis from 1-95 % by weight (preferably from 1-80 % by weight), that of monomer C
is frorn 1-95 % Dby weight (preferably from 1-80 % by weight), and that of other monomer{(s)



4 8 4 8 4 8 Xylene, Xylen, Kemetyl Denmark 8 0 8 0 9 0 9 0 Pigment phase Calcium magnesium
aluminium silicate, Rockfibre Roxul 1000 MS603, Brenntag Denmark Fumed silica, Aerosil 200,

10

15

20
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co-polymerisable therewith is up to 68 % by weight on the basis of the total weight of the

MONQMmers.
The molecular weight of the co-polymer is desirably in the range of 1,000-150,000,

preferably in the range of 3,000-100,000, such as in the range of 5,000-100,000 in terms of

weight-average molecular weight.

Metal acrylate binder system

In an interesting embodiment of the invention the binder system to be used in the coating
comniposition according to the invention comprises a metal acrylate co-polymer having at least

one side chain bearing at least one terminal group of the general formula V:
"‘X"O”M"(L)n (V)

wherein X is —C(=0)-, -5{(=0)3-, -P(=0)(0OH}-; M is a metal having a valency of 2 or more; n
is an integer of 1 or more with the provise that n+1 equals the metal valency; L is an organic

acid residue and each L is independently selected from the group consisting of

i i ]
—8—C—Ry+ —0—C—Ry» —O0—C—R,» —O0—Ry"

O

Il
—8—R, and -—o_ﬁ...Rd.

o]
wherein R, is & monovalent organic residue, or L is -OH or combinations thereof; R; is

hydrogen or a hydrocarbon group having from 1 to 10 carbon atoms.

Examples of monomers having a terminal group of the general formulae V (shown above) are
acid-functional vinyl polymerisable monomers, such as methacrylic acid, acrylic acid, p-
styrene sulfonic acid, 2-methyl-2-acrylamide propane sulfonic acid, methacry! acid
phosphaoxy propyl, methacryl 3-chlore-2-acid phosphoxy propy!, methacry! acid phosphoxy
ethyl, itaconic acid, maleic acid, maleic anhydride, monoalkyl itaconate (e.g. methyl, ethyl,
butyl, 2-ethyl hexyl), monalky! maleate {e.g. methyl, ethyl, butyl, 2-ethyt hexyl; half-ester of
acid anhydride with hydroxyl containing polymerisable unsaturated monomer {e.qg. half-ester
of suceinic anhydride, maleic anhydride or phthalic anhydride with 2-hydroxy ethy!
methacrylate,



Degussa Germany 12 12 1 2 1 2 Micronized Natural Red Iron Oxide, 050 NR 839M, Tor Minerals
International US54 5 4 6 4 6 4 Starch with glucoamylase# 0 0 0.5 1.00 2.4 5.00 5 10,00 Copper
pyrithione, Co?fﬁe’f’@ﬂ#&ﬁ%e Powder, Arch UK Biocides UK (antifouling Sﬁgﬁffg%ﬁ?‘g’ﬁ 646

22

The above-rmentioned monomers may be co-potymerised (in order to obtain the co-polymer
with one or more vinyl polymerisable monemers. Examples of such vinyl polymerisable
monomers are methyl acrylate, methy! methacrylate, ethyl acrylate, ethyl methacrylate,
propyl acrylate, propyl methacrylate, butyl acrylate, butyl methacrylate, octyl acrylate, octyl

5  methacrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl methacrylate, methoxy ethyl
methacrylate, styrene, vinyl toluene, vinyl pyridine, vinyl pyrolidone, vinyl acetate,
acrylonitrile, methacrylonitrile, dimethyl itaconate, dibutyl itaconate, di-2-ethyl hexyi
itaconate, dimethyl maieate, di (2-ethy! hexyl} maleate, ethylene, propylene and vinyl
chioride.

i0 With respect to the ligand (L), each individual ligand is preferably selected from the group
consisting of

I i I
—§—C—Ry = QunCRy e O C—Ry+ —O—R,>

]

I
—8—R, and ——omﬁmma
O

wherein R, is a monovalent organic residue.

Preferably, R, is selected from the group consisting of

FFT ’?7
—"'C‘:—‘Rs’ RBH(E:MR{‘-)! ——Rg—Rg and R,
Reo Re

15

wherein R; is hydrogen or a hydrocarbon group having from 1 to 20 carbon atoms; Rs and Ry
each independentiy represents a hydrocarbon group having from 1 to 12 carbon atoms; Rz is
a hydrocarbon 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, necabietic acid,

20 levopimaric acid, dehydroabietic acid, pimaric adid, isopimaric acid, sandaracopimaric acid
and AB,9-isopimaric acid.



Copper (I) oxide, Red Copp 97N, Chemet US 50.00 28 49 27 44 23 37 18 Total 100 101 99.5 101
100.4 100 99.2 100 Total Pigment phase 40 40 40 40 As prepared inﬁilfo't scaJe WO
y

2010/089378PETEISGTB/051437 37 Table 4: Test paints based on a Siviatet Iac{c(:}rs)} ie'binder system

and common antifouling coating fillers Comparative kgference paint 2 Corn parative reference paint 3

Exarmples of compounds which may be used as ligands are:

(1) Compounds comprising the group

—_— O—C—

e.g. aliphatic acids, such as levulinic acid; alicyclic acids, such as naphthenic acld,

5 chaulmoogric acid, hydnocarpusic ackd, neg abietic acid, levo pimaric acid, palustric acid, 2-
methyi-bicydo-2,2,1-heptane-2-carboxytic acid; aromatic carboxylic acids such as salicylic
acid, cresotic acid, a-naphtholc acid, B-naphthoic acid, p-oxy benzoic acid; halogen
containing aliphatic acids, such as monochloro acetic acid, monofluore acetic acid; halogen
containing aromatic acids, such as 2,4,5-trichloro phenoxy acetic acid, 2,4-dichloro phenoxy

10 acetic acid, 3,5-dichlaro benzoic acid; nitrogen-containing organic acids, such as guinoline
carboxyiic acid, nitro benzoic acid, dinitro benzoic acid, nitronaphthalene carboxylic acid;
lactone carboxylic acids, such as puivinic acid, vulpinic acid; uracil derivatives, such as uracil-
d-carboxylic acid, 5-fluoro uradil-4-carboxylic acid, uracil-5-carboxylic acid; penicillin-derived
carboxylic acids, such as penicillin V, ampicdillin, penicillin BT, penicillanic adid, penicillin G,

15 penicillin O; Rifamycin B, Lucensomycin, Salcomycin, chloroamphenicol, variotin, Trypacidine;

anc various synthetic fatty acids.
{2) Compounds camprising the group
Y - S o S

e.g. dimethyl dithiocarbamate and other dithiocarbamates.

20 (3) Compounds comprising the group



To wet weight solids volume % wet weight solids volume Binder phase  Binder system comprised of
silylated acrylic copolymer solution and rosin 29 52 31 52 Additives 4 8 4 8 Xylene Xylen, Kemetyl
Denmark 8 0 88 %ﬁ&@%@ﬁf‘phase Calcium magnesium aluminium silic%%{}?gzooé[){’ﬁ%lr% Roxul 1000
MS603, Brenntag Denmark 1 1 1 24

e.g. sulphur containing aromatic compounds, such as 1-naphthol-4-sulphonic acid, p-phenyl

benzene sulphonic acid, f-naphthalene sulphonic acid and quinoline sulphonic acid.

(4) Compounds comprising the group

S - J—
such as compounds comprising the following groups

N
P /?N S
e S G o —S-(
\ \
3
5 (5) Compounds comprising the group

Yy T o S

such as various thiocarboxylic compounds.
(6) Compounds comprising the group -O- or ~OH

e.g. phenol, cresol, xylenol, thymol, carvacel, eugenol, isoeugenol, phenyl phenol, benzyl

i phenol, guajacol, butyl stitbene, (i) nitro phenol, nitro cresol, methyl salicylate, benzy!
salicylate, mono-, di-, tri-, tetra- and penta-chlorophenol, chlorocresol, chlaroxyienol,
chlorathymol, p-chioro-o-cycio-hexyl phenol, p-chloro-o-cyclopentyi phenol, p-chloro-o-n-
hexyl phenol, p-chloro-o-benzyl phenot, p-chloro-c-benzyl-m-cresol and other phenois; 3-
naphthol, 8-hydroxy quinoline.

15 With respect to the metal (M), any metal having a valency of 2 or more may be used.
Specific examples of suitable metals Include Ca, Mg, Zn, Cu, Ba, Te, Pb, Fe, Co, Ni, Bi, Si, Ti,
Mn, Al and Sn. Preferred examples are Co, Ni, Cu, Zn, Mn, and Te, in particular Cu and Zn.
When synthesising the metal-cantaining co-polymer, the metal may be ermployed in the form
of its oxide, hydroxide or chloride. The co-polymer to be used in the binder system in the

20 coating composition according to the invention may be prepared as described in e.g. EP O
471 204 B1, EP 0 342 276 Bl or EP O 204 456 B1.



Fumed silica, Aerosil 200, Degussa Germany 1 2 1 2 Micronized Natural Red Iron Oxide, OSO NR

839M, Tor Mineralﬁs Igternational US 5 4 6 4 Feldspar, Minex 5-10, North Cape I\(/jl/i&e@;s Norway 459
10 Copper pymﬂi%)ﬁg, %sdf)per Omadine Powder, Arch UK Biocides UK f’aﬁ}iﬁ & iing égent) 4646

Copper (I) oxide, Red Copp 97N, Chemet US 43 23 36 18 Total 99 101 101 101 Total Pigment phase
40 40 WO 2010/089378PCT/EP2010/051437

Monomers comprising the terminal groups of the general formula V above may be co-
polymerised {in order to obtain the co-polymer with other polymerisable unsaturated
monomers, any customarily used ethylenically unsatured monomer may be used. Examples
of such monomers are methyl acrylate, methyl methacryiate, ethyl acrylate, ethyl
5 methacrylate, propyl acrylate, propyl methacrylate, butyl acrylate, butyl methacrylate, octyl

acryiate, octyl methacrylate, 2-ethyl hexyl acrylate, 2-ethyl hexyl methacrylate, methoxy
ethyi methacrylate, styrene, vinyi toluene, vinyl pyridine, vinyl pyrolidone, vinyl acetate,
acrylonitrile, methacrylo nitrile, dimethyl itaconate, dibutyl itaconate, di-2-ethyl hexy!
itaconate, dimethy! maleate, di (2-ethyl hexyl) maleate, ethylene, propylene and vinyl

i0 chloride. One particuiar type of co~-monomers is acrylic or methacrylic esters wherein the
alcohol residue includes a buliky hydrocarbon radical or a soft segment, for example a
brarnched alkyl ester having 4 or more carbon atoms or a cycloalkyl ester having & or mare
atoms, a polyalkylene glycol monoacrylate or monomethacrylate optionally having a terminal
alky! ether group or an adduct of 2-hydroxyethyl acrylate or methacrylate with caprolactone,

i5 e.g. as described in EP 0 779 304 Al.

If desired, hydroxy-containing monomers, such as 2-hydroxy ethyl acrylate, 2-hydroxy ethyl
methacrylate, 2-hydroxy propyl acrylate, 2-hydroxy propyl methacrylate may also be used.

Tt should be noted that in the resulting co-polyrmer, 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

20 the form of free acid, if desired.

The weight average molecular weight of the metal-containing co-polymer is generally in the
range of from 1,000 to 150,008, such as in the range of from 3,000 to 100,000, preferably in
the range of from 5,000 to 6¢,000.

In another interesting embodiment of the invention the coating composition further

25 comprises an amount of an organic ligand at feast equal to the ligand-to-metal co-ordination
ratio of 1:1, said organic ligand being selected from the group consisting of aromatic nitro
compounds, nitriles, urea compounds, alcohols, phenois, aldehydes, ketones, carboxylic adds
and crganic sulphur compounds, whereby the co-polymer defined above forms a polymer

complex with the organic ligand in situ.

30 Examples of monobasic organic acids usable for forming the hybrid salt include
monocarboxylic acids such as acetic, propionic, butyric, lauric, stearic, linolic, oleic,
naphthenic, chloroacetic fluorcacetic, abietic, phenoxyacetic, valeric, dichlorophenoxyacetic,

benzoic or napthoic acid; and monosulphonic acids such as benzenesuiphonic acid, p-



38 Table 5: Test paints based on a NAD binder system with or without starch with glucoamylase

Comparative reference paint 4 Model paint 4 Model paint 5 wet weight 9 P lume ok wet weight
% solids volutie 3}51%’3?%%ight % solids volume Binder phase Bindeﬁ@g &E%%#]%}rised of NAD

acrylic resin copolymer, RSAN-VSPD#-55, DAI Nippgg Japan; polyvinyl methyl ether and rosin 19 50
19 50 20 50 Additives 3535 -

toluenesulphonic acid, dodecylbenzenesulphonic acid, naphthatenesulphonic or p-
phenylbenzenesulforic acid.

A preferred method for producing the polymeric hybrid salt has been disclosed in Japanese
Patent Kokal No. 16809/1989,

5 Further binder components

The above-mentioned binder systems {e.g. the non-aqueous dispersion binder system and
the silylated acrylate binder systerm) may have included therein - as a part of the binder
system - one or more further binder components. It should be understood that the binder
components mentioned below may aiso constituted the binder system, cf. the general

10 presentation of the binder system.

Examples of such further binder components are: rosin, rosin derivatives such as metal saits
of rosin f.e. resinates, oils such as linseed oll and derivatives thereof, castor oil and deri-
vatives thereof, soy bean oil and derivatives therecf; and other poiymeric binder components
such as saturated polvester resins; polyvinylacetate, polyvinylbutyrate, polyvinylchloride-

15  acetate, copolymers of vinyl acetate and vinyl isobutyl ether; vinylchloride; copolymers of
vinyi chiloride and vinyl isobutyl ether; alkyd resins or modified alkyd resins; hydrocarbon
resins such as petroleum fraction condensates; chlorinated polyolefines such as chlorinated
rubber, chiorinated polyethyiene, chlorinated polyprapylene; styrene copolymers such as
styrene/butadiene copolymers, styrene/methacrylate and styrene/acrylate copolymers;

20 acrylic resins such as homopolymers and copolymers of methyt methacrylate, ethyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate and isobutyl methacrylate;
hydroxy-acryiate copolymers; polyamide resins such as polyamide based on dimerised fatty
acids, such as dimerised tall oil fatty acids; cyciised rubbers; epoxy esters; epoxy urethanes;
polyurethanes; epoxy polymers; hydroxy-polyether resins; polyamine resins; etc., as well as

25  copolymers thereof. -

The terms "rosin”, "resinate” and the like is intended to refer to gum rosin; wood rosin of
grades B, C, D, E, F, FF, G, H, I, 3, K, L, M, N, W-G, W-W (as defined by the ASTM 0509
standard); virgin rosin; hard rosin; yellow dip rosin; NF woad rosin; tall oit rosin; or
colophony or colophonium. The terms "rosin” and “resinate” and the like are also intended to

30 include suitable types of modified rosin, in particular cligomerisation; hydrogenation;
dehydrogenation hydrogenation/disproportionation/dismutation; ete., that will reduce the

arnount of conjugated non-aromatic doubie bonds.



3 5 Xylene, Xylen, Kemetyl Denmark 18 0 18 0 18 0 3,3-Dimethylbutanone, Methylisobutylketon,
Kemetyl Denmark 1 0 1 0 1 0 Pigment phase Calcium magnesium aluminium silicate, Rockfibre
Roxul 1000 M%’g(ﬁ}(’é%ﬁrﬁtaq Denmark 4 5 4 5 4 5 Organic derivative of gTé%Iézgi'e{{ {}Fﬁéﬁnesium
montmorillonite, Bentone 38, Elementis Specialites Bglgium 121212

1t should be understood that the group of further binder components may include polymeric
flexibilisers such as those generaily 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.

5 Further constituents of the binder phase

The binder phase (i.e. the phase corresponding to the continuous phase of the final (dry)
paint coat) may - besides the binder system (inciuding the further binder compenents) - of
course also incude dyes, additives and solvents, as well as other suitable constituents to be

included in the binder phase of coating compositions.

10 Exampies of dves are 1,4-bis{butylamino)anthraguinone and other anthraquinone

derivatives; toluidine dyes etc.

Examples of additives are plasticizers such as chlorinated paraffin; phthalates such as dibutyl
phthalate, benzylbutyl phthalate, dioctyl phthalate, diisonony! phthalate and diisodecyl
phthalate; phosphate esters such as tricresy! phosphate, nonylphenol phosphate, octyl-

15  oxipoly(ethyieneoxy)ethyl phesphate, tributoxyethyi phosphate, isooctylphosphate and 2-
ethylhexyl diphenyl phosphate; sulfonamides such as N-ethyl-p-toluensuifonamide, alkyl-p-
toluene sulfonamide; adipates such as bis{2-ethylhexyladipate), dilsobutyl adipate and di-
octyladipate; phosphoric acid triethyl ester; butyl stearate; sorbitan trifoliate; and epoxidised
sovbean oll; surfactants such as derivatives of propylene oxide or ethylene oxide such as

20  alkylphenol-ethylene oxide condensates; ethoxylated monoethanolamides of unsaturated
fatty acids such as ethoxylated monoethanolamides of linoleic acid; sodium dodecyl sulfate;
alkylphenol ethoxylates; and soya ledthin; wetting agents and dispersants; defcaming
agents such as silicnne olis; stabilisers such as stabilisers against light and heat, ¢.g.
hindered amine light stabilisers (HALS), 2-hydroxy-4-methoxybenzophenone, 2-(5-chlore-

25 (2H)-benzotriazal -2-y1)-4-methyl-6-(tert-butyl)phenol, and 2,4-ditert-butyt-6-(5-
chiorobenzotriazol-2-vl}phenol; stabilisers against moisture or water scavengers, substituted
isocyanates, substituted silanes and orthe formic acid triethyl ester; stabilisers against
oxidation such as butylated hydroxyanisole; butylated hydroxytoluene; propyigallate; toco-
pherols: 2,5-di-tert-butyl-hydroguinone; L-ascorbyi palmitate; carotenes; vitamin A;

30 inhibitors against corresion such as aminocarboxyiates, ammonium benzoate, barium/-
calciumy/zine/magnesium salts of alkylnaphthalene sulfonic acids, zinc phosphate; zinc
metaborate; coalescing agents such as glycols, 2-butoxy ethanol, and 2,2,4-trimethyl-1,3-

pentanediol monoiscbutyrate; and thickeners and anti-settling agents such as



Fumed silica, Aerosil 200, Degussa Germany 0.3 0.5 0.3 0.5 0.3 0.5 Micronized Natural Red Iron
Oxide, 050 NR 839M, Tor Minerals International US 4 3 4 3 4 3 Zinc oxide, Larvik Zinx Oxide, Umicore
Norway 8 5 8 B'8 B'¢{4¢H with glucoamylase 0 0 0.4 1 1.3 3 Copper pyhfriché? ¢bipEr omadine
Powder, Arch UK Biocides UK (antifouling agent) 4 7 4,7 4 7 Copper(l) oxide, Lob o Tint 97, Chemet
UsS 39 :

aluminiurmtristearate, aluminiummonostearate, ricinus oil, xanthan gum, salicylic acid,
hydregenated castor oil, polyamide waxes and polyethylene waxes. Dehydrating agents such
as orthopropionic acid ester, orthoformic acid ester, orthoacetic acid ester, alkoxysilane, alkyl

silicates like tetra ethyl ortosilicate, or isecyanates.

5 1t is preferred that the coating compositions comprise dyes and additives in a cumulative

amount of 0-20 %, e.g. 1-20 %, by solids volume of the coating composition.

When related to the total weight of the coating composition, it is preferred that the coating
compositions comprise dyes and additives in a cumulative amount of 0-10 %, e.g. 1-10 %,

by wet weight of the coating composition.

10 Examples of solvents are alcohols such as methanol, ethanol, propanol, isopropanol, butanol,
isobutanol and benzyl aicohol; aliphatic, cycloaliphatic and aromatic hydrocarbons such as
white spirit, cyclohexane, toluene, xylene and naphtha sofvent; ketones such as methyl ethyl
ketone, acetone, methy! isobuty! ketone, methyl isoamy! ketone, diacetone aicohol and cyclo-
hexanone; ether alcohols such as 2-butoxyethanol, propylene glycol monomethyt ether,

15  ethylene glycol monoethyl ether, ethyl ether and butyl diglycol; esters such as ethyl acetate,
propyl acetate, methoxypropyl acetate, n-butyl acetate and 2-ethoxyethyl acetate;
chiorinated hydrocarbons such as methylene chloride, tetrachloroethane and

trichloroethylene; and mixtures thereof.

When related to the total weight of the coating composition, it is preferred that the coating
20  compositions cornprise one or more solvents in a cumulative amount of 0-60 %, e.g. 10-60
%, by wet weight of the coating composition.

in the present context the term "% by wet weight” is intended to mean the weight/weight
percentage of the wet matter of the coating composition. It should be understood that
solvents are included.

25  In the present context the term "% by solids volume” is intended to mean the

volume/volume percentage of the solid (i.e. non-volatile) matter of the coating composition.
It should be undersiood that any solvents {i.e. volatiles) are disregarded.

Preferred embodiments

Currently preferred ermbodiments of the present invention are the following coating
30  compositions:



23 38 22 35 20 Total 101.3 100.5 100.7 100.5 99.6 100.5 Total Pigment phase 45 45 45 As
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A. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising {i} starch and (ii) an enzyme selected from amylases
in an amount of 20-49 % by solids volume of the dry coating, and sald enzyme being
immohilised on said starch.

B. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder systern and 25-50 % by solids volume of a pigment
phase, sald pigment phase comprising (i) starch and (ii} an enzyme selected from amylases
in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being
immaobilized on said starch.

C. An enzyme-based self-polishing coating composition comprising 50-75 % by solids volume
of a binder phase in the form of a binder systern and 25-50 % by solids valume of a pigment
phase, sald pigment phase comprising (I} starch and (ii} an enzyme selected from amylases
in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being
immobilized on said starch and an amount of 10-41 % by solids volume of one or more

pigments selected from a group consisting of cuprous oxide and zinc oxide,

D. An enzyme-based self-polishing ceating compaosition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising {i} starch and (ii} an enzyme selected from amylases
in an amount of 20-49 % by solids volume of the dry coating, and said enzyme being
immobilised on said starch, and antifouling agent in an amount of 0.05-20 % by solids

volume of the dry coating.

E. An enzyme-based self-polishing coating composition comprising 50-75 % by soiids voiume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising (i) starch and (if) an enzyme selected from amylases
in an amount of 20-49 % by solids volume of the dry coating, and said enzyme being
immobilised on said starch, and an antifouling agent in an amount of 0.05-20 % by sclids
volume of the dry coating, said antifouling agent chosen from a the group consisting of
pyridine-triphenylborane, 2-(p-chlorophenyt)-3-cyano-4-bramo-5-trifivoromethyl pyrrole and

imidazole containing compounds, such as Medetomidine.

F. An enzyme-based self-polishing coating compasition comprising 50-75 % by solids volums
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
phase, said pigment phase comprising {i} starch and (li) an enzyme selected from amylases

in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being



Wo wet weight Wo solids volume % wet weight Binder phase Binder system: NAD acrylic resin

copolymer, RSAN-V-SPD#- 55, DAI Nippon Japan; polyvinyl methyl ether and rosin 20 50 22 50 20 50
21 50 Additive¥ BN Y37 5 4 PCT/EP2010/051437
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immobilized on said starch, and an antifouling agent in an amount of 1-20 % by solids
volume of the dry coating.

G. An enzyme-based seif-polishing coating compaosition comprising 50-75 % by solids volume
of a binder phase in the form of a binder system and 25-50 % by solids volume of a pigment
5 phase, said pigment phase comprising (i) starch and (ii) an enzyme selected from amylases

in an amount of 1-10 % by solids volume of the dry coating, and said enzyme being

immobilized on said starch, and an antifouling agent in an amount of 0.05-20 % by solids

volume of the dry coating, said antifouling agent chosen from the group consisting of

pyridine-triphenylborane, 2-(p-chlorophenyl}-3-cyano-4-bromo-5-trifluoromethyl pyrrole and
10 imidazole containing compounds, such as Medetomidine.

Preparation of the coating composition

The present invention aiso provides a method for the preparation of an enzyme-based self-
polishing coating composition as defined in any one of claims 1-9, said method comprising
the step of bringing (1) a potysaccharide and {ii) an enzyme capable of facilitating hydrolysis
15 of said polysaccharide, wherein said enzyme is immaobilized on a carrier material, in
admixture with a binder systemn and one or more constituents selected from dyes, additives,
solvents, pigments, fillers, fibres and anti-fouling agents, and any other suitable constituents

to be included in either the binder phase or the pigment phase of coating compositions.

The coating composition of the present invention is prepared usually by mixing and

20 dispersing the above componenis all at once or in a divided fashion by a conventional
apparatus for producing coating composition (paints), such as a ball mill, a pearl mill, a
three-roll mill, & high speed disperser. The coating compositions according to the invention,
optionally containing fibres, may be filtrated using bag filters, patron filters, wire gap filters,
wedge wire filters, metal edge filters, EGLM turnoclean filters (ex Cuno), DELTA strain filters

25 {ex Cuno), and Jenag Strainer filters (ex Jenag), or by vibration filtration. The coatingj
composition of the present invention thus prepared may be coated as it is or after having the
viscosity adjusted by a diluting solvent, on a ship or a maritime structure having a rust
prevantive coating material coated thereon, by e.g. airless spray-coating, air spray-coating,
roller coating or brush coating. The exact technigue chosen depends upon the object to be

30 protected and aiso upon the particular composition (such as its viscosity etc.) and upon the
particular situation. Preferred applications techniques are spraying and by means of a brush
or a roller.



Xylene, Xylen, Kemetyl Denmark 19 0 20 0 18 0 19 0 Methylisobutylketon, Kemetyl Denmark 1010 1

0 1 0 Pigment pha}se 037 Calcium magnesium aluminium silicate, ROCkJ%’{FEP%%}é' %4(%90 M5603,
Brenntag Dentiatkl 48’88 4545 Organic derivative of a special magnesium montmorillonite,
Bentone 38, 31

Preferably the immobilised enzyrmes and their substrates are added to the coating
composition as powders, and in a preferred embodiment of the inventton, immobtlisation of
the polysaccharide-degrading enzyme is done by spray-drying from a water-based slurry of

the enzyme and the carrier material.

5  Depending on the application technique, it is desirable that the coéttng campaosition
comprises solvent(s) s¢ that the solids volume ratio (SVR) is in the range of 30-100 %, such
as 30-70 Y%,

The invention further relates to a marine structure coated with one or several layers, in
particular successive layers, of a coating composition as defined hereinabove.

10 The coating composition accerding to the invention may be applied to a marine structure to
be protected in one ar several successive layers, typically 1 to 5 layers, preferably 1 to 3
tayers. The dry film thickness {DFT) of the coating applied per layer will typicalty be 10 to 300
prn, preferably 20 to 250 um, such as 40 to 200 ym. Thus, the total dry film thickness of the
coating will typically be 10 to 900 um, preferably 20 to 750 um, in particular 40 to 600 um,

15  such as 80 to 400 pm.

The marine structure to which the coating compaosition according to the invention may be
applied to may be any of a wide variety of solid objects that come into contact with water, for
example vesseis (including but not limited to boats, yachts, motorboats, motor launches,
ocean iiners, tugboats, tankers, container ships and other cargo ships, submarines (both

20 nuclear and conventional}, and naval vessels of all types}; pipes; shore and off-shore
machinery, constructions and objects of all types such as piers, pilings, bridge substructures,
floatation devices, underwater oil well structures etc; nets and other sﬁaricuiture
installations; cooling plants; and buoys; and is especially applicable to the hulls of ships and
boats and to pipes.

25 Prior to the application of a coating composition to a marine structure, the marine structure
may first be coated with a primer-systern which may comprise several layers and may be any
of the conventional primer systems used in connection with application of coating
compositions to marine structures. Thus, the primer system may incude an anti-corrosive

primer optionally followed by a layer of an adhesion-promoting primer.

30 The above-mentioned primer system may, for example, be a combination of an epoxy resin
having an epoxy eguivalent of from 160 to 600 with its curing agent (such as an amino type,
a carboxylic adid type or an acid anhydride type), a combination of a polyol resin with a

polyisacyanate type curing agent, or a coating material containing a vinyl ester resin, an
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unsaturated polyester resin or the like, as a binder systemn, and, If required, further
containing a thermoplastic resin (such as chlorinated rubber, an acrylic resin or a vinyl
chioride resin), a curing accelerator, a rust preventive plgment, a colouring pigment, an
extender pigment, a soivent, a trialkoxysilane compound, a plasticizer, an additive (such as
an antisagging agent or a precipitation preventive agent), or a tar epoxy resin type coating
material, as a typical example.

Use and Method

The present invention further provides the use of a polysaccharide and an enzyme capable of
facilitating hydrolysis of said polysaccharide, said enzyme being immaobilized on a carrier
material, In a coating composition to provide seif-polishing of said coating composition. In
particuiar, the enzyme is immobilised on said polysaccharide.

The present invention further provides a method for providing a self-polishing effect of a
coating composition, the method comprising the step of incorporating into the coating
composition a polysaccharide and an enzyme capable of facilitating hydrolysis of said
polysaccharide, sald enzyme being immobilized on a carrier material. In particular, the
enzyme Is immobilised on said polysaccharide.

The specifications above, including the specifications regarding the polysaccharide and the
enzyme, also apply in connection with the use and the method described above.

In one preferred embodirment of the above-specified use and the above-specified method,
respectively, the enzyme is glucoamylase and the polysaccharide is starch. In a particular
variant, the glucoamylase is immaobilized on the starch, e.g. by spray-drying.

EXAMPLES

Test for water soluble content of polysaccharides

The water-soluble content of polysaccharides is determined gravimetrically. The
polysaccharide is mixed in deionised water and stirred effectively. The slurry is then
centrifuged at 15,000 rpm in ten minutes, and the dry matter content of the supernatant is
determined gravimetrically.
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Polishing rate test

Polishing and leaching characteristics are measured using a rotary set-up similar to the one
described by Kiil et al. (Kiil, S, Weineli, C E, Yebra, D M, Dam-lohansen, K, "Marine biofouling
protection: design of controlled refease antifouling paints.” In: Ng, K M, Gani, R, Dam-
Johansen, K {eds.) Chemical Product Design; Towards a Perspective Through Case Studies,
23IDBN-13: 978-0-444-52217-7. Part 11 (7}, Elsevier. (2008)). The set-up consists of a
rotary rig, which has two concentric cylinders with the inner cylinder (rotor, diameter of 0.3
m and height 0.17 m) capable of rotation. The cylinder pair is immersed in a tank containing
about 40G-500 Hitres of Artificial Seawater (cf. Table 1).

Table 1: Compaosition of Artificial Seawater

Salt Concentration in g/L

Nall 32

MgS04-7H,0 14

NaHCO, 0.2

The tank is fitted with baffles to break the liquid flow, which enhances turbuience and enables
faster mixing of the species released from the paints and enhance heat transfer from a
thermostating systern. The purpose of using two cylinders is to create a close approximation
to couette flow (flow between two paraliel walls, where one wall moves at a canstant
velocity). The rotor is operated at 20 knots at 25 °C (unless otherwise specified), and the pH
is adjusted frequently to 8.2 using 1 M sodium hydroxide or 1 M hydrochloric acid.

Samples are prepared using overhead transparencies (3M PP2410) that are primed using
two-component paint (Hempadur 4518 ex Hempel's Marine Paints A/S) applied using a
Doctor Blade appticator with a gap size of 200 pm. Coating samples are applied adjacent to
each other using a Doctor Biade applicator with a gap of 250 pm. After drying for 1 day, the
coated transparency is cut in strips of Z cm resulting in eight samples of 1.5 x 2 cm? on a
long (21 cm) strip. The strips are mounted on the retor, and left to dry for a week,

After one week, the test is initiated, and during the experiment, samples are removed after
35, 65 and 140 days in order {o inspect the polishing and ieaching depths. The samples are
dried for three days at ambient conditions, after which they are cut in half 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),



99.399.5100.3 99.5 101.3 99.5 99.3 99.5 Total Pigment Phase 46 46 46 46 As prepared in pilot
scale WO 2010/089378PCDEP2010/051437 40 Table 7: Test paints based on a binder system
especially suitdd ?8}09’53"7?3 Comparative reference paint 7 Model paint%wwg’fgmsgolids volume
wet weight solids volume Binder phase fully hydroggnated rosin, Forel (TM) AX-E, Eastman
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Antifouling property test

An acrylic test panel (15 x 20 em?), sandblasted on one side to facilitate adhesion of the
coating, is first coated with 80 pum (DFT) of a commerciat vinyl tar primer {Hempanyl 16280
ex Hempel's Marine Paints A/S) applied by air spraying. After a minimum drying time of 24
hours in the laboratory at room temperature the test paint is applied with a Doctor Blade
type applicator, with four gap sizes with a film width of 80 mm. One coat was applied in a
DFT of 90-100 urn, After &t least 72 hours drying the test panels are fixed on a rack and
immersed in sea water,

In this test site the panels are immersed in seawater with salinity in the range of 29-31 parts
per thousand at a temperature in the range of 29-31°C. Every 4-12 weeks, inspection of the
panels is made and the antifouling performance is evaluated according to the scale shown in

Table 2. One score is given for each of the fouling types: algae and animals.

Table 2: Scale for grading the performance of coatings
undergolng static antifauling testing

Score Fouled area (%)

G 0 % fouling

1 0-2 % fouling '
2 3-5 % fouling

3 6-25 % fouling

4 26-50 % fouling

5 51-100 % fouling

The fouling species of most relevance are anirmals. For animal fouling a level of 1 is

considered good, For algal fouling, a level of up to grade 2 is acceptable.

Test for residual enzvmaltic activity affer prolonged exposure to sea-water

Paint film pieces from the rotor trial were immersed in Artificial Seawater (cf. Table 1) in 6-
well ELISA plastic plates and analysed for glucose development through 3 days of incubation
at 20-25 °C, Gentle movement of the salvent was applied with a shaker board (IKA KS130
control) operated continuously at 100 rpm. The glucose concentration in the solvent phase
was anaiysed by a standard glucose assay (see below). The activity was the calculated as
SGU-P {Starch-Glucoamylase Unit in Paint) where 1 SGU-P is defined as the surface area
reguired for releasing 1 mg glucase per hour,



19 36 19 36 polyvinyl methyl ether, Lutonal M 40, BASF Germany 10 9 10 9 acryllic copolymer,

Synocryl 874 N 40, Cr%éValley US 16 12 16 12 Additives 1 2 1 2 Xylene X¥Ien Kemetyl Denmark 10

10 Pigment pWé’s’&“”" {&ium magnesium aluminium silicate, Rockfibre’ %XE%%HBW\%%OS, Brenntag

Denmark 757 Zeolite, Purmol powder 4ST, Zeochegs Switzerland

Glucose Assay: The glucose sample (10ul} was mixed with a substrate blend (290ul) with excess
HOX (hexose oxidase), Horseradish Peroxidase and ABTS (2,2"-azino bis(3-ethylbenzthiazofing-6-
suffonic acid). Fully HOX-degradadion of glucose produces glucolactone and H202, which reacts
{oxidises) ABTS and induces a specirometric detectable colorimetric response correlating fo the
5 sample glucose concentration. The glucose conicentration was quaniified by measuring the

absorption at 405nm and by using a standard curve of 0 to 0.4 mg D-Glucose/mi. The substrate blend
ysed was comprised by: 4.6mi 100mM K2HPO4 - pH 6.3 ; 206u! ABTS solution (500mg ABTS Sigma
A-1888 to 100mi H20Q) ; 200uf Peroxidase solution (10mg Sigma P-6782 fo 100mif 100mM K2HP(O4 -
pH 6.3); and 20w purified HOX (HOX from Chondrus crispus was used as fermentation broth

10  prepared as described in patent appiication EP-A-0832245 and purified according to Rand et al (T.
Rand, K.B. Qvist, C.P. Walter & C.H. Poulsen. FEBS Journal, 2008, 273, 2693-2703).

Preparation of spray-dried starch with glucoamylase {laboratory scale)

Corn starch, obtained as C*gel 03401 from Cargill, and glucoamylase obtained from Danisco
A/S are spray-dried from a water-based slurry. 75 g starch and glucoamytase in a

i5 concentration of 56 units/g slurry are spray-dried from a water volume of 500 mL. Air iniet
temperature is kept at 135 °C, and the air and powder outlet temperature is 80 °C. At the
spray nozzles, water cooling with 0 °C water is used. The apparatus is a Mini Spray Dryer B-
191 from Buchi laboratory equipment.

Preparation of spray-dried starch with glucoamylase (pilot scale)

20  Corn starch, abtained as C*gel 03401 from Cargili, and ghucoamylase obtained from Danisco
A/S was mixed in water to form sturry comprised by 7.5 kg starch, 15 kg water, and
glucoamylase at a concentration of 3325 mtl/g starch (unless otherwise specified) and spray-
dried. The activity was as measured on the pure enzyme preparation before addition to the
starch siurry. Spray-drying was performed in a Niro NP 6.3 spray unit with an atomizer wheel

25  operated at 15000 rpm and a feed rate of 40-50 kg slurry/h. Drying air inlet and outlet
temperatures were 190-200°C and 85-110°C, respectively. The air flow was 480-520 m*/h.

Test for enzyme activity of glycoamylase immobilised to starch

Activity of the spray-dried starch-glucoamylase powder was determined to be 10-15 5GU/g.
1 SGU {Starch-Glucoamylase Unit) corresponds to the amount of starch-glucoarnylase

30  powder releasing 1 mg glucose per hour at 25°C and pH 4.5 in & 2 w/w% starch-
giucoamylase dispersion, calculated as an average glucose release through the initial 1-3



1 Micronized Natural Red Iron Oxide, 050 NR 839M, Tor Minerals International US 11 5 11 5 Zinc
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enzyme) 24 3 CFHAROT 99 101 99 Total Pigment Phase 41 41 As pre{?g%% ?rﬁf :bl%)t?scale

36

hours of incubation), Glucose developed was isolated with the supernatant by centrifugaticn
and analysed with a standard glucose assay using a glucose standard curve for quantification.

Composition of test paints

Table 3: Test paints based on a sllylated acrylic binder system with or without starch with
glucoamylase

Comparative ref. : Model paint 1 Model paint 2 Model Paint 3
paint 1

% % 8% % % % % Y
wet sotids wetl solids weat solids wel solids

weight | volume | weight | volume | weight | volume | weight | volume

Binder phase
Bindar system 28 52 28 52 29 52 32 52
comprised silylated
acrylic copolymer
solution and rosin
Additives 4 8 4 8 4 8 4 8
Xylene, Xylen, 8 G 8 G 9 0 9 0
Kemety! Denmark
Pigment phase
Caldium 1 1 1 1 1 i 1 1
magneasium -

aluminium silicate,
Rockfibre Roxul
10006 MS5603,
Brenntag Denmark

Fumed sllica, i 2 1 2 1 2 1 2
Aerosil 200,

Degussa Germany

Micronized Natural 15 4 5 4 6 4 6 4

Red iron Oxide,
QS50 NR 839M, Tor

Minerals

International US

Starch with G 0 0.5 1.00 2.4 5.00 5 10.00
glucoamylase”

Copper pyrithione, | 3 5] 3 6 4 6 4 &

Copper Omadine
Powder, Arch UK
Biocides UK
{antifouling agent)
Copper (1) oxide, 50.00 28 49 27 44 23 37 18
Red Copp 97N,
Chemet US
Total 100 101 99.5 101 100.4 100 99.2 100
Total Pigment 40 40 40 40
phase
¥ As prepared in pilot scale.




WO 2010/089378PCT1EP20101051437 41 Tables: Test paints based on a NAD binder system with
starch with or without glucoamylase. Model paint 7 0/0 wet weight Wo solids volume Binder phase

Binder systerﬁvgo?r‘i‘ilﬁ{‘f

&d%f NAD acrylic resin copolymer, RSAN-V-SPS&%%‘?%WPN%BW Japan;

polyvinyl methyl ether and rosin 22 50 Additives 3 4 Xylene, Kemetyl Denmark 20 0
Methylisobutylketon, Kemetyl Denmark 1 O Pigment phase Calcium magnesium aluminium silicate,

Rockflbre Roxul 1000 MS603, Brenntag Denmark 5 5 Organic derivative of a special magnesium

ﬂﬁﬁ;enggﬁﬁr?é@é,b?@rﬁ%ﬁﬁg §§88%¥%§E@§T§V§Fﬁﬁaﬁdﬁﬁ%ﬁﬂvsaﬁligg?'ﬁ%rosil 200, Dequssa

montmorillgriite
Germany 0;30.5 Comparative Comparative

reference paint 2 reference paint 3
% %% % %
wet solids wet solids
weight volume weight volume

Binder phase

Binder system comprised of sHylated acrylic | 2% 52 31 52

copolymer solution and rosin

Additives 4 8 4 8

Avlene, Xylen, Kemety! Denmark 8 Y, S Y

Pigment phase

Calcium magnesium aluminium silicate, 1 1 1 1

Rockfibre Roxu! 1000 MS503, Brenntag

Denmark

Fumed silica, Aerosil 200, Degussa 1 2 1 2

Germany

Micronized Natura!l Red Iron Oxide, OSC NR | 5 4 6 4

839M, Tor Minerals International US

Feldspar, Minex S-10, North Cape Minerals | 4 5 g 10

Norway

Copper pyrithicne, Copper Omadine 4 &) 4 &

Powder, Arch UK Biocides UK (antifouling

agent)

Copper (1) oxide, Red Copp 97N, Chamet 43 23 36 18

us '

Total 99 101 101 101

Total Pigment phase 40 40




Micronized Natural Red Iron Oxide, 050 NR 839M, Tor Minerals International US 4 3 Zinc oxide, Larvik
Zinx Oxide, Umicore Norway 2 1 Starch with glucoamylase (see Table 9) 5 10 C ppe 7pyrithione,
Copper Omac}m%zﬁ’}gmé?,g Arch UK Biocides UK (antifouling agent) 4 7 %TﬁEp%zrud o>%|4(§e, Lob o Tint 97,
Chemet US 33 17 Total 100.3 99.5 Total Pigment Phage 46 Table 9: Test paints with different activity
of glucoamylase in spray-dried glucoamylase (composition as in Table 8 starch with Model Paint 9 A

Iv FjosparadM 478 mU/g starch Spray-dried.starch wifhhllmnahm lase hq én /-dried.starch with
glucoarnylasBABE 995 Sk ?v.ﬁﬁ%géﬂgﬂgﬁﬁgr%— He S i SR #8Se50,000 mU/g

=, JU 1T11TU7
starch reference paint 4
% % Yo ) % %
wet solids wet solids wet solids

weight | volume | weight | volume | weight | volume

Binder phase
Binder system comprised of NAD | 19 50 19 50 20 50
acrylic resin copolymer, RSAN-V-
SpD#-55, DAL Nippon Japan;

nolyviny! methyl ether and rosin

Additives 3 5 3 5 3 5
Xylene, Xylen, Kemety! Denmark | 18 0 18 0 18 &)
3,3-Dimethylbutanone, 1 0 1 G 1 0
Methylisobutylketon, Kemetyi

Denmark

Pigment phase

Calcium magnesium aiuminium 4 5 4 5 4 5

silicate, Rockfibre Roxul 1000
M5603, Brenntag Denmark
Crganic derivative of a speciai 1 2 1 2 1 2
magnesium montmoriflonite,
Bentone 38, Elementis Specialites

Belgium

Fumed silica, Aerosil 200, 0.3 0.5 0.3 0.5 0.3 0.5
Degussa Germany

Micronized Natural Red Iron 4 3 4 3 4 3

Oxide, OSSO NR 839M, Tor
Minerals International US

Zinc oxide, Larvik Zinx Oxide, 8 5 8 5 8 5
Umicore Norway

Starch with giucoamylase” ] 0 0.4 1 1.3 3
Copper pyrithione, Copper 4 7 4 7 4 7

Omadine Powder, Arch UK
Biocides UK {antifouling agent)

Copper(I) oxide, Lolo Tint 97, 39 23 38 22 35 20
Chemet US

Total 101.3 1005 100.7 | 100.5 99.6 100.5
Tota! Pigment phase 45 45 45

* As prepared in pilot scale



Model Paint 11 # As prepared in pilot scale; samples with various activities were obtained by adding
variable amounts of ehzyme per mass starch, The coatings were proq, (;ﬂ, p Wo-speed Diaf

4
37-33v mlxerwl%e mgre |ents are mixed and 5ground to a fineness of <lé% Al ny %’Zredlents
sensitive to the high shear forces and temperature ingthe grinding process may are added in the

let-down. Example 1 - Characterisation of various starch qualltles as coatlng mgredlents The starches
presented i Tnhlp 10 were tested riment

described a ﬂ&gxbﬁ ﬁﬁg‘(go@gggqn!\gr?tgmﬁ abee a_Ln re\?\% 1437 42

Table 10: \.ource, name and Supgliersiaftstarchesitested Nanten@emivercia| Aemer8gearce Supplier

Gelatinisatipn(C) Average-equi "\mlﬂnf sbpher:m' volun e dian éfé.rw. };Flf ?Q,Ef‘j?rg. ’Segﬁk?ﬁ ?Q:my 65-73

2-8 R2 Rerhy 57 Rice Remy 72.5R3 mygelv&;@e, ngiﬁ;&emy.e'i? 5Rdids |wet | solids

weight | volume | weight ! volume | weight | volume | weight | volume

Binder phase
Binder systeam: NAD 20 50 22 50 20 50 21 50
acrylic resin copoly-
mear, RSAN-V-SPD#-
55, DAI Nippon
Japan; polyvinyl
methy! ether and

rosin

Additives 3 4 3 4 3 4 3 4
Xylene, Xylen, 19 G 20 G 18 0 19 0
Kemety! Denmark

Methylisobutylketon, |1 0 1 0 1 0 1 8}
Kemety! Denmark

Pigment phase

Caldium magnesium 4 5 5 5 4 5 4 5

aluminium silicate,
Rockfibre Roxul 1000
MS603, Brenntag
Denmark

Organic derivative of | 1 2 H 2 1 2 1 2
a special magnesium
mantmorillonite,
Bentone 38,
Elementis Specialites
Belgium

Fumed silica, Aerosil 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5
200, Degussa
Germany
Micronized Natural 4 3 4 3 4 3 4 3
Red Iron Oxide, OS0O
NR 839M, Tor
Minerals International
us

Zinc oxide, Larvik 1 1 z i 2
Zinx Oxide, Umicaore
Norway

Starch with 2 5 5 10
glucoamylase®
Feidspar, Minex 5-10, 4 5 8 10
North Cape Minerais
Norway

Copper pyrithlone, 4 7 4 7 4 7 4 7
Copper Omadine
Powder, Arch UK
Biocides UK
{antifouling agent)
Copper(1) gxide, Lolo | 40 22 33 17 39 22 32 17
Tint 87, Chemet US
Total 99.3 99.5 100.3 1985 101.3 99.5 99.3 99.5
Total Pigment Phase 46 465 46 46

* As prepared in pilot scale

s
[\
Ry




Remy DR Rice Remy 77 5 R5 Remyline AX DR Waxy rice Remy 65-73 5 Cl| C*gel 03401 Corn Cargill
62-71 15 C2 Clearam MN 0500 Corn Roquette 62-71 15 C3 Cleararn MN 10 15 Corn Roquette 62-71
15 C4 Clearant %T“%?f“@ﬁ%axy corn Roquette 62-71 15 C5 Clearam CI FogEF20100s1437

40

Table 7: Test paints based on a binder system especially suited for yachts

Comparative reference paint 7 | Model paint 8

%, %% % %

wet weight | solids volume wet weight | solids volume

Binder phase

fully hydrogenated rosin, Foral 19 36 19 36
(TM) AX-E, Eastman chemical

company US

palyvinyl methyl ether, Lutonal 10 9 10 9
M 40, BASFE Germany

acryliic copolymer, Synocry! 874 | 16 12 16 12
N 40, Cray Valley US

Additives 1 2 1 2
Xylene, Xylen, Kemetyl 16 10

Denmark

Pigment phase

Calcium magnesium aluminium 7 5 7 5

silicate, Rockfibre Roxui 1000
MS603, Brenntag Denmark

Zeolite, Purmol powder 45T, 1 1 i 1
Zeochem Switzerland .
Micronized Natural Red fron 11 5 i1 5

Oxide, 0SO NR 839M, Tor
Minerals International US

Zinc oxide, Larvik Zinx Oxide, 3 1 3 1
Umicore Norway

Starch with glucoamylase® 24 30
Starch {without enzyme) 24 30

Total 101 99 101 99
Total Pigment Phase 41 41

* As prepared in pilot scale



Waxy corn Roquette 62-71 15 C6 Clearam CH 15 05 Waxy corn Roquette 62-71 15 C7 HI-CAT 21370
Waxy corn Roguette 62-71 15 Ti Clearam TJ 2015 Tapioca Roquette 5]?'(5‘769% mﬁr s normal starch
contains abou‘tggfﬂﬂc})jﬁ?isgshighly branched amylopectin, waxy starch is g(%/{yrfny %pictin.
Gelatinisation temperatures in Table 10 refer to the tgmperature at which the starches form a gel.

Table 11: The amount of water soluble contaminants in the starch types presen ed in Table 10.. Wt%

water solu

le material R1 2 7R2 083 R3.5.R4144R51 6 Cl
Tabie 8: Test paints based on a NAD binder system with starch with or without
glucoamylase.
Model paint 7
% %
wet weight solids volume
Binder phase
Binder system comprised of NAD acrylic resin 22 50
copolymer, RSAN-V-SPD#-55, DAI Nippon
Japan; polyvinyl methyl ether and rosin
Additives 3 4
Xylene, Kemetyl Denmark 20 0
Methylisobutylketon, Kemetyl Denmark 1 0
Pigment phase
Calcium magnesium aluminium silicate, 5 5
Rockfibre Roxul 1000 MS603, Brenntag
Denmark
Organic derivative of a special magnesium 1 2
montmoriilonite, Bentone 38, Elementis
Specialites Belglum
Fumed silica, Aerpsil 200, Degussa Germany 0.3 6.5
Micronized Natural Red Iron Oxide, Q50 NR 4 3
839M, Tor Minerals International US
Zinc oxide, Larvik Zinx Oxide, Umicore Norway | 2 1
Starch with glucoamylase (see Table 9) 5 10
Copper pyrithione, Copper Cmadine Powder, 4 7
Arch UK Biocides UK (antifouling agent}
Copper(I) oxide, Lolo Tint 97, Chemet US 33 17
Total 100.3 99.5
Total Pigment Phase 46

Table 9: Test paints with different activity of gluccamyiase in spray-dried starch with
glucoamylase (composition as in Table 8)
Activity before spray-drying

478 mU/g starch

Spray-dried starch with Modei Paint 9
giuccamylase
Spray-dried starch with
gluecoamylase
Spray-dried starch with
glucoamylase 50,000 mU/g starch

* As prepared in pilot scale; samples with various activities were obtained by adding variable

4,290 mU/g starch Model Paint 10

Model Paint 11

amounts of enzyme per mass starch,
The coatings were produced on two-speed Diaf 37-33v mixer. The ingredients are mixed and

5 ground to a fineness of < 30 pra. Any ingredients sensitive to the high shear forces and

temperature in the grinding process may are added in the let-down.

Example 1 - Characterisation of various starch qualities as coating ingredients

The starches presented in Table 10 were tested for the amount of water-soluble

contaminants in the experiment described above. The results are presented in Table 11.



0.12C20.15C30.677C40.28C50.23C60.205C72.93T10.13 5In Table 11 it is seen that the

starch-type contaiglir}gggh% least amount of water soluble material is the
from Carqill (%f?')z g ?ype of starch has therefore been preferred for t

e su

E&%@F}W&%ge, C*gel 03401

sequent examples. WO

2010/089378PCT/EP2010/051437 43 Example 2 - Pgjishing rate and leached layer depth of test

paints based on a silylated acrylic binder with or without starch with glucoamylase Th

e test paints

based on the ated a nder system (see-Tables 3 and 4)-were used-in-polishing rate testing.
Table 12 skt E ISty O%E%;klﬁu tt clepth atings. The
leached layer thickmesses after 140 days are providec then leached layer
thickness. Table 12. Rglishing rate and leathed layer-depth paitt PEhishingrate (p/10,000
: 4 RL i Remy FG . pRice o emy . (63~ N . . o
Nautical mifes)te R HEU ERYer T OgE 0T compgrafive Teiggerice pamt fIsComparative Teference paint 1
2.7 100 Moded painkdnygd 566 Modet paint|Ra:5* 57 5
R4 Remy DR Rice Remy 77 5
RS Remyline AX DR | Waxy rice i Remy 65-73 5
Cl C*gel 03401 Cormn Cargill 62-71 15
C2 Clearam MH Corn Roquette 62-71 i5
0500
C3 Clearam MM 10 | Corn Roguette 62-71 15
15
c4 Clearam €I 30 Waxy Roquette 62-71 15
00 corn
C5 Clearam CI 10 Waxy Rogustte 62-71 15
oo corn
e Clearam CH 15 | Waxy Roguette 62-71 15
05 corn
c7 MI-CAT 2137C Waxy Roguette 62-71 15
corn
Ti Clearam 1] Tapioca Roquette 58-70 20
2015

5

Whereas normal starch contains about 3/4 of the highly branched amylopectin, waxy starch

is 100 % amylopectin. Gelatinisation termperatures ir Table 10 refer to the temperature at

which the starches form a gel.

Table 11: The amount of water soluble contaminants

in the starch types presented in Table 10,
W% water soluble
material

R1 2.7

R2 0.83

R3 5

R4 1.44

RE 1.6

Cl G.i2

C2 0.15

C3 0.677

c4 G.28

C5 G.23

C6 0.205

c7 2.93

T1 0.13

In Table 11 it is seen that the starch-type containing the least amount of water soluble

matertal is the Corn starch type, C*gel 03401 frorm Cargill {("C1"). This type of starch has

therefore been preferred for the subsequent examples.



Model paint 3 3.5 115 Comparative reference paint 2 3.5 100 Comparative reference paint 3 4 136
*Polishing rate after 65 days. The example shows that a powder consistj I lase
immobilised off S Gs@%ﬁbe used as substitute for cuprous oxide in co%r%?r{gi'c%{rﬁfg%o?s%ns based on
silylated acrylic binder 10systems without lowering pgkshing rate. Compared to feldspat (Comparative
reference paint 3), the polishing is somewhat similar, however, the leached layer is thicker in the
comparative reference paint than in th? mhode;l )?aigts.thT 'g rPeanL;s Ehat éhe diffp;itog resi]stance of the
antifouling aftivEARGre TR & TR AES<E " Sh G R TER8e ARTiBUTR g e i€ 20misromised. 15 Example
3 - Compari¥ifet W8 antiGanng et fyiiErQe 8Y 88t paints based on a silylated acrylic binder with or
without starch with glucoamylase The test paints based on a silylated acrylic binder system (see
Tables 3 and ¥y wereatestedda sherantifemingcpiapertgtestimS$ing apoee 3After Bweeeksditmersion, the
panels were QBW@Q@T&@I@QQ@@ froondhe dnspeciion ae &ﬂgﬂd@ rI_@bJ@dlBe SW@.ed layer
2010/089378RGTIERZOINNRLARE A4 Tablg, L3:farades fiam insrection ofdnstpainss after 8 weeks of

antifouling pro%lesorug/8 tﬁggggl?%%@gg&géghe%Igrglér%g(er!egsqmparative reference paint 1 Model paint 1

Model paint 7 I"paint mparative reference paint 2 Comparative reference paint 3 Algae 411
Table 12: Palishing rate and leached layer depth
Test paint Polishing rate (um/10,000 Leached layer in % of
Nautical miles) comparative reference paint 1
Compearative 2.7 140
reference paint 1
Model paint 1 5.3 106
Model paint 2 3.5* -
Mode! paint 3 3.5 115
Comparative 3.5 100
reference paint 2
Comparative 4 136
reference paint 3

*Polishing rate after 65 days.

The exampie shows that a powder consisting of giucoamylase immobilised on starch can bhe
used as substitute for cuprous oxide in coating compositions based on silylated acrylic binder
10  systems without lowering polishing rate. Compared to feldspat {Comparative reference paint
3}, the polishing is somewhat similar, however, the leached layer is thicker in the
comparative reference paint than in the model paints. This means that the diffusion
resistance of the antifouling active ingredients is increased, and therefore antifouling effect is

cormpromised.

15  Example 3 - Comparison of the antifouling performance of test paints based on a sifylated
acrylic binder with or without starch with glucoamylase

The test paints based on a silylated acrylic binder system (see Tables 3 and 4} were tested in
the antifouling property test in Singapore. After 8 weeks immersion, the panels were
inspected. The grades from the inspection are seen In Table 13,



112 Animals 3211323 The table shows that the antifouling properties of the coatings containing
glucoamylase immobilised on starch are not compromised (Model paints 1 and 2). Comparing to the

coatings conté\ﬁﬁﬁ‘f@fﬁ%@at as filler (Comparative reference paints 2 and’ 7é’/)l?’{)i

10/
ISIS

BER that 5the

antifouling effect of the coatings based on glucoamylgse immobilised on starch is better. Example 4 -
Polishing rate and leached layer depth of test paints based on a NAD binder system with or without

starch with

lucoamylase ... The test paints based on the NAD hinder system_(see T3

were subjec
thicknesses
Table 14: Pd

bles 5 and 6)
ched layer
layer thickness.
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Siviestet cet-saint-75.696-Com PR rative reference

The table shows that the antifouling properties of the coatings containing gluccamylase
immobilised on starch are not compromised (Model paints 1 and 2). Comparing to the
coatings containing feldspat as filler {Comnparative reference paints 2 and 3), it is seen that

5 the antifouling effect of the coatings based on giucoarmylase immobilised on starch is better,
Exampie 4 - Polishing rate and leached layer depth of test paints based on a NAD binder
system with or without starch with glucoamylase
The test paints based on the NAD binder system (see Tables 5 and 6) were subjected te the
polishing rate test. The results are shown irr Table 14. The leached layer thicknesses after
10 140 days are provided as a measure of the steady-state leached fayer thickness.

Table 14: Polishing rate and leached layer depth

Modei! paint Polishing rate {pm/10,000 | Leached layerin % of

Nautical miles) comparative reference paint 4

Comparative reference paint 4 1 5.0 100

Model paint 4 7.2 98

Model paint &5 3.3 74

Model paint 6 8.4 81

Model paint 7 5.0 a0

Comparative reference 5 4.4 Q7

Comparative reference 6 1.7 132

It is seen that the novel coating ingredient can be added (Model paints 4, 6 and 7} without

compromising polishing and [eaching behaviour. Furthermaore, it is seen that using

glucoamylase immobilised on starch as filler {Modei paints 5, 6 and 7) generally lowers the
15 leached layer thickness compared to the reference coatings (Comparative reference paints 5

and 6}.



4.4 97 Comparative reference 6 1.7 132 It is seen that the novel coating ingredient can be added
(Model paints 4, 6 andﬁ?q) without compromising polishing and leaching behaviour. Furthermore, it is
seen that usin‘ﬁ%?ﬂ@é‘g gf?ase immobilised on starch as filler (Model paiﬁ?g@%na%”aIﬁ7generally lowers
the 15leached layer thickness compared to the refereice coatings (Comparative reference paints 5
and 6). WO 2010/089378PCT/EP2010/051437 45 Example 5 - Comparison of the antifouling
performance of test paints based on a NAD binder system with or without starch with glucoamylase
The test pairft€BaSet G ARKE SE8 P &SR RO TEBELE Sh A%y vsre s iy e Shtifouling
property testvAftar @tiveeké mhrersidbr/thé raqeldarere inspected. The grades 5from the inspection
are provided in Table 15. Table 15: Grades from inspection of test paints paints after 8 weeks of
antifouling propesty testiagateSingapw eindiasispanel-Comps inpankdMedel paid 4 Model paint 5
Model paint § MadahRaIREACAUN AR RAIRE PnrOmeh 6] RANY LeAl0RBds 2Thelgdded

5  from the inspection are provided in Table 15.

Table 15: Grades from inspection of test paints paints after 8 weeks of antifouling property
testing in Singapore

Biank Comp. Mode! Mccel | Model Model | Comp. | Comp.
panel ref. paint 4 paint 5 | paint 6 | paint 7 | ref. ref.
paint 4 Paint 5 | paint 6
Algae 4 3 2 1 2 2 1 1
Animals | 3 1 1 ¢ 1 1 1 2

The table shows that the antifouling properties of the coatings containing glucoamylase
immabilised on starch are not camprornised {Mode! paints 4-7). An algal fouling level up to

grade 2 is acceptable.

10 Example 6 - Polishing rate of test paints based entirely on starch with glucoamylase as water
soluble part of the pigment phase

Comparative reference paint 7 and Model paint 8 (see Table 7} were subjected to polishing
rate testing. The results are provided in Table 16.

Table 16: Polishing rate

Mode! paint # Paolishing rate (pm per
10,000 Nautical miles)

Comparative 0

reference paint 7

Model paint 8 5.6

15  The results show that it is possible to achieve polishing of a yacht-based antifouling coating,
when it contains giucoamylase immeobilised on starch as the only active pigment (Model paint
8). In comparison, a coating coniaining starch without immobilised glucoamylase does not

polish (Comparative reference 7).

Exampie 7 - Comparison of the antifouling performance of test paints based on a NAD binder
20 system based coafting composition with or without starch with glucoamylase

The test paints based on the NAD binder system (see Tables 8 and 9) were subjected to the
polishing rate test. The results are shown in Table 17. The leached layer thicknesses after 35



Animals 31101112 The table shows that the antifouling properties of the coatings containing
glucoamylase immobilised on starch are not compromised (Model paint§C4-/Q>. égﬂasllg%l fouling level up
to grade 2 is é%@é?)’t‘gﬁ@HOExample 6 - Polishing rate of test paints base en%lre{y on starch with
glucoamylase as water soluble part of the pigment phgse Comparative reference paint 7 and Model
paint 8 (see Table 7) were subjected to polishing rate testing. The results are provided in Table 16.
Table 16: Polishing rate Model paint # Polishing rate (pm per 10,000 Nautical miles) Comparative
reference paAY2HNFSHRA PSS 576C FETHEY Ut SRERT A8 PERIBIE T EERTEVE Bolishing of a
yacht-basedthistifetsiRgsebatipryyWh et YorrameesiirbaRy Es&lfimobilised on starch as the only
active pigment (Model paint 8). In comparison, a coating containing starch without immobilised
glucoamylasEEioes. Pepalshd Gapalajay edenarenesdly enzyloXatpte 7 - Comparison of the
antifouling pEddrrrrce of telskqislingrased on-eeNiaDPRNdEr 20R8y/4temBYsed ¢oating composition
with or withput starch with glugai e, wo Zgiw@ggfz?gcr 20104051437 46 days at a
temperature of 25C are provided-asesarmeasure of the steady-stadedeachathlayer thickness. Residual
enzyme acijvity was measurﬁ‘éﬁt@f??aftg@% Table 17: Polishing rate, leached layer depth and
residual enzyme activity Moe-,lnéjamggﬁghs ing rate (pm/10,000 Nautical miles)|{The decrease in film
thickness between inspection @feroZdiarmie35 days is used to calculate the polishing rate. Leached
layer in A) ¢ fv leErEREEBaHIE S Resiguatenzyme-ackvity
0.315

Model Paint 10 - -
Maodel Paint 11 15.2 103 0.364
It is seen that there is a tendency that the polishing increases with increased enzyme

activity. Furthermore it is seen that the residual enzyrme activity increases with increasing

5  enzyme activity prior to spray drying.




Activity (mg glucose/m2/h) Model Paint 9 9.5 100 Q.123 Model Paint 10 0.315 Model Paint 11 15.2
103 0.364 It is seen that there is a tendency that the polishing increases with increased enzyme
activity. Furthermore it is seen that the residual enzyme activity increases with increasing 5enzyme
activity prior to spray drying. 47 CLAIMS 1. An enzyme-based self-polishing coating composition
comprising @bider phase in the form of a binder system and a pigment phase, said pigment phase
comprising (i) a polysaccharide and (ii) an enzyme capable of facilitating hydrolysis of said
polysacchatide, psaid enzyme beipg smmebilizedon sail DOlSREERARIS +igeF iR LealIRg. composition
according tQ any pne r%f trhse s%gncglg n ?l‘%@ y\v@gr%lri] dsa}ldﬂn gotly%aaggkgéandﬁsgﬁ s@ré:h. 3. The coating
compositionaggc%rdlng 0 an one o the precgd?n cfa_nﬁf, whe emsa@g_nzy?n IS selected from
amylases, SRORFSACGHITESE) AR ERRYEE SRR GIUGEHRAVIGSR oS b RELENYRTT 5B Stion according
to any @ne efithenpreedding iolaintdizathereiridsedtisaetypsteeharide constitutes 1-30 Ai by solids volume
of said coating composition. 5. The coating composition according to any one of the preceding claims,

wherein said polygacgharide capstitites.d, 4 ARyselidsolimpe.phthe Rigmsntahase. 6. The
coating com sitioigaagcordggg to any one of the preceding claims, wherein said the 15ratio between

said enzym °ana said pecﬁyssacc aride is 0.05-200,000 milliunits enzyme(s) per g polysaccharide. 7.
The coating composition according to any one of the preceding claims, wherein the binder phase
constitutes 30-80'% sselitis volpTRiof Breccdadiig TYmMposhidn amrdetiespigiment ptiaisesednstitutes 20-70
% solids volsmenefitkelepatiftgreamypesitionc?@8 JFhendeatngcompasitionlaccorgdig.to any one of the
preceding claims, wherein said coating composition comprises 0.05-20 0/0 by solids volume of one or
more gntifoyling .agents. 9.A marine structure coated with.one or several layers of a coating
compastion s (e B o B B e
enzyme-bad8ly BEM PR ARG ESEhing Compoitlith 24 B&ihiea th-ath 8 1 8 EH s 1-8, said method

comprising the step of bringing (i) a polysaccharide and (H) an enzyme capable of facilitating
hydrolysis of.saidpotysact batifesivvherestsaidenzyme 8 thnpehdized onsaidipotysasicharide, in
admixture V\BHﬂféaéﬂﬁ'éiﬁfe constitutes 1-40 % by solids volume of the pigment phase.

6. The coating composition according to any.one of the preceding claims, wherein said the
15  ratio between said enzyme and said polysaccharide is 0.05-200,000 milliunits enzyme(s) per

g polysaccharide.

7.  The coating composition according o any one of the preceding claims, wherein the
binder phase constitutes 30-80 % solids volume of the coating composition and the pigment

phase constitutes 20-70 % solids volume of the coating compaosition,

20 8. The coating composition according to any one of the preceding claims, wherein said
coating composition comprises 0.05-20 % by solids volume of one or more antifouling

agenis.

9. A marine structure coated with one or several layers of a coating composition as

defined in any one of the claims 1-8.

25 10. A method for the preparation of an enzyme-based seif-polishing coating composition as
defined in any one of claims 1-8, said method comprising the step of bringing (i) a
polysaccharide and (ii) an enzyme capable of facilitating hydrolysis of said polysaccharide,

wherain said enzyme is immobilized on said polysaccharide, in admixture with a binder



48 system and one or more constituents selected from dyes, additives, solvents, pigments, fillers,
fibres and anti-fouling agents. 11. Use of a polysadl’@charide and an enzyme capable of facilitating
hydrolysis of said polysaccharide, said enzyme being immobilized on said polysaccharide, in a coating
5composition to provide self-polishing of said coating composition. 12. A method for providing a
self-polishingrefeci-ef eneoatintgecanypositigndbaednehndeamuaasing thensiep, gidrearporating into the

coating comgsitian.& RAlsacehakide ad an enzyme capable of facilitating hydrolysis of said
polysaccharide, said enzyme being immobilized on said polysaccharide.

11. Use of a polysaccharide and an enzyme capable of facilitating hydrolysis of said
polysaccharide, said enzyme being immobilized on said polysaccharide, in a coating

5 compaosition o provide self-polishing of said coating composition.

12. A method for providing a self-polishing effect of a coating composition, the method
comprising the step of incorporating into the coating composition a polysaccharide and an
enzyme capable of facilitating hydrolysis of said polysaccharide, said enzyme being

immobilized on said polysaccharide.



