WO 20091100908PCT/EP2009/000991 Antifouling Composition The present invention relates to
the use of polyoxalates as binders for antifouling coating compositions, to antifouling coating
compositions eomprising such 5 binders and to certain. preferred polyoxalates per se. Surfaces that
are submerge¥ MrrEEAMKNBr are subjected to fouling by marine organismsP§GEP8Y#EALand brown
algae, barnacles, mussels, tube worms and the like. OnImarine constructions such as vessels, oil
platforms, buoys, etc. such fouling is undesired and has economical consequences. The fouling may
lead to biological to degradation of the surface, increased load and accelerated corrosion. On vessels
the fouling will increase the frictional resistagcl:l%)z\o/h'hch ill caus reduced speed and/or increased fuel
consumption. It can also result in reduced niahoeuvrabi |?§’f’p° ! prevent settlement and growth of
marine organisms antifouling paints are used. These paints generally comprise a film-forming binder,

together with different 15?8%&@%%%@@1&@%@@@@8@0%%8%%Qgif?&%&‘gqjﬁa"y active

substances. The most successful antifouling coating systemon the market until 2003 was a
tributyltin (TBT) sefR&IEMAGRIPSRAMBPL{ioRsy o PREONIAE Caita P TBPAHESRSAYMBLINNG Bikitings was
a linear acrylicscopgbyaarandtty tibufy bR Reed pohaiouiss Jarseawater the polymer was gradually
hydrolysed releasing tribytyltin, which is an 20 effective biocide. The remaining acrylic copolymer, now
containing carhoxyli aci T BB E A BT Gh O LS P IS b IE PR APt be washed
out or eroded awayransiesedatigesurdad rdinisabglé; holishieg eftestlgrobicedrarcandroitdtkeelease of
the biologically actj in ' Iting. | X ntifoul] iciency and
smooth surfaces a}%ﬁ ﬁ%%%%%ﬁﬁéﬁﬁﬁ%ﬁgp %is%s%}éh%}gP g% ﬁg%[hﬁso&%c%rﬁc/e%gggeglﬁ%grﬁaﬂonaI
Convention on the U néefisi ghiaaneronamic ainyairsesm d shiships mey Joshipkiitgied the application
of new TBT copntaiging.antiiauine: caating stem«003and 1R fi¢ortedingantiniagaeatings are

prohibited on ship hulls from 2008. In recent years new antifouling coating systems have been
developed and so I REHAL IR SOEHIMAL (ST ISR AT O e B St sheet BrdGhal
antifouling coatingsnoredbel faalkehsndpyos. theanelfspotaiiing edifed maeaatistgitwhich mimic the TBT
self-polishing copolymer goatings, These anifauling roatings,arc bascd o Qe paiose oc
2009/109908PCT/EP200§7658 91% l('me‘fﬁﬁacryﬁrc copolymers having pencianf1 ’hy%if’ofysaﬁe groups
without biocidal prapetti€hestpeaiklydeolsrsity reerobtstsnilin thensambiadeintobetes Wit difinmg
copolymers. This gi¥gsshe.same sopisaliaddissalution ofithadalymsagntitbetghydhe.controlled

release of antifouling compounds from the coatinth film, resulting in Similar 5 performance as the TBT

containing antifouling co fuRsEssFple T M eonting Py SRS TR Rl R 99 &8s today
are based on silyl esteridETBE et ddndicopopativnsitert THICH ORI RYscamMpO sitens are for
example described i R.0646.630, EP 0.802 243, EP 1.342 75 479 73 P 1641862, WO
0077102, WO 03/ B NGB TS B o R AR LS Batems
degrade by hydrolysivefedropmiymerowes sadhelpbiydndytsdeklivesiog witietyltas it ¢h ig swater erodable
polymer. The hydrolysig.af ﬁﬂﬁiﬁ&“ﬁ@}%ﬂfﬁﬂﬁ% R1e RPVMNRELASERONGIES Y H g farmation of

carboxylic acid salts which make the polymer hydrophilic and thereby crodable. A certain amount of
hydrolysable grougBaiRsrhsserag Yo iaealmaiiagioi sprinbis B ser vatertebsdeashed 8 Per after
hydrolysis. One disaelvaniage fbihisdeshnalcegifisdhaiithelmelesilar offeigbiahdbe palymarinfluences
the erosion rate and}hi%\h rgt Iegul r W ﬁ ht Foéymers Wig ha\{ﬁ: Iow:tar erosiﬁn rate due toaniangIement
of the polymer chalR$?AIS6, s‘?lyfo e 58 Vmé:?rpéjéﬁlﬁofo}ﬁy %%’%ﬁ%ﬁéﬁ?‘é_ lﬂﬁgfﬁ%‘? \7\’/(a°§’/ o obtaining
water erodable polymtideslisgsfiintrody eiigsR0dihdrofpsaizieddrowpsddutiod frofiionel taiskinoae, resulting
in degradation, of the polyfenHHIERH & ICH AL AERSI QAT NG RAN eI A opting: fIm.

Polyanhydrides are a class of polymers that degrade by backbone hydrolysis. The polyanhydrides are

well documented forfdrdingaveaeypadiien pfepairehBiirhie aajicaians! rE8NBdf the most
important factors feuehiaipiharsuatessiithantiton o raaing THha e ehrbsRaaificoarpalic
polyanhydrides as binders in antifouli oating compositions is, for example, described in WO
2004/096927. I%%\? Ve  tHe E‘S}E%ﬁtgné cr)b@g'is extremely labile in the presence of moisture and it
is therefore difficult to desigreamgatrmpsystenfdudisgdaninoiystampdridebdtrat exdvpitd andlow,
controlled hyckplysisgava 10 paiouina <oos=ceai gy Jes0.pabaRbidridasang or

antifouling coating compositions generala/ have a high content of aromatic units in order to control the
hydrolysis. 2a Surﬁﬂ"’?&ﬁﬁs on the market today is the self-polishing antifouling coatings which mimic the

TBT self-polishing copolymer coatings. Those antifouling coatings are based on



In a first aspect, the present invention is directed to an antifouling coating composition comprising at
least one polyoxalate and at least one biologically active dgent that prevents the settlement of marine
organisms on a surface and/or encourages the dislodgement of marine organisms from a surface.

In a second a¥fiettHertesent invention is directed to a kit comprising (FGHERRHIISANNY coating
composition comprising at least one polyoxalate and at feast one biologically active agent that
prevents the settlement of marine organisms on a surface and/or encourages the dislodgement of
marine organisms from a surface and (Il) at least one curing agent. In a third aspect, the present
invention is directed tg the yse of at least one polygxalate, as a binder in an antifouling coating
composition, Wheréj}“r?%sl afargih%i?gaﬁ g 8%&&?#5“?&%@?88.‘? n%a%%gr{lt‘éggogpéi\gé%?gg 31/03(%\% agent that
prevents the settlepnenertidsnichérydrdenisnesionisns isthe eaarckio incthe i gostamintislodgement of
marine organisms {iggh SRR gives IRAIMIAANIRG G RESER R WeRliRBr Sl Gkl @ 8N object

coated with an antifouling coating of the present invention. In a fifth aspect, the present invention

is directed to a proesEetsd prbsaseigiifobrteorapryadnifigradhssAsing BYBFGHIRSHRCHWAT of said

object with an antifeifing seatiRaneMthe PEeERThEMaMAlng coallh@sSilhasPrREmEsesEasefil invention
is directed to a selt-polishing antifquling coating composition of the preseny invention which is curable
or which has been Ul FEG BEETER LB I AREHE Y e 0BG SOSBEFH EP2009/00091 3

We have surprisinghyetizooviss edpisigineclyTixelatestare @molasstiohp ety foe kx thatlardessubbadie, iof use as
binders in antifouli i ing,fi fopmed.u tp alates )fl"g’ j t’@fbrb?) ry surface
degradation by deg%ﬁﬁ%@%tﬁgﬁg%m%aﬁ%oﬁ%% tﬁéggg{%kgfate@Baci%one hydrolysis in these
compounds is mor® EoprISTRI 2rad PR PYARhydrides. Because of the two adjacent carbonyl

groups in the gxalate unitbewgstenalabR-iSAGMvAIRE AddahiladewardsiydialyaieRrlypxalates
have better solubility in common organic solvents than anhydrides and give more flexihle coating films

than the aromatic FENERHFEHERS SWfrpﬁﬂimﬂi Yt B aieore drb RO BB its of
using self polishingrhéid@isivdialT thegralyse: hoaggbrilie: polymertaakkhonesueiudehthfadaatishat
erosion of crosslinked polypers and igh moleulay weigt palymers becores Rossible, One of the
greatest advantages of the’polyoxalate technofogy over the current commercia s"oTu_ ion, sibyl
technology, is that ¢trasosnotthefbiyitelyisbhugiotpvar Retladxal act subfisicntbydrpphibeaansh of anti-
15 fouling coafings, inydaighhii wAsISR P TYERITEE. BaLSIRIN R IesBERE ve%m{g;\w%@{ww

a VOC content of less

compounds) content. It is now highly preferred that any anti-fouling coating&lﬂhas

than 400 g/L. This RAREHEEEBALRIHTR RINMER BORDEHES SIREer frsorimshansiserrsyeidh based

on silyl copolymers,cRelexaiatasvanewet 6MbaeapondssriarzRried T30 fovatiotchpialyoxalates 20
are mentioned as beling slu'atal%le for the forngiﬁ of sha)Ped articles or films. Many other documents
describe the formaﬁosr?’osf aﬁsoﬁrscop%?yg%]l’a?gs S0 oNE Derore has appreciated the utility of these
compounds as self-polishﬂ_smgtbhl!d@c_sdﬁmmlmgarmﬁ@_qusiﬁdnbjénméﬂﬁggoaseq articles.
The object of fge PresRMERHA LSO piifie 2B ARHIR G AaRU RORE:famBRSHiAR puiaR,can be

applied by common application methods, €.g. by painting or spraying the coating composition onto the

surface in questiorsFRBSAVERGE BN R HTSVIOE D e AFRsn AR ebeiTR i B iR Yyt YHBERAICAl
properties, controllgdsself maliafaaghat degrishanigooteaidiouling Perianransandbese wbjectives are
attained by the use,of polyoxalates as the binder in the anti-fouling cpating composition. 3QThus,
viewed from one agﬁ‘é‘gf’%ée n\%ﬁfﬁ%ﬁsﬁ?g‘;\?ﬁj@%gfﬁ@ﬁ%%%f) 3?‘?&5&%1 éi%”or%)g/%%%{f) Tl %nﬁf?l%%? in an
anti-fouling.coatiqgimnipyprsiﬁmt.fm@%ﬂ%ﬂ@@@&ﬁ@f@ﬂ%ﬁ_mﬁm@@dﬁp& %@wwﬂlfrom anpther
aspect the invgntio E’J:%‘é'9%?\?%%%%4%&38&%%@’8%8%% SAUDS-SQDRASIoRSNIRIIA tg binder

comprises polyoxalates. om another aspect the inventién provides an antifouling coating

composition compresRiapke: idesstiberbin KO RAROTE At least one other component. In 5 particular the
invention provides an antifoulive:CORHIERRMP SRt R CRIRPASIN AT eRBlcORe PRy OF aldienand a

solvent. Also, the invention proyides an antifQuling coating compasition comprising at least one
polyoxalate and at "fggéi 182%%%’39‘%21@%&\8 Sé%qe%?.o vlg%\/@'&tﬁ%r%aﬁﬁg?ﬂﬁp g@ﬁ‘{@x% ﬂﬁsgsi %ﬁéntion
provides a processefditptrotediivwgcantiol aidjeedfobysisfdurlimg sompfisiiggcoatingsatdeastiagarttef said

object which ig subj ' ' i-faul| [ RIS rej ibed.
Vined from asot s e o A T o

composition as hereiBFEraHs definbrrirdesitntth@e ek of this art. The binder is the actual film
forming



15 component of an anti-fouling composition. The binder imparts adhesion and binds the components
of the composition together. The at least one polyoxalate which is used in the invention may be a
linear or branched polymer. It is preferably a copolymer, e.g. a random copolymer or block copolymer.
The repeating units of the polyoxalate can be sattfated and/or unsaturated 20 aliphatic and/or
cycloaliphatic units and/or aromatic units. The repeating units can be unsubstituted or substituted. It
will be appreciated that any polyoxalate of the invention comprises at least two oxalate units,
preferably xalate units, e.g. at least 8 oxalate units. The polyoxalate of the invention will
preferably be formed from the 25 polymerisation of at least one oxalate monomer and at least one diol
monomer.  Thelpalyishlasesaf the presert inveniitonisatirbelentcpazadaniifculineeeation
polymerisatepusiioaberiprRIR s MaRIoHE KIWHARE WeRdNAG BhTiBRISHPHERIMON

polycondensation reactions include direct esterification reaction between oxalic acid and dials; -
transesteriff¥En NEACREW BV SRIIBTEREIRle S EHR%IBISAE5 T Qb PinssBRffbrABeleen oxalyl
chloride withbroiolsagexlth elifhoiglecosrd eh sadiire regetismizcwecn saxilyd chloride and diols or alkali
salts of diols or between alkali salts of oxalic acid, such as sodium oxalate or potassium oxalate, and
diols. The WO 200D4L9808P(H4ch HONELKNAIverivoly coarlensatiomnaactiensising bepsarried out as
melt or in sqlutign.. The polymerisation can be performed under melt polycondensation condition or in
oo, S B e o B R AR e camlyer
preferably dogigaicaly sptdxet agrninbatbpicverdstdoereptlesiapoohdsasing meEpmNssisTeTacium,

titanium, ZirgQiiidBaNaRAdEBuRGROMRSSIoHE BrepPal rEiRfe R HRINID 1R B0 ¥HE: HpdPhosphorus
and antimony. Among the compounds organometallic compounds are preferred, more preferably
organic titamr%tJ:%qﬁg%nueha‘é”gé)oag?aénic tin compounds. Examples of organic titanium compounds
include titanium alkoxides, such as triisopropyl titanate, titanium tetraisopropoxide, titanium glycolates,
iotitanium butoxidd” fe&lERAGELIERERReIh I YERiRb IS HIaREHR HexHpipr SblesRi e tin
compoundspisighicatin=a-ethylbexannateiitbblitygl ioaditaycatepssninabubytisiiri(d-etajgbexgnoate),
dibutyitin oxigey dhoctylin.axide andmenabuvitiexids, e sjarting. materals,forhe preparation of
polyoxalates gep%na on the polymerisation process as ihdicated in‘the above 'mentioned
polymerisatisipreRid<dfesaliBeTpraHiiox amafe s Hiech e Formesacre tho difiledscmentterivative
thereof, i.e. rpgrpsabtarRenome. Byageyative thereof is meant a mono or diester thereof, a mono or
diacid halide (e.g. chloride) thereof, or salt thereof, e.g. alkali metal salt thereof. Ideally any derivative

is one of the oxaliq,c@raRauNdsgBaNHRN B BSIR W ERE.AXR IR BN INSH UBRAIRIBR PQlMmerisation
reaction may be an ester of 200X€|IC acid, especially a diester. Esters may be alkyl esters, alkenyl

esters or ar§EWWRIEL 4775189 BF GiRIEREBIANGNdRBlates for the preparation of polyoxalates include
dimethyl oxalate, diethyl oxalate, dipropyl oxalate and dibutyl oxalate. Throughout this application, any
alkyl group may h&¥é 11 228t BfomESpREiRYEBHP R dSe & AIRH IAGREKSS kMSiestBgp may have
2-10 carboraatobjsst ZbopT ébeimll\c@npriziagrbomiatomeedsyaaryHosO upidnedavate-20 sagbon atoms,

preferably 6 to,10 ¢ toms. Any cyclic group may have 3-20 carbon atoms, preferably 4-15
carbon ato%osui'an gé‘%ﬁﬁgﬁ% ?OD E(F:é?:%’r%gcrlhl'g?c?rtgl{)sr}'DialkyI oxalates are prefeued. Other preferred oxalate

monomers are oxalic acid, oxalyl chloride, and salts of 30oxalic acid, e.g. alkali metal salts thereof,
such as sodium oiglgtes%#bg%}égﬁu#nﬂ %)Pa{%%%’ﬁt'?sv W?H’ﬁ fﬁe&%%%g é? tﬂgesﬁl 'Bﬂlfr%ﬂnﬁ)rag%ixture of
oxalate moifeutiegsces beguset institierp ré pheatims efttiny puipoxalzitbsinictreieventidrich\iesre a mixture
is WO 200911009A8PCT1EP20091000991 6
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employed, the use of two dialkyl oxalates is preferred. Ideally however, only one oxalate monomer is
used in the polymerisation reaction. Examples of diols for the preparation of polyoxalates include
saturated aliphatic and saturated cycloaliphatic diols, unsaturated aliphatic diols or 5 aromatic diols.
Linear or braféh¥8°84t8Pated aliphatic diols are preferred.  Preferred diGRERATER®% 20 aliphatic or
C4_20-cycloaliphatic diols such as 1,3- propanediol, £ 2-butanediol, 1,3-butanediol, 1,4-butanediol,
2,3-butanediol, 1,2- pentanediol, 1,4-pentanediol, 1,5-pentanediol, 2,4-pentanediol, 1,2-hexanediol,
1,5- hexanediol, 1,6-hexanediol, 2,5-hexanediol, 1,7-heptanediol, 1,2-octanediol, 1,8- 10octanediol,

1,9-nonanediol, 1,10-de eaqjgd%}p?iégrg%‘fﬁm%d%%gfgig%ﬁ%%a%ilfs‘%@%‘?&@%ypl’

1,2-hexadecanediol, 1,16-hexadecanediol, 2,2-dimethy1-1,3- propanediol (neopentgll glycol),
3-methyl-1,3-butatieditatderfrtrgs-as bipéatdneatpyingeanynes. 4GasheRigsformed using
2,3-dimethy1-2,3-f&5%@§1q£eé,&g%tﬁié@ﬁeyx%césaa@f@mg&di@érgdéﬁaiwmﬁa&ﬂoa@mm@dig{m
2-methyl-2-propy1-1.3-propanediaql, 2,%,4-trime 1-1,3- 1?penta ediol, 2,5-diTeth%l-Z,S-hexanediol,
2-ethyl-L3-hexandidi 2Bty B2 ayP e BpsRanioRy 8Os Iy ot RRES A& MO
1,2-cyclohexanedightiBed yainHex araaibluihdddetoHeaanstiolf h@teycldjaexsmadiongteamels in

La-cyclohexanedpetanl cydpdodecanssioh oiaRdern el Ryeg Al sol apine tylene

glycol, hexaethylen%%xl?/goﬁ an 3? roxypivalyl hydroxypivalate and mixtu ereof. 20Preferred diols

are C3..10 aliphatiesrtesersolehdibaiiptranmelicizanitseiisstpede arttyéiors and give more
2-butyl-2-ethyl-1, 51prapapediol AlAimeivkacpaiansdiededenyslohaanadiviaihassling

1,3-cyclohexanedimethanol, and neopentyl glycol and mixtures thereof. In particular it is preferred if at
least one diol use8BARAMRRECture the 25 polyoxalates of the invention is a saturated aliphatic

branched diolhaving uptacaRseihR@T &g sel e @libhity baibas winchhyBrafetahipwghdast two saturated

branched diols are ysed qr ixture.of, a linear qr cyclic saturated.djol.and a saturated, branched diol.
If a branched diol ?gqgm?ﬂ%ﬁglgﬂ%lﬁ?%%lﬁy otr%aé%'i east 56" W’fgﬂl)nié?‘% e H%Frgoar%%%l ent used in the
polymerisation reantisrul30Peedbr pedyorsaberated aliptiblic Sotritbe@regtestiaivanirass @&ighatic diols

such as 2-butene-1. d-digl, 3:0uie 061 gidiahSshiexansal-Geial andiBonaoleinaWdy, is that

Laderd LIELAILY B2 1l Bl Wwidllwiit

2009/100908PCTfEHZOOQ/OOOQ_Q1 ~  Preferred aromatic diols are C6-20 aromatfé ’diol,s such as
hydroquinone, mefymycRbEGRBIREr ieadidiier - hatirids alisrigndbadoenatiop of ant-
benzenedimethangluind-RaRzenerimaInanskadid-Ransenreingthaoalihispteol ¢ hisphdaol E,

bisphenol F, bisphenol M, bisphenal P, bisphenol S, hisphenal Z isphenaol AF,.bisphenal AP,
. d-ciydrony ban ST CE D R0 b 2 B REAY T S R LR o
1,4-dihydroxynaphtissderaC bénthttydiesy HapHibaEhe Thisisdityd s aohigvaibwéth polyoxalate

1. T-dinyaroxynapilaenge A AN HRRMBRIAIRNG o G Dydliwaaphthalene,

2,7-dihydroxynaphthalene, and 1,8-naphthalenedimethanol; The above mentioned diols can be used

alone or in combination SPIYRX RIS RPLRGK covuTeTaly B Fixdnb BF AR areHs RO WRtaltetised to

manufacture the pglyaxataiesiolstharipaniioe Jieestakiingomatshiaedartitiespiefiarativmef the
polyoxalates are preferably used 1.,nAA- -1 -NA al,c, itt a trivia ratio uctWeenucriVatti s eXanC
aCiu OrNcreva anﬂ%&?ﬁ%ﬂﬁléﬁ?ﬁ}f P T O B @%‘fsn%q Oﬁreaft(eeF%‘ét hota é\?%lézf%ﬁn some
embodiments, 15esgpexialiydwiteut!ttysof diysxalateowilites eelferblishisg bihdedigisatiefinlencess. In other

coating compositions for marine based articles.
The object of the present invention is to provide an antifouling coating

25  composition which can be applied by common application methods, e.g. by painting or
spraying the coating composition onto the surface in question. The invention also
provides antifouling coating films with good mechanical properties, controlled self-
polishing properties and good antifouling performance. These objectives are attained by
the use of polyoxalates as the binder in the anti-fouling coating composition.

30 Thus, viewed from one aspect the invention provides the use of at least one

polyoxalate as a binder in an anti-fouling coating composition,



embodiments, especially where the coating is a physical drying coating, the oxalate monomers will be
in excess. Preferably the polyoxalates are prepared from aliphatic or cycloaliphatic diols. Aliphatic
or cycloaliphatic diols preferably form therefore at least 50 mol%, preferably 20at least 75 mol%,
optionally 10&h9% @tk total diols used to form the polyoxalate. The MEERLEPAPSIHALIC diols
should preferably be 50 mol% or less of the total amou#t of diols, more preferably less than 25 mol%
or less and most preferably 10 mol% or less. The amount of unsaturated aliphatic diols should
preferably be 10 mol% or less of the total amount of diols. 25The polyoxalate polymer architecture will
influence the polymer prgperties. Branghing.in mers and "star: .5 are examples of
useful structural variable{'}sp?hwaef? (?g%mb%l?c}ggﬁggpcﬁ%%E]nggﬂ%@lt%§‘§r?{)d§|§f%a§)9§§erﬁ§ygg§é§rties such as

solubility in organim&fsivéngssoatingibttiepasitinlyiver tie Hedinddraesname APPIoREs. In order to
obtain branching or stargILucivER 1A IheRe el aeSHibR3A pRVRRRESRSARNS ssutied out in the

presence of a compound with more than two functional roupsi e.g. three functional groups that can

take part in the pAigRITERIFPFERRTIBE 2E ST e VY XAtals| 811988 FNTL RSN B g. c3-20

polyols such as W&:i20RP14008RERE HioRde0AH1 800088 giyaeidlotiidtinyl obnptivneat least

trimethylolethane, trimethylo|propane, 1,2,4-butanetriol, 1,2 6-hexanetriol, erythritol, pentaerythritol,

di(trimethonIpropgﬁgf’i{%f@(gg%%té@]l%ﬁﬂg%sgégcl) & ?ﬁgﬁf)é}e%?ﬁlrﬂjteosl%&?%g%é 6?%1%03&%?ﬁoroglucinol;

polycarboxylic acicsnpogiticd-@@hpabjrarbizeylicregidlysuahtasnitiah dditioacikioBiginadsiecdtiviel and

pyromellitic acid; %EI%I esters of polycarboxylic acid such as trimethyl trimellitate; and  anhydrides of
S

.
polycarboxylic acid’such as trimellitic anhydride and pyromellitic dianhydride. The term "poly" is used

in relation to these brancfiiFehbrBrar S amestthn dnyratien so8ids o PR TheraSHRaigetbs (i.e. acid

groups, hydroxyl gigeRS8iRiumn @ msisrde.hese BietpsiherataieBlkev e arsualintof a
polymeric side chain off the polymer backbone. Examéales ?gfﬂﬁﬁ?mt Iefﬁé)lgffinctional
compounds includ@ g b AN §o5HRS TIPSR OB S Forethaf two hydroxyl groups
are the preferred compowingestbfrdin altdienngpbraiheirctatnch starvsivape dipety osaitst@dttide amount of
any branching re&mﬁ{ﬁ"""%ﬁ% 597%%' %Q%ul‘gs;%(}%fegaﬁ@gﬁ e.40.mol9% ar less of the total amount of that

reactant type, e.g.‘u& e mbined. Too much branching leads to gelling and a

polyols ¢ i
composition which canndhbéeapiiedeids arfesmjeéthopriorfdinbinAerifiaesswal BEMPEHHRE can be
included as comopgMGESIR M%ﬁ?&h&%@%ﬁ@%@ﬁﬁ%@%@@@eﬁ.aﬁwsth@@twounds
as.

can be used to adjust parameters such ydrol%sis rate and mechanical properties. These functional

compounds prefeBRPRsaLEeE e SyBRRYYAT fflal groups e.g. two ester, acid, amino or hydroxyl
groups or mixtures therethamdeasll die paliect dhifiarvdiiona wexh poitedsveihiesenagpimpolines can form

additional monomers in the polymerisatio e ' J | ompounds
include: alkyl estergéagf:qa?gzi’rﬂg%/ i gti%&r%leﬁ%%g %%%%ﬁﬁ%bﬁ%ﬁﬁéﬁ%%%%ﬁ%ﬁame,

dimethy! phthalatesogiohetiey! Fhaloapassingivnisssf tuobrlyAnalat rae belrutagl 06 QR dasatmsedhy|

glutarate, di%thybﬁﬂiaﬁé%n@mfalmm%ﬂ%ﬁw sebarendimeibybrzaiaiandinetyd sebacate,
dimethyl brassylate, dimethyl 30glutaconate, diethyl malonate, diethyl l5)'r21_:(§fth %Imalo te, diethyl

succinate, diethyl BisEesstE G amipbshipiste, il besrmniciricd b oy 1 QtVF ADLFHE diethy
sebacate, dibutyl sgagifiase atiastyvadipalacundte eyt Sdbachiest S¥Enlate units, e.g. at least 8
2009/100908PCT/EPIZQOQAQ(S)OQQ1 9 dicarboxylic acids such as terephthalic acid, isophthalic acid,
phthalic acid, 1,4-%)ﬁe%1§/l‘énediacetic acid, 1,3-phertylenediacetic acid, 1,2-phenylenediacetic acid,
cyclohexanedicarboxylic Buidohvateista citthiuinertcacidlmegtsmbladiel fosopd &mmdishic acid , succinic

acid , glUtariCz"E“CidpS’i‘%ﬂiﬁi%Iﬁgnmmﬂgéﬁggc SKNREGRnomer and at least one diol monomer.

The polyoxalates of the present invention can be prepared by condensation
polymerisation using any of various methods known and used in the art. Examples of
common polycondensation reactions include direct esterification reaction between
oxalic acid and diols; transesterification reaction between dialkyl oxalates and diols;

30 reaction in solution between oxalyl chloride with diols; and interfacial condensation
reaction between oxalyl chloride and diols or alkali salts of diols or between alkali salts

of oxalic acid, such as sodium oxalate or potassium oxalate, and diols. The



acid, azelaic acid , sebacic acid , dodecanoic acid, brassylic acid, glutaconic acid and dimer fatty
acids; dicarboxylic acid anhydrides such as succinic anhydride, maleic anhydride, citraconic
anhydride, glutaric anhydride, diglycolic anhydride, phthalic anhydride, tetrahydrophthalic anhydride,
hexahydrophtW&ligoetigeiide, 5-norbomene-2,3- 10 dicarboxylic anhydridRCAFE 28 Mthalic
anhydride; alkyl esters of hydroxyl functional carboxylic acids such as, methyl 3- hydroxybenzoate,
methyl 4-hydroxybenzoate, methyl vanillate, methyl 4- hydroxyphen-ylacetate, ethyl
3-hydroxybenzoate, ethyl 4-hydroxybenzoate, methyl 3- hydroxybutyrate, methyl 2-hydroxyisobutyrate,
methyl 10-hydroxydecanaate, ethyl 3-.15 hydroxybutyrate, ethy]. 2-hydr 'sokﬁb rate, ethyl
2-hydroxyhexanoa?8q i %(;aet?%é/‘flg? ﬁgf/i Plc?)?f/ﬁé?(g)ﬁgg?é?gou?ﬁa)/sd'%% rfﬁ%]?:??gﬁg?baryoxylic acids such as
salicylic acid, 3-hydeltpybasatioiccatior; detfyarsdyirdar oielopidycpadifisatiefcandijigraissehfieretic acid,
3- hydroxyphenylacetic agig; Ay s RHIASHiEAS L BNCANC 281 prebbflEsyPLiMI 2 9RE T,

2-hydroxyisobutyric acid and ricinoleic acid; _ diamines such as 1,2-ethanediaming,
1,2-propanediamirf@telyst prefeshlycrampriacsianienst ave dnsrse salested Aomaampaings of
1,6-hexanediaginendghosritondinmingsitn; Aian agioraiagiua)-Rengnesiarinssobal)leganediamine,
1,12-dodecanediamine, 2- meth 1-1,5-@.ent%ne iamine, 2-bu]}yl-2- th I-1,gl-é3entaned' mine, 2,2,4-
and 2,4,4- 25trime T Emh A M T e PEOP RS S AR ARG ‘M‘ﬁ%ne GRIEBr 56 -bis(3-
aminopropyl)diethylieaecgiytdiic ketagiamdis eoy prefrencaneotsputfarhy oyzdoivaitamem compounds
12 Phenylenediamipeord P TSR G A SIS o s BlaGARRIDAEER P en zene,
laminonap hal

1,4-bis(aminomethyl)benzene, 1,4-di hthalene, 1,5- diaminonaphthalene,
1,8-diaminonaphttiiewédes, suehastiyicomanyhfissate, Jitasmigaisopreparde. titanium glycolates,

1,1,1-tris(aminpmetiypgthansxidd/ .2 AeRLANREDSRAT BRPRAQIOB Lithlte. Pidhalkybester of
dicarboxylic acid, dicarhoxylic acid anhydrides, diamines, hydrox é}functio%?l carbgé%lli aci]d, alkyl
ester of hydroxy! fREHIRLPELMRARS RGHSET e eI SR WER A A S RO RS carbon
atoms. A particulattysp-efasibekenabjndibony binisdde, dieomhinudacte radipobioxgiatesidof the
invention is that of an Oxa;'.l‘fi‘é%t?rt?rﬂm@%ra@gf@rqgé’ngl%@ﬁlo%oﬁceg“gga NegiDbelgrg defined. Most
especially that bifunctional Gompotind will contain &t least one carBoxylic acid group of ester thereof,
preferably two cartpekyhieriselipyrsogsssosdntivaien indbe Ahp expepiIReH ROFASH YRR arRCcEs ibination is

therefore an O?salafﬁ@ﬁsmm%@agr@ﬂcﬁ%yaeﬁiﬁw fisahenricRdd « digarhowyliceRsid dnbydride or

todicarboxylic acid. Polyoxalate copolymers are obtained by mixing all startin m%tgials before

polymerisation. By FHGRaPPRSE i SR un BT M 3aRTe & SR H GaABREP Bndom
polymer of all the rafapidrhaige e dileritd sresthboisdablraodrogmalk sicoparadie thesséntially reflects

the amount of each jpenomes n. e stering mixtuie Leholyoualale hiagk Ralymers are obtained
either by subsequen?a&/ﬁ%n or's aﬁlng materials during the polymerisation process after an initial
polymerisation of only twadlrendatereoappespaeainthe Phlyekpolereradien aey hsldaasisgether. The

polymerisationconglitigna sandecifeldiatied pitbaugh, ypinrly demparedhie sstid 80:19125Qs. are
employed, e.g. 150 to 220C. Du_rina condensation 20 polymerisation a condensate (normally water or

an alcohol) is form&dRRles &t SAERS S el RALRIE i St IREFBAT R ATHY BEhRE SRS tion continues.
This can be achievgighemglesraadceidthybssalige, Biyeqolyonerisadiahddypséterabte carried out in an inert

atmosphere, e.g. nitroge The,polyoxalates of the present invention, preferabl a number
average 25 molecular weig ?‘t%ﬁﬂ}“ﬁ@%%%%@ %%WG%?? { oortc"éppnriéi efr}g%?yiri{C?Oﬁ%gﬁ%%}é{g’, especially
1000 to 10,000. Thergfolskixdlsedscattibreatrnse miyvdirivh praferabinge D wakin aioeage molecular

weight (Mw) frgm 90, Q005uH-o{08. WROSP 460 e oefeially 4000 48000,
especially 100% to]g%%%ég Pﬁ s%%)e (Tembgdimerqy?gghewr\%v‘gﬁqrg%e 10,000 to 40,000,t§r.g. 2%?800 to

40.000. WO 2009/ o5t aaseor atems odIB0RYSHs greup may have ¥—20 carbon atoms, preferably 4-15
carbon atoms especially 5 to 10 carbon atoms.

Dialkyl oxalates are preferred.
_ Other preferred oxalate monomers are oxalic acid, oxalyl chloride, and salts of
30  oxalic acid, e.g. alkali metal salts thereof, such as sodium oxalate or potassium oxalate.
It is within the scope of the invention for a mixture of oxalate monomers to be

used in the preparation of the polyoxalates of the invention. Where a mixture is



In particular, for physical drying coatings, the Mw should preferably be 20,000 - 40,000. This ensures
the formation of good film properties and maintains an acceptable solubility. For curing systems the
Mw should preferably be 1,000- 10,000. In a further preferred embodiment of the invention, the
polyoxalate isve0aa¢idf#enss. By amorphous is meant that the polyoxalate R{oeeragsphenseia discernable
melting point, i.e. it is not crystalline. The use of an amogphous polyoxalate increases solubility in the
organic solvent typically used in the anti-fouling composition so the use of amorphous polyoxalates is
preferred. It is remarkable however that such amorphous polymers can be used successfully as
self-polishing binders jn anti-fouling coatipng.compasitions. hilst e polyoxalates are known in
the art for use in oﬁ@?@ﬁé?ggﬁﬁg%?%ﬂé]‘ggﬁﬁo?% £33 pelse Or%%%‘?%%s"ﬁ% eNtof Sre new and
form a further aspectlatdhenuentionsciinshemietkfionicanedb@osmspect the invention provides a

polyoxalate 15 obtainabl;xt%l){nglie %?'390‘?9?&%@ o}%% u Q?ﬁ%ﬁ?}% al A@&%&qg oxalic acid or derivative
I0ls [ Id dials

thereof and at least two erein at least one’of sali IS a saturate ebranched diol having up

to 20 carbon atomsaturated iglkhaprefad-aairatad axelaabpbatirarels bpapermdadabrbatiedils@lor a mixture
of a linear or cyclic,zatyratedidial @pg a3t bianched dintcAmidial payhave up to 2020 carbon

atoms, e.g. up to 10 carbon atoms. Preferred diols are listed above., . In ane embodiment, the at
least one polyoxalate acte e M5 ysre ABPHCE RIS RRRS S0 SBHASH e
antifouling coatingepapastions-wiRicizdice, diiebubyaliaporatinnaddiolatib nasmpdingnts, such as
solvents. These compositjo re typically.free of curi ents. In a ical drying coating the
solubility of the bin%ﬁ%é‘?ﬁ?p%‘ 5%%“%@4‘()55 fél(f%?é“‘ o?%%c{ipac“é%?fﬁgﬁjd?ﬁ%%%%%a%gfo be highly
soluble in the orgah&c@@ﬂie?mﬁmm@i@érhéfhﬂmddinhéﬁbhwfaa&;b@ltih@@@m@ﬁd}&mith a suitable
solids content,and suitahie) PropaItias.fosaPRYCALIARANLE AP RO BRLARAS) 12 didsHheksfpre preferred

that any polyoxalate used in this invention has a solubility of at least 50 wt% in the solvent used in the
antifouling composhtidhtetedicrsdisly i heradrernndiolnlhé-betodraeaedintad 2dimsddd o in the
solvent. For examplegheiaiomableast dke!pf Pohivtxalaie shanddidissehanin -1, kg o srivent 2Preferred
solvents are discussed below. Xylene is especially, preferred., WQ 2009/10Q908PCT/EP2Q09/000991
12 Itis preferré@erafSRERN %ﬂﬁl1<§a"s'ggﬁ% AR L e Wtﬂ%ffpgﬁé’.%iéﬁt’ 1645t 5 Wt%,
perhaps at least 1@1imm$if2tﬂqaantﬁnﬁﬂiﬁh@@aﬁmwmpm'ﬁm@dlé@m@mdﬂlﬁpmeciate that
the level of polyoxglate Rinden amgloyeo Wil depeos anatng,amountalani-ouling campoyad

employed, e.g. the’amount of cuprous oxide. 5The solubility of the pol Joxalates can, for example, be
improved by usingHermBriBLifdngBIbEKE Rt PkdmtisirirbetRReRRY hérpdehsHgediatifunctional
building blocks, in partiguiaf-taaddiungticpabheildingniacksias, discssaethabiv@thanolin another
embodiment, the presﬁgt {nventjon [ﬁlateslto th(i usq of %‘ol]yoxalgltei' as k‘i)ingéeés in Yurahble antifouling
coating compositioﬁ@. ORAGRAY lgls RORPH SiBINET 1 e 8?8@ SARIE AR B W curing agents
such as chain extentarshgleseqd gtinkard hy e xepivilpbhydretypoatatg fildmuthgertbeadhf. have improved
hydrolysis anqamegggfgtiggg %qp%rgi%?:l Cﬁ{@@g&g@iﬁg@ﬁg&%ﬁgw%%gp provide an antifouling
v ic co

coating composition with reduced levels of volatile orga pounds (VOC) and sufficiently low

viscosity in order to be agpferostrEaiemss dighredibu vhétrdyk ] PsmmeansditloAditydnafybnd-groups
will depend on the stagingpatarialsytheneatinashemenihe siadisg.natarialiane thel Rrpessfor
preparation. The end groups can easily be modified to other functional groups suitable for a wide
range of curing rea¥EM< e BYFBIES BFEGFable end groups include hydroxyl groups, ethylenically
unsaturated groups and @&ppxyigriad jiss Poatyidlateastaspatiais¢t osenpuefsared thith excess of diols

in the polycongensaion 1#aclofs (ARG il S0 AIRMRSL ENGRE SR AkaUpS S Jpactive with

curing agents sucH a8 Monomeric isocyanates. polymeric Isocyanates and isocyanate prepolymers.
Epoxy groups maye®antpsdus e forl & eampleatblpse Reeigtably dtdrestdrousnsurates hrvaghe givdiate with

epichlorohydrin. Ethylggigaliy wisaivaiedigearpsSHED af MRl BIcYPIS AieMBS ThaYke dyroduced,
for example, by reacting the hydroxeg dt%Jro_ups in the polyoxalate with eth)genically uns tttgated

carboxylic acids, such as'hERABRERB HieTRAYAL B pre ARt FTBEIgh s Vi e ahihv Fish
therefore to cover @oﬁmﬁmﬁd@smmeiﬂo@'&ihﬁﬁeﬁmm@main _curable eno! groups or are modified to
b ety o s oo B AR AR CD AR AR N HIRCIR A grouPS

may be referréd to specifically as end group m polyoxalates.
as 2-butene-1,4-diol, 3-butene-1,2-diol, 3-hexene-1,6-dicl and monoolein.




WO 2009/100908PCT/EP2009/000991 13 It will be appreciated that mixing of antifouling coating and
curing agent is carried out shortly before application of the coating to an object, e.g. an hour or less
before coating. It is preferred therefore if the curing agent is supplied separately to the rest of the
anti-fouling cH&MAYIB98PEYent curing before the coating has been applied$d #HE2WBRIEP Hence the
coating composition of the invention can be supplied as7a multipack (preferably two pack) formulation.
Viewed from another aspect therefore the invention provides a kit comprising (I) an anti-fouling coating
composition comprising at least one polyoxalate e.g. as described herein and (1) at least one curing
agent. It is also belie e(F that n e 1 t . gé ishj '(?euling coating
composition which is curgrg g%er?lda ngﬂégb%éﬁ%}}g&g}?gﬁ%‘f#gggﬁ% Ee}?gaisﬁpge{}?‘tlr?{emré ore the invention
provides a self-polistinthadredoinmmg cewnrigdorpedivsesavbint.ipyeoratsihdr Which has been cured.
The term self-polishing,cagtivgdsa esmakiiedt-anmidised bereindameananipripdable and

hydrolysable coating. Hence, whilst the curable antifoulin coating compositions can be a one pack

system, it is prefeifryaehbibisaReng) Eispienid it Herberplife PipeRL fUNSBRE B mixing the
components shorthsphéace Apisphiat] A5 prefairedtdsheseiosprénbaeanti ibipliagotagingtenoposition is
supplied free 200f curing a . Durin lication and once lied however, it is preferred if the
anti-fouling coatin ?é%érlnﬁ sci% n néﬁ?ggaﬂfﬁﬁﬁﬁg@%ﬁﬁﬁ%@ %%%%%%%ycég’f%ﬁ%ghrﬁ%ggit?dﬁ of the
invention should pééfedetiynhpivibaieticls Goditerdretyoushiislnes 28 glilablvorysadiialansidglt, such as

above 55 wi%, preferaby, aDaMRHaANI% 72BMare, %%x‘iﬁ?i'éﬁ&hQﬁ@]@hﬁ%ﬁ%@ﬁ%@ﬁ@&@smon should

have a content of volatile organic compounds (V C)h%lelow 400 g/L, e.g. below 390 g/L. The VOC

content can be measured Br2Ber aRRRSGHAG UBHIE PrVIRE HoeG M dshistite LI RAR5 B Rithout

such a curing,ggegto M/ PeseauyrHRE AURN b1 Ssatnilris s afey ireitdhsaMPletcanir il dhameixture
incorporating the curing.agent is less than 400 g/L, more 30preferably less than 375 g/L, especially

less than 350 g/L. 183#RERRcan be calculated (ASTM D5201-01) or measured, preferably

measured. WO 2009/107808REGZbRAGHS GQ0BS prigaratiof hoé thelydyaiaiesoithpr¢feeatdpuedention

will degrade in seg water and.release compounds ywth structural wnits similar,or identicakig the starting
. . . 11 1] Adliv duld L UCLIVARI VL o) LIRALAUL QI UL WiV D ) UL S0y

materials. Starting materials which are blologlcallt)?{}?ctlve towards marine organisms may give

polyoxalates whictibae2aandmire tinsg ey s priefrsedacs abozeck Ao NnHowe vBIb BBt arting materials

are chosen from cepRAANERBRlEMS BRYANR AgsHhalee o a8 iR-ConPaReNtxbal arem et
biologically active towards marine orgﬁmis&]:s. Ig such a scenario, anti-foulin t%oatin tcomposition
of the invention wif ARMTRE S FERFFEH R SOFTH! ec%tbrtﬁfﬁ&egiﬁsé%q FXPY 15 3G 6 an object,

e.g. a biologically aetheregenilEspactaliysa biocide. ioThe antifouling coating composition of the

present invention comprigeghiSAT RS REAHeAG ARG AL leas AR AN AL ARG The

antifouling coating composition of the‘présent inven omprises one or more biologically

active agents. EveAliphidconipeinabirbetit dipbarqirrehls AosntHstsfaschtaivettion to prsimally
biologically agijve pokiaxamisol:]spisHandldiinnsiy SOMHAIBANEN BT SolisiadizalbhRsiKgeagents.
Viewed from another aspect therefore the invention provides an anti-fouling coating composition
comprising a polyoxalate 2§ mmﬁﬂ%ﬁ%‘ﬁ? Ralray B?oﬁgé‘?@%%/oéjﬁﬁg@i‘géﬁ?,taéreferabIy
a biocide. amount of diols, more preferably less than 25 mol% or less and most preferably 10
mol% or less. The amount of unsaturated aliphatic diols should preferably be 10 mol%
or less of the total amount of diols.
25 The polyoxalate polymer architecture will influence the polymer properties.
Branching in polymers and "star" shaped polymers are examples of useful structural
variables that can be used advantageously to modify polymer properties such as
solubility in organic solvents, miscibility in polymer blends and mechanical properties.
In order to obtain branching or star structure in the polyoxalates, the
30  polycondensation is carried out in the presence of a compound with more than two
functional groups, e.g. three functional groups that can take part in the polymerisation

reaction. Examples of suitable compounds include polyols , e.g. C3-20 polyols such as



By biologically active agent/compound is meant any chemical compound that 20 prevents the
settlement of marine organisms on a surface, and/or prevents the growth of marine organisms on a
surface and/or encourages the dislodgement of marine organisms from a surface. Examples of
inorganic biolBgicaly/aethse compounds include copper and copper comFSRRHEIEKRA% copper
oxides, e.g. cuprous oxide and cupric oxide; copper all®gs, e.g. copper-nickel alloys; copper salts, e.g.
copper 25 thiocyanate, copper sulphide; and barium metaborate. Examples of organometallic
biologically active compounds include zinc pyrithione; organocopper compounds such as copper
pyrithione, copper acetate, copper naphthenate, oxi opper, co nonyl Isulfonate, copper
bis(ethy|enediamir$1’5%?§‘ld 5%%5‘5%{8E%é*ﬁ%ﬁ%&%‘?éﬁ%&ﬁ%%‘%%?&E%ﬁ?ﬁé%hﬁg%&‘ﬁ% 5?8?;1’

dithiocarbamate carSekaxdsesimhengritg. histthendgtntielitiiGomithmeimppain 1.2,7,8-octanetetrol
ethylenebis(dithioqg%m{e&igg}gm& Wg ggpg@%gg)%?u@i;@mog/oooggl 15
n

ethylenebis(dithiocarbamate) and manganese ethylene bis(dithiocarbamate) complexed with zinc sal;
Examples of organic bioBRjikarRearkicacidn e i Grralisarperslis ArdtseehRsSiRMES Kiads
2-(tert-butylamino)}vk{gy € lRmiQRy i ayriarlifmadylthio)-1,3,5- Striazine,
4,5-dichloro-2-n-octy1-4-isothiazolin-3-one, 1,2-henzjsothiazolin-3-one, 2- ...
(thiocyanatomethylthio)- £ SYbENTS FERILIEAReN YIS -fgf:léﬁsnﬁ%?tg&]hwgfﬁg}gﬁfpﬁ%‘?\yl)pyridine; urea
derivatives such as 3-(3,4nHjchideophmiytrbdxviiimett gluieas @imidbs ccadiydride sref mardboeililic acids,

ot anfphenlc Slaatias NGO BIRIRIE AREers to mean

N-dichlorofluoromet] -phenylsulfamide,
N-dichlorofluoromékptesense, NE 3lienarpid-Noptonas gifamidbansideruasebirispiofoppers R dleimide;
other organic gompaupdR sHENBRRYHIINS HiRbRRY IRFRME: RMNAEJHIBNE BYIDAIaNEsi Seiglin:ropyny!
Nbutylearbamate, 2A5,6-tetrachlorcisophthalonitrile and pRdiiodomethyl)sulphonyetoluene. 150ther
examples of biolodRERHREVRSKRIRE may be tetraalkylphosphonium halogenides, guanidine
derivatives, imidazole coBiainisigs @dothatsitatse phlafmadeibenidioaraidndbrdeativis @it) enzymes
such as oxidase, pgoiggjxtégg!ix,, Qi q&iggl lolytically, cellulolytically, lipolytically and amylolytically
active enzymes. Oﬁﬁon{éﬂy the bio oglcé y active compounds may be encapsulated or adsorbed 200on
an inert carrier or bondedtdyothwithrater sherfowe buthsiied gefepsere the maieidl soiepdiynde doe
compounds mgy bg st ARG B diEsH I SupRE Ak e seialagically AgfiyRRgRRES is known in

anti-fouling coatings and their use would be familiar to the skilled man. The total amount of biologically
active agent in thetS?RifghIfMg PoR¥R)Sentharefeathiyerm iR MRS STassH Qi He Rl ARS B st 8 wtos, such
as 1 to 70 wt%. It wiHidemeppeceintetiibaidhmpalynsbbabihid. cotmananbaithMap/leependiingn the end
use and the biologic%lla/ activei I%Irp\%%ﬂ% a%%%gbe IH e%‘{g“aiﬁ)&}%&he polyoxalates and biologically
active compoundsatﬁe a%qtf?gﬁﬁng coahng compos?ﬁ’gn accordlnd to the present invention optionally
comprise 30one or more Gptispeiieptkes Sloctivdd wionponde cirirgansysighwe wgnenearageie and fillers,

dehydrating agnentﬁcgﬂgl fy gb%@&?%p%gétaﬁﬁe SeIVERISARd SRNRARpoMfds can be used to
2009/100908PCT/EP2009/000991 16 An additional binder can be used to adjust the self-polishing

properties and the #AMShRAREBFErOHRehiBs O RTAY SRR AT SR ARG IPRoRERsTHERe st BRfdionathat can
be used in additiorcémhrinRlyefalass ipotesartidauliog e daitpeOBppopiiap. asceslagéiifhe present
invention include rosin matﬁri Is spch as wood [%sinmtall (%jl rgs‘j{r\n@cdc% I éilgrslé% ggi?in derivatives

such as hydrogendted 3G pATAN A drogemated Tosin, disproportionated rosin. dimerised rosin,

polymerised rosin, coaisioralsidste rsyripoeds ewideestedsisindabthenmster sndhegsilymadshifeirogenated

rosin, copper E?Sinﬂltgceég?%?ﬁ{}?é?oﬁﬂﬁm BERINAENAGRSAHI f&siRRte and other metal resinates
of rosin and 10 polymerised rosin and others as described in WO 97/44401, .
alkyl esters of dicarboxylic acids such as dimethyl terephthalate, dimethyl

isophthalate, dimethyl phthalate, dimethyl malonate, dimethyl isobutylmalonate,
dimethyl succinate, dimethyl glutarate, dimethyl adiapte, dimethyl pimelate, dimethyl
suberate, dimethyl azelate, dimethyl sebacate, dimethy! brassylate, dimethyl

30  glutaconate, diethyl malonate, diethyl methylmalonate, diethyl succinate, diethyl
glutarate, diethyl adipate, diethyl pimelate, diethyl suberate, diethyl azelate, diethyl
sebacate, dibutyl succinate, dibutyl adipate and dibutyl sebacate;



resin acids and derivatives thereof such as copal resin and sandarach resin; other carboxylic acid
containing compounds such as abietic acid, neoabietic acid, dehydroabietic acid, dihydroabiefic acid,
tetmhydroabietic acid, secodehydroabietic acid, pimaric acid, paramatrinic acid, isoprimaric acid,
levoprimaric éH2%agaM8enedicarboxylic acid, sandaracopimalic acid, |IZGAEEIER/&ERiic acid,
isostearic acid, oleic acid, linoleic acid, linolenic acid, isénonanoic acid, versatic acid, naphthenic acid,
tall oil fatty acid, coconut oil fatty acid, soyabean oil fatty acid and derivatives thereof; silyl ester
copolymers, for example as described in US 4,593,055, EP 0 646 630 29 and NO 2007 3499; acid

fincional poymers of whieh . e giouR s lacksd in dlent malels o o A angvalen

organic residue, for example as-‘descr 0342 276; or divalent metals

bonded to a hydroxiytnsihdéachsic exigmipherheratenadiengtin ©8.2 3phopieasdacmionsh 324; or amine

for example as deggEiBRelAGRAFRO:EvdrophiligcoplvnermiRkRaawle (meth)acrylate
copolymers as described in GB 2 152 947 and po%%nmrrolid’one) copolymers and other
T

copolymers as dedtesedmrlemcrydsspaginic acid FINiREFaRIPElp R Ll5ch as
poly(n-butyl agrylaie) pelyinsabidtydsdetybaledodistieutvhy wyd cshes)lidMeNd, glutaconic acid and
2009/100908PCT/ PZOP /000991 17 vinyl ether polymers and copolymers, such as poly(methyl
vinyl ether), poly(e F{/lﬁy?’rgﬁﬁ Sr’), poly(isobutyl vinyl ether), poly(vinyl chloride-co-isobutyl vinyl ether);
aliphatic polyesters, suchiasrhalyliaatid acid¥rjpis/éghicedisuacinly, pbydadS mytioapbydrric.acid),
Poly(3-hydroxybutyfie, BGitH R liameaiRyinRE i RRMTERIRARAD BiRfdle Iaiglis olyester

copolymer containing two or more of the units selected from the above mentioned units; metal

containing polyest&gahydesptiplis aghudddeideaahvernbtiaicrobnde ProtPImss21alkyd resins and
modified aIkyqioresmma@gmmﬂgm@g&ﬂmgmﬂ%@;ﬂbed in WO 96/14362.

Dehydrating agents and drying age ontripute to the storage stahility of the antifouling coating
composition by removinga}%%ggffﬁ% ?ﬁé&%ﬁ?&g H%‘fﬂo ?ﬁc gf’é‘gg SR X&%aﬁidﬁ? s%nd solvents, or
water formed by r Gy NI pogihghvan trivalent meta

f d by readioxybetietnmoattybdyipdacigtEncate poaigs andl gy atetinddd trival I

compounds in the gotaline: coaung sampasitan. L e.dehctalng adenis anddngageats that may
be used in the antifduling toa Ing composition according to the present invention include’organic and

inorganic compoukdSraxxhniyie sictionabaary HERPHE Ete b Wherteonieerdacsimydious calcium
sulphate, anhydroysRAgHRS/HE, SHPNAIRRONISEBRS sedina) PASYIREAR:RADNEaMBcaRE sulphate,
molecular sieves and zeolites; orthoesters such as trimethyl orthoformate, triethyl orthoformate,
tripropyl orthoform3t& KEEERBRIForthoformate, tributyl orthoformate, trimethyl orthoacetate and
triethyl orthoacetate; ketdigdacelidincsnnibtadrss vithalddr ateb suchedi¢raciéiByh pbratgyarmiby| borate,

tripropyl borate, triiasqg)rg Idt?o){%g t&%@%%{hb\‘?{%‘iﬁ928&{%%%{%%{6%%%8@8&&!'L%%?§.25SUCh as

trimethoxymethyl stﬁe,’ tetraethyl silicate and ethyl polysi socyanates, such as
p-toluenesulfony iSoéyrahenylacativegife fehed domparinrgtisgeitszhrr@ifrome Adurs aratiac
inorganic comou%m,gn%m%gsgf)@gm%@g A€ iRMgRNIGRIEMenNts such as titanium dioxide, iron 30
oxides, zinc oxide, zinc phosphate, graphite and carbon black; organic pigments such as .
phthalocyanine compoun@?ﬁﬁﬂ%ﬂ&ﬁﬁ%’ﬁf@%@’?@ﬁg}ﬁﬁ@@g %d@bﬁf@@g@i@@amples
of extenders and fill gr&atradineials] Sispbnzan cliilomiie, Ipfcistostelicaloide] rlanmnednteimmdghesite,
aragonie, siica., wllgsioniis(AlF (SoHIENGR, kepinand (SldsRars MiRsLG,naganie sompounds
such as calcium carbonate. magriesium car%rgnat’e,’ arium sulphatée, éalcium silicate and silica;
polymeric and methyl-1,5-pentanediamine, 2-butyl-2-ethyl-1,5-pentanediamine, 2,2,4- and 2,4,4-

25  trimethyl-1,6-hexanediamine, O,0'-bis(3-aminopropyl)ethylene glycol, O,0'-bis(3-
aminopropyldiethylene glycol, 1,2-diaminocyclohexane, 1,4-diaminocyclohexane,
1,2-phenylenediamine, 1,3-phenylenediamine, 1,4-phenylenediamine, 1,3-
bis(aminomethyl)benzene, 1,4-bis(aminomethyl)benzene, 1,4-diaminonaphthalene, 1,5-
diaminonaphthalene, 1,8-diaminonaphthalene, 4,4"-methylenedianiline, 4,4'-

30 oxydianiline and 1,1,1-tris(aminomethyl)ethane.



5 inorganic microspheres such as uncoated or coated hollow and solid glass beads, uncoated or
coated hollow and solid ceramic beads, porous and compact beads of polymeric materials such as
poly(methyl methacrylate), poly(methyl methacrylate-co- ethylene glycol dimethacrylate),
poly(styrene-stcetifiasngeglycol dimethacrylate), poly(styrene-co-divinylbemzeRedspebsstyrene,
poly(vinyl chloride). ioExamples of additives that can bejgdded to an antifouling coating composition
are reinforcing agents, thixotropic agents, thickening agents, anti-settling agents, plasticizers and
solvents. Examples of reinforcing agents are flakes and fibres. Fibres include natural and synthetic
inorganic fibres such as silico -containirf]aﬁ;ib es, carbon fibres, oxide fibres, 15carbjde fibres, nitride

fibres, sulphide fibres, pHOSpAAR R5FRE! Hisr a8 nReae bR ac A ZRrETTS SAHSe organic
fibres such as cellhlabexiibfesctividenftonodicacidlialkbresepoi\adrise fifuiesional yurbdeylholy@ster
fibres, polyhydrazide fibres, pelyvinylchlaride fibres, polyethylene fibres and others as described in WO
00/77102. Preferany‘?l&ae%%@g%y%%&\ygsgéqgeelpagg Zir% X}é))tl-I gé tgaﬁ%&ﬁﬁaﬁsand an average 20
thickness of 1 to 50 um withestiralis!h erakeond iserahinstige Engthnaihd thaneierage thidknrdstef at least
5. Examples of HORODIAAGS Mg SiGkERING.306M R AN AR seiinaAYeRISH gllicas such as

fumed silicas, organo-modified clays, amide waxes, gglﬁmlde waxes, amide derivatives, polyethylene
waxes, oxidised pOEtRYTENE 45aRES, Meniorrritdy F5tbiGtmrtismal sRmegpdouil RS A RIHfHuUm
stearates and mixipiesabihaicatid gronpamn@ies mtRiSietizasipravehianoaled padalfgsphthalates,

phosphate esters, sulphonamides, adipates and eppxidised vegetable aqils, In general, any of these
LRl pe R e D U SRATETHS o 20 wiss,

. D y preferred reac
optional componenfs canbe presenst IN"an-amoun ranglrﬁtff’(?
preferably 0.75 to fienot¥erainghen3lkyhestn i gicetrpoditienid|tdivlirbexship retiateg dhide tre amount of
these optional compapentswill.yary depending on the end use WO
2009/100908PCT/EP2009/000991 19 It is highly preferred if the antifouling composition contains a
solvent. This solvent is pFOR¥PBIGIC GRRTARE fEcidiriprssDyorysing alt sssavdaisls bsfseation rate of

more than 0.05 (nFierishliorXaipiemehngania &0 e s wixdiHNnres BaarRmatiailydrocarbons
such as xylene, toluene, mesitylene; ketones methyl ethyl 5 ketone, methyl isobutyl ketone, methyl

isoamy! ketone, cy oS EHERBALT QARG A" BIBPTST S it LR FerrBUBA R e, amyl
acetate, isoamyl atetatmratitesmtiiiigot irveth ietheuacefateh ethersnsuahts sethirg nexglyepl dimethyl
ether, diethylepe ' i i f I uch as
n-butanol, isoqbguta%%?%&@%%%ﬁ%ﬁ%ﬁgﬁ%ﬁ%c%k%?éegﬁ%@? %tl%%gy tﬁgr%@%bgogfnget (I)%y-Z-propanol;
aliphatic hydrocarbﬁﬁ?ﬁbﬁ:&;ﬂ@&\ﬁhﬁ@@mﬁ“ﬁﬁ@éMmﬂ?f&wiméab?m?ﬁ‘éﬁé eoppbntgand
thinners. Prefeﬂggoggm}tgrgﬁﬁﬁgmmm%%emp@gyiggyé@rggg@ﬂgrmixtures of aromatic

hydrocarbons. The amoupt of solvent is preferably as low as possible but is preferah)y 15 sufficient to
dissolve the at least onquﬁ‘f XPAESH0R SORBRE Sk ?W&?Bgaﬁlﬁ%@?ﬂg‘%@ﬁﬁb composition,

preferably up to 4&wtﬁermﬁumgafd@£pusmaeb@§mdoe@ We84dRR0T Ry Deriag honﬁamﬂ@wt% or
less, e.0- 10 Wit QoioaRe ARl D SlLEH MBfwil ARRLPGIALR Haha SRNRLE cpplent will vary

depending on the other components presen e end use of the coating compaosition.

20Alternatively thePEfaraby camped pdsdtarafionias & p onlvoreatiar ertifiesforhirgicomponents
in the coating COMRAsHiRA A8 HAHIGRESHS PERSIPBlymeribigoA HifRLERs, FOAliRGIGRMAGSItion of the
invention can be applied to a whole or part of any object surface which is subject to fouling. The
surface may be petFAASRPBY et EE underwater (e.g. through tide movement, different cargo
25 loading or swell). The Tijpot wuriates wiltty ptesdht ber¢hidohplatablesnet ammubacevefagdixed marine
object such as_an qil platform_or, icagian o ating ¢ itj n complished by
any convenie?ﬁ menél%%?g% .W/?lagkﬁ%%r%r?g gg??vq?ﬁ%;égﬁg}?%?fgﬁ rgﬁl%gr@y@gfk%ad’c?é%a Ing onto the
object. Typically thesessirdloel G ieb@80be separated from the seawater to allow coating. The

application of the coatingrgan,s9hRiaclisred ALANYRRHABRIYKIAMD VDS BEioht avEhgdnvention will
now be defined with reference_té%the foIIowinrﬁI non limitin

examples. WO
2009/1L00908PCT/ESBBeT0HBL S DEVER A 80 Al rbr SR A GRS §P0 more

preferably 1000 to 40,000, especially 1000 to 25000. In some embodiments the Mw
30 may be 10,000 to 40,000, e.g. 20,000 to 40,000.



The viscosity of the polymers are determined in accordance with ASTM D2196 using a Brookfield DV-I
viscometer with LV-2 or LV-4 spindle at 12 rpm. The polymers are temperated to 23.0C 0.5C before
the measurements. 5 Determination of solids content of the polymer solutions The solids content in
the polymer 36ftRieH308Pe8determined in accordance with ISO 3251. A teSXSARBIEPEPTEHE g 0.1 g are
taken out and dried in a ventilated oven at 150C for 30 hhinutes. The weight of the residual material is
considered to be the non- 10 volatile matter (NVM). The non-volatile matter content is expressed in
weight percent. The value given is the average of three parallels. Determination of polymer average
molecular weights distriutio .Tqr%p lymers are characterised by Gel.Permeation.Chr raphy
(GPC) 15 measuremen'f.1 nr%aeg}rci% et§ g&v&’éié%ﬁ%%ﬁ&t%ﬁ "\vaéoggpg{?nit?ﬁ%’éy L?s%g%é olymer
Laboratories PL-GR0080 Fstrenverss Wiefammiitingd] Sphiivihrsdpbrices andrsafrdninPolyaereplablsoratories
in series, tetrahydgglﬁggm?#Tﬁyg)cgﬁ,%tf dglgg PRI HGMPEAE19Rd Rbdocongimy flow rate of 1

mL/min and with a refractive index etector. The columns were calibrated using polystyrene

standards Easivials PS-I féHe PEfsrrt mbrsimented trhmveniondhs prbsesitising Cirrus
software frgmfolym@@hg{kgs_. }3?, aPoIPRIeS wg{@@r@@aﬂ@a@yﬂ@g@m%ﬁmﬂmf Jﬁlagtmlm:?er solution
corresponding to 25 mg dry. polymer in 5 mL THF. The samples were kept fqr minimum 3 hours at
oo tomporatuna BT S P S, oL P L SO O P D o
weight (Mw), the mumﬂmmmmwm%mn?@mnherpialfydlkmmmydsideu DP, given as
Mw/Mn, are reporiged (5 1he 1aRIES s RRIEIAL {ét@%fél?ia e SRR IGRE RIVG R0 The glass

transition temperature (TQg) | obta?r?ed by Differen anning Calorimetry (DSC) measurements. The
DSC measureme$BRiLp eHOTRFEHCER éewéd@ﬁqwéﬂig pselfpobehinphipies artighubaged by
transfering a gmalk @ pdahodvid009/100908PCT/EP2009/000991 21 polymer solution to an
aluminium pan and dry the samples for minimum 10 h at 50C and 1 h at_ngghghe samplceﬂ%jof approx.
10 mg dry polymer mateMatiHEFRi@] AHBHERCRIB A REATDER 86 € A SYRESded at a
heating and coolinge piéyok diateérmutablthfanieniptii patvasiceferenee . ahthdonscfuvhbkiagpktiefglass
transition of the sq&ggﬁ%@&g}i}ng is reported as the Tg of the polymers. Example 1: in melt General
procedure for preparation of polvoxalates by transesterification 100 g of starting materials
comprising a mixture of Tlo:payieved o anniict aemestdhe sraniprore oidiepslyeseimte and a
dicarboxylic agid egindnR W&ﬁ%@é@ﬁ&fﬁ@%ﬁ@&aw 2. 2smnle sanehsataRIRMERharged

into a 500 ml three-necked glass flask equipped with magnetic stirrer, thermometer, condenser and
nitrogen inlet. The%ffﬂj@fgalﬁé%a"é‘?&z\w ﬁ'ﬁﬁ@“hﬁtr}fé‘é%oﬂ? f§6ﬂ¢%¥ﬁ°§f&ﬁ¢?€?&%&?ﬂe"&%}¥%ﬁ|ed oil bath

while the condenséis! is:disgilpco Dhedibatiagate is controlled so that the temperature 15in the outlet

does not exceed the boil%ril1 oint ?f th? c?rﬂde ate. . T e(}?;_n &{Q&U e.is maintained at 190C. until

. b ] 1 .
80-90% of the theoretica oditof condensate is %a&ﬁrélc?e e nltr%)gse%r?rﬁgt is closed and vacuum

is applied. The vaédinsaisnejsbitshgragdaliyl dodvmseiutatedrianciitfedien pevadiobnis yhaistamed at

190C for 2-4 hoursothR,pOHIRE, 18 tis 50 eS 58 ARPARX. QRN EIBI RS YRR sbigevacuum is
removed and solvent is 20 added. The polymer solution is cooled to room temperature The

polyoxalates PO-1 to PO-4 #P¢ sBkodimyent thp atdesh cos R oltf e pigecdipger in a physical

drying antifouling coating composition, i.e. antifouling coating compositions which are
dried by evaporation of volatile components, such as solvents. These compositions are
typically free of curing agents. In a physical drying coating the solubility of the binder
25  is important. The polyoxalate of such a coating composition has to be highly soluble in
the organic solvent used in order to allow formation of a coating composition with a
suitable solids content and suitable properties for application by common methods.
It is therefore preferred that any polyoxalate used in this invention has a
solubility of at least 50 wt% in the solvent used in the antifouling composition,
30 preferably at least 75 wt% in the solvent such as at least 95 wt% in the solvent. For
example fherefore at least 1 kg of polyoxalate should dissolve in 1 kg of solvent.

Preferred solvents are discussed below. Xylene is especially preferred.



WO 2009/100908PCT/EP2009/000991 22 Table I: Ingredients and properties of polyoxalate solutions
P0-1to PO-4 PO0-1 P0O-2 P0-3 P0-4 Reactor charge (g) Dicarboxyli ¢ acid esters Diethyl oxalate 54.06

50.13 50.09 30.14 Dimethyl isophthalate 2 1.56 Diols 1,4-Cyclohexanedimethanol 26.67 21.27
14.83 22.88 WO 2009/100968 PCT/EP2009/606991
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It is preferred therefore if the at least one polyoxalate forms at least 3 wt%, e.g.
at least 5 wt%, perhaps at least 10 wt% of the anti-fouling coating composition. The
skilled man will appreciate that the level of polyoxalate binder employed will depend
on the amount of anti-fouling compound employed, e.g. the amount of cuprous oxide.

5 The solubility of the polyoxalates can, for example, be improved by using
flexible building blocks and/or by branching of the polymer by using multifunctional
building blocks, in particular the bifunctional building blocks as discussed above.

In another embodiment, the present invention relates to the use of polyoxalates
as binders in curable antifouling coating compositions. Polyoxalates have functional

10 end groups that are reactive with curing agents such as chain extenders or crosslinkers.
The resulting cured coating film will generally have improved hydrolysis and
mechanical properties. Curable coatings are often used to provide an antifouling coating
composition with reduced levels of volatile organic compounds (VOC) and sufficiently
low viscosity in order to be applied by common application methods.

15 The functionality of the end-groups will depend on the starting materials, the
ratio between the starting materials and the process for preparation. The end groups can
easily be modified to other functional groups suitable for a wide range of curing
reactions. Examples of curable end groups include hydroxyl groups, ethylenicaily
unsaturated groups and epoxy groups.

20 Polyoxalates, especially those prepared with excess of diols in the
polycondensation reaction, can have hydroxyl end-groups. These end-groups are

reactive with curing agents such as monomeric isocyanates, polymeric isocyanates and
isocyanate prepolymers. |

Epoxy groups may be introduced, for example, by reacting hydroxyl groups in

25  the polyoxalate with epichlorohydrin.

Ethylenically unsaturated groups such as {(meth)acrylate groups may be
introduced, for example, by reacting the hydroxyl groups in the polyoxalate with
ethylenically unsaturated carboxylic acids, such as acrylic acid or methacrylic acid.

The term polyoxalate is used herein therefore to cover compounds which either

30 inherently contain curable end groups or are modified to contain curable end groups.
Compounds which have been modified to contain curable end groups may be referred

to specifically as end group modified polyoxalates.



Neopentyl glycol 19.26  2,2,4-Trimethyl-L3- pentanediol 28.59 35.08 propanediol

-2-Butyl-2-ethyl-1,3- 25.42 1,6-Hexanediol - - - - Catalyst Dibutyltin oxide 0.0376 0.0349 0.0348
- 0.0322 Thinning (g)
WO 2009/160908 PCT/EP2609/080991
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It will be appreciated that mixing of antifouling coating and curing agent is
carried out shortly before application of the coating to an object, e.g. an hour or less
~ before coating. It is preferred therefore if the curing agent is supplied separately to the
rest of the anti-fouling coating to prevent curing before the coating has been applied to
5 the object. Hence the coating composition of the invention can be supplied as a
multipack (preferably two pack) formulation.

Viewed from another aspect therefore the invention provides a kit comprising
(D) an anti-fouling coating composition comprising at least one polyoxalate e.g. as
described herein and (1I) at least one curing agent.

10 It is also believed that none before has manufactured a self-polishing antifouling
coating composition which is curable and has been cured. Viewed from another aspect
therefore the invention provides a self-polishing anti-fouling coating composition
which is curable or which has been cured.

The term self-polishing coating is a term of the art and used herein to mean an

15 erodable and hydrolysable coating.

Hence; whilst the curable antifouling coating compositions can be a one pack
systern, it is preferably a multi pack system. It would be supplied with instructions on
mixing the components shortly before application,

It is preferred therefore if the anti-fouling coating composition is supplied free

20 of any curing agent. During application and once applied however, it is preferred if the
aﬁti-fouling coating composition includes a curing agent.

The antifouling coating composition of the invention should preferably have
solids content above 45 wt%, e.g. above 50 % by weight, such as above 55 wt%,
preferaby above 60 wi%.

25 More preferably the antifouling coating composition should have a content of
volatile organic compounds (VOC) below 400 g/L, e.g. below 390 g/L. The VOC
content can be measured on an anti-fouling coating having a curing agent added thereto
or without such a curing agent. Where a curing agent is used, it is preferred if the VOC
content of the mixture incorporating the curing agent is less than 400 g/L, more

30 preferably less than 375 g/L, especially less than 350 g/L. VOC content can be
calculated (ASTM D35201-01) or measured, preferably measured.



Solvent Xylene 43.94 45.59 45.61 49.25 Properties of polymer solutions Theoretical NVM (wt%) 60 60
60 60 Actual NVM (wt%) 59.4 58.1 57.2 59.5 Viscosity (cP) 7,050 2,200 1,250 2,750 Mw (x1000)
24.1 23.4 18.6 12.8 Mn (x1000) 8.3 5.6

WO 2009/100908 PCT/EP2009/000991
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The polyoxalates of the present invention will degrade in sea water and release
compounds with structural units similar or identical to the starting materials. Starting
materials which are biologically active towards marine organisms may give
polyoxalates which act as anti-fouling agents themselves. Preferably however, the
starting materials are chosen from compounds that give polyoxalates that degrade to
components that are not biologically active towards marine organisms. In such a
scenario, the anti-fouling coating composition of the invention will need to contain at
least one compound capable of preventing fouling on an object, e.g. a biologically
active agent especially a biocide.

The antifouling coating composition of the present invention comprises at least
one polyoxalate and at least one additional component.

The antifouling coating composition of the present invention preferably
compriscs one or more biologically active agents, Even if the antifouling coating
composition of the present invention comprises a biclogically active polyoxalate, it
may additionally contain one or more biologically active agents.

Viewed from another aspect therefore the invention provides an anti-fouling
coating composition comprising a polyoxalate as hereinbefore defined and at least one
biologically active agent, preferably a biocide.

By biologically active agent/compound is meant any chemical compound that
prevents the settlement of marine organisms on a surface, and/or prevents the growth of
marine organisms on a surface and/or encourages the dislodgement of marine
organisms from a surface. Examples of inorganic biologically active compounds
include copper and copper compounds such as copper oxides, e.g. cuprous oxide and
cupric oxide; copper alloys, e.g. copper-nickel alldys; copper salts, e.g. copper
thiocyanate, copper sulphide; and bartum metaborate,

Examples of organometallic biologically active compounds include zinc
pyrithione; organocopper compounds such as copper pyrithione, copper acetate,
copper naphthenate, oxine copper, copper nonylphenolsulfonate, copper
bis(ethylenediamine)bis(dodecylbenzensulfonate) and copper
bis(pentachlorophenolate); dithiocarbamate compounds such as zinc

bis(dimethyldithiocarbamate), zinc ethylenebis(dithiocarbamate), manganese



4.75.0 PD!'2.94.24.02.6 Tg(C) 151512 14 Exam tie 2: General rocedure for sr | aration o ol
oxalates b transesteri cation in melt 5250 g of starting materials comprising a mixture of 1.0 mole eq.
of diethyl oxalate or a mixture of diethyl oxalate and a dicarboxylic acid ester, 1.05 mole eg. of one or
more diols ati®20P#888eq. of catalyst are charged into a 250 ml tempdaltFB2EHIIBIREd reactor
vessel equipped with mechanical stirrer, thermometer, Ebndenser and nitrogen inlet. The mixture is
heated slowly under nitrogen to 190C while the iocondensate is distilled. The heating rate is controlled
so that the temperature in the outlet does not exceed the boiling point of the condensate. The

pre-polymerisation,fepelian &AL A0:00% ALlhe dhedislical amputokaandenRala incollected.

The nitrogen inlet is Tlo: vacuum Is"applied. The vacuum is adjusted gradually down to 100
mbar. The temper#itlrgianerliiacuum is maintained for 3 hours. The polymer melt WO

20091100908PCT/EP2084R0099F #3451 € BRI LAIAPRIDX: 188 HAS MBI BerdigcuacUUM iS

removed and solvent is added. The polymer solution is cogled to room temperatyre. The

polyoxalates PO-SCW@:‘T%FP%B?@”ﬁt%{'fébﬁfgﬁﬁgﬂ)a%m%Wfﬁ@ﬁkénﬁﬁgy P d0a Fo17 |
5

triazine, 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one, 1,2-benzisothiazolin-3-one, 2-
(thiocyanatomethylthio)-1,3-benzothiazole and 2,3,5,6-tetrachloro-4-
(methylsulphényl)pyridine; urea derivatives such as 3-(3,4-dichlorophenyl)-1,1-
dimethylurea; amides and imides of carboxylic acids, sulphonic acids and sulphenic
acids such as N-(dichlorofluoromethylthio)phthalimide, N-dichlorofluoromethylthio-

16 N, N'-dimethyl-N-phenylsulfamide, N-dichlorofluoromethylthio-N',N'-dimethyl-N-p-
tolylsulfamide and N-(2,4,6-trichlorophenylymaleimide; other organic compounds such
as pyridine triphenylborane, amine triphenylborane, 3-iodo-2-propynyl N-
butylcarbamate, 2,4,5,6-tetrachloroisophthalonitrile and p-
((diiodomethyl)sulphonyl)toluene. ‘

15 Other examples of biologically active agents may be tetraalkylphosphonium
halogenides, guanidine derivatives, imidazole containing compounds such as
medetomidine and derivatives and enzymes such as oxidase, proteolytically,
hemiceliulolytically, cellulolytically, Lipolytically and amylolytically active enzymes.

Optionally the biologically active compounds may be encapsulated or adsorbed

20 on an inert carrier or bonded to other materials for controlled release.

The biologically active compounds may be used alone or in mixtures. The use
of these biologically active agents is known in anti-fouling coatings and their use would
be familiar to the skilled man.

The total amount of biologically active agent in the antifouling compositions of

25  the invention may be in the range 0.5 to 80 wt%, such as 1 to 70 wt%. It will be
appreciated that the amount of this component will vary depending on the end use and
the biologically active compound used.

In addition to the polyoxalates and biologically active compounds the
antifouling coating composition according to the present invention optionally comprise

30 one or more components selected among other binders, pigments, extenders and fillers,

dehydrating agents and drying agents, additives, solvents and thinners.



1917IEI 119717 196Z1.0 Z9*ILOL 17'99 17S--1CZ1E'ZFTC ZI-Od 50.5E1 99.05 95.5E
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WO 2009/160508 PCT/EP2869/0G9991
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An additional binder can be used to adjust the self-polishing properties and the
mechanical properties of the antifouling coating film. Exampies of binders that can be
used in addition to the polyoxalate in the antifouling coating composition according to
the present invention include rosin materials such as wood rosin, tall oil rosin and gum
rosin;

rosin derivatives such as hydrogenated and partialty hydrogenated rosin,
disproportionated rosin, dimerised rosin, polymerised rosin, maleic acid esters, fumaric
acid esters and other esters of rosin and hydrogenated rosin, copper resinate, zinc
resinate, calcium resinate, magnesium resinate and other metal resinates of rosin and
polymerised rosin and others as described in WO 97/44401;

resin acids and derivatives thereof such as copal resin and sandarach resin;
other carboxylic acid containing compounds such as abietic acid, neoabietic acid,
dehydroabietic acid, dihydroabietic acid, tetrahydroabietic acid, secodehydroabietic
acid, pimaric acid, paramatrinic acid, isoprimaric acid, levoprimaric acid,
agathenedicarboxylic acid, sandaracopimalic acid, lauric acid, stearic acid, isostearic
acid, oleic acid, linoleic acid, linolenic acid, isononanoic acid, versatic acid, naphthenic
acid, tall oil fatty acid, coconut oil fatty acid, soyabean oil fatty acid and derivatives
thereof;

silyl ester copolymers, for example as described in US 4,593,055, EP 0 646 630
and NO 2007 3499,

acid functional polymers of which the acid group is blocked with divalent
metals bonded to a monovalent organic residue, for example as described in EP 0 204
456 and EP 0 342 276, or divalent metals bonded to a hydroxyl residue, for example as
described in GB 2 311 070 and EP 0 982 324; or amine for example as described in EP
0 529 693,
hydrophilic copolymers for example (meth)acrylate copolymers as described in GB 2
152 947 and poly(N-viny! pyrrolidone) copolymers and other copolymers as described
in EP 0 526 441,

(meth)acrylic polymers and copolymers, such as poly(n-buty! acrylate}, poly(n-
butyl acrylate-co-isobutyl vinyl ether);



51-1I-OdECL11 166'1z F979-1Z I*E17 95b1-0 LVSL OL I'L9 (r)-07-7 8'10.Z 6 - 01-0d L9'6lI
6tLE ZVIE 6L 11'0118.11. T

WO 2669/100908 PCT/EP2009/006991
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vinyl ether polymers and copolymers, such as poly(methyl viny! ether),
poly(ethyl vinyl ether), poly(isobutyl vinyl ether), poly(vinyl chloride-co-isobutyl vinyl
ether);
aliphatic polyesters, such as poly(lactic acid), poly(glycolic acid}, poly(2-

5 hydroxybutyric acid), poly(3-hydroxybutyric acid), poly(4-hydroxyvaleric acid),
polycaprolactone and aliphatic polyester copolymer confaining two or more of the units
selected from the above mentioned units; '

metal containing polyesters for example as described in EP 1 033 392 and EP 1
072 625;

10 alkyd resins and modified alkyd resins; and

other condensation polymers as described in WO 96/14362.

Dehydrating agents and drying agents contribute to the storage stability of the
antifouling coating composition by removing moisture introduced from raw materials,
such as pigments and solvents, or water formed by reaction between carboxylic acid

15 compounds and bivalent and trivalent metal compounds in the antifouling coating
composition. The dehydrating agents and drying agents that may be used in the
antifouling coating composition according to the present invention include organic and
inorganic compounds. Examples of dehydrating agents and drying agents include
anhydrous calcium sulphate, anhydrous magnesium sulphate, anhydrous sodium

20 sulphate, anhydrous zinc sulphate, molecular sieves and zeolites; orthoesters such as
trimethyl orthoformate, triethyl orthoformate, tripropyl orthoformate, triisopropyl
orthoformate, tributyl orthoformate, trimethyl orthoacetate and triethyl orthoacetate;
ketals; acetals; enolethers; orthoborates such as trimethyl borate, triethyl borate,
tripropyl borate, triisopropyl borate, tributyl borate and tri-ferf-butyl borate; silicates

25  such as trimethoxymethyl silane, tetraethyl silicate and ethyl polysilicate; and
isocyanates, such as p-toluenesulfonyl isocyanate.

The preferred dehydrating agents and drying agents are the inorganic
compounds.

Examples of pigments are inorganic pigments such as titanium dioxide, iron

ac  oxides, zinc oxide, zinc phosphate, graphite and carbon black; organic pigments such as

phthalocyanine compounds and azo pigments.
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Examples of extenders and fillers are minerals such as dolomite, plastorite,
calcite, quartz, barite, magnesite, aragonite, silica, wollastonite, talc, chlorite, mica,
kaolin and feldspar; synthetic inorganic compounds such as calcium carbonate,
magnesium carbonate, barium sulphate, calcium silicate and silica; polymeric and
inorganic microspheres such as uncoated or coated hollow and solid glass beads,
uncoated or coated hollow and solid ceramic beads, porous and compact beads of
polymeric materials such as poly(methyl methacrylate), poly(methyl methacrylate-co-
ethylene glycdl dimethacrylate), poly(styrene-co-ethylene glycol dimethacrylate),
poly(styrene-co-divinylbenzene), polystyrene, poly(vinyl chloride).

Examples of additives that can be added to an antifouling coating composition
are reinforcing agents, thixotropic agents, thickening agents, anti-settling agents,
plasticizers and solvents.

Exampies of reinforcing agents are flakes and fibres. Fibres include natural and
synthetic inorganic fibres such as silicon-containing fibres, carbon fibres, oxide fibres,
carbide fibres, nitride fibres, sulphide fibres, phosphate fibres, mineral fibres; metallic
fibres; natural and synthetic organic fibres such as cellulose fibres, rubber fibres, acrylic
fibres, polyamide fibres, polyimide, polyester fibres, polyhydrazide fibres,
polyvinylchloride fibres, polyethylene fibres and others as described in WO 00/77102.
Preferably, the fibres have an average length of 25 to 2,000 um and an average
thickness of 1 fo 50 um with a ratio between the average length and the average
thickness of at least 5,

Examples of thixotropic agents, thickening agents and anti-settling agents are
silicas such as fumed silicas, organo-modified clays, amide waxes, polyamide waxes,
amide derivatives, polyethylene waxes, oxidised polyethylene waxes, hydrogenated
castor oil wax, ethyl cellulose, aluminium stearates and mixtures of thereof.

Examples of plasticizers are chiorinated paraffins, phthalates, phosphate esters,
sulphonamides, adipates and epoxidised vegetable oils.

In general, any of these optional components can be present in an amount
ranging from 0.1 to 50 wt%, typically 0.5 to 20 wt%, preferably 0.75 to 15 wt% of the
antifouling composition. It will be appreciated that the amount of these optional

components will vary depending on the end use
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It is highly preferred if the antifouling composition contains a solvent. This
solvent is preferably volatile and is preferably organic. It may have an evaporation rate
of more than 0.05 (n-BuAc = 1). Exarnples of organic solvents and thinners are
aromatic hydrocarbons such as xylene, toluene, mesitylene; ketones methyl ethyl

5 ketone, methyl isobutyl ketone, methyl isoamyl ketone, cyclopentanone,
cyclohexanone; esters such as butyl acetate, tert-butyl acetate, amy! acetate, isoamyl
acetate, ethylene glycol methyl ether acetate; ethers such as ethylene glycol dimethyl
ether, diethylene glycol dimethyl ether, dibutyl ether, dioxane, tetrahydrofuran, alcohols
such as n-butanol, isobutanol, benzyl alcohol; ether alcohols such as butoxyethanol, 1-

10 methoxy-2-propanol; aliphatic hydrocarbons such as white spirit; and optionally a
mixture of two or more solvents and thinners.

Preferred solvents are aromatic solvents, especially xylene and mixtures of
aroinatic hydrocarbons. 7

The amount of solvent is preferably as low as possible but is preferably

15 sufficient to dissolve the at least one polyoxalate. The solvent content may be up to 50
wt% of the composttion, preferably up to 45 wt% of the composition, such as up to 40
wt% but may be as low as 15 wi% or less, e.g. 10 wt% or less. Again, the skilled man
will appreciate that the solvent content will vary depending on the other components
present and the end use of the coating composition.

20 Alternatively the coating can be dispersed in an organic non-solvent for the
film-forming components in the coating composition or in an aqueous dispersion.

The antifouling coating composition of the invention can be applied to a whole
or part of any object surface which is subject to fouling. The surface may be
permanently or intermittantly underwater (e.g. through tide movement, different cargo

25 loading or swell). The object surface will typically be the hull of a vessel or surface of a
fixed marine object such as an oil platform or buoy. Application of the coating
composition can be accomplished by any convenient means, e.g. via painting (e.g. with
brush or roller) or spraying the coating onto the object. Typically the surface will need
to be separated from the seawater to allow coating. The application of the coating can

30 beachieved as conventionally known in the art.

The invention will now be defined with reference to the following non limiting

examples.
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Determination of polvmer solution viscosity
The viscosity of the polymers are determined in accordance with ASTM D2196

using a Brookfield DV-I viscometer with 1.V-2 or LV-4 spindle at 12 rpm. The

polymers are temperated to 23.0°C £ 0.5°C before the measurements.

Determination of solids content of the polymer solutions

The solids content in the polymer solutions are determined in accordance with
ISO 3251, A test sample of 0.6 g+ 0.1 g are taken out and dried in a ventilated oven at
150°C for 30 minutes. The weight of the residual material is considered to be the non-
volatile matter (NVM). The non-volatile matter content is expressed in weight percent.

The value given is the average of three parallels.

Determination of p

]

The polymers are characterised by Gel Permeation Chromatography (GPC)
measurement. The molecular weight distribution (MWD) was determined using a
Polymer Laboratories PL-GPC 50 instrument with two PLgel 5 pm Mixed-D columns
from Polymer Labofatories in series, tetrahydrofuran (THF) as eluent at ambient
temperature and at 2 constant flow rate of 1 mL/min and with a refractive index (RI)
detector. The columns were calibrated using polystyrene standards Easivials PS-H from
Polymer Laboratories. The data were processed using Cirrus software from Polymer
Labs.

Samples were prepared by dissolving an amount of polymer solution
corresponding to 25 mg dry polymer in 5 mL THF. The samples were kept for
minimum 3 hours at room temperature prior to samphng for the GPC measurements.

The weight-average molecular weight (Mw), the number-average molecular
weight (Mn) and the polydispersity index (PDI), given as Mw/Mn, are reported in the
tables..

Determination of the glass transition temperature
The glass transition temperature (Tg) is obtained by Differential Scanning

Calorimetry (DSC) measurements. The DSC measurements were performed on a TA

Instruments DSC Q200. Samples were prepared by transfering a small amount of



Ott' L'17 rz tZ1 6 Diethyl oxalate 1 Dimethyl isophthalate 1,4-Cyclohexanedimethanol Neopentyl glycol
2,2,4-Trimethyl-1,3-pentanediol 2-Butyl-2-ethyl-1,3-propanediol Hydroxypivalyl hydroxypivalate
iotpalrevalT-91 1,4-Butanedial Dibutyltin oxide Titanium(IV) butoxide auapcx (wWt%) Actual NVN1 (wt%)
Viscosity (cP){OC00R§1 #}#B(cootx) uw 1CW 1 Tg (C) Dicarboxylic acid esRFEFEA 8991194108

10

15

20

21

polymer solution to an aluminium pan and dry the samples for minimum 10 h at 50°C
and 1 h at 150°C The samples of approx. 10 mg dry polymer material were meassured
in open aluminum pans and scans were recorded at a heating and cooling rate of
10°C/min with an empty pan as reference. The onset value of the glass transition of the

second heating is reported as the Tg of the polymers.

Example 11 General procedure for preparation of nolyoxalates by transesterification

in melt

100 g of starting materials comprising a mixture of 1.0 mole eq. of diethyl
oxalate or a mixture of diethyl oxalate and a dicarboxylic acid ester, 1.0 mole eq. of one
or more diols and 0.02 mole eq. of catalyst are charged into a 500 ml three-necked glass
flask equipped with magnetic stirrer, thermometer, condenser and nitro gen inlet. The
mixture is heated slowly under nitrogen to 190°C on a temperature controlled oil bath
while the condensate is distilled. The heating rate is controlled so that the temperature
in the outlet does not exceed the boiling point of the condensate. . The temperature is
maintained at 190°C until 80-90% of the theoretical amount of condensate is collected.
The nitrogen inlet is closed and vacuum is applied. The vacuum is adjusted gradually
down to 0.1 mbar, The temperature is maintained at 190°C for 2-4 hours. The polymer
melt is cooled to approx. 100°C under vacuum. The vacuum is removed and solvent is
added. The polymer solution is cooled to room temperature.

The polyoxalates PO-1 to PO-4 in Table 1 are prepared according to this

procedure.
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Table I: Ingredients and properties of polyoxalate solutions PO-1 to PO-4

PO-1 | PO-2| PO-3| PO-4
Dicarboxyli Dicthyl oxalate 5406 [ 50.13 | 50.09 | 30.14
cacid esters | nyinethyl isophthalate . - .| 2136
1,4-Cyclohexanedimethanol 26.67 ¢ 2127 1483 | 2288
Neopenty! glycol 19.26 - - -
Reactor .
2,2,4-Trimethyl-1,3- -
charge @) | piols cenanediol 4 28.50 | 35.08 -
2~Butyl~2'~ethyi- 1,3- - ) - 2542
propanediol
1,6-Hexanediol - - - -
Catalyst Dibutyltin oxide 0.0376 § 0.0349 § 0.0348 | 0.0322
Thinning {g) | Solvent Xylene 43941 4559 | 4561 | 49.25
Thearatical NVM {w1%4) : 60 60 60 60
Actual NVM (wit%) 59.4 58.1 57.2 56.5
. Viscosity {(cP}) 7,650 2,200 1,250 | 2,750
Properties of
polymer Mw (x1000) 24.1 234 18.6 12.8
solutions
Mn (x1000) 8.3 5.6 4,7 5.0
PDI 29 4.2 4.0 2.6
Tg (°C) 15 15 12 14

Example 2. General procedure for preparation of polyoxalates by transesterification

in melt

250 g of starting materials comprising a mixture of 1.0 mole eq. of diethyl
oxalate or a mixture of diethyl oxalate and a dicarboxylic acid ester, 1.05 mole eq. of
one or more diols and 0.02 mole eq. of catalyst are charged into a 250 m! temperature
controlled reactor vessel equipped with mechanical stirrer, thermometer, condenser and
nitrogen inlet. The mixture is heated slowly under nitrogen to 190°C while the
condensate is distilled. The heating rate is controlled so that the temperature in the
outlet does not exceed the boiling point of the condensate. The pre-polymerisation
reaction is run until 80-90% of the theoretical amount of condensate is collected. The
nitrogen inlet is closed and vacuum is applied. The vacuum is adjusted gradually down

to 100 mbar, The temperature and vacuum is maintained for 3 hours. The polymer melt
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is cooled to approx. 10G°C under vacuum. The vacuum is removed and solvent is
added. The polymer solution is cooled to room temperature.
The polyoxalates PO-5 to PO-19 in Table 2 are prepared according to this

procedure.
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Example 3:  Procedure for preparation of polvoxalates by esterification in melt
54.0 g of oxalic acid, 45.5 g of 1,4-cyclohexanedimethanol, 50.5 g of 2-butyl-2-

ethyl-1,3-propanediol, 0.498 g of tin(II) 2-ethylhexanote and 5.0 g of xylene were
charged into a 250 mi temperature controlled reactor vessel equipped with mechanical
5 stirrer, thermometer, condenser, water trap and nitrogen inlet. The mixture is heated

slowly under nitrogen until reflux. The temperature was adjusted continuously to
maintain the reflux until the temperature in the reactor vessel reached 210°C. The
temperature was kept at 210°C for 3.5 hours. Approx. 90% of the theoretical amount of
water was collected in the water trap. The polymer melt was cooled to approx. 100°C

10 and 85.9 g of xylene was added. The polymer solution was cooled to room temperature.

The obtained polyoxalate had Mw of 2,800, PDI of 1.9.

Example 4: _ General procedure for preparation of antifouling coating composition
15 The ingredients are mixed and ground to a fineness of <30 pm using a high-

speed disperser. Any ingredients sensitive to the high shear forces and temperature in
the grinding process are added in the let-down. The compositions of the prepared
coating compositions are presented in Table 3 and Table 4. Any curing agent and
accelerator are mixed with the coating composition just before use.
20
Determination of the viscosity of the antifouling coating composition
The high-shear viscosity of the antifouling coating composition is determined in

accordance with ASTM D4287 using a cone-plate viscometer.

25 Calculation of the volatile organic compound {VOC) content of the antifouling

coating composition
The volatile organic compound (VOC) content of the antifouling coating

composition is calculated in accordance with ASTM D5201.

30 Determination of polishine rates of antifouling coating films in sea water
The polishing rate is determined by measuring the reduction in film thickness of

a coating film over time. For this test PVC disc are used. The coating compositions are
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Table 3 and Table 4. Any curing agent and accelerator are mixed with the coating composition just
before use. 20  film thickness. The discs are rinsed and allowed to dry overnight at room temperature

before measuring the film thickness.

Table 3: Ingredients in parts by weight of physically drying coating compositions C-1 to C-3

C-1 C-2 C-3

Binder Polyoxalate solution PO-1 PO-3 PO-4
30.68 31.85 30.63

Biccides Cuprous oxide 36.72 36.71 36.72
Copper pyrithione 135 1.35 1.35

Pigments Iron oxide red 1.21 1.21 121
Titanium dioxide 1.18 1.18 1.18

Extenders Zinc oxide red seal 0.97 0.97 0.97
Barium sulfate 9.57 9.57 9.57

Nepheline syenite 295 2.95 255

Dehydrating agent Calcium sulfate 1.36 1.36 1.36
Thixotropic agents Disparlon A603-20X Y 1.92 1.92 1.92
Disparlon 4401-25X @ 0.88 0.88 0.88

Solvents Xylene 5.46 4.30 551
Solvesso 100 5.75 5.75 5.75

Coating properties Viscosity (cF) 620 200 260
Calculated VOC (g/L) 450 450 450

Polishing rate {pm/month} 5.1 23 2.1

10
(1) Disperlon A603-20X is an amide wax, 20% in xylene; produced by Kusumoto Chemicals, Ltd,
{2) Disparlon 4401-25X is 2 polyethylene wax, 25% in xylene; produced by Kusumoto Chemicals, Ltd.
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the antifouling coating composition is determined in accordance with ASTM D4287 using a cone-plate
viscometer. 25Calculation of the volatile organic compound (VOC) content of the antifouling coating
composition wo Fhtsermoiatile organic compound (VOC) content of the argifavdirgosmadiing composition
is calculated in accordance with ASTM D5201. 3#Determination of polishing rates of antifouling
coating films in sea water The polishing rate is determined by measuring the reduction in film
thickness of a coating film over time. For this test PVC disc are used. The coating compositions are
WO 2009/100908PCT/EP2009/000991 27 applied as radial stripes on the disc using a film applicator.
The thickness of the dry coating films are measured by means of a suitable electronic film thickness
gauge. The PVC discs are mounted on a shaft and rotated in a container in which seawater is flowing
through. Natural seawater which has been filtered and temperature-adjusted to 5 25CZ 2C is used. The
PVC discs are taken out at regular intervals for measuring the film thickness. The disd are rinsed and
allowed to dry overnight at room temperature before measuring the film thickness. Ta‘ﬁle 3: Ingredients
in parts by weight of physically drying coating compositions C-1to C-3 C-1C-2 C-3 Eiﬁnder
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Copperpyrithione 1.35 1.35 1.35 Pigments Iron oxide red 1.21 1.21 1.21 Titanium dioxide 1.18 1.18
1.18 Extenders Zinc oxide red seal-0.97 0.97 0.97 Barium sulfate 9.57 9.57 9.57 Nepheline syenite
2.95 2.95 2.95 Dehydrating agent Calcium sulfate 1.36 1.36
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The polishing rate of the reference paint was 2.3 pm/month when tested in paralle] with
the coatings in Table 3 and Table 4. The reference paint is SeaQuantum Classic light
red from Jotun AS, which is a high performance self-polishing antifouling coating,
based on a hydrolysing organosilyl polymer as binder.

The data shows that an antifouling system comprising a polyoxalate binder is self-
polishing. The self-polishing allows a controlled leaching of biocide that would keep a
surface free of marine organisms. Qur results show that the polyoxalate binder of this
invention polishes faster than a reference commercial silyl ester copolymer binder
containing fouling composition.

A faster polishing system may be advantageously utilised on stationary
installations or vessels that move slowly (e.g. less than 10 knots) and/or that operate in

cold water (e.g. less than 10°C) since the hydrolysis rate is dependent on temperature.



1.36 Thixotropic agents Disparlon A603-20X (1) 1.92 1.92 1.92 Disparlon 4401-25X (2) 0.88 0.88 0.88
Solvents Xylene 5.46 4.30 5.51 Solvesso 100 5.28 5.75 5.75 Coating properties Viscosity (cP) 620
200 260 Calculated VOC (g/L) 450 450 450 Polishing rate (pm/month) 5.1

Claims

1. An antifouling coating composition comprising at ieast one polyoxalate and at
jeast one bioiogically active agent that prevents the settlement of marine organisms
on a surface andfor encourages the dislodgement of marine organisms from a

surface.

2. An anti-fouling coating composition according to claim 1, characterised in that
the polyoxalate comprises polycondensation reaction products of oxalic acid or a

derivative thareof with at [east one diol.

3. An antifouling coating composition according to claim 2, characterised in that
the molar ratic in the polycondensation reaction between the oxalic acid or derivative

thereof and diol is less than 2.0 and more than 0.5, more preferably not above 1.0.

4. An antifouling coating composition according to any of claims 2-3,
characterised in that the oxalic acid or derivative thereof is a dialkyi oxalate, more

preferably dimethyl oxalate or diethyl oxalate,

5. An antifouling coating composition according to any of claims 2-4,

characterised in that the diol is saturated and aliphatic.

8. An antifouling coating composition according to any of claims 2-4,
characterised in that aromatic diols comprise 50 mol% or less of the total amount of
diols used in the polycondensation reaction, more preferred not above 30 mol%, |

most preferred not above 10 mol%.

7. An antifouling coating composition according to any of claims 2-4,
characterised in that unsaturated aliphatic diols comprise 10 mol% or less of total

amount of diols used in the polycondensation reaction.

8. An antifouling coating compasition according to any of claims 2-7,
characterised in that the polyoxalate comprises repeating units derived from polyols

with more than two hydroxyl groups.



2.3 2.1 10 (I) Disparlon A603-20X is an amide wax, 20% in xylene; produced by Kusumoto
Chemicals, Ltd. (2) Disparlon 4401-25X is a polyethylene wax, 25% in xylene; produced by Kusumoto
Chemicals, Ltd. 28 Table 4: Ingredients in parts by weight of 2-component curable coating
compositions C-4 to C-9 Disparlon A603-20X is an amide wax, 20% in xylene; produced by Kusumoto
Chemicals,9-td. by KRGS CRRFNTART IS IIDISpReRIAIEA 01 ZB0iSaImsIeMM@ie wax, 25% in

xylene; proglyElse seecis Nol% BALS 26r SlipRaHCAAD(IROSY aRMRaSiRaseseaiexamethylene
diisocyanate (HEN), 75% in butgl acetate; produced by Bayer MaterialScience AG. WO

200911009 B 56%7(586 WZQ The polishing rate of the reference paint was 2.3 gm/month
when tested in parallel with the coatings in Table 3 and Table 4. The reference paint is SeaQuanturn

Ciassic lighiged A AS ik S bishapdoimaree. sHpalistigaptitouing coating, Sbasec

on a hydrolysing organosllkll polymer as binder. The data shows that an antifouling system comprising
a polyoxalatBBriRISE LB IERiIRG Y PRRABIFYBRERRR) WP I BRI MR biocide that
would keepralgtisfarm it tsaatine drgarising, Gusresulis sbevethatihepslyexalstebinder of this

toinvention polispes ASIST 1aa A gelerence commBtRal gy ester copolymer binder containing fouling
composition.” A faster polishing system may be advantageously utilised on stationary installations or
vessels that move slowly (e.g. less than 10 knots) and/or that operate in cold water (e.g. less than

10C) since {he hYQ{@_Hﬁ!ﬁd!iﬂtﬁd%@'@cﬁﬁ‘t%ﬁ‘ﬁ;&ﬁ&@{TﬂgﬂﬂFiﬁ@-tcﬁQr@kiéi:Eléé_nlsl An @ntifouling Cﬁating
CompOS|t|0n comprisin at east one po alate and at |least one biologica acCllv ent that
revonts (i CLTLETERS 51 Tha e BrDARARE e 2 atridRoarrirer drauraseectiel dbfgement of
marine orgdmisnisORono 4 &0face.

12. An antifouling coating composition according to any of ¢claims 1-11 comprising

one or more solvents, e.g. xylene.

13. Antifouting coating composition according to claim 1-12, characterised in that
it further includes one or more additives selected from other binders, plasticizers,
pigments, extenders, fillers, dehydrating agents, drying agenis, curing agents,
thixotropic agents, thickening agenis, anti-settiing agents, reinforcing agenis, thinners
and additional soivents.

14. Antifouling coating compaosition according to any of claims 1to 13

characterised in that it is a physical drying coating composition.

15. Antifouling coating compaosition according tc any of claims 1to 13

characterised in that it is a curing coating composition.

16. Antifouiing coating composition according to claim 1 to 15, characterised in
that the polyoxalate has hydroxy-functional end-groups, and the composition
comprises a curing agent selected from isocyanates, polymeric isocyanates and

isocyanate prepolymers.

17. Antifouling coating composition according to claim 1 to 15, characterised in
that the binder has epoxy-functional end-groups and the curing agent is selected

from amines and poiyamines.



2. An anti-fouling coating composition according to claim 1, characterised in that the polyoxalate
comprises polycondensation reaction products of gxalic acid or a derivative thereof with at least one
diol. 3. An antifouling coating composition according to claim 2, characterised in that the molar ratio in
the polycondensation reaction between the oxalic acid or derivative thereof and diol is less than 2.0
and more tH&n 0.5°AM6PElpEteRiBY ronRIstian O ding Ehafoulingadsating/cehriasigtredccording to
any of clains 2-3»9RatasissirRbLIM A b axalieasidpigerivative thereof is a dialkyl oxalate, more
preferably dimethyl oxalate or diethyl oxalate, 5. An antifouling coating composition according to any of
claims 2-4, characterised in that the diol is saturated and aliphatic. 6. An antifouling coating
compositiort @ccordmcaiagcodtoigicesi@editichaaactedsgd dnathatfaramatic- thokhemmiarise 50 mol% or
less of the iafgl.ampuaLolsliafs Usehio IR AAMEENIRAEALSA LRAGLIAY, B preferred not above 30
mol%, most preferred not above 10 mol%. 7. An antifouling coating composition according to any of
claims 2-4, characterised in that unsaturated aliphatic diols comprise 10 mol% or less of total amount

of diols usedon thexpalyapRsiepsaiipporapstiann Bcbdr&ngfauling sraaking consposiien assatding to any
of claims 2-}7 characterised r% that the olgoxalate comprises repeating units derived from polyois with
ea o ;))(ofyoxaia g ISAMYPRRYS o ) i : :
more than two hydroxyl'groups. . An-antifouling coating composition according to any of claims 8
wherein polyols form 10 mol% or less of the total amount of dials and polyols present in the
pO'YCOHd?néﬂ'O” FRRgHAbUIHY ﬂhﬁ@%‘ﬁ%"@&:@ﬂﬁﬂ@@%%ﬂ%ﬂs&mmn@rﬁﬂﬁé of claim 2'9’.
characterised in that the polyoxalate comprises one or more units obtained bg/nthe polycondensation

reaction of &'QIBHFAL ARNAHBIFNL'S ERISGIEVARRIE Bl FOBPET RYaFo SIPRI HIRTRFRE B oxy lic acid o
derivative_s tlm@mufpyliihiénfeaat(femmgmmwnypmthyMOndaq@wwioML&i,ms 1-10
characterisgglin Ihatthe polvoxalate hasawaighhayerage WL?EM@%H&%&%%MWH&Q@ ¥ 000 to

40,000. 12. An antifouling coating composition according to any of claims 1-11°comprising one or
more solvest&I&Ehy RehrnyiesfaniiéIg eBXint-esrpsaxlBir S rdimptortMiRt 1-12, characterised
in that it furagndngbiaiee cnecasyABishadeiiveth pelesieddiarcatanbiagars plegsiczagmepigments,
extenders, fillers, dehydrating agents, drying agents, curing agents, thixotropic agents, thickening
agents, anti-settling agents, reinforcing agents, thinners and additional solvents. 14. Antifouling
coating coniFositioh Kitcoraigitg dngropcisiméno terainshapamerited samritsing at jsagsical drying
coating cCompRSHnm:xAatd atiou! DS 8RN MLRYRBAPHAN ARG R0¥ R giaims 1 to 13
characterised in that it is a curing coating composition. 16. Antifouling coating compaosition according
10 claim fto Y8 CRTACPLARRAT RAHE DB B ARE T ARH e PORSHTRET PR A REERTER. Bind the
compositiomcomprsgsresow ingragentfsetested ornlesst yaeatesnpabeneric isocyanates and
isocyanate prepoiymers. 17. Antifouling coating composition according to claim Ito 15, characterised
in that the binder has epoxy-functional end-groups and the curing agent is selected from amines and
polyamines?32 18n& MR GliAL eFXMNG EENPIERRIBF2EDRARYIFARBPEIRMCEIDY, characterised by
a content ofcaptisissnionotass:thanidastilbyinwg ighdtintocantibelilbne: coatiag Lo miprgjitanyaccording to
any of claime 4,18, dharacterised i ihatliias avolale aroanic compounds, (LAC) gpptent below 400
g/L. 20. AnﬁFouﬁnggcoa}lng E(:}:omposi ion according to any of claims T-19 Wherern the at least one
polyoxalate é8eatimgtntine dislodaesmrnbolimgdenposhiomadeondry ey of claims 1-20, wherein the
biologically active agent is selected from copper, copper oxide, copper thiocyanate, copper pyrithione,
2-(tert-butylamino)-4-(cyclopropylamino-6-(methylthio)-1,3,5- triazine), ,

. 5-dichioncaim o h RS AES L. SR R Ao AU BHC AR RN g0 f clars
dimethyl-N-gh2hylsulfaminde, N-dichlorofluoromethylthio-N1',1\11-dimethyl-N-ptolylsulfamide, zinc
pyrithione, zinc ethylenebis(dithiocarbamate) and medetomidine. 22. A kit comprising (I) an
anti-fouling coating composition comprising at least one polyoxalate and at least one biologically active
agent that pfavent$tRESEt M e EFINEMECSIGETOM I B9t RPRES IAHBR EICBURLFES the
dislodgemeptafahsdio @ oieganizmsnftomagindacabng (| catteasihane oneng agemd.123. The use of at
.least one pcﬂ){oxalate as a binder in an antifouling coating composition, wherein said antifouling
coating composition comprises a biologically active agent that prevents the settlement of marine
organisms on a surface and/or encourages the dislodgement of marine organisms from a surface. 24.
An object cagfed with anikfond ReceAling asehainembanyroneislaims dnoo? tlads A process for
protecting aﬁw %ﬁje%f(rgm foul'ggf co r's'WF% %o%tin at Jeast a part of said object with an anti-fouling
coating as Rimet ﬁycblﬁae ot DM 2158 K elf-polishing anti-fouling coating composition
as claimed in any of claims 1 to 21 which is curable or which has been cured.



