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WO 2008/046166PCT/BE2007/000114 5SMARINE ANTI-BIOFOULING

AND FOULING RELEASE COMPOSITION Subject of the invention
[0001]The present invention relates to the use ofa composition for
reducing the biological fouling of surfaces 10 in permanent or prolonged
WM&W%W&%M marine environment. Prior art PCT/BE2067/000114
[0002]Biologicalcontaminationbythemarine 15 environment, which is

known as biofouling, whether it is micro-organic or macro-organic, is a
major problem, not only for land-based installations that use a large
amount of seawater, but also for offshore installations and more generally
for any object in peLianent or prolonged contact 20 with seawater, for
instance boat hulls and aquaculture ropes, cages and nets. The reason for
this is that marine organisms, such as alg

: -iﬁ!- d5vava'a -‘-- ro-and-theRa

surfaces, which has the consequence of impairing the correct 25
fungtigningrand ot deterioratiag dae installations or objects to which they

are at ed. In particular, they may, for example, block the inlets of
sea@é?g}lntake vg{éees A& %ﬁég’ rejtflljvc%n’[?féovl(/lat?é? tiptake &pathty ofse ©f @
lanBsFEsEH installatioh siisthg seawdier Jorahey nvay: béeshien30 aftaghefaces

10to ship hpls;eduaing their speed ang-dacreasingdbeir fualconsymptionz+ine

[0003]Mapipg anti-biofouling and fouling release compositions are usually
applied to the surfaces in permanent contact with the marine environment
to control or 35 prevent the attachment or growth of such marine
organisisagtalternatively to facilitate their removal. Such a composition

generadly containsgong e mare conppeunds hat ;WO ny  the  marine
008/0,46166PCT/BEg(l)gg/OOOlM 2 are toxic to the marine organisms

Lothat attach 1o The ‘subferged SurfAcRE thafit R Ut 5 proti& firorddF =

to Bé epabiyETfektive thesectoxicceompbindsifave thedrawbpekiofen, not
needing tade releaseckint then@adiness epysonment bythesmadpge amount
anti-biofaulng goating,or paipt over a marg, orless long period Asa, g .0
result, such a composition Is always polluting, all the more 80 since it

geABRIRACoMprises GoMpBHABE Suth deFBRATYEIeal srarseRred ocontact

20[0004jBertainmaare antiebiofoukngcoatingssor paints sonaprise agquaculture

coppgkbased gampouads,which-have heen knawn fora long time for ... o
their toxml;Dy to phbytoglankto and other marine or%anlsms. The copper

may B8, for exaniple, in‘the t6fA of ctipfous d%ide *BopSar dibxite- 2oppErs
15ahigEyanatetpper ackylatedlaketcapyer powdécorsoppec surfaces,
hydroxide, atgemay be releasesinte.the marine apvironment inthe fof-vect

2501 £QREt IS nigtunatel i aoluien s ne awhack ohnaigd o
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long-lasting. Spécifica ﬁ once the copper content of the cdatlng ‘has
beBR FEpiEted thé'Rdating RS0 1BRGerdtativedyusdallyPiet icular, they
comositides arexany highlykdessd withecoppérinsordet tasgivedher intake
coalingaslonger sefvice,life, Howeyer, the Lise af high caneentrations of,
copper may also give rise to pollution of the marine environment.
se nstallatlions using seawater, or they may become
attached to ship hulls, reducing their speed and increasing
their fuel consumption.
[0003] Marine anti-blofouling and fouling release
compositions are usually applied to the surfaces in
permanent contact with the marine environment to control or
prevent the attachment or growth of such marine organisms,
or alternmatively to facilitate their removal. Such =&

composition generally contains one or more compounds that



25 [0005]Environmental regulations are heading towards banning within a
few years the use of marine antibiofouling coatings such as those
mentioned previously, but also those comprising tin (IV) derivatives such
as tin oxides or tributyltin, which are all environmentally toxic 30 and
WA % favour of alternative coatings that are more e RGTGRFHE R4
friendly. (0006)The document WO 87/03261 especially proposes an
alternative solution that consists in producing, across the surface to be
protected, an AC or DC current whose 35 intensity and frequency are
suffigient togive the matise organisms eteetric shockstartd preventitheic  the
attaghynente3 Hawevers this selution has the.drawback of.beingrelatively. ger
impractical tg Implement, Alms of the invention, 5 [00071The present
invention is directed towards providing a maring anti-bio oﬁlng and/or
fouRlfig refedise COMpELiE6H HHat ddes K6t harlgrsdrawbatk’ of the prigirine
sart.0008Hhisdirecied impastictiartosardsHprovieing 16 aceempagition paint
tha,is.more epyironmentally fiendly and,eagy o usg, [000QUISAlSO o0y 5
directed towards providing a composition that gives the supports, onto ‘
whith P REAPpiet, HreRistaRCe ©Poitig 8 matine ditfin "459060Fit 78S ¢
moseoereditectettowards providipga:cemposition zapaide torgducédhe or
frequeney: of cleaning of the supports onto which it is applied, and to
1 dedugedhe intervention time. 20.Summary, [004]The present disclosure
describes the use of a composﬁon comprising a'polysi oxa&:l;l_e-basedl
poly At dnd RTEASt The eymRGHACAlGTHIbfiEPaRamigrine drtibiofdwling  been
and/asfeulingrreleasercpatinge 2% R0 KlalAecareing-ta-& fits! aspeebinergkton
Is provided the yse-of,a compositgn .Comer'%!eag Qolxaskl%%“??gsedxampze,
polymer and at least one cylindrical nanofiller as a marine antl-bllo?ouefmg
and/or f6lifing 8aseCoatimPErdating s Sface i & noRitiekder 30-opper
I5marimecorgamsms. [00d2paccoraing ia particufdemdodiments; theowarne or

copper hydroxide, and may be released into the marine

or

environment in the form of copper ions. Unfortunately, this
selution has the drawback of nmnot being Ilong-lasting.
Specifically, once the copper content of the coating has

20 Dbeen depleted, the coating is no longer effective. Usually,
the compositions are very highly dosed with copper in order
to give the coating a longer service life. However, the use
of nigh concentrations of copper may also give rise to
pellution of the marine environment.

25  [0005] Environmental regulations are heading towards
banning within a few. years the use of marine anti-
biofouling cecatings such as those mentioned previously, but
also those comprising tin (IV) derivatives guch as tin
oxides or tributyltin, which are all environmentally toxic

30 and hazardous, in favour of alternative coatings that are
more environmentally friendly.

{00061 The document WO 87/03261 especially proposes an
alternative solution that consists in producing, across the
surface to be protected, an AC or DC current whose

35 intensity and freguency are sufficient to give the marine

organisms electric shocks and prevent their attachment.



anti-biofouling and/or fouling release composition may comprise one or a
combination of any of the following characteristics: 3a the cylindrical
nanofiller represents in weight between 0.01% and 10% of the total weight
of said composition; the cylindrical nanofiller represents in weight
between 0.01% and 3.5% of the total weight of said composition; 5 - the
cylindrical nanofiller comprises carbon nanotubes; the carbon nanotubes
representdn weidht betweer 001% and i2:5%0bf dhes totad weightdfitherelatively
compesifion;; 4, the.carbon panatupes represent in weight between 0.01%
and 1% of the total weight of the composition; the carbon nanotubes
represent in weight between 0.05% and 1% of the total weight of the
compuositioi; Shtheicarbomnianotubes represent in weight between 0.05%

5aNg Py O the totaj weight of said composition; the Caébo.”c!}ar”é’é%%?e towards

represent’in weight 0.1% of the total weight of saldncorﬁposmon;

catboiahbidhed aferéhgsen From thelgrotp i singlentdwalled eafbors  release
nanetupes {SYANTs)rdouble-walled-earbar-nanatubes,(DWNIgand the prior
muétit-¥valled carbon nanotubes (MWNTS); the cylindrical nanofiller

comprises sepiolite; the sepiolite represents in weight between 0.1% and

1099 £%56Fithe total Weight ofsaid compodition; atheisepiclite represents inroviding

10weightbetween0: 1% and 3:5%; of the total weight of said comy Sitji_%endly and
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the sepioljite represents in weight between 0.1% and 1% of the total

weight-bf 58id composition; 20 - the composition comprises sepiolite and
carb®iGidnotubes; Iin a composition comprisingssepiotitevancicarb@roviding a
na : rb no e ent jn wei etw 0.05%.and . :
0.1%90%[?%% ttEc])]?<'(;:1)(lh\3/tvei]((f);ErH]tg| gf th%i%%grﬁpggﬁ%n a#n%eég(ﬁ% ref()g‘rgeescéntswéﬁCh s
wefght betieer 196 25and*3.5% bf thettbtal Weight Ghee eemposition.-

Acg¢oating to a secand aspechdhersds provided a-methad s the:. providing a

oI S S atohng & Mae St Batouig dnblot otfingo2n17a of
release coBtingr30:copmpositioh orlhsaid supporsaid edmpesition:c reduce the
comprising-a polysilaxane-based polymer and at least one cylindrical
nanofiller.
Summary
fOOL1] The present disclosure describes the use of a
composition comprising a pelysiloxane-based polymer and at
least one cylindrical nancfiller as a marine anti-
blofouling and/or fouling release coating.
[001l1la] According to a first aspect, there is
nrovided the use of a compoesition comprising a
polysiloxane~based polymer and at least one cylindrical
nanofiller as a marine anti-biofouling and/or fouling
release coating creating a surface that is non-stick for

marine organisms.

[O0L12] According to particular embodiments, the marine
anti-bicfouling and/or fouling release composition may
comprise one or a combination of any of the following

characteristics:



4a Brief description of the figures [0013]Figure 1 represents the

improvement of the  crustaceans release of PDMS-based coatings

comprising 5 carbon nanotubes. [0014]Figure 2 represents the

improvement of the crustaceans release of, PDMS-based coatings

comprising. sepiolite. [0015]Figure 3 represents the improvement of the

10 crustaceans release of PDMS-based coatings comprising carbon

nanotibés and sapislitea Wo2008f046166PCFIBE2007/000114 Helght between

[0016]Figure 4 represents the improvement of the crustaceans relgaseaf s on;
PDMS-based coatings comprl ing carhon nanotubes and sepiolite

comphfed t5 PDMS? %Eé%i cO4 léojn?ﬁrlsﬁle&oc?aerﬁgﬁhﬁndtﬂbe“%edrght between
sepiolite0% 0L AFiguies 5 vepresentsdhe Improvement oOf thel.crustaggans tion;
srelease,af RDMS;hased coalings @9&%@'%9@?9@@9“%&3&&@%mt ubes;

sepiolite compared to PDMS-based coatings comprising carbon

nanottb&s 6r<epidlite’ JOT1BEIGGrebapressiistnesettiémentor 16etween 0.01%
crustaneans dnihe surfacecofPDMSthasedweoaiings free of fillers (samplesition;
1c) or comprising carbon nanotubes, after 24h or 48h of immersion.
EO00191Figure7representsthesettlementof crustaceans on the surface of
PDMS-based coatings free of 15 fillers (sample Ic) or comprising sepiolite,

or sepiolite and carbon nanotubes, after 24h or 48h of immersion.

[0020]Figure 8 represents a comparison of improvement of the

crustaceans release of PDMS-based coatings comprising carbon

nanotubes according to two methods to 20 disperse carbon nanotubes in

the PDMS-based matrix (Sample 008: obtained with the use of a premix,

sample 010: obtained without the use of a premix). [0021]Figure 9

represents the amount of spores (or biomass) of the marine alga Ulva that

have colonized PDMS- 25 based coatings comprising carbon nanotubes

and/or sepiolite compared to the unfilled blank (sample Ic). N = 1350,

errors bars: +2 x standard Error.



[0022]Figure 10 represents the removal of Ultra sporeling biomass from
PDMS-based coating comprising 30 different loadings of carbon

nanotubes, compared to the removal from the unfilled blank (sample Ic)

after applying a flow force of 41.7 Pa of seawater to the surface. N = 540,

error bars = 2 x Standard Error. [0023]Figure 11 represents the removal

of Ultra 35 sporeling biomass from PDMS-based coatings comprising 0.1
carbohmanotabes (prepared wsing diffsrentprocesses andi ght between 0.01%
WO2005iD45466P CTUBERAREHOORLY 4 yuth diferent batanes, of garbon

nanotubes), compared to removal from the unfilled blank (sample Icj. N = _
540, &6t barsL 2 Y SBMHART B rrdre [002afRIGUré 12 Yepresentd tigreen 0. 053
removalof Ulvac$ spoeelinghiamass fram PBMS:based eeatingson ;

5CoMppsing %{gf%%r}'{ Iogglnglﬁs"ﬁfése‘plglge ngnéjna{ed'tp I’emOV%:ijI’O et‘lgve\feen 0.05%

unfilled blank (sample 1c19. %fﬁ error bars = + 2'x Standard Error.
[0025%igure- 13 repreddists il Femoval of U 16 sporeling biomdss from
PDMS$-hasee:qoatings-comprigig twodoadings,of sepiolife.(ll - 0. 12 or the
[sam;%le-toz , samg!}eiozg) or 3.5 o/%samgle_-ozz, sample-024]) and carbon
nanotubes %0.%%1[ AmplRE0ZT SAnipiEie221 6161796 [sample-023,

sample26243) Compared ¢¢ rémoval frone thesanfilleddatank sampletc)ol single-

1.015 = 240, error hars 5.+ 2 )&gm%@ﬁ%grrof'sli@ﬁgg])':jgurgo]u%rfem%elnfﬁé carbon

comparison of Ulva sporeling removal from mixed carbon ’
nanotubes/SEpiviite POIS-basedésatinGs tas dtaled th Figare rs) withenotubes
remova#fions coatings with the fillers present individually at the 20 same

loadings, Sample 007 = 0.05 T7 Sample 017 = 1 Sepiolite, Sample

018 . 3.5 96 Sepiolite. N = 54%?%%%% Sarrs? Cin"?ﬁjs?gﬁdagr) SR

[0027[Fifuré AB represents d E6mpafisoniof Ul sporeliiy-remsovalfrofn and 10%

15mixed-earbep nanotubesiSepielite 25-RUNS-based:caatings (as detailed
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in Eig%eelié) wim_ﬁ qval from coatings with the fillers present individually .
at the same loadings. Sampte 008 2 0°1 14'cRT SampieoiFen V- 15 and 3.5%
Sepidtite, Semple G118 =381 Sepivlite: {0028]Figuse. 16 sepresents the

variatigiinadscosity 30 ofdhe-palymer precursqras afunction,ofthe o -4 15 o¢

amount of filler for composites comprising carbon nanotubes, sepiolite or
Cloisité'S0E “[ob291HigiHe ™ Freprédehts tE P aridtion n viscosity  of the
potyniérsprecursor as adunctioncof the amaunt of 3b4illerfor eamipositions ot ubes;

conmmgnggwbggﬂgggg@gggfdmgﬁ@gggyﬁa seplolite and carbon
nanotubes, the carbon nanotubes represent 1in weight
between 0.05% and 0.1% of the total weight of the
composition and sepiclite represents in weight between 1%

and 3.5% of the total weight of the composition.

According to a seccnd aspect, there is provided a method
for the protection of supports against soiling of marine
origin, said method comprising the step of applying a
marine anti-bicfouling and/or fouling release coating
composition on said support, said composition comprising
a polysiloxane-based polymer and at least one cylindrical

nancofiller.



WO 2008/046166PCT/BE2007/000114 7 Detailed description of the

invention [0030]In order to address the problem of obtaining a marine

anti-biofouling and/or fouling release composition, which is easy to use

and non-toxic to marine life, and 5 which hgs the advantage of facilitating

the detachment or dislodging of organisms &hd algae that may have

become bound to the support or surface coated with the said composition,

the invention proposes the use of a composition comprising a cylindrical

napgfillgring. 10 .polysiloxane-based polymer. By creating a surface that is

highly non-stick for marine organisms; these organisms are incapable of

dur%‘gﬁ}&rjpping to theP&urfacelcoveted With thé coalfifig aeBidingitethe ©of the

invemticn, and:can berremoved more easilysL5[P033] Thedemm ASUPPOHtmprising

5meg§§k%11¥ rp]%tgg%htggts can be coated with a polymer, and the term

"surface”™ means any surface, whether interior or exterior, vertical or

hortZshtdl] of any bédy o ebjett. WithogtEseing limiting, theusupperntssnt  of the

concerped may-he flexible sypports-or nof:20 flexible supports, They comprising

may be, for.example, metal, plastic, glass or ceramic components, or '

alter%%ﬁ\cfgl)} E‘)%Iymeric or elastomeric supports. [0032]The term "cylindrical

nariéfiiePImeans affiller having thedome ofa cylinder: a needteoradibre, of the
1@25 @PQSOL{M%MO qfelh)gglgr@e %enmg%@gg@er %rgal%ﬁﬁghan ]'C(,:)(gm.prising

nm, or even of the order of from one to a few tens of nanometres.
[0033THTE cORPBSItGH AcEordintfi thé ifention has non-stick properties
with respect to marine organisms 30 and/or marine algae, and has the
advantage of being able to obtain a strong and flexible coating, which
does not crack or become fissured. The composition may be applied with
good adhesion to the entire surface, whether the surface is made, for
example, of wood, metal, glass or plastic. 35 [0034]According to one
preferred embodiment of the invention, the polysiloxane-based polymer
used is Svigard W02008/046166PCT/8E2007/000114 8 184 from Dow
Corning, which is a resin that crosslinks by hydrosilylation. [0035]The term
“resin that crosslinks by hydrosilyl- ation” means a resin obtained from
two precursors of 5 polysiloxane type, one comprising vinyl groups and
the other hydrosilane groups. [0036]The crosslinking consists of an
addition reaction of the hydrosilane groups to the vinyl groups (Scheme
1).



si 0Sc- +RHOR camtym si 0 siosHo 1 Jo H2C 10 Scheme 1 [0037]The
composition of the resin Sylgard 184 from Dow Corning is given in Table 1
and the chemical structure of the components is given in Schemes 2 to S.
15 Precursor A Precursor B Constituent 1 Nature and percentage PDMS

Vidglt&htittited SFD 117 671 Si-H polymer (0.761 H,MDD(EfY &dg807/000114
Constituent 2VQM 1 Nature and(21 vinyQ percentagel
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foole] Figure 4 vrepresents the improvement of the
crugstaceans release of PDMS-based ceatings comprising
carbon nanotubes and sepiolite compared to PDMS-based
coatings comprising carbeon nanctubes or sepiolite.

{ooi7] Figure 5 represents the improvement of the
crustaceans release of PDMS-based coatings comprising
carbon nanotubes and seplolite compared to PDMS-based
coatings comprising carbon nanctubes or seplolite.

foorae] Filgure & represents the settiemant of
crustaceans on the surface of PDMS-based coatings free of
fillers (sample 1lc) or comprising carbon nanotubes, after
24h or 48h of immersion.

[oc1g] Figure 7 represents the settlement of
crustaceans on the gurface of PDMS-based coatings free cof
fillers {sample lc) or comprising sepleolite, or sepiclite
and carbon nanotubes, after 24h or 48h of immersion.

[coz20] Figure 8 represents a comparison of improvement
of the crustaceans release of PDMS-based coatings
comprising carbon nanotubes according to two methods to
disperse carbon nanctubes in the PDMS-based matrix (Sample
008: obtained with the use o0f a premix, sample 010:
obtained without the use of a premix).

{00211 Figure 9 represenits the amount of spores (or
biomass) ©f the marine alga Ulva that have colonized PDMS-
baged coatings comprising carbon nanotubes and/or sepiolite
compared to the unfiiled blank ({sample 1c). N = 1350,
errcors bars: +2 x standard Errer.

{00221 Figure 10 represents the removal of Ulva
sporeling biomass from PDMS-based coating comprising
different loadings of carbon nanotubes, compared to the
removal from the unfiiled blank (sample 1c¢) after applying
a flow force of 41.7 Pa of seawabter to the surface., N =
540, error bargs = + 2 x Standard Error.

foo23] Figure 11 represents the remcval of Ulva
sporeling biomass from PDMS-based coatings comprising 0.1 %

carbon nanctubes (prepared using different processes and



SFD 117 39% Constituent 3 Nature and pe centage Platinum catalyst
0.14% inhibitor methylcyclotetra- siloxane 11 Other constituents Cyclic
compounds and volatile low-molecularweight silicone(1.5%) and

X Iene(O.Zng Dynamic viscosity 4817 cP 89.1cP Table 1: Composition of
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with different batches of carbon nanotubes), compared to
removal from the unfilled blank (sample 1c}. N = 540, error
bars = + 2 x Standard Error.

[0o24] Figure 12 represents the removal of Ulva
sporeling blomass from PDMS-based coatings comprising
different loadings of seplolite compared to removal from
the unfilled blank (sample lc). N = 54Q, error bars = 3 2 X
Standard Error.

(00251 Figure 13 represents the removal of Ulva
sporeling biomass from PDMS-based coatings comprising Two

leadings of sepiolite (1 % [sample-021, sample-023} or 3.5

=

% [sample-022, sample-024]) and carbon nanctubes {0.05
{sample~021, sample-022] or 0.1 % [sample-023, sample-024])
compared to removal from the unfilled blank (sample 1c). N
= 540, error bars = x 2 x Standard Error.

fo0261 Figure 14 represents a comparison of Ulva
sporeling removal from mixed carbon nanotubes/Sepiolite
PDMS-based coatings (as datailed in Figure 13) with removal

from cecatings with the fillers present individually at the

o

same loadings. Sample 007 = 0.05 % CNT, , Sample 017 = 1
Sepiolite, Sample 018 = 3.5 % Sepiolite. N = 540, error
bars = + 2 x Standard Error.

{0027} Figure 15 vrepresents a comparison of Ulva
sporeling removal from mixed carbon nanctubes/Sepioclite
POMS-based coatings (as detailled in Figure 13) with removal

from coatings with the fillers present individually at the

-

same loadings. Sample 008 = 0.1 % CNT, Sample 017 = 1
Sepiolite, Sample 018 = 3.5 % Sepioclits.

foo2s] Figure 16 represents the variation in viscosity
of the polymer precurscr as a function of the amount of
fillex for composites comprising carbon  nanotubes,
sepiclite or Clecisite 30B,

foo29) Figuré 17 represents the variation in viscosity
of the polymer precursor as a function of the amount of
filler for compositions comprising carbon nanotubes of

different nature.



Scheme 2: SFD 117, polysiloxane bearing vinyl groups MeMe /. 0-R-Ti 0)
Me Scheme 3: Polymer of polysiloxane type bearing hydrosilane groups /
// 0 / 10Scheme 4: Crosslink ng inhibitor Scheme 5: VQM matrix
comggﬁns;éqE polydimethylsiloxane micro-network
§166PCT/BE2007/000114 10 [00313]The cylindAcaBFaHia
is any suitable filler having the form of a_cylinder, a needle or a fibre, and
of which two of the three dimensions of the filler are less than 100 nm, or
even of the order of from one to a few 5 tens of nanometres Preferably,

Hitleris € s ok phdsoh Adnsibelrvratdembination of sepiolite and
carlp@omnotubesﬂooé&&%éeplemeaa@el@y of ADrQUSITUEIUEE, Afbtaining a
formula M:g48|@01%(0|;12)2 6H20. It ge era;lg,y cqnsists of fibres 10 from_. . on,
about 0.1 1o %npm mllengt and from 0 hm m%llameter TOO arbon
nariBttibBs afe £paticiar cHjstafine straeture st carbon Bgmseof-1fe, and
gubwiarchollew and«leserpacked form, framiahoithg ta b patadergtht or
angsfrom,4.2:ahout.2 to 50.nm i diameter.Fhey.may,be single-walled e cone

carbon nanotubes (SWNTSs), double-walled carbon nanotubes (DWNTS)

or MtitRwalled chbeon AdRBRIDes BMWRHTS) 2Fhey 46 piaferdbly the said
muitbiadiedcarbon nametubes(MWINTs). Praferalsiystheyage use of 2

multiaded:cashon papotubes ffom:1.3cv1 indrical nanofiller in &

10 polysiloxane-based polymer. By creating a surface that is

highly non-stick for marine organisms, these organisms are
incapable of durably gripping to the surface covered with
the coating according to the invention, and can be removed
more easily.

15 [0031] The term “gupport” means any material that can
be coated with a polymer, and the term “surface’ means any
surface, whether interior or exterior, vertical or
horizontal, of any body or object. Without being limiting,
the supports concerned may be flexible supports or non-

20 flexible supports. They may be, for example, metal,
plastic, glass or ceramic components, or alternatively
polymeric or elagtomeric supporte.

0032} The term ‘cyiindrical nanofiller” means a
filler having the form of a cylinder, a needle or a fibre,

25 and of which two of the three dimensions of the filler are
less than 100 nm, or even of the order of from ocne to a few
tens of nanometres.

[00333 The composition according to the invention has
non~stick properties with respect to marine gcrganisms

30 and/or marine algae, and has the advantage of being able to
obtain a strong and flexible coating, which does not crack
or bkecome filssured. The composition may be appiied with
good adhesion to the entire surface, whether the surface ig
mnade, for example, of wood, metal, glass or plastic.

35 (00341 According to one preferred embodiment of the

invention, the polysiloxXane-based polymer used is Sylgard



i0

20to 1.7 pm in length and 7 to 12 nm in diameter, which have undergone
no post-synthetic treatment, in particular no purification.
[0041]Conventionally, polysiloxane-based compositions are obtained from
recursors A and B that are mixed 25 together with stirring, for example
Y 3YHHHTites, with a ratio of 10 to 1 (10 parts of precursor RPEHGAY P14
of precursor B). The fillers, for the compasitions that comprise them, are
added to the precursor A with stirring, foPexampIe at 1000 rpm for 30
minutes, before adding the 30 precursor B. [0042]Preferably, carbon
nanidtébés are premikedrintide précusol A. The earionthatotabesdn thes by
premixFeprasernt ©:540 2.5% of total weight of the composition. The

premi hen mixed and/or diluted in precursor A 35 using an helix blade. .
1o gL P esired CGpSHin. THE Tt tnde CEAE s Bbpraa s o
mict6$66Pe shEass We2008f046168PELIPIBE200W00014 1A RAltFale ©f
Mmajpdainet! at<k0kC forddouts <l he coating thicknesses thys@abtainethd the
are Qf the ‘?{3‘}1&&9@ i@é‘?@%&%ﬂﬂ?m- [0043]Various compositions (table 2)

were prepared 5 and their marine anti-biofouling and/or fouling release .
proﬁ%gﬁ d were stadied, f5PH§ MBASHANng e forES fequited t6FembEi: t07
crustaseansy(barhaciés) attached 10 aisurfacewgovered withaherinyl groups
compesitigus;according to the invention, and by measuring the cellular
colonization by 10 spores of the marine alga Ulva. Samples Descri@tion lc

15

- b g § . : 1y Gataprst B
Unfilled sitidone(PRMS -~ Sylgartc14}005 FHISE ¥ igard 184(@.00 b-0-Jy-5i-
CNTs) 007 Fitled Sylgard 184(0.05 | CNTSs) |

"
H,C
!
o}
R
Scheme 1

[0037] The compogition ©of the regin Sylgard 184 from

Dow Corning is given in Table 1 and the chemical structure

of the components is given in Schemes 2 to 5.

Precursor A Precurscr B

Constituent 1 PDMS Si-H polymer
Nature and vinyl-terminated SFD 117 {(0.76% H, MDD(H}}
percentage 67% 60%

Constituent 2 VOM 1 | SFD 117
Nature and (2% vinyl) 39%
percentage 31%

Constituent 3 Platinum catalyst Inhibitor
Nature and 0.14% methylcyclotetra~
percentage siloxane 1%

Other Cyclic compounds and
constituents volatile low-molecular-
weight silicone (1.5%)
and xylene (0.7%)
Dynamic 4817 cP 88.1 cP
viscosity

Table 1: Composition of the resin



008 Filled Sylgard 184(0.1 | CNTs)- obtained with the use of a premix 009
Filled Sylgard 184(0.1 | CNTs)- obtained without the use of a premix 010
Filled Sylgard 184(0.1 96 CNTSs)- obtained without the use of a premix 011
Filled Svigard 184(0.3 | CNTs) 012 Filled Sylgard 184(0.5 1 CNTs) 013
FetPE1b$fd 184(1 1 CNTs) 014 Filled Sylgard 184(2.5 96 ERFRyY Broe114
Filled Sylgard 184(0.1 | Sepiolite) 016 Filled Sylgard 184(0.5 96 Sepiolite)
017 Filled Sylgard 184(1 96 Sepiolite) 078 Filled Sylgard 184(3.5 1
Sepiolite) 019 |

CH;:CHW(CHE};_{?WQ )m ?e —(CH, ) CHTCH,

Scheme 2: SFD 117, polysiloxane besaring vinyl groups
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Scheme 3: Polymer of polysiloxane type bearing hydrosilane

groups

10 Scheme 4: Crosslinking inhibitor

Scheme 5: VOM matrix comprising a polydimethylsiloxane

micro~network



Filled Sylgard 184(7 | Sepiolite) 020 Filled Sylgard 184(10 96 Sepiolite)
021 Filled Sylgard 184(0.05 | CNTs & 1 | Sepiolite) 022 Filled Sylgard
184(0.05 1 CNTs & 3.5 96 Sepiolite) 023 Filled Sylgard 184(0.1 | CNTs & 1
I Segioli e)l 024 Filled Sylgard 184(0.1 96 CNTs & 3.596 Se ioIiteﬁ)ﬁTable
‘g%a‘}r%’%fgsf’ fested in the settlement and barnacles release %EEB Pt
growth and strength of attachment of Ulﬁ sporeling 15 [0044]Regarding
the study of the adhesion of crustaceans, the samples were pre-immersed
for seven days in a reservoir containing water purified by reverse osmosis

or ifP&itifitial seawdter forbrig'ABHE Béforedhe ssh§ivass any suitable
WG208/046166R CF/BR200'40003 141 2-stattede T he:setdemeat assay fibre,

profagol is the, ong descrined 90.pages 19 ane.2q of e plolagicak; 110 are

Workshop Manual (BWM, AMBIO Biological evaluation workshop,

Univetsity BRBirhfifghgm, UK E7ER PAphils065Fkith Slight odifiéatich.® £ev
SAboutitwenty thressday-atd barrstle #dnvae (Cyprids)idreplacedopnihéite or
coating,samplesin bl ofartificiabgsawater.beferehging incubaled fek rvon
24 or 48 hours at 28C. After 24 hours, each coating samples was

inslﬁ%%?e%l o 6btain the percentage settlement. After a further period of 10

24 HRi8 Ithe slidesewerd AfainifspectetPahdSettiethemidats weretvre, of
obtained: for aspesiodbof 4Bihours o total. [RO4b1Ehe-forcerequiredde fibres

1odetAchthe barnacles fram the FDM3-based Goalings is Hhgn é“e?é“%%d nm in

using a device Intended for this purpose and the settlement on the 1
diffetéREBBMS-based coatings is normalised to the standard sample Ic
(i.elRBNIS-basedToating without @inydillee a particular crystalline

structure of carbon atoms, of tubulsy, hollow and close-
packed form, f£rom about 0.1 to 50 nm in length and from
15 about 2 to 50 nm in diameter. They may be single-walled
carbon nanotubes ({(SWNTs), double-walled carbon nanotubes
(DWNT=s) or multi-walled carbon nancotubes (MWNTs). They are
preferably multi-walled carbon nanotubes (MWNTs) .
Preferably, they are multi-walled carbon nanotubes from 1.3
20 to 1.7 uym in length and 7 to 12 nm in diameter, which have
undergone no post-gynthetic treatment, in particular no
purification.
[0041] Conventionally, polysiloxane-based compositions
are obtained from precursors A and B that are mixed
25 together with stirring, for example for 30 minutes, with a
ratio of 10 to 1 (10 parts of precursor & per one part of
precursor B). The fillers, for the compositions that
comprise them, are added to the precursor A with stirring,

for example at 1000 rpm for 30 minutes, besfore adding the

30

35

rrecursor B.

[0042] Preferably, carbecn nancotubes are premixed in
the precursor A. The carbcon nanctubes iIin the premix
represent 0.5 to 2.5% of total weight cof the composition.
The premix is then mixed and/or diluted in precursor &
uging an helix blade to get the desired composition. The

mixture thus obtained is applied to wmicroscope slides,



[0046]The evaluation of the adhesion of crustaceans to a surface coated
with the compositions according to the invention mainly takes into account
two parameters: one 20 concerns the force, per unit area, to be applied in
order to detach the crustacean from the surface and the second concerns
Y2 L& 5Phe surface once the crustacean has  contact SIGHEE2007/000114
crustacean an area that is "still contamnl ted" with the residues of this
glue or with part of the crustacean itself. ?0047]Coatings that allow the
crustacean to be 30 detached easily from its surface with a minimum of
orgdniclesitfies BRérHataetinent of tAe Gigdiiism aretevhisiderddias coating
having geeskmasinerfouling felease propesties: froni-tha-faree svhighhas to 4
to Q&applied to remove the crustacean from the surface of the coatings,
an "Improvement” of the 35 barnacles release properties, nouialised to
unfiREBbMS (salffiflé $&)° carPBe getérfmed. qf@rbé%rr%le Y& e forc@ared
5W02008/046166 RGE/BE2087 00011408 hppliedatodrémove dharnaglese lease
frop.thssonte) sapple leds,Q:24 N mm2, apd as the Jorce,to agﬂlgedfom
to sampleO 0715 0.201 N. mm)" thus the |mprovement observe .
SAMBIEFE of 0.3 TR b SR TS Boe e TR 98 bf (e BEsS c©
cor?é@ﬁ@rﬂﬁngct@\f%ﬁéle ?Cl. Nbrrﬁéﬁse@ct@mm{%qwsamm@hﬁﬂﬂ)om, he
the;impravesent abserved fessamplefOtisstherefore 116.25%:nization by
1,G[OO @Jﬁ% orgm%%) fi ures 1 t%!r% th%garnacles- release performance
based polymer conta ning 10 carbon nanotubes and/or
sepiglite.is.improved. [0049]Preferably _as shown in Figure 1 _the coating

m"\ﬁmq\ﬁ%p MaBER W‘@‘P% t0.1% nf carbon nannfnhpq and mare

pref%?ab!v bet rl’ ?inﬁsé/n S EORInd S She SHELERES %% hon
fl?\?ﬁ%mmn\qgc fthTs

NapotHL 5! s 03

007 Filled Sylgard "1B4 (0.05 % CNTs)

0ce Filled Sylgard 184 (0.1 % CNTs)- obtained with the
use of a premix

Cco9 Filled Sylgard 184 (0.1 % CNTs)- obtained without
the use of a premix

0L0 Filled Sylgard 184 (0.1 % CNTg)- obtained without
the use of a premix

011 Filled Svlgard 184 (0.3 % CNTs)

012 Filled Sylgard 184 {0.5 % CNTs)

013 Filled Sylgard 184 (1 % CNTs)

014 Filled Sylgard 184 (2.5 % CNTs)

015 PFilled Sylgard 184 (0.1 % Sepiolite)

016 Filled Sylgard 184 (0.5 % Sepiolite)

017 Filled Sylgard 184 (1 % Sepiclite)

018 Flilled Sylgard 184 (3.5 % Sepiolite)

019 Filled Sylgard 184 (7 % Sepiolite)

020 Filled Syigard 184 (10 % Sepiolite)

021 Filled Sylgard 184 (0.05 % CNTs & 1 % Sepiolite)

022 Filled Sylgard 184 (0.05 % CNTs & 3.5 % Sepiolite)

023 Filled Sylgard 184 (0.1 % CNTs & 1 % Sepiolite)

024 Filled Sylgard 184 (0.1 % CNTs & 3.5 % Sepiclite)

Table 2: Samples tested in the settlement and barnacles
release tests and in the growth and strength of
attachment of Ulva sporeling
15 [0044] Regarding the study of the adhesion of
crustaceans, the samples were pre-immersed for seven days
in a reservoir containing water purified by reverse osmosis

or in artificial seawater for one hour hefore the assay was



15 barnacles-release properties of the coating, (i.e. carbon nanotubes in a
PDMS-based coating reduce the force required to detach barnacles),
except for sample 005 (0.01% of carbon nanotubes) for which the

irg)provement is not significant). Thus, for a PDMS-based coating
BEABKEd%0 0.05 to 1% of carbon nanotubes, the improvefh&ftE2007/600114

observed goes from around 16% to around 38%. [0050]Preferably, as

shown in Figure 2, the PDMS- based coja%ing may comprise in weight 0.1

to 1% of sepiolite. Indeed, the presence of sepiolite in a PDMS- 25 based

coatirgrakse inipreves thid basmdcles seleaseqiropettiessof-tive coating:sForibed

i Lﬁ)@ﬂt%@%]asm(yéﬂalé@f @ip@éit%ﬁilseﬂm@\gel@sm; Q?Wé&@&ﬁsgﬁégﬁuaﬁd (BWM,
round 32%. For.the samples comprising.3.51 (sample an n

1o oG Careb16) A e BN over e By ey of

cohpared & ahfilléd P DM SBaded Ebafif§ SThe tésulf dbgbivetrorfication.

ssampten20 (h94 of sepiolite) daay deiduestoran: adefast-remanipuations) are

[00531Rreterally., "%CO%IH;QW@/ comptise.carbon  napotubgs angd. ; <5 ¢ 41
sepiolite (Figure 3). Preferably, the coating 35 may comprise 0.05 to 0.1%

in WERYHE of CarbBi HAMDUBRE $nd F 155595 9n Weightsf sBpioffte. ™S 2t
2008/046166POT/SE20671600 B4 1440652} figeres dmand:5, thespected to

S o O o o O e oy Trviod of

epiolite), O: . 0 + 3.5 % Seplolite),, . + .

eI e 0o 10k R % o BOe) 105 St (o s Lement
saifplés BT {0 D5CRA) L0084 0PETE SN PE 04 (1IC%-Sepivlit®)t©18
(3.5386Sapiolite). itappearshatdheiimprovemest with mixed-filersdpay from

not.be clggly atiributed tg carbon nagotufes, or sepiglite, [(0993]Barmacles,; .

settlement studies (figures 6 and 7) 10 suggest that, compared to unfilled
coattig{&HifipleTey, the'bréseREE R BarbGA NanbitbesSfigut&8eY do ot the
15prevent ¢he settepventor sdchaoatings afterd8href ismérsiontand oraydard

a %gﬂg@t@w@@t!@m &an %%1\%13&&%%‘31 a@s&@ﬁﬁgoumgﬁ_'oam egarding, .

co:[g)rbq}ssﬁompnsm geploll _glgug)e 15g),é52can %%gotlged éfat sucgtaceam

codtings have better anfi-séttiement altivity Compared 16 the unfitiéd

PDMS shasetlicoating? Movwe vert Bompare®wrapdlystyferieopyiaisey to the

suppe’tdata-nohshown) REMS-based ceatingsromprsingsepielters:  one
202ng/gr carbon 9%@0%‘9?@@9'6? prgvent the 20 ‘?@8‘0%@9%§Eg@§taﬁ?a§ der

[0054]|The coatlr:%i according the present invention have thé advantage o

belrfy it G iirormentaily toRic e hazardous T hE eréEfitagBof Effridecond
martality was determsinedgTablet3)e \W02088H046166PCI#BE20OTABGE: has

14k;eré§a@91ﬁ>M@c§p %pecifically, crustaceans attach themselves
to surifiaces by means of a *gluse” produced by the corganism,
2% and, after its detachment, there may remain on the area of
contact of the crustacean an area that 1s ‘“still
contaminated” with the regidues of this glue or with part

of the crustacean itself.
[oo47] Coatings that allow the c¢rustacean to be
30 detached easily from its surface with a minimum of organic
residues after detachment of the organism are considered as
having good marine fouling release properties. From the
force which has to be applied to remove the crustacean from
the surface of the coatings, an “improvement” of the
3% barnacles release properties, normalised to unfilled PDMS

{(sample 1lc), can be determined. For example, as the force



Mortality after 24 Hrs 951 Confidence Interval after 24 Hrs Mean 1
Mortality after 48 Mrs 951 confidence Interval after 48 Mrs ¢ 2,98 2.60
2.98 2.60 005 042 082 0.88 1.10 007
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applied to remove bkarnacles Ifrom the control sample 1c is
0.24 N.mm?, and as the force to be applied to sample007 is
0.201 N.mm®, thus the improvement observed for sampled07 is
of 0.03% N.mm®, which represents 16,25 % of the force
corresponding to sample lc. Normalised to sample ic (sample
le = 100%), the improvement obgerved for sample007 is
therefcre 116.25%.

too48] According to figures 1 to 5, the barnacles-
release performance of a PDMS-based polymer containing
carbon nanotubes and/or sepiolite is improved.

ipn4s] Preferably, as shown 1in Figure 1, the coating
may comprise in weight 0.01% toe 1% of carbon nanotubes, and
more preferably between 0.05% and 1%. Indesed, ths presence
cf carbon nancotubes in a PDMS-based coating improves the
barnacles-release properties of the coating, (i.e. carbon
nanotukes in a PDMS-based coating reduce the force reguired
te detach barnacles), except for sample 005 (0.01% of
carbon nanctubes) for which the improvement 1s not
significant). Thus, for a PDMS-based coating comprising
0.05 to 1% of carbon nanotubes, the improvement obssrved
gees from around 16% to arcund 38%.

[ooso] Preferably, as shown in Figure 2, the DPDMS-
based coating may comprise 1in wesight 0.1 to 1% of
sepiclite. Indeed, the presence of sepioclite in & PDMS-
baged coating also improves the barnacles-release
properties of the coating. For a content of 0.1 teo 1% of
sepioclite, the improvement observed 1s arocund 14% to around
32%. For the samples comprising 3.5% (sampledl8) and 7% of
sepiolite (samplel.19) there is no significant improvement
compared to unfilled PDMS-based coating. The result
observed for sample 20 (10% of sepiolite} wmay be due to an
artefact in manipulation.

ioos1l Preferably, the coatine may compriss carbon
nanotubes and sepiolite (Figure 3). Preferably, the coating
may comprise .05 te 0.1% in weighit of carbon nanotubes and

1 to 3.5% in weight of sepiolite.
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(00521 In figures 4 and 5, the barnacles-release
improvement of samples 021 (0.05 % CNT + 1 % Sepilolite),
022 (0.05 % CNT + 3.5 % Sepiolite), 023 (0.1% CNT + 1 %
Sepiclite) and 024 (0.1 % CNT + 3.3 % Sepiolite) is
compared to samples 007 {0.05 % CNT)Y, 008 (0.1 % CHNT), 017
{1 % Sepiolite), 018 (3.5 % Sepiolite). It appears that the
improvement with mixed £illers may not be clearly
attributed to carbon nanotubes or sepiolite.

(00531 Barnacles sgettlement studiess {(figures 6 and 7)
suggest that, compared to unfilled coating {=sample 1g¢}, the
presence of carbon nanotubes (figureg &) do not prevent the
settiement on such coatings after 48h of immersion, and
only a slight prevention can be observed after 24h of
immersion. Regarding coatings comprising sepiolite {figure
7), it can be noticed that such c¢oatings have better anti-
settlement activity compared to the unfilled PDMS-bazsed
coating. However, compared to a pelystyrene or glass
support {data not shown) PDMS-based cocatings comprising
sepiolite and/or carbon nanotubes c¢learly prevent the
attachment of crustacean.

[0054] The cocatings according the present invention
have the advantage of being not environmmentally toxic or
hazardous. The percentage of cyprids wortality was

determined {Table 3).
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Mean % 95% Mean % 95%

Mortality Confidence Mortality confidence

after 24 Interval after 48 Interval

Sample Hrs after 24 Hrs Hrs after 48 Hrs
ic 2.98 2.60 2.98 2.60
005 0.42 0.82 0.83 1.10
007 0.46 0.%1 0.46 0.21
008 0.00 C.00 0.00 0.00
008 0.44 0.86 0.44 0.86
010 0.42 0.82 0.86 1.13
011 3.65 4.06 3.65 4.06
012 0.86 1.13 0.86 1.13
012 .00 0.60 0.42 0.82
014 1.71 1.91 2.09 1.94
015 1.69 1.86 1.69 1.8¢6
016 0.86 1.13 1.27 1.30C
017 2.55 3.32 2.52 3.31
cla 3.75 2.62 4,19 2.55
018 0.00 0.00 0.00 0.00
£z20 1.39 1.40 ¢.56 1.03
021 8.16 5.34 g.16 5.34
022 5.83 4.32 3.75 4,02
023 6. 71 6.07 6.71 6.07
024 &.27 5.92 6.27 5.92

Table 3: Mean % mortality after 24 and 48 hours

[o055] Low level mortality was noted {(Takle 3}, which
is consistent with the background {i.e. that of the
5 internmal lab controls) levels of mortality. There were also
some instances of a number of coyprids drying out on the
edge of the samples. This explains the higher levels of

mortality on sample 017, 018 and £21 to 024 (rather than

any toxic effect). However, no abnormal behaviour was
10 noted.
ioos56l The anti-fouling and/or fouling release coating

may bhe processed by any suitable method. Preferably,
according to Pigure 8, the anti-fouling and/or fouling
reiease coating comprising carbon nanotubes may be
15 processed by using & two step method which consists in
forming a premix comprising carbon nanotubes, and then mix
and/or dilute this premix with & helix blade to get the

desired composition.
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[6057] The assay procedure regarding the studies of
cellular colonization is in accordance with section 4.2 of
the Riological Workshop Manual (BWM, AMBIO Biclogical
evaluation workshop, University of 3Birmingham UK 21-22
April 2005; Ulva S8poreling Growth). Spores are released
from plants collected from the seashore. The concentration
of spores 1is adiusted to a standard concentration, for
example 1 x 10° spores/ml. Bach coating samples (table 2)
are immerse in 30 litres of distilled water for one waek,
and then in artificial seawater for 1 hour, in darkness, in
the presence of the colonizing cells (spores of the marine
alga Ulva) before the growth medium added. The samples are
then incubated in an illuminated incubator for 6 days, the
medium being refreshed every 2 days. The biomass on each
slide i1s guantified Dby measurement of the amount of
chlorophyll present. This is guantified directly through in
gitu fluorescence using for example a plate reader.

[0058] Rfter 6 days growth, the amount of cells (or
biomass) that becomes attached to the surfaces is evaluated
by in situ fluorescence determination (gection 4.2.1 of the
Biclogical Workshop Manual, AMBIC Biological evaluation
workshop, University of. Birmingham, UK, 21-22 April 2005)
by wvirtue of the autofluorescence of the photosynthetic
pigment chlorophyll by mean of a fluorescent reader which
emits light of wavelength 430nm, exciting the chlorophyll
contained within the chioroplasts o©f the élgal cells
growing on the sample surface and then measures the &630nm
light, which is emitted as the pigment returns to ‘resting
state’. This method of biomass guantification has the
advantage of being relatively guick and non-destructive.
f0039] The strength c¢f sporeling attachment was
determined by exposure to a 41.7 Pa shear stress in a
water-channel apparatus (section 4.3.1 of the Biological
Workshop Manual; AMBIO BRiological evaluation workshop,
University of Birmingham, UK, 21-22 april 2005). The water-

channel apparatus allows accurate wall shear stress



4.02 023 6.71 6.07 6.71 6.07 024 6.27 5.92 6.27 5.92 Table 3: Mean 1
mortality after 24 and 48 hours [0055]Low level mortality was noted (Table

3), which is consistent with the background (i.e. that of the 5 internal lab
controls) levels of mortality. There were also some instances of a number
BRI HYing out on the edge of the samples. This explalits RBP4
levels of mortality on sample 017, 018 and 021 to 024 (rather than any

toxic effect). However, no abnormal behhliour was 10 noted. [0056]The
anti-fouling and/or fouling release coating may be processed by any

suitébte methadi Prefdrably, accordingoEgurei8, thiecantifetikng dfidéor £ low
fOUB&Qzﬁﬁéﬁfﬁs%@aiiﬁ%&omis%ﬁéa@@%@”?%ﬂ%%m@M;i,Q?;éécope slides
processed by using a two step method which consists in forming a.premix
G B o o B S then T e IR Tt it =
a helix pidecierget Inaribsirée compasitisnt-ofyose that the surface is

2008/046166RE TYBE200 740014416 (0R0F]d hewassay progedilient flow is
regarding fhe.studies,of celiplar colgnization is '@Q&%desaé?&&‘éﬁ‘lih SECI e

4.2 of the Biological Workshop Manual (BWM, AMBIO Biologica
preceding the sample. For example, f£lows of sea water
1

(Instant OCcean) up to 4.9 m.s generate wall shear stresses
up to 56 Pa. EBxposure of samples to flow can be
10 standardized for example at 5 min. Wall shear stresses can
be determined for example from streamwise pressure drop
measurements using the Reynolds-averaged Navier-Stokes
equation.

F0G60] Az shown in Figure @, there is no significant
15 difference between the amount of spores That have colonized
the different PDMS-based coatings. None of the coatings
tested appears to be less hospitable to the spores of the
marine alga Ulva. Regarding the sample 008 for which Ulva
biomass 1is notably higher then the control (le¢), this
20 obserﬁation. may reflect differences 1in the initisl
settlement density of the Ulva spores.

[6o8l] In order to evaluate the adhesion of the spores
tc the different surfaces, the PDMS-based coatings are
exposed to a flow of seawater, of a Iforce of 41.7 Pa, in
25 order to remove a maximum of spores. The number of cells
remaining on the surface of the coatings 1is then counted
and the percentage of detached cells is determined (figures
10 to 15),

{062 It appears that the presence of c¢arbon
30 nanotubes (Figure 10} or sepiolite (Figure 11} enables the
PDMS-based coating to increase the percentage of cells
detached from the surface of the coating. In other words,
on a PDMS-based coating comprising cylindrical nanofillers,
the spores ©f the marine alga Ulva adhere less strongly
35 than on a filler-free PDMS coating. The foul-relsase

performance of the polymer is thus improved.



evaluation workshop, University of Birmingham UK 21-22 5 April 2005;
Ulva Sporeling Growth). Spores are released from plants collected from
the seashore. The concentration of spores is adjusted to a standard
concentration, for example 1 x 106 spores/ml. Each coating samples
NSy 44H&% mmerse in 30 litres of distilled water for one wEER/BHFUYHH00114
then in artificial seawater for 1 hour, in darkness, in the presence of the
colonizing cells (spores of the marine al&g Ulva) before the growth
medium added. The samples are then incubated in an illuminated
inclibatorifor 6 days;efiemedium beinghrefreshed 8venre days. The coating
bLoﬁl @,Si&lilﬁnﬁ%% 45 _ﬁid%&i%@ﬂ}@f@@'&bﬁ@le@ﬁlﬁﬁ ?ﬁﬁt @_Emﬁ)@mﬁb!ﬁb@hbe s,
chlorophyll present. -This is quantified.directly through in situ fluorescence . .
TG B BRI 4 pintt ot [DOBIAREr O ot e ey 0
of Gelfs(orbi6massy tHat Betomés aftabRéd to the surfaces is evaluated
520 bydr4situ fluorescenee dieterminatiemdésection 4:2qkektheiBiolagicatcating
Warkshap Mauial AYBIQ.Blological ayalualion HOTShARINYEISIY Gfna /or
Birmingham, UK, 21-22 April 2005) by virtue of the autofluorescence of
the pHEEnthetitPigiett chitdroph§it B mean of a fluorescent reader
whichP25 kemits lighteffwaselengtred30smewexciting theehtordphyll the PDMS-
copfained within the,chigroplastsof the algal cells grewing onsthesample, o
sug%c%gydégen measures the 630nm light, which is emitted as the
pigmé)nt returns to 'resting state'. This method of biomass quantification
had #9é€ 8D advantBge STieing reldtvely arkia nbfvdeSelEHee carbon
[0Qn2}bhestrengthafl spereliay attachnrent:was determingd-by ex@osure the
to a4l.7 b shear stigss.ina watepchannel apparatys (getign 4.3 of 4y pon
the Biological Workshop Manual, AMBIO Biological evaluation workshop,
35 IA0ErRERS o Bitmingttam, Bk, P1-¥8 #5t 20055 PR Water-channel
15apparsdns allows dccuratewall shear sthess Uiva sporeling removal of

W%ch&x@@fsb@@ﬁg&l%@ze;o%@%p;léﬁﬁ d@tle%mmﬁ@yfem and 018 (3.5
me@s rements of flow rate. e 1low channel.can [ ex mpe .
o T G oph S R Or S SNBSS A Ll e * * ®
bedginersyster aflows &aeh sdmple t& béBdjusted sb thiat thelsifacesis-5 It
flughpdtrthe suﬁeundm chgm@l v@dbﬂwbu@ntﬂ@w&mre&tﬁdﬁn astings
- 20°MLIGNG, 10w aspect ratio section.af chapne) preceding the_sample EQL. peq)

example, flows of sea water (Instant Ocean) up to 4.9 m.s %er\nerate wall

shBAY stréssEs i (8°56*PaT EXpORare of San1esqbs fiokiCartBaso However,
startdardizedsor examiie @t 5=mirk \Wail shiear Biressescanbadetemuned of
gr@@]ﬁs}e@ fearm sgr@Namwsis%ﬁEaS,sua@ronga%rfmﬁrﬂééﬁjn%&@ (3.5 %
eyno -avera eTH_ avier-oQlokes uaton., )|AS (;W 1IN Flgure 3,
B S AT 15 TRl Panben the amut of Ssreoie) 2nd
25ha¢écolohiZedthé&iiferent PDMS draskbellddatingsRoné %t the é6atihgs® ©f
tesdadmpeamt@da@@,s hms@ita’gjeéa ﬂ’i&i_&p@ﬁs c_)_gﬁﬂée;@aﬁrin@—algalaﬁ@sed
Re@ﬁ&‘i‘”g%@é‘ﬂ@% 008 foryuhich Ulya biomass is QOtaQ%Q'QQ%_”l‘%'}fect

the control (Ic), this 20 observation may reflect differences in the initia
seRfETHERTdERSIRPST TRRPONEESorRRA [t dfder to evaluate the
adhes®l of the soresddihetdifférert surfacespthis:PBMShasesl viscosity
30 COgHNgs are emﬁﬁd;ggg@élow ebagrwateroaf a forge of %Ja?fi%;i@a@ the
order to remove a maximum f,séporesFThe number of cells refaining on
the SGHACE BT e Codkings T8 THe cotinted = B-corwoor & BEKEE it
possikble to envisage applicaticn of this precurseor by brush

10

or a paint roller for particular embodiments of the
invention in which the c¢ylindrical nanofiller of the
35 composition comprises at least carbon nanctubes, 1.=. a

compesition in which the cylindrical nancfiller comprises



PDMS-based coating to increase the percentage of cells detached from

the surface of the coating. In other words, on a PDMS-based coating

comprising cylindrical nanofillers, the spores of the marine alga [live

adhere less strongly 35 than on a filler-free PDMS coating. The

Yot i¥iga¥8&%erformance of the polymer is thus improved. RfG/BE2607/000114

2008/046166PCT/8E2007/000114 18 [00631Preferably, as shown in

Figure 10, the coating may comprise in Weight 0.01 to 2.51 of carbon

nanotubes, more preferably 0.05 to 0.5%, and even more preferably 0.1 %

in weightof cadorcréanctuhesds [0064]Preferably; as shiowarin Riglrerdtical

ghflﬁ%gimwgceﬁ§?d QIJY%JS{BgO&:E]IE%fBEf% W%EQB&&&EEO r@ige% _35151&916 Zgition
ilute using elix blade. referably, as shown.in Figur .

e PONEL ok o ey Compr et 0198 16 169607 16°72°

sepidhitet pE66]Preferably, the coating may comprise carbon nanotubes

sand sepiglite (Figurad 3)= Preferablyt theipoating:may camprise 065 ten  the

0.11;inweight, of carn nanotubes and.1 to35%jn weighy,of sepiglife. o ; oy,

15 [0067]In figure 14, the Diva sporeling removal of samples 007 (0.05 % |

CNTIEB17TE % EEROhE) T 018 T8 395 Sepioffte) isEomparedtsr 1 *S

samples:02 (8D5IFC T 4% 1Sepithite) ahek022 (§.05 N TZ5brsor A

Sepiglite); H:appeaks that. the Ulva spareling remavaldrem.coatings 20 -xeqly

com rlsm%; méxed fillers @é .05 % _of carbon nanotéjal?ggg%ay Iacrgel be

10 [oka 1 itions
attributab 5

& COMpE w:ll,‘[ M1 5 .

e f‘o carlSoh Rans ubes."However, the comparison (Figur 0
thecOERSPamling reravat of sipleso08 (0.1 1 ONT), 017 (1 1

Septdite); 018 (3.2.90 Sepialite) with samples 023 ©:%CGNTos19% of the

Sepiolife).and. 23 024 {01, GNT, +&,3 20 3gpiqlite) show that, at Q. 1360 o - o
carbon nanotubes, the mixed fillers present an increased Ulva sporeling
rerfiofal, 38g5astiTg aSsynet§ic et tetwddh ¢atboRtariofuBés dnd ©3r>on

15sepiatite j0868]The effect of carbon nanotubes on the viscosity 30 of a
PDNMg-agsed composition. in-particsiar the-viseasimetiic prepesties ofthe: nan
precursor A, makes it passible %)o envisa‘gaeta pIicatiQin_Lof this precursor y .
brush of & paint foller fOF particurar efBoaiments of the ihvention inAvhich -
thetegirfitial dnofilfersTahey35 i positon ariprisesatigast EafboRa roon
nanaiubes»&e. agemnpasitioninawhichithercylinddealnanoftler compsisasent .

zoW%?eosO@/OéQﬁr%gBQ;B51%%%7/0&91%4 19; gathan.napotyhes and ong gr .y

more other cylindrical nanofillers that are not carbon nanotubes, or a
corpSivHih Viictt ife Epindifcal Wanofillet Gonsidts 5f-cdrboncontents ot

nahetubesy: ©.2% and 0.3% by weight. This surprising increase
in viscosity is explained by the very high affinity of the

raw carbon nanoctubes for the pelysiloxane polymer, as shown

25 Dby the measurements taken by means of & “bound rubber?’ test
(Table 4). The experimental procedure of this test consists

in extracting 3.5 ¢ of precursor A/carbon nanotubes mixture
with 30 mlL of solwvent (heptane) for 4 hours, at 25°C. After
centrifuging and evaporating oif the solvent, the dry

30 residue is weighed in order to determine the amount of PDMS
polymer bound to the carbon nanotubes. Table 3 shows that

the cylindrical nanciillers, carbone nanotubes or
sepiclite, have higher affinity for the precursor A

compared to a platelet-type filler such as Cloisite 30B.



5 [0069]The effect of the carbon nanotubes on the viscosity of the
constituents of the polymer into which they are incorporated, especially of
the precursor A, is illustrated in Figure 16. The viscosity of the precursor A
containing multi-walled carbon nanotubes is markedly 10 increased
Vgg’rﬁ%}ﬁ’%g]\?\ﬁth more standard compositions containing clay bd$Befilieped14
[0070]As shown in Figure 17, the viscosity of the precursor A varies as a
function of different parameters such as%%e size, the diameter and the
purity of the carbon 15 nanotubes. [0071]It appears that a filler content of
less than 1% by weight of carbon nanotubes allows a significant increase
in viscosity and more particularly with carbanunanotubes thathave
Cangergoneano post-synthetic treatment; 20fTHes& nanetubesdead tcCamments
significant increase in the viscosity of the galaner@ithivargdew filler
Sedritentsof bet@e@nt0.2%and ©e3%5 by weight. Thisurprising increase
TROASEGSI) iSBRBTEined by the very high affinity of the raw carbon Excellent
“nariotufds fortfitd5Biysiloxane Polyiier, as shown25 by the affinicy
eastiraments-takeh-by-means-of-a-bound-rubber test(Fable-4).-The — ]
5% . i | . . ) Good
(TR p e dOE St S oot conpists n exgCing 30 0 of o rcipity
O e By wesaht gt ‘cloggite SOBI L. .~ Gl “ o I No aifinity

A at YA~ ~ AHAry AR fritlicibBo-ain. hvanecatino.oaff tho . cohua
= TTUUTO, Ul JC. /et Ublltllluulllu aurma .,V(A.IJUI(ALIIIH vl e ourverti g, Tre Ul_y

r3@fesidue igayeighed ingrder fodetermine the.amount of RRMS polymer.
bound to the carbon nanotubes. Table 3 shows that the cylindrical
nanofillers, 8&fdore RanstihesBFSEsibie have higher affinity for the
[BfEGUrsor A cofhpared tohg platéletpgiafiferisuchrasBigisite 80BoE  the
pWO2008{0.46166 RGTIBEZ0QY/QRGLEA halely BaNiubesH. F4hYrubes
notubes.. weight of carbon. (MWNTs) weight of carban (MWNTs) 20
Rt (i) SO Bourd oot Aok, 2y
or a wmanual plate coater, in order to coat the surface of a

material. However, the application of the c¢composition
according to the invention to a support or a surface may be
performed wvia any suitable means. For example, the
application may be performed by injection moulding or by

casting.



10

15

20

25

30

gram of fillers 60 107 Comments Excellent affinity  Table 4: Affinity of
carbon nanotubes for the polymer matrix of the composition [0072]Thus,
the viscosimetric properties of the 5 precursor A containing a small
amount of carbon nanotubes allow it to be applied by brush, a paint roller,
spraying, or a manual plate coater, in order to coat the surface of a
material. However, the application of the composition according to the
invention to a support or a surface may be 10 performed via any suitable

means. For example, the application may giéoerformed by injection
moulding or by casting. 21. CLAIMS :

Useofacampositioneaseprisingfpolysioxane-hased peolymer and atleast ; . =
one-cylindrical nangfiller as a marine anti-biofouling.and/or fouling 5 ‘

rgﬁgﬁ?é %:%g%ﬁgn Erega%ﬁs E sﬁrﬁéféﬁ that iS hon-stick for Mariné Brgamgmsndrical
21¥Jse’df al€mpasitiors acevrdineeto Glaim 1bwhérein thercylinddicalr  fouling

neaofileraepresentsdn weight baeen.0,01% and 10% of the ffal . 1 - £4-
weight or said 10 composition. 3. Use of a composition according to
dim fewﬁ%rge&frff‘ " ylindrical nanofilier represents in weight between

0.01% art 3.5% of thestotak weight of saidicompositionclad.bise eba Claim 1,
composition aceording ta.any ot Glaims 1 ta 3, wherein the cylindrical | . ;.
nanofiller comprises carbon nanotubes. i

between 0.01% and 10% of the total weight of said
composition.

3. Use of a composition according to Claim 2,
wherein the cylindrical nanofiller represents in welght
between 0.01% and 3.5% of the total weight of said
composition.

4. Use of & compoesition according to any of
Claims 1 to 3, wherein the cylindrical nanofiller comprises
carbon nanotubes,

5. Use o©f & compositicn according te Claim 4,
wherein the carbon nanotubes represent in weight between
0.01% and 2.5% of the total weight of said composition.

6. Use of a composition according to Claim 5§
wherein the carbon nanotubes represent in weight between
0.01% and 1% of the total weight of said composition.

7. Use of & compesition according to Claim 6
wherein the carbon nanotubes represent in weight between
0.05% and 1% of the total weight of said composition.

8. Use of & composition according to Claim 7
wherein the carbon nanotubes represent in weight between

0.05% and 0.5% of the total weight of said composition.

o0

9. Use of & composition according to Claim
0.1

o\

]

wherein the carbon nanotubes represent in weight <

the total weight of said composition.
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5.Use of a composition according to Claim 4, wherein the carbon

nanotubes represent in weight between 20 0.01% and 2.5% of the total

weight of said composition. 6, Use of a composition according to

Claim 5 where n the carbon nanptubes represent in weight between

0.01% and 1% of the total weight of said:gomposition. 7.Use of a
composition according to Claim 6 25 wherein the carbon nanotubes

represent in weight between 0.05% and 1% of the total weight of said
compositfoh: g"88e oth compotintaccdfling 36 EI&im: Wwhefeinany  of
thid earboninanotiébesiepresent imweightihetweem 0:05% and 0:5%refdhe from
total wei said eomposition. 30 9. Use of a composition according t

Cltgli!?n 8%%%${e3i_n t%e§ car %%gn%%o\{gu ?e]é%%pre%%”ﬁc%}%@veiaﬁfl o @)ggfs the (OSWNTS) ’
totArRefgHI Ot $&id compasition 1220t uba g, USEIBY Bsdompdsition 1t i-walled
aceesing to:.any obekaimg#to9, wherein the carbon nanotubes are

chosen from the graupeof simgleswalled cashoninanotubes (SWINTSy o any  of
double-walled carbon nanotubes (OWNTs) and multi-walled 5 carbon ‘
n\aﬁ%ﬁ%sesl(nﬁ‘xﬁmsywh@fwug of @compdsitich aBcBtding toHny GimPr L e e =
Glaimis:1 1@ 3, wherein the cylindrical nanofiller comprises sepiolite.

12. Use %fza compoiition according to Claim 11, 10 wherein the sepiolite
represents in weight betwaen 0.1% ARd 1094 6f thé tstarweiyht ofsaid-21m 11,
ocomposition:he s23.ildsd oka compesitionsaccordiag th€laigclzen 0.1% and
wherein the. sepiolite represents in weight between 0.1% and 3.5% of the

total welght of sald‘"co*mposn?on. 151479s€ of” 3%8%%30&%% ‘according to

Claim 13} #herein the sepidlite: represents iniweight-hetweend®. 19 andaim 12,
L oLl il welght of sad compositon. o, , 19 Lispofacomegsition,
according to any of the preceding claims, wherein saldgcomposﬂon T
conyprises 201sepiolite ‘andscaybon nénetubescompdsi tseraccording to

Claim 15; wherein the carben na ? represent in weight between. . _ .

0.05% a?%éliv 0.1% of ?r%ég to% Weig%(:(%Hl ?a%aeﬁgé%%oét%r? ga(r%élIlié%pi()ﬁte%“alm 13,
répresents in\weighrbetiveen 1% anes35%5 ofthewestab eidht oFsaid 25 1% and
composition. o 7. Methad for the protectign of supports against soiling

of marine origin, said method comprising the step of applying a marine
anti-biofotfing and/6Euliiy relealEkvatihg Composition ordsaid sapporty T the
said campesition- 39 camprising a-Ralysiloxanesbased polymer and atleast, . .. o
one cylindrical nanofiller. 18. Method according to Claim 17, wherein
tfi8Ryfindrical ARAofMRF Pepresntstinifdight between 0.01% and 10% of

the total ygight of saigkcempesitioly to Claim 15, wherein the carbon
nanotubes represent in weight between 0.05% and 0.1% of the
total weight of sald composition and sepiclite represents
in weight between 1% and 3.5% of the total weight of said
composition.

17. Method for the protection of supports against
soiling of marine origin, said method comprising the step
of applying a marine anti-biofouling and/or fouling release
coeting compesition on said support, said composition
comprising a peolysiloxane-based polymer and at least one
cylindrical nanofiller.

18. Method according to Claim 17, wherein the
cylindrical nancfiller represents in weight between 0.01%

and 10% of the total weight of said composition.
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23 19. Method according to Claim 18, wherein the cylindrical

nanofiller represents in weight between 0.01% and 3.5% of the total

weight of said composition. 20. Method according to any of Claims

17 to 19, 5 wherein the cylindrical nanofiller comprises carbon nanotubes.

21. Method according to Claim 20, whergin the carbon nanotubes

represent in weight between. 0.01% and 2.5% of the total weight of said
compositipn. 1022.Method-accordingdo.Llaim 21 whergin the carben:reirn  the
nanotubes represent in weight between 0.01% and 1% of the total weight
o‘f%é?&‘éd?ﬁﬁééitid%ﬁmfllz%?Meﬂﬁﬁf&&%?ﬁiﬁg {g'Ciuim 225wHhersiidre 0-01%
carorenanotybes representinyeight-between 0:05% anek:1%:15,0f the

total weight of said composition. 24. Method according to Claim 23
Wherein%e carbon Dﬁ%hﬁﬁ%e@?&&%géﬁt@in WeightBetiveelr 6059 and =© 19
0:5%ref the total aveight of said compositiemo £ 1 1125 Methed-according czrbon
to Claim 24 wherein the 20 carbon nanotubes represent in weight 0.1% of

tHE ¥6ta\WEfyht of said composition.  26. Method according to any of

Claims 2@ to 25, wheteindhe carbonr danctubes arelchnsensdfoom thieerein the
gégg%g;smgllge-tz walled carbon nJ‘g;mpt:ul:)es,(S_V\lN,Ts)Jl dogble-wglﬁd d 2. 5%
carbon nanotupes DWNTS) and multi-walléd darboRhaotibes U1 an T
(MWNITs).t ot a27."Methiod actording taany of Claims .17 to 19, wherein

the cylir%dzrical nanofiller.comprises sepiolite. 30 ZSh%ethod ceording to,

Clim 25 iherein 116 SSaae 1o0Seants n woight Betiieen 0,104 g 1™ ©°
109 o thertotal wdiglst of saidscompositionwdcht 2% Method &ccdrdingnd 1%
to Claim. 28, wherein the sepiclite represents in weight between 0.1% and
ng%gckﬁ%thgt%\c{éltcé v?g%g“h%f s%i% c%%@osﬁ?ﬁr%_ogﬂ%g . Method according

to Clain®29, whereilictheBisepiolitereépresentsin Weightbefiveenwda0sin  the

%%&%%Hﬁﬁ%%g¥%%%§gQ%gé@gég@nQQSQQ%ght between (0.05% and 1%
of the total weight of saild composition.

24. Method according to Claim 23 wherein the
carkon nanctubes represent in welght befween 0.05% and 0.5%
of the total weight of said compesition.

25. Methicd according to Claim 24 wherein the

Yorad

carbeon nanctubes represent 1in weight 0.1% of the tota
weight of sald composition.
25, Method according to any of Claims 20 to 25,

wherein the carben nanotubes are chosen from the group of

single=~
walied carbon nanotubes (SWNT=s), double-walled carbon
nanotubes (DWNTs) and multi-walled carbon nanotubes
(MWNT=) .

27. Method according to any of Claims 17 to 19,

wherein the cylindrical nanofiller comprises sepiocolite.
28. Method according to Claim 27, wherein the
sepioclite represents in welght between 0.1% and 10% of the

total weight of said composition.
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31. Method according to any of the preceding claims, wherein said
composition comprises sepiolite and carbon. nanotubes. 1032.Method
according to Claim 31, wherein the carbon nanotuhes represent in weight
between 0.05% and 0.1% of the total weight of said composition and
sepiolite represents in weight between 194 and 3.5% of the total weight of
said composition. 15

29, Method according to Claim 28, wherein the
sepiolite represents in weight between 0.1% and 3.5% of the
total welght of said composition.

30, Method according to Claim 29, wherein the
sepioclite represents in weight between 0.1% and 1% of the
total weight of said composition.

3%, Method according to any of the preceding
claims, wherein sald composition comprises sepiolite and
carbon nanotubes.

32. Method accerding to Claim 1, wherein the
carbon nanotubes represent in weight between 0.05% and 0.1%
of the total weight of said composition and sepioclite
represents in welght between 1% and 3.5% of the total

weight of sald composition.



