MARI NE ANTI - Bl OFOULI NG AND FOULI NG RELEASE COMPCSI Tl ON
Subj ect of the invention [0001] The present invention
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bi ol ogi cal fouling of surfaces in permanent or

prol onged contact with the marine environnment . Prior
art [0002] Biological contam nation by the narine

envi ronnent, which is known as biof ouling, whether it
IS mcro-organic or macro-organic, is a major problem
not only for |and-based installations that use a | arge
amount of seawater, but also for offshore
installations and nore generally for any object in

per npeE QAN -H10HRt 0N a8 FEUI NG RIENSE fcOMPOSITION
I nstance boat hul IS and aquacultur e 1opes, cages and
nets. The reason for this is that marine organi sns,

sgahjast abgagneshaltht $nand ot her crustaceans, attach
tNENMBElI VES T 0O _and then grQMIon the exposed surfaces,

whPBPLlhas t heTR®nBEGEEREE 1BV MMy iHR)2RS cbPr&BE use of a
f 4BabbONt DEnaRdrotcd8EERHOLRLI BYo1BEiLASt BbLBLhENSE OBurfaces
objects to which they are attached. In particul ar, ,

t Hey PEFMENexatpl e PIOLOERSFhe GHHASE of WdERwatldle marine
| ehekeoMmeéMes and thus reduce the water uptake

capacity of |andbased installations using seawater, or

they may becone attached to ship hulls, reducing their
speedr agdei ncreasing their fuel consunption. [0003]

Mari ne. anti - bi of_ ouling and fouling rel ease ,
cofPe] ti ons BiRlestcRty aﬁBPF@Bngt%ﬂE suPfacesthsy marine
PERTBASHhe RONT a8l ol 11k t RRCWRT IRe BIWES@IIRY! Whether it is
control or prevent the attachnent or growth, of such

B FRR™ BF GRNF ST oMagFPePRERRVEl y ¥D Radlditht PXOkdEM., not

reipyakorSugh@ based installations that use a large amount

of seawater, but also for offshore installations and more

generally for any object in permanent or prolonged contact
with seawater, for instance boat hulls and aquaculture
ropes, cages and nets. The reason for this is that marine
organisms, such as algae, shellfish and other crustaceans,
attach themselves to and then grow on the exposed surfaces,
which has the consequence of impairing the correct
functioning and of deteriorating the installations or
objects'to which they are attached. In particular, they
may, for example, block the inlets of seawater intake
valves and thus reduce the water uptake capacity of land-
based installations using seawater, or they may become
attached to ship hulls, reducing their speed and increasing
their fuel consumption.

[0003] Marine anti-biofouling 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 alternatively to facilitate their removal. Such a

composition generally contains one or more compounds that
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thatare toxic to the marine organisns that attach to
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In order to be durably effective, these toxic

conmpounds have the drawback ofzneeding to be rel eased

into the marine environnment by the marine

anti-biofouling coating or paint over a nore or |ess

| ang periiod. tas gheesubrineuctrarbiposittiadn iastaichayso the

pgﬁﬂ)&éé%@@d qulffgggsr@ﬁgtS(}.tSiigc%eistir%%gcré?géﬁ’otect._ In order

conprises conpounds such as mercury, | arseni c

[0004f Caurabhy mefifiestdmsi,- btlederl itogicoatPmgeupds have the
pg{g&éagﬁnp§fsenggeﬁﬁ§'b%%edH@mnyéﬂ¥$§edMnfﬁkéun%%e marine
been known for a long™time for their toxicity to '
peyY opbrm&ronbrndhet e imgr iamd iolg@fiosds naToatggieror paint

n@x\/epe,a_f%rgxaé@' Qedd 1BR fgmfgd.cuwsoug PddBie, such a
copper di oxi de, copper t |ogy'nate, copper acrylate, _
f takeds topper iporderysr ROppEring drakt dehe apg@rgapchesince it
r lint A8 i [Wlalg]gy=Tal he, Jpof 1
cgéggfsgo SFQh foﬁ%%%a?gr§gmtﬁgs so?utpﬁi hgéﬁﬁhég cad or
daaw®atk- of not being long- lasting. Specifically,

gggfoife COPREL GO eNfiaPink he 2603l 1RG rRAS iBEEN coatings or

leted, the coating is no | onger effective. Usually,
tpeivbaposintuife aceppery PREgHI yeomRednds t h Wopsher hrife  been
Of A8 t @oPl e 1ty COARd NBoR LABRYS! 31Vt lid €phytoplankton
However, the use "of high concentrations of copper” may
ahB® giher rmarine poYRLisHA- 0TN¢ HeorRe ¥ mea¥ e r ofPengxample,

[ 090 nv4 al t \eng.are i-ng S
bgﬁnﬁﬁﬁsmééﬁﬁyiggeﬁ?{earéﬂtEgaggé o?gﬁg?%nedigﬂgag' coPPeX

abli ot yieatre ng cepPeRgsacstrhae®, t hbkakeknt ¢fepeer powder or

LB YR 20 LDOSRAGOTBE SO (1Mho, g marine
a®®v hr¢neent r bhnkRe af Pymt ok eoRPRI hieRe ddURTOTFuReLy, this
of o pht £5Rathye CORLI Ngsafibalk ar®s not being 1long-lasting.
Specifically, once the copper content of the coating has
been 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 high concentrations of copper may also give rise to
pollution of the marine environment.

[0005] Environmental regulations are heading towards
banning within a few' years the wuse of marine anti-
biofouling coatings such as those mentioned previously, but
also those comprising tin (IV) derivatives such as tin
oxides or tributyltin, which are all environmentally toxic
and hazardous, in favour of alternative coatings that are
more environmentally 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
intensity and frequency are sufficient to give the marine

organisms electric shocks and prevent their attachment.
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87/ 03261 especially proposes an alternative sol ution
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protected, an AC or DC current whose intensity and
frequency are sufficient to giye the marine organi sns
el ectric shocks and prevent their attachnent. However,
this solution has_ the drawback of being . ,
reeuevorl yEibeagel vhionohaapreeedravhask of pagng relatively
'Pﬁg?%&99c£9095]15 EREgsent invention is directed

S providing mari ne anti-biof ouling and/or
fouling rel ease conposition that does not have the
di aybagkst R 1H@eggigﬁ art. [0008] It is directed in

iding a conposition that is

nb@@O%hV|ronﬁ%@%alPyeﬁﬁnéndﬂyvﬁﬁél@§sylﬁb udkrectgpoofowards
|%rb§1&i§ @'ﬁ%?fﬁétQMEEdﬁlgfeuiﬁhggaﬁdQQQDQ§hhiH§ release

IveS the supports, onto which it is ap
r‘é@mﬁ@%h%éotlotbéiil ideg Sofnatarhaee of i ﬁlra[/v@efg]s |qf tshe prior

gover directed towards providing a conposition

capabl e to reduce the frequency of cleaning of the
siPPRBl s ont ol whiehdirersedppn qRr ey rieireds heroviding
| O IR 1A dr] MBna SUNTEN ¥ofb ey d Fvgdhom 1 POk chd8y and
present invention describes the use of a conposition
COMPY i 8P ngSa- pol ysi | oxane-based pol ymer and at | east
Opgo&y] i ndri cpl nagofidilgy aélfeé@éaneta%kegof Pditiing a
and/or fouling release coating 0012% According_to ,
paPrpesi i o ntidih e tiyest hghﬁarw@p% $. biYHRUI hgch it is
andbPrefouki pds | 8L 8ASE Eémé’@ﬂih@noff%{aﬁﬁﬁ@fcb?fgme or

a_conbi nation of any of the follow ng
[0010] It is "moreover directed towards providing a

composition capable to reduce the frequency of cleaning of
the supports onto which it is applied, and to reduce the

intervention time.

Summary of the invention

[0011] The present invention describes the use of a

composition comprising a polysiloxane-based polymer and at

least one c¢ylindrical nanofiller as a marine anti-

biofouling and/or fouling release coating.

[0012] According to particular embodiments, the marine

anti-biofouling and/or fouling release composition may

comprise one or a combination of any of the following

characteristics:

- 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;

- the cylindrical nanofiller comprises carbon nanotubes;

- the carbon nanotubes represent in weight between 0.01%

and 2.5% of the total weight of the composition;
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nanofiller represents in weight between 0.01% and 3. 5%

of the total weight of said cogposition; - the

cylindrical nanofiller conprises carbon nanotubes; -

the carbon nanotubes represent in weight between 0.01%
andtRe5%pgborhenapebitbori gepresenke donpeighfometwapn 0.01%

Canga gan8£UPﬁé ESQ%@S$§E?hB Yei ght @@&ﬁ@@thOglgéand
1% o e tot wel ght ne conposjtion,; -
car bbe @m@tqybe@am@bub@%ntrepﬁreﬁérl@htlrbewmehto W%ﬁfd 0.05%

1@6gﬁdtb@ betahewelbohi Qbithe 89”@9@'é6ﬂ$®S1ti8

carbon nanotubes represent”in m5|g between OS@band .
0-5%hef cayborotBRnekighs FRPFRISEN orﬂﬁbsW?F-EHt Deteen 0.05%

CarQﬁa HaﬂgtHPe§héeEB@é@”&ei&hwﬁbghéan1d@ﬂ$oéb€1&§ta'

sald conposition; = the carbon nanotubes are
cho’ébﬁ fcraa:vhqrhengn@@plb@s STRRFRSRIT edcarBdBhhandt Libef the

(Sv§gﬁil’wg9§9£e%¥ﬁéé§é 88ﬁ$8£19§8§tUb95 (DWNTs) and

| ed” car bon nanot ubes (MANTS) ; - the ‘
cyl Fher feabonananPLhrbescanpr Fieseseproni tee grewe of single-

sep,Q11L8 rEPFSSENtSiddt Wl Iht(heiragen Boh¥r a0dal@%0f carbon

the total weight of said conp03|t|on - the sepiolite

r eprasehukesn WBWYAS) betwsen ™1 11wk -ai7d 1850, TP nanotubes
t ot gl ght of said conposition; - the sepiolite

represents in weight between 0 .1% and 1% of the tota

wei ghe @Ylsaqiﬁl%g-paénﬁﬁéﬁler EPBPELIDDSTEPIALILE;

COMPhLLSS %@fﬂétfé§¥gg §ofnn§89gH9e%etweb& ®.1% and 10%
conposi tion conprising sepiolite an arbon nanot ubes,
t heOEabhent Ababt UpeShE epfeSahd FPBRFHRiOBet ween 0. 05%

andtgelg%ﬁﬁoﬁQ%etQ%%ré@@dﬂy i WQnt between 0.1% and 3.5%
of the total weight of said composition;
- the sepiolite represents in weight between 0.1% and 1% of
the total weight of said composition;
- the composition comprises sepiolite and carbon nanotubes;
- in a composition comprising sepiolite and carbon
nanotubes, the carbon nanotubes represent 1in weight
between 0.05% and 0.1% of the total weight of the
composition and sepiolite represents in weight between 1%

and 3.5% of the total weight of the composition.

Brief description of the figures

[0013] Figure 1 represents the improvement of the
crustaceans release of PDMS-based coatings comprising
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
crustaceans release of PDMS-based coatings comprising

carbon nanotubes and sepiolite.



conposition and sepiolite represents in weight between

1% and 3.5% of the total weight of the conposition.
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represents the inprovenment of the crustaceans rel ease

of PDMS-based coatings conprisgng carbon nanot ubes.

[0014] Figure 2 represents the inprovenent of the

crustaceans rel ease of PDMS-based coatings conprising

sépdbblte . [DOIGTe Figurerdasemtesente th@pmwemeeﬁren@f the

I
oL ek ecqae gsleae P MCLApELLAE® conpeising

Feguben4 napetseass ahé |ﬁppbvénbﬁt opmparedr use acBAMg-based

f%s?%gggfc rgMS 7 Dag dc&%ﬁ”ﬂén&@ﬁ'ﬂééSngiéé{QP{‘te.

nano S ana sepiofife conpared to PDVB

5 cb@@inhs conpfisureg dhrb@nnﬁaﬁﬁﬂubeih@r dmprevement of the

ng@glagégﬂge ? &ggggseggwst SRR s%vc?”e&sa@:t $€ comprising

aceans release of coati ngs conpri si ng

caabb@nnan@nGbebeandasépl6¢P1@1é6ﬁpa¢@@P@@e@DNBDbaBEMS-based

C0aLL 108 COORELRL g CAL A0, NAALLDESS Obr 58D P11 e

TguUFe B represents the Sett
ci@8l8teans ofigumee surf acerePprPONE-Hasetheoat FrgsleneRt

10 %{uékéﬁ%énésﬁgﬁltg}el CQuia &ONPET $hitg -paLkan J&%'eqdé%esﬁree of

imrersion. [0019] Figure 7

r Ept beeat d sehpleethid)enent conpEi 8sndc eaxdosn ndpotubes, after

s§§£a8§ Qgth¥Eagﬂéggl8?atings free of fillers (sanple

or conprising sepiolite, or sepiolite and carbon
nfo18bes, affigurah of 48hemﬁe$©m%$5|oﬁhe[00%©}tlement

Fé%é@ageéﬁgr SRS,

crustaceans reﬁease %% PDVS- based coati ngs conpr|S|n

SR | §PNpBlysl BREAYERAL i@lgd eree of

15 chibbersarisempds dcor@f ngomprigdngesierpdelige, or seplollte

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 wunfilled blank (sample 1c). N = 1350,

errors bars: +2 x standard Error.

[0022] Figure 10 represents the removal of Ulva

sporeling biomass from PDMS-based coating comprising

30 different loadings of carbon nanotubes, compared to the

removal from the unfilled blank (sample 1lc) 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 Ulva

35 sporeling biomass from PDMS-based coatings comprising 0.1

carbon nanotubes (prepared using different processes and



di sperse carbon nanotubes in the PDMS-based matri x
(Sanpl e 008: obtained with the use of a prem x, sanple
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Figure 9 represents the anmount of spores (or bionass)
of the marine alga U va that hgve col oni zed PDVSbased
coati ngs conprising carbon nanotubes and/or sepiolite
conpared to the unfilled blank (sanple Ic) . N = 1350,
eviths didferentx kbanndes dofr regrbqrooganorigase 1g-ompared to
t e mags_f
PERES T ED o e RS kg M AEPRER RO, BERTRAC- p 80, exror
chabon= nandt yb8tandangakedoro the renoval fromthe
UPbgshed Dl anki depup! g5l CLeBlEelnRRP! ¥iA0 B LS OTSE vlva
of 41.7 Pa of seawater to the surface.
espgreb'ams =bipmasst arfdamd EBOMS- bé{ﬂ@@S]Cfﬁ'@mﬁs 11comprising
%@% tl'?)ead aJ)fo gllgqlggor nll JHOEBS%Jn{&)Ql from
ase coatl ngs conp % car bon nanot ubes
(phepantdl Usdnglankf ésémplﬁrb@éss@s andlv t BrEPEfrEAt= £ 2 X
b f on nanot ubes) , conpared to renoval
rg{c:)%nn 2 E n??{:?ed bl ank (sanple Ic) . N=54 0, error
béﬁ@Zil + 2 x Siawdar d1Brr sePTPEORAF Fit§er e removal of Ulva
r V. f a e
B e e P o S LR g g g v
stppdinge ebnpapdédlicer dipval [fammha & lunfsamrele P 2hk or 3.5
(s20p}, S & X (Shandas N
Er ?or 5%%0%%? FsaltJn?pgpeB repregg'ﬁts t egl?err%/al ofedsUI V(g.os
syb@&feplﬁgo%lonaélgpiﬁoﬁa?k’bl\@fb&shd coaamnpys- dkpr s3Npge-024])
t N €Qh 0 % 53R/
ooy PR3 ForSER) el (D IR Ry (e - N
car b, nanveubeare0=0% %%s%‘h%ﬂl@alo@lErlé%ﬁpl e-022] or
sanpl e- ared I
O1do2® L I]Qg%n%?ay (& @e)se‘f'ﬁ;@. LEAd-bRPLEIRYA! of Ulva

fromthe unfil le Ic
sporeling removal from mixed carbon nanotubes/Sepiolite

PDMS-based coatings (as detailed in Figure 13) with removal

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

from coatings with the fillers present individually at the

o\®

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

[0028] Figure 16 represents the variation in viscosity
of the polymer precursor as a function of the amount of
filler for composites comprising carbon nanotubes,
sepiolite or Cloisite 30B.

[0029] 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.



= 540, error bars = 2 x Standard Error. [0026] Figure
14 represents a conpari son of U va sporeling renoval
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coatings (as detailed in Figure 13) with renoval from
coatings with the fillers present individually at the

sane | oadi ngs. Sanple 007 = 0.05 % CNT, , Sanple 017 =

1 % Sepiolite, Sanple 018 = 3.5 % Sepiolite. N = 540,
ePebaibedsdescpipt Spnndf ghey tpyentdor7] Figure 15

r nts a Lsop_o sperel | r&myal ;
m?gggégar bon %g%?%%és?ge%figﬁé?g e_ -ﬂbrgg)elf coaftai %%Esgmlr.lg 2
(msrieeabhéd -baocEpydiagl 3nddiorh fanove TelsatoatPngesition,
' he dillers gy eggot i ypduablycated hea 5208 1i¢ d
Y%fgg?%gs.g Sa%trg etg{)Sﬁggo.éﬂ%%bl\#},.é%an%lleOtogrga:ﬂ%g% rhe, an
Sehichi hes SdepladGus-ags. 6t uf8epilatptang] ¢hes|deiaghnrent or

15?.%?8&&%%? S h%réﬁ'hiigﬁn'sonalil@ W1SeRS EYaPf ddif have become
pol ynmer~precursor as a function of the anount “of .
fholird fop ddiposiupporsonpri sPwetaee borPatatht wiéd the sald
seplol Lt e Caisite; : 0029] ﬁgg 17 pr ts
tﬁ%@%\%%gﬁg{%h |%’l% s‘cégﬁﬁtgggt han![;Cg _yrﬁisr pF[élgurg%%é]as o.f 2
acémpesibhonf rhepaasing ok fidvldndrgicadonpegiafiidner 1in a
C L $ r a ofp i :
B e e M TN
| highdgr npp-addrs$orhaaprislsl emasnismsai kP Prgamesms are
a = ulien i reke it i ;
SR AR Ry P ehS S feyered with
ahde waPshihgsarkerddpantaydhst imaEntiom.i md ean be removed
dﬁ&@ﬁhggg} 19r dislodging of organisnms and al gae that

may have betone bound to the support or surface coated
wieh3lhe sai dTdnpesht i'6HPPPHE" | RPEAS GMYprsPeest Hehat can
u 0 It g VWl dndri p
ngﬁo?%??2§ ?ﬁ@g Ll 016 | IR0 thEWd AN S@ Face” 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-
flexible supports. They may be, for example, metal,
plastic, glass or ceramic components, or alternatively
polymeric or elastomeric supports.

[0032] The term “cylindrical nanofiller” means a
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
tens of nanometres.

[0033] The composition according to the invention has
non-stick properties with respect to marine organisms
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.

[0034] According to one preferred embodiment of the

invention, the polysiloxane-based polymer used is Sylgard
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pol ysi | oxane- based pol yner.

is highly non-stick for marine organis
woe@anidns are i ncapabl e of durably gripping tBCT/BE2007/000114
surface covered with the coating according to the

invention, and can be renoved gore easily.

term "support"”
with a polyner,

h8%$%895f§%%9£o§ny body or object.

€ Supports concerned may be flexible

I N,

nmeans
and t

s,

By creating a surface that

t hese

[

0031] The

any material that can be coated
means any
smséacepmmmemh@brnmmgﬂcwhxﬂheX$ea|GEShmuﬁhaﬁucrﬂssllnkS by

he term "surface"

W t hout being

sﬂppbﬁls or D¢ | beirbl erssppothet Tirgssiynise, by ohydrosilyl-
exgy 13, P afééﬁq ngEE%SinI%rd C%%mctcvenpggsewsors of

or a ern Ively po

yrmeric or e

ast omeri ¢ suppor

[ 00B2%iTheaner my®pyl i e capmpaheingl evinynkargreups and the

[eLb dpuag el armel o oY poe

fLom.ong,t 2

CONpoOSI i on acggg%fﬁg§r8£%ﬁﬁﬂ9”§&2?§bn k

a needle or a
of the three dimensions of the
fI0026] are | €Beet hawos60inkingr evansigfts heobr dén ofaddition

803c?1'1e Tk}qn l groups

as non-sti

ptoplemees) wi th respect to marine organlsns and/ or
gnd has the advant age, &f

narlne algae

T<Tp $|rpo}r;rgu—and
crac or bBeco

fi ssured™

*ﬁ*@%@ -eBALR ng——wh

g

qble qo

-%ﬁﬁ 0%—&—

applied with good adhesion to the entire surf
whet her the surface is nmade, for exanp
netal, glass or plast
preferred enbodi nent of the invention,

ic. [0034] According t

| e,

t he

"The conposi ti on ha%é;e

of

od,

i
4sif om Dow

pol ysi | oxane- based pol yner used is Syl gardl8

Corning, which is a resin that crosslinks byhydros ily
lat ion . [0035] The term "resin that crosslipks by

hydrosi |l yl ati on"

precursors of

Scheme 1

nmeans a resin obtained from®&wo

[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 5.

Precursor A

Precursor B

Constituent 1
Nature and

PDMS

vinyl-terminated SFD 117

Si-H polymer
(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 89.1 cP
viscosity
Table 1: Composition of the resin




pol ysi | oxane type, one conprising vinyl groups and the
ot her hydrosil ane groups. [0036] The crosslinking

w@ onvsisdiss of an addition reaction of the hydr oBCT/BRE07/000114
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groups to the vinyl groups (Schene 1 ) . Schene 1
[0037] The conposition of the gesin Sylgard 184 from
Dow Corning is given in Table 1 and the chem ca
structure of the conponents is given in Schemes 2 to 5
. Table 1 : Conposition ¢f th rebinSchene 2 . SFD
117, pol ysam;oxene(ba@p—é i iotps (SeereCB=CH,
Polyner of pol ysil oxane'fype éarlng hydros il ane
groups Schene 4 : CIossllnkln% i nhi bi tor Schene 5 :
VOM Betheime @omsEiDs i1AJ -a Redivpdilexemel Sepaiade VETYlo 9roups
-networ k[ 0038] The cylindrical nanofiller is any
suitable filler having the formof a cylinder, a
needle or a fibre, and ofewhich ¥&wo of the three

di mensions of the filler|are less than 100 nm or even
of the order of from Srﬁ—@§ﬁ;ﬁrféhg%of nanonetres.
Preferably, the filler i$ sepioljte or carbon

nanot ubes, or a conbi natiyen of sepiolite and carbon
nanot ubes . [0039] Sepiolite_is a clay of fibrous
stchemgr 8 @Plfymeﬁﬁ.noép R gseé@@n(eoqypﬁ 6a2S1N| %WdrOSllane
generally consi sts of fibregdugm about 0.1 to 5 nmin
length and from5 to 40 nmin dianeter. [0040] Carbon
nanot ubes are a particular crystalline structure of
carbon atons, of tubular, hollow and cl osepacked form

fromabout 0.1 to 50 i ength and from about 2 to
50 nmin dianeter. They may bh8i—sihgl e»wal | ed carbon
nanot ubes (SWNTs) , doubl e-gfl | ed bon nanot ubes
:::?\\l. l \
l

Scheme 4: Crosslinking inhibitor

—Tliv‘o—?ieO—%i—
1 1

/IW

Scheme 5: VOM matrix comprising a polydimethylsiloxane

micro-network



(DWNTs) or nulti -walled carbon nanotubes ( MANTS)
They are preferably nulti-walled carbon nanot ubes

W@ MBOg166 Preferably, they are nmulti-wall ed cBeBR2007/000114
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nanotubes from1.3 to 1 .7 mmin length and 7 to 12 nm

in diameter, which have underge@ne no post- synthetic
treatnent, in particular no purification. [0041]
Cbnventlonally, pol ysi | oxane-based conpositions are
ob®@38kd froripe eceybbrdricahd Bindkiliele nigedany suitable

tf”?ﬁi&?rh%iﬁgfk%g 'f%QT F%O Sa tsln hor a'SQIéECﬁ.Lg% a fibre,

aratio 0 precursor per
omed paf t wbicpr wer ©dr tBe) thrife dliMdngiong of thHee filler are

Cfgygsﬁﬂé9n§o5hﬁ& COPPLY,SE %Pegﬁeaé Paefdse EPohhSne to a few

precursor AwWth stirring, exan'p e at 1000 rpm for
3ens nof esanbeesresad&ireg erpd lyr edtres dii 1 er [pp4sgpiolite or

Pégfﬁéﬁbhé{RoEﬁiFEQn gangt %%1?1 %1%&89(%55{1)1% and carbon

precur sor e carbon nanotubes 1 n the prem x
r ePReSEpes 0. 5 to 2.5% of total weight of the

CogpPs] tion. s O £ X 4 Saihgg?gh¥ﬁﬁ ﬁﬂgéeﬁsd@ﬂﬁﬁ%%ure, of

i N precursor A sing an ellx e to get the desired
chepuslai ¥e.S s PRt ued:Phud tolsieaierad Livs applise tof fibres

%f&ﬁsggeﬁé'ddﬁswﬁse narfn@éﬂg%n%%atfﬁ% Qcttaor404nm in

hours he coating th| nesses thus obtai ned are of
theametder. of from0.2 to 4 nm [0043] Various

C?@@@%jtlons &4 ARLL %ahg@ﬁb@spEﬁR?rgdﬁﬁyiﬂéﬁﬁdfr@%'é@élllne

ant1-Dbi ofouling and/or fouling releasé properties were
ssmul@dur¢| ot ArhRIAsAEPRE: th’é fotkelaequipédoro and close-

CESB% aC%n(QEBHQC|Oe§) @4 t 3ghegh tﬂla%EH@EﬁC%nd from

vere% t hé conposi tions accordi ng t
mlv@mtl Qn,t@naoby‘lﬂrrea%uﬂllﬁgleﬂ:ﬁé‘ ceThey amayolksni $hagbp-walled

bya SP9% e o die dMarkRRTa) 92 ddWdte SHPIELS PESBORPA&Rotubes
(DWNTs) or multi-walled carbon nanotubes (MWNTs). They are
preferably multi-walled carbon nanotubes (MWNTs) .
Preferably, they are multi-walled carbon nanotubes from 1.3
to 1.7 um 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 precursors A and B that are mixed
together with stirring, for example for 30 minutes, with a
ratio of 10 to 1 (10 parts of precursor A 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, before adding the
precursor B.

[0042] Preferably, carbon nanotubes are premixed in
the precursor A. The carbon nanotubes in the premix
represent 0.5 to 2.5% of total weight of the composition.
The premix is then mixed and/or diluted in precursor A
using an helix blade to get the desired composition. The

mixture thus obtained is applied to microscope slides,



lc Unfilled silicone (PDVS - Sylgard 184) 005 Filled

Syl gard 184 (0.01 % CNTs) 007 Filled Sylgard 184 (0.05
wQO2@BN166008 Filled Sylgard 184 (0.1 % CNTS) - POI/BEN®T000114

with the use of a premix 009 Filled Sylgard 184 (0.1 %

CNTs) - obtained without the uga of a premx 010 Filled

Sylgard 184 (0.1 % CNTs) - obtained without the use of

a premix 011 Filled Sylgard 184 (0.3 % CNTs) 012

thlLeU SWegamaingaineds a% CUPSP COIBPFI K| daosys garldnel 8goating

Rl LD 08 (8- HBETY P 0.2 1o

Swngard 184 (0.5 % Sepiolite) 017 Filled Sylgard 184
piolit Fi l.gar. Yo

Sepl of?t Ol\garpﬁs éd"ﬁgs‘é l%glfd %ggA) %gp?zo)l i éa)re }(D)repared
5 Fanﬁedi&ﬂllgam@m@tﬁ (aot%segf@uh@g crd /Y | doudyiingar gelease

1 1 1§§5ﬂ% & it€),[22 I l.gard 4

géto)ég %\I'SF %}e%sé? epiolite) 025%2F|b:§: e%jn g)?%é?l tﬂlé Foree

( nequ%f@ﬂrrstq RIS o|c|rp@)taG2¢nsu | {Rarr=syg ke ésnaebegl to a

%@lﬁcé 2oy oLyt Ifl EcdmpoSATPbES tﬁ&%ﬂr{% to the

tRe settlenent and barnacles release tests and in t e

giovientapd, sanengey aragirdesnddte ofellvdagpoiiqrgation by
10 [0 géééspsﬁaﬁﬁénﬂaibﬁe%y&a givhhe adhesion of

crustaceans, the sanples”were pre- inmmersed for seven

days in a reservoir containing water purified by

rleSenske g Mesicrigtiion artificial seawater for one hour
Hefo®re the aESAy afassilarde (Bpesset ishakaiid assgy
AredHCcol 1/ $itiN@ PR 1GRSH 1180 (0.01 % CNTs)
007 Filled Sylgard 184 (0.05 % CNTs)
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 % CNTs)- obtained without
the use of a premix
011 Filled Sylgard 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 Filled Sylgard 184 (0.1 % Sepiolite)
016 Filled Sylgard 184 (0.5 % Sepiolite)
017 Filled Sylgard 184 (1 % Sepiolite)
018 Filled Sylgard 184 (3.5 % Sepiolite)
019 Filled Sylgard 184 (7 % Sepiolite)
020 Filled Sylgard 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 % Sepiolite)

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 before the assay was



on pages 19 and 20 of the Biol ogical Wrkshop Manual
(BWM AMBI O Bi ol ogi cal eval uati on wor kshop, University

wo@RooBlsarserigham UK, 21-22 April 2005) with sl iPRgi/BE2007/000114
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nodi fication. About twenty three-day-old barnacle

| arvae (cyprids) are placed oRsgthe coating sanples in

1 nL of artificial seawater, before being incubated

for 24 or 48 hours at 280 C . After 24 hours, each
coadingdsafibtesethienaspeas sy t proboadh ihethercratdgecribed
seft] t.ALter furt el od

Fh e OBE 2% ght Pt i R L i, vy (mine,
ob¥Bi®ed Hiorlagipexrl odevhld8thonr s workshep,. [O04¥erpigy of
forge. | red.to,detac cl f e ;
ke g o) nag P2 ML 2200 cufln fETEhOdedirication.
i Abendedwemrt t htbrpar gageoddd belrmagdtet | darndeon viperids) are
j nt DI\{E as Qaf i ' or.nal hsed.to_the
g#%%‘?d %lgnp egl cce%t.clgfgt P%%é' l}sﬁd lglgatli ngvai ?Eou?rtlfmlal
apgavatéeérr) befaaiebeTheg eveduldtiash &6Prt A adifest¢®dnhoirs at
crustac tg,a ac a Lt h i §d
Cenoh i AEEEs Ea SR R th ot o Jealif CPTREE LhoPected o
t vlot paEM abiee epsrcentagenset nteméert f okhEeer par funthenreeriod of
to, b i [ n_o et .t h e r

5" So R, T RTAEE SRy B e pEUE e | Bt ement
sdataceepacebtatned uSoncaape hasd bebnd 8 ehoves; in total.

S pfically, u e

R o i
otlyaniPOMS -drededaf teat ings désachipent megserredraysiegmion device
0 ea c ct crust n at

it faBR e Re B P ALEC PRl [ 2FRRD B0 EIBRGhER on  tne
odi M ehephrr PDUS - bhsedr asabiteas i$sepfmalbead ] teokike ngsandard
[DahoPL1 O {hee T UBkaCEaDe Oche: £k AFleflocasihy L1fMy) .

i ¥ RUrface W th a mninum of organi ¢ residues after
déeedbhent of Thdecyrduatimmarcd cobrsi ddhegign of crustaceans

to a surface coated with the compositions according to the

invention mainly takes into account two parameters: one
concerns the force, per unit area, to be applied in order
to detach the crustacean from the surface and the second
concerns the state of the surface once the crustacean has
been removed; specifically, crustaceans attach themselves
to surfaces by means of a “glue” produced by the organism,
and, after its detachment, there may remain on the area of
contact of the crustacean an area that 1is “still
contaminated” with the residues of this glue or with part
of the crustacean itself.

[0047] Coatings that allow the crustacean to be
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
barnacles release properties, normalised to unfilled PDMS

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



havi ng good marine fouling rel ease properties. From
the force which has to be applied to renove the

waeemwspaaean fromthe surface of the coatings, BECI/BE2007/000114
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"inmprovenent” of the barnacles rel ease properties,
normalised to unfilled PDV5 (s mle Ic) , can be

determ ned. For exanple, as the forceapplied to renove
barnacl es fromthe control sanple Ic is 0.24 N .m2,
anppisedh&of gramove hrraapleediromsahpl €00Ercd GaWLley 1c is

PT'%IL ghgﬁzthﬁn%ngéo\fﬁge%r%gs%ro\’% fQr lsiaé'ﬁ’lt?rpogaﬁlﬁleoo7 is
0 whi ch represents 16, f % of the
f Br 281 clr Musporaifgthe SmppPeement PRI TER@df @B Sanple007 is

IS (SaMPl e he nim21004 i oh T Ned/BUR) \t%'mmk QQSG&VQQEfQIhe force
sanpl e007 IS tn}werefore 116.25% [ 0048] Accordin

f fgurespendsng, tehsapplfatresNereasesper tor ﬁﬁ‘ﬁﬁge otcalsample

PPV - baspaq pol yier Eaat_»a{f@en@gtcacs&og}fwotf&essaagﬁabov is
sepiolite | s i nprove [ 0049] Preferably, as shown'in

Frharefore 1he.2bati ng may conprise in weight 0.01%to

1¥pghgfar bon nanotypss, (ndeiBheepr &f egably, beteeep les-
O(.)[/%g% jz:md 1% Indeed ét he prggen%e of carbon nanot u%]érslac ©e

| HeAePERG PHBEREMRRAE | ref i rfor &PMS -brsed polymer containing
béégBSheﬁaﬁSLSﬁéé Qﬁepsrft gsﬁleilwelgomﬁaveél :

carbon nanotubes in PDV5 - based coating reduce the
f 6Pe&9} equi reﬂr@%eﬁ%‘t)bth B&r FiicWEs)in eRigpref dr SEipl goating

Ogé (Qof f@Qé QQrQQEgH@n@tH?esiofﬁi &@'@Qrﬁ@ﬁ nanotubes, and

ove I's not significant) . Thus, for

P@p/sebngéae@@hwn@e@wﬁn $i-R§ %0 208 tiF 1%%6%% beae presence

NBROIUNES, teh bIREOY eRRNt, OPSRE VISss 89€8ohiaMya Biffbves the
16% to around 38% [0050] Pr eferablg; as shown |n

Fhgtnackes-ratepprbbasesrédas mf nble c6rpiiigd i nli-e. carbon

WBhH8EuBed 1R 4%BlisSERLEN &satiﬁgeﬁgduéaetﬁéeﬁsﬁes pbquired
sepiolite in a PDVsbased coating al so i nproves t

t he
bEPnatelexch e e @ Prasper t iC&SEHE tﬁ@rco%ﬁml?ﬂg@ ES a(O 01% of
cQaLe8h Okago%uk%s$ﬁ‘¥or which the improvement is not

significant). Thus, for a PDMS-based coating comprising
0.05 to 1% of carbon nanotubes, the improvement observed
goes from around 16% to around 38%.

[0050] Preferably, as shown in Figure 2, the PDMS-
based coating may comprise in weight 0.1 to 1% of
sepiolite. Indeed, the presence of sepiolite in a PDMS-
based coating - also improves the barnacles-release
properties of the coating. For a content of 0.1 to 1% of
sepiolite, the improvement observed is around 14% to around
32%. For the samples comprising 3.5% (sample018) and 7% of
sepiolite (sample0.19) there is no significant improvement
compared to unfilled PDMS-based coating. The result
observed for sample 20 (10% of sepiolite) may be due to an
artefact in manipulation.

[0051] Preferably, the coating may comprise carbon
nanotubes and sepiolite (Figure 3). Preferably, the coating
may comprise 0.05 to 0.1% in weight of carbon nanotubes and

1 to 3.5% in weight of sepiolite.



sepiolite, the inprovenent observed is around 14%to
around 32% For the sanples conprising 3.5%

W@ smspkaal8) and 7% of sepiolite (sample q . 199CT/BE2087/000114
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is no significant inprovenent conpared to unfilled

PDVS- based coating. The resul tyqobserved for sanple 20
(10% of sepiolite) my be due to an artefact in
mani pul ati on. [0051] Preferably, the coating may

coops2ke carbbm nbiotrdes %ndaB@pi@lit@héFigareaslys release

P{S%ﬁétéx??#%ntt ne coal 'Lgsbes an gpbgse gﬁ}? £040. J/gég%ollte ,

car bon na 1°fo 3. in melg
s@pﬂolthS[OQSQNTIﬁ'ﬁ gUresS&panalSe W23 (0.1% CNT + 1 %

Ciﬁﬁﬁggfég Ite rQ§2gen anpl 592$—(9e8§o%@te) is

Sepmp&re@) tOOBBmp(De&%)@MT 95%’Se€iN'Rilll tQ=98 ath P24 CNT), 017

00y e R Ts eT . ThBRP IS 4 6 bR SORRE T h B ESenat che

Sérppnbvemnt 018/id 5 r%&qbu orErLtlé)arSI t egpeanott hdre t helearly

TEGTTIarER, Bt S i RS T e b L2

0 carbon nanot ubes or seplollte
[0@@33}] Bar nacB@sn@@leﬂ; epeht lenedt estpfiigar dSiguaes » )and 7)

fggggééttbﬁgt,ce Bs gdteou@ﬂfi%fgd eAtfH% 2 fe'f%

presence O roon nanotu |gure 0 not
ppegeence hef searbenenanohulegh( f:bgntlrﬁ@ s6 bf derngghppevent the

i%@?ﬁ?érggn a'?)‘?l OQ Mhac%atq ?sprgf'@é‘{" QsrCahs b%.mmers:.on, and
se 1 oNn

rved after 2 I nmer Regar di ng coati ngs
condyi i nglsgmtolpr@vimtggme czar) bej tokagrvednafiteed 24h of

t Nhe S4EHL CO tﬂ%gﬁ%};ﬂ?;’ ggﬁ‘ggﬁl\}g o (il RTBIl o 801 M U YEigure

conpared to coat I'ng wever ,
cohpatedcen @ep@loygmdertéla& ngCéss:@aJplpmﬁ Ywaq doeloer anti-

Sé‘é’ 1 YD %c;t? At lcg)g\ga‘f%ﬁprté' %ese%g' '1t1%dan§151@é§ based

car on nanotu revent the attac
ceostaean. HPWE®AT, Theomparedgstaccar dpfngymérgn@seﬁr glass

'QM&E&%Q” (data not shown) PDMS-based coatings comprising
sepiolite and/or carbon nanotubes clearly prevent the
attachment of crustacean.

[0054] The coatings according the present invention
have the advantage of being not environmentally toxic or
hazardous. The percentage of cyprids mortality was

determined (Table 3).



have the advantage of being not environmentally toxic
or hazardous. The percentage of cyprids nortality was

waledsonilned (Table 3 ) . Table 3 : Mean % nort aPCT/BE2007/000114
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after 24 and 48 hours [0055] Low level nortality was
noted (Table 3 ) , which is consistent with the
background (i.e. that of the internal |ab controls)

| evel s of nortality. There were al so sone instances of
a nunber of cyprids drying out on the edge of the

slanpl es . T%g expl @i ns t hghi gher S of jmortal hiy

on sanpl & ta 18 ndcg% 9@4 p% ﬁlE n QQ%ildence
tloxi c ef fije } ver go a or ma g avi r t 1
not ed. _ [ J086FSFhéaft i - Fh3. and 17 reg e
cloSRTRY T s %8 Hrs

Areterablly, &c@8rdipg to ?l-@ﬁre 8 | the Mhti-ffouli iy 60
anelPr fdulin@42 el egse codtdang conpri sior®d carlbon 1.10
nfad@t ubes may .Bé prpcessed.BY using a @ws stegp net Hodl
whoed corsi sipsoion f erm ngoaoprem x| conpro®i ng carban 00
nagies ubes, apdsihen|m x apdger diTUte ¢ Mg prlem x w igs
a §Eh TX glradg g gel the geghred conpogigd on.[0057]1 13
Til(flfbbd Pt gbggure | cgalgl o12) the—$t uu‘-g 66“»5 of [cet UI{irO6
cle
Bi
e

i W1 %ai cal ”{ARLMLL'D K;;‘:!.Z "i%ﬂ‘z P I R E
\Ig-l:l'}lﬂfl n \Aer'IQthp Unij \/Qrépfy of | Bi rNitaha h_LJ
14 2005: U-VA Spbreling-82owth)|. ShR%s dre
e9Eased |from-plPant $§ col | éeBed fron t he- S®ashor e. 'IﬂheBG
ohcentrdti on.86 sppres 1 3.a8justed ta a&2Btandard 1.30
omcent r dt i on,. skor exarrpls.12x 106|spaxesim .| Each3.31
ogig Ng danphess(table 2 » ape immerse i1 30 [litres gfs

drg1dTTed wapep of or [one wWgeke and {hemigp artificig oo

=~ P g

000 =1

55@%@[5: for 13 BIéUUI i Uil bIEbb, T Ldlesén esence qu 03
tih UIUIILIIU ceH-$ (SpG"e of —the—+ra 1 ahga—dv
@‘ e—tHe F vedi um gd%‘éd Fhe sa*.fh] %s .L;Je 34
022 4.32 35 4.02
023 6.71 6.07 6.71 6.07
024 6.27 5.92 6.27 5.92
Table 3: Mean % 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
internal lab controls) levels of mortality. There were also
some instances of a number of cyprids drying out on the
edge of the samples. This explains the higher 1levels of
mortality on sample 017, 018 and 021 to 024 (rather than

any toxic effect). However, no abnormal behaviour was
noted.
[0056] The anti-fouling and/or fouling release coating

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

desired composition.



then incubated in an illum nated incubator for 6 days,
the medi um bei ng refreshed every 2 days. The bi onass

womosasdies! i de is quantified by neasurenment of P€TBE2007/000114
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anmount of chl orophyll present. This is quantified

directly through in situ fluongscence using for

exanple a plate reader. [0058] After 6 days grow h,

t he amount of cells (or biomass) that becones attached

t 0052l sur f acBee i ase@al upTecedyre n rsigay dingor eBeemtaidies of

t I
Vgégiﬁ%pél\/gﬁggﬁ%%%?% élsollél)jg%cal evgcga??lotﬁgv\%?itslh%% 4.2 of
Unheer Bioyogicslr nWaghahpp Uklanua? ABWH} 26@§¥0byB101091031
Vé&&fﬁaQi Or6§ﬁﬁ$$ %Uor é§ e @HQ%Q%&%%%etUR 21-22

pr gnent y nea a fluorescent reader
\Ahpnhlerﬁct@ i g’ﬂvaofsmm%lmﬁgt RroegGhm- eXRPE¥eHg atige released

F OEE%stcggﬁﬁb%%ngﬂyaﬂwéﬂga§43§H6¥gasfﬁeoéoﬁggntratlon

grow ng on the sanple surface and then
n@ésmmretawelgsowmww tghi eh sardard egoasepfgation, for

péggﬁgierﬁtg{ﬁ?igs“%fé%/rﬁ‘ﬂ SERLR' coathhg MBLPALOf (table 2)

br omass quant as the advantage~of bei ng
rarat ireeysquiiek Beﬂwdlhm%e@frdéﬁtvélegoo@g]eﬂrf@r one week,

Sgﬁ&n959n03n899£§kaega@t5@5@&@@} ¥8s dehshil ned B¥rkness, in

exposure to a 41. hear stress in a water-channe
apb@rara§60§@cpﬁoﬁh¢ @QﬂQﬂlﬂﬂﬂg Biedl lsyi consst Kehophe marine

I I 0 a I
(RIS 2P, el oot et S AP e sqples ave

m/ah@nchaﬁnbataépanata@s idilvgvisagesurigicabadiar sidaré days, the
Tﬁé&??ﬂeﬁo%{]gﬂgna{égbgﬂéﬁn @é?&f%”l’c{btfs Olefléo‘Hl'bﬁita%s on each

fTlow c can hold for” exanple anpl es
(fitdescope gnpdesfhpdh by mm@%ure'@@ah n@%) the amount of

Véﬁié?b ni€l g £eQ@H9'n9h§¥si§nh§££9T§1§&Cal§é89i§ tRrough in
BdEt

be ad] ust hat the surfacé Is flush
sﬁlt@uﬁbﬂﬂgeéﬁ%ﬂﬁéluﬂhng fan%&@@E%efﬁoEﬂ@§ec¥%%@%€ in

arffs8fn | ong A pAspeiayat bPonehl | RMOfakh@dmebs cells (or
preceding the sanple. For exanple, flows of sea water
biomass) that becomes attached to the surfaces is evaluated
by in situ fluorescence determination (section 4.2.1 of the
Biological Workshop Manual, AMBIO Biological evaluation
workshop, University of Birmingham, UK, 21-22 April 2005)
by virtue 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 chloroplasts of the algal 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 quantification has the
advantage of being relatively quick and non-destructive.
[0059] The strength of 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 Biological evaluation workshop,
University of Birmingham, UK, 21-22 April 2005). The water-

channel apparatus allows accurate wall shear stress



-1 (Instant Ocean) up to 4.9 ms generate wall shear
stresses up to 56 Pa. Exposure of sanples to flow can
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stresses can be determi ned for exanple from streamu se
pressure drop neasurenments usiifg t he Reynol ds

-averaged Navi er - St okes equation. [0060] As shown in

Figure 9 , there is no significant difference between

t letenmimet bbnspras neasugventsl onf zetl awe witef.er &he flow
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tested appears to be less hospitable to the spores of the
marine alga Ulva. Regarding the sample 008 for which Ulva
biomass is notably higher then the control (1c), this
obserﬁation. may reflect differences in the initial
settlement density of the Ulva spores.

[0061] In order to evaluate the adhesioﬁ of the spores
to the different surfaces, the PDMS-based coatings are
exposed to a flow of seawater, of a force of 41.7 Pa, in
order to remove a maximum of spores. The number of cells
remaining on the surface of the coatings is then counted
and the percentage of detached cells is determined (figures
10 to 15). _

[0062] It appears that the presence of carbon
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 of the marine alga Ulva adhere less strongly
than on a filler-free PDMS coating. The foul-release

performance of the polymer is thus improved.
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[0064] Preferably, as shown in Figure 11, the coating
is processed by using a prem xgwhich is then m xed
and/or diluted by using an helix blade. [0065]
Preferably, as shown in Figure 12, the PDMSbased _
cb@%hb may cRwrpiesablin mthO@nl%”lt &Fipyseofl0, the coating
bhiBr 164064 FLELRE AR Yo 1he £0541 BY EHAPhAAGEubes,
on nanotubes and Sepiolite (Figure 13)
Pn@f%rabeijerahéyc@aﬂﬁngon@y 5c60rrr§1|ﬂds@‘@r05mtltﬁ Pueberpbly 0.1
wei ght ub to 3.5%in V\Elght of
sep?lgl |8I ﬁFO(gg7T£?g&15I g%?%@’inﬁe&t he U va sporelin
r E00&4l of s ieerdoly ( (295SPOENTLN (FFEU(‘-”F Gl, the coating
| 0. SEOH ) 1 S 1 oORRLLeq, i
ss,lggrp %Egéiégobgl%%%ﬁ?a/?g% Sep?vlg1 Fitle)l%and 61§gn1(>%éd and/ox
WdNTted 3bP 96 Eepianikelix|plagpears that, the U va
ng renpyatef cogki NGRWPRAI FidGhi 8 Xe8, the PpDMS-
P?)?gérjs (at O. Oég% %%@%ar%gn nanot ubes) l%y Iargel;i/C k()ae
alpaw@utmtelm@ cemborF Gt foed N HoReght, Pha% to 10% of
cgéﬁ ?@g (Figure 15) of the U va. sporeling renoval
es 008 (0.1 %CNT), 017 (1 % Sepiolite), 018
(80%5% Sepi olﬁ’lt%'@ewkﬂwrsa@ees CORTiNg. 1RRENTCOmprige carbon
5%9:‘16’& L& Hdozé 1% ONT i 32 %0199pi Ol gt SNONW,,  th
t at,'%t of cgﬁggnlnanotub S, the§?n xed fi Ielers ©
prezehng amayhcr:@a@éqsgl v@- 8portel | Aglfenbyalweight of carbon
%‘%9&@& ngyPetg! §iffﬁtw@fc%ﬂ\@ec5‘f CaEHO5 Ng@ot ubes
and se ite. [0068 he ef f of carbon nanot ubes
oh0Q &2l vi scoslltyféﬂuéfePDNBr badded FaiposiRIWMLing removal of
pé‘é&n%f&éaﬁo*m?oVb%C@S'cﬁQt“%1F¥O(Fieu'see§31®11tth=9 and 018 (3.5

precur sor , hakes
% Sepiolite) is compared to samples 021 (0.05 % CNT + 1 %

Sepiolite) and 022 (0.05 % CNT + 3.5 % Sepiolite). It

X

\

appears that, the Ulva sporeling removal from coatings
comprising mixed fillers (at 0.05 % of carbon nanotubes)
may largely be attributable to carbon nanotubes. However,
the comparison (Figure 15) of the Ulva sporeling removal of
samples 008 (0.1 % CNT), 017 (1 % Sepiolite), 018 (3.5 %
Sepiolite) with samples 023 (0.1% CNT + 1 % Sepiolite) and
024 (0.1 % CNT + 3.5 % Sepiolite) show that, at 0.1% of
carbon nanotubes, the mixed fillers present an increased
Ulva sporeling removal, suggesting a synergic effect
between carbon nanotubes and sepiolite.

[0068] The effect of carbon nanotubes on the viscosity
of a PDMS-based composition, in particular the
viscosimetric properties of the precursor A, makes it
possible to envisage application of this precursor by brush
or a paint roller for particular embodiments of the
invention in which the c¢ylindrical nanofiller of the
composition comprises at least carbon nanotubes, i.e. a

composition in which the cylindrical nanofiller comprises



possi bl e to envisage application of this precursor by
brush or a paint roller for particular enbodi nents of
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t he conposition conprises at |east carbon nanotubes,

I.e. a conposition in which thRe cylindrical nanofiller
conpri sescarbon nanotubes and one or nore ot her

cylindrical nanofillers that are not carbon nanot ubes,
ocazbonnposibicokesn wWridh ¢te c9ri ntoireal atgmsfi | ¢gkindrical

f Qﬁé?i%l@%scéﬁ Qnapgnﬁégggérboéqgé@%t%$§%ﬁ;éfcg &%mposition

€ carbon nanot ubes on € VI SscosIt
comstwhimnt shef théipdryeel imrmoinhlldr t ltopsdrsds of carbon

in ed, especially of the precursor A, is
i??géfgé %d in Figure 16. The viscosity of the
pieee®kor A cOm aiefi fertulaf - whiel egackrbonnaandbpes on  the

i S Iy isnc S r Wi re d. ;
R LR S SRS AP, LS BERMREC oo, wnien
stképwarien imgurpodated heeopscbally off tte ppsedrseprAA, 1S
vay i fupcti f.di fterent.

(LG50 UELONZB' T REERS RIATS S Sl prcr »
napotabesng [ 00ALH -mWeldgdearcanlrat anénprebegontient wirkedly

! fﬁér%gggd 1%@(3%[9!@1!&9? jStchar bﬁBrEanSEHQﬁéaﬁbl OWSoffpositions

si'gnrficant increase in viscosity and nore
peentzimimg yc iy hogaedohi hbeos ubes that have under gone

”906’5’?}'”” hel i epbigat {Bnk, Egéseli‘,a”%}x%beéié@?éiﬁf ®f the
significant increase in the 9|3003|ty of the polyne
wréecwesyr | aw fdties sentenfunciidret abedif fEpentd PaBABeters

b i ght hi ur py i si i L0 Vi Ity
A R e R
nadodess f or t he pol ysil oxane pol yner, as shown by

tF@?ﬂ?ﬁsuren§ﬂ§Saﬁ@%ﬁ?sb¥hgﬁa%5fﬁlfbfbeUngﬁHb%$“iess than
tes abl e . e experinmental procedure of this
test lonsiegghit of carbon nanotubes allows a significant
increase in viscosity and more particularly with carbon
nanotubes that have undergone no post-synthetic treatment.
These nanotubes 1lead to a significant increase in the
viscosity of the polymer with very low filler contents of
between 0.2% and 0.3% by weight. This surprising increase
in viscosity is explained by the very high affinity of the
raw carbon nanotubes for the polysiloxane polymer, as shown
by the measurements taken by means of a “bound rubber” test
(Table 4). The experimental procedure of this test consists
in extracting 3.5 g of precursor A/carbon nanotubes mixture
with 30 mL of solvent (heptane) for 4 hours, at 25°C. After
centrifuging and evaporating off the solvent, the dry
residue is weighed in order to determine the amount of PDMS
polymer bound to the carbon nanotubes. Table 3 shows that
the cylindrical nanofillers, carbone nanotubes or
sepiolite, have higher affinity for the precursor A

compared to a platelet-type filler such as Cloisite 30B.
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in extracting 3.5 g of precursor A/ carbon nanotubes

m xture with 30 nL of sol vent
W@ L0054 66 .
sol vent,
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determ ne the anmount of PDMS pgf yner bound to the
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Tabl e 3 shows that the cylindrical

have

hi gher affinity for the precursor A conpared to a

prateret- type filTer such as

GArhen f (G Aam e (4 -

S%tbytweighvenfi sepiolateupport
0. perbprwetight acfingepiol ibée ne

Coﬁ%éé@ti%nof carbon nanot ubes ftﬁﬁMéxﬁdﬁﬁﬂ H&E Il X Qfnments
e conp05|t|on [0072] Thus, hqgﬂ&§q9§lf§ﬁféfé

nl f ll Co UI Cbul i) LaUllt al 1111 =} b“ui i
0. yof gg? E otdbr'%ﬂ ow it to be applied by _.; ..
naB?E%ﬂes roIIer sp ng, or a ymnual platle xcellen
0.1Bat &Y |r‘1’e&|9 r t8fcodt ’fl?%l surface of9 A materig) . 2PFinity
| nappebeas (MENTShplication of the conposition accorlding -
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or a surfate may be DOC
hns. For 2xanple, the affinity

0.8ppbyCaéigRt ey bkopeiteor per
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by casting. CCAIVS T .

TaB180kYsi Apxanery based qalpsrer
cylindrical

Use OoTf a conposition conprising

nhdtabelseagbronehe polymer

panofiller as a parine anti-bi ofouling

and/ or fRRFTHY Pl ERRECURITHYLCD . Use of a

[06PPPOSi ti orh@scor ghag Rr@.s@b@llﬂibi;r,lcm@fx@p’éﬂﬂl%s of the
gllndrlcal nanofiller re ents in Vf? bet ween b
PreCeEsRENG FORTGRING (ot Sha i GREVBF & ocaa&?ﬁibsﬁl%?%u es
alBow Wsetof ba epmasid iwh e dingpdint pdM&r, spraying,
wherein the. c Ilndrlcal panofiller re reseﬂt in £
OT yRj BATUBLt RERNE 0CBABF AN . BFHCT tReCPRE atPRefyhtacE Of 2
matétdatONPRSWEVEA, the application of the composition
according to the invention to a support or a surface may be
performed via any suitable means. For example, the

application may be performed by injection moulding or by

casting.




4 . Use of a conposition according to any of Clains 1
to 3, wherein the cylindrical nanofiller conprises
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to Cdaim4 , wherein the carbon nanotubes represent in

wei ght between 0.01% and 2. 5%gpaf the total weight of

said conposition. 6 . Use of a conposition according

to Caimb5 wherein the carbon nanotubes represent in

wei ght between 0.01% and 1% of the total weight of

said conposition. 7 . Use ofcl@IM$mosition according

to Caim6 whergsd thefcarhon nasepubesibapr eswipriting a
wei ght between 0.05% and 1% of the total weight of _ _
sEPHyebhpbanerbasesd PEH Fh€onpbsit§BH als6r dFkgindrical

t ; wher ei t carbo r 15gpre &n fouli
B i teen 0. Boobarar . SO Ot The T ot S et g oo Couting
saetlegoaposating. 9 . Use of a conposition according

to Cdaim8 wherein the carbon napotubes repr.esent i .
wei ght g] 1% of tHe P&t at wEIGR?* f’ogaiaocccoorpr?%ﬁ"ﬁtl8n.%lalm o
1Qneksen oft e CRANASIdYIIQR 1ACAIREF NU1EP arprfsdidttd N"End weight

to 9, wherein the carbon nanotubes are chosen fronthe ,
geotpeen sPrELé- warted 108 b&F nddst uberFlswyigyght of  said

d = d carbon nanot ubes (DWNTs) and
n§§$#$%£?#é§'carbon nanot ubes (MANTs) . 11. Use of a

conposi3ion accuseli o tao anypobitCianmackdmdidig wher éllaim 2,

the cylindrical nanofi.ller co lses_sepiolite. 12. .
UHBeBF LR CoMpoSH Ot eadr dREDE bl PG MeEE Sk Si A0 veisht
t Ber8Lhol bt e15eprREENESSLN YBI Obhe DetdEgD Oweldb@ndof said
10% of the total weight of said conposition. 13. Use
ofompedHPpesti on according to Caim 12, wherein the

sepioli;? rEDFQ§§gt§ﬁ§namegggﬁopfﬁyggn é%c&ﬁéfﬂ@j to any of
Claims 1 to 3, wherein the cylindrical nanofiller comprises
carbon nanotubes.

5. Use of a composition according to 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 a composition 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 a 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.

9. Use of a composition according to Claim 8
wherein the carbon nanotubes represent in weight 0.1% of
the total weight of said composition.

10. Use of a composition according to any of

Claims 4 to 9, wherein the carbon nanotubes are chosen from



3.5%of the total weight of said conposition. 14. Use
of a conposition according to Caim13, wherein the
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wherein said conposition conprises sepiolite and
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babwees -Haddt@andabbdo otatdreutbes al (DMITEt Ghdsamdlti walled
conposi tion and seplollte represents in wei ght between
1925Ra13N89bEPERe (MBNEAF) wei ght of sai d conpositi on.

11. Use of a composition according to any of
Claims 1 to 3, wherein the cylindrical nanofiller comprises
sepiolite.

12. Use of a composition according to Claim 11,
wherein the sepiolite represents in weight between 0.1% and
10% of the total weight of said composition.

13. Use of a composition according to Claim 12,
wherein the sepiolite represents in weight between 0.1% and
3.5% of the total weight of said composition.

14. Use of a composition according to Claim 13,
wherein the sepiolite represents in weight between 0.1% and

% of the total weight of said composition.

15. Use of a composition according to any of the
preceding claims, wherein said composition comprises
sepiolite and carbon nanotubes.

16. . Use according to Claim 15, wherein the carbon
nanotubes represent in weight between 0.05% and 0.1% of the
total weight of said composition and sepiolite represents
in weight between 1% and 3.5% of the total weight of said

composition.



