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WD 2007/ 108679PCT/ NL2007/ 050106 1 Antifouling fibre
coatings for marine constructions FIELD OF THE

I NVENTI ON The invention pertains to a fibre-coated
wWBYobRse@t erial, which prevents unwanted foubdTgL2007/050106
organi sns from attaching and growi ng on i mrersed
structures that conme in 5 contact with water,

CARERL B Y BECo 3l lor pEEnd COSRULRAS 21 SO pertalns to

reﬁaratlon of such a fibre-coated nmarine
material, and to a fibre-coated sheet applicable for

2@ﬁ#ﬁgoﬁﬁymﬁﬁ¢ﬁwkkﬁg mari ne construction. BACKGROUND

ENTION On underwater structures and on
sHhe'isvehiion pertaiiscle afbresqabulonatng Bagtialn dyeeh preygls ypwanted

VLB R RRDTRIL (ARG A Broing R oiGeQLHAMAIES that come in

econom ¢ losseS because of the increased
f Bdeddt &thanbert fpeailtr eaivutar eHsedvaning alsptpedainpfo the peparation

or .increased resj stance to.waves or .current for o1
PRV SuRcras Pt BTG FHGETIE P pticabic or
bﬁﬁ&ﬂgﬁn@ﬁtitsiﬁﬁ{g%ﬁﬁ@ Besskhbe operation tine
Traditionally najor users of ships have attenpted to

resist fouling by painting hulls with paints
C ARl R OUNS QF TCOPPEVENTICNSt ri butyltin, a tin-based

conmpound. These paints are highly toxic and the toxi

< OB Ut SEaEHE (16 G AL, YD PIsngavaTq Rosch g fresh

%@L{e]{,t ﬁﬁ@ﬂrﬁg{tsarﬁeyx‘%w o YREeObrehliffd dRarskIRGere economic losses
oull

anti ng paintS have entered the market to neet

t hecagseowi ty memdssdf Bictiemand dhereferaimejeased eppsyppon of fuel, or
alternatives. Some infe " [,V o 1088 shore i
BTGt e AR TTAG B Aoy G L ERs sl k26 store rieo),
suid B&BuRfof ROreamdi possiblatopeiatiby tiset Traditpnetty frgisrjvags of ships
organi sns i s deterred.. The flexible.fibres natural '
Shiy GG oSt oL RaLY EFBtpE Ry e ST GNP bopper or
SWHuRGEn, il Sasbd dofapddid] ThAt R0¢ ese HG0gpOKRSaml the toxic

| arval organisns of al gae and shellfishes generally

pBl&mﬂnqz&‘aﬁQaF]@mﬁameWﬂﬁ% Flnga@FYithar d and scarcely
svay Bgerr@l: En?zfrs several types of biocide-free antifouling paints have entered the

market to meet the growing needs for environmentally acceptable alternatives. Some
interest is also given to ﬁbré coatings. By planting pines or thin fibres on a surface of
marine material, settling of fouling orga:aiéms is deterred. The flexible fibres naturally
sway in the water, thus creating a swaying fur-like surface, while it is said that spores,
zoospores or larval organisms of algae and _Shellﬁshes genereilly plant particularly to
relatively hard and scarcely swaymg matter.

According to B.T, Watermann et al. “Bioassays and selected chemical analysis of
biocide-free antxfou[iﬁg agents” Chemosphere 60 (2005) 1530-1541, a fibre coating
typically consistslof short fibres in a dense pattern (200 — 500 fibres/mm®). First, an
adhesive is ﬁppiied, which serves as ghue for the fixation of fibres. The fibres are then
electrostatically charged and sprayed into the wet adhesive layer so that they remain
perpendicularly oriented in the adhesive.

EP:-A-312.600 relates to a fur-like fibre-coated marine material preventing
altachment of algae and shellfishes, which material is characterised in that il is covered

by a number of piles comprised of a fine fibre of 5 denier or less. A denier unit is



According to B.T. Watemi ann et al. "Bioassays and
sel ected chem cal analysis of 25 biocide-free
antifouling agents"” Chenosphere. 60 (2005) 1530-1541,
a fibre coating typically consists of short fibres in
a dense pattern (200 - 500 fibres/m®) First, an
adhesive is applied, which serves as glue for the
fixation of fibres. The fibres are then

sombi@rats wed &t expadss yhe himmgesdfanghes pnd\egahls thieondshén weper 9 km of

adhesive. |l ayer_sao 1 t hey remain perpendi cul arl
v NonmER PR 1B Ah s PN s B RE 1B B S, bgcause
thd fibre Mdt® §idIriessGaatRsh Jha riufier pridacd &l uivey eificagwhich would
attachnment of al gae and shellfishes, which materia

attfagt b atterbment elededernnd khellfishes dsteadef achsy the wrambdibresfol 1.5

delﬁéll §5150 'E'Q@alu?ee Or Rfaséhsidi@rebid BEL R prodd8OY, &eoMmik §8ons and
denier URIT IS 2 Sometimes used O express the

eadei of dmeBimg oOThezefiear of themedmal] dibkes onhdheraiss afalagge ped si@llkshes is

of yarn., It is nmentioned..in - A-312..600.t hat..a .
befiigl B P iabF sRARE BRPErhale Mo TRoR il 36 uf pites o sway
by k@ hd wavewohkIse coitrolRl &F tiasiendt bidwbickpendadr piles.
uneven surface, which would attract the attaphnﬁnt f
ks egqments

al GerheantiP<hd?- 99 Alseloses g waidouling shed coevrishe
thi baﬁxg %bo%[ 1d- %O@J ﬁm iﬁ&ﬁa‘?]%ietéredﬁ& ab A GUSH B 1652508 gbf?:feiements
effect, ease™of "production, econom c reasons and ease
areakelatiadid lanagand Theraab foé diicloiksst veesie lagal ik séledied suchras to obtain a

adherence of al gae a shellfishes is bhelieved to
ﬂe%ﬂg}eaf_% ﬂfﬁ‘oSUf%@e %fﬁ)_;sb Fﬂ%?%r%ﬁ SPEY'BE MGVOREES Fi WS, The

abipf o phsdsh@eRhbEthetiBe SM@Yred Mokl $adh LHich QRAsiGNS thin, short

wave woul d be controlled by the l-ength and thickness
fibesk, fireangifpwding of maripgraohgructige. At 3BBLHOTS a dlapsitp HESn 300

ant i fould n _ i.Si [ i C .
ol oS G PP el b, 36 BTG o £ ot ot is
sildn®i0g anil bihef plysabpopant of the Ebreeflaki wel gn the pgosdfor bbtaining

rati o of. thickness versus length.is selected such as .
sudhefitsgy Siin Ajeqs BB VAU CHTIRb LR SES BRIl b gl Bossible
to Pfo@ﬁcesﬂﬁﬁéb MaviAR B HafodsNoM@dnTiies and thilBeded B 3043Rs of the

eaches the use of fibres flock-with a high,density
rangs tightioned Hbereint {The asinipyn dengityt ofuPQ Agresfmmm randethe ‘preferred
. SEructi ORs.1zht [We]pl [t f. B0 .-
iR R0 190 TBThE PRARaBE R Yerf il s R, fres are
propngkda opilecordengf magiinun 3 mmbinniengtb utndi s thedkinesst snpmlleathan 10
aot her physical property of the fibre flock, and on
defigfe process for obtaining such fibres. It is at |east

cl Rafe bhafesWidkhiiae rsaingt RENRE Gugm g mullyrar@kh@hiachinent and
is not possible to produce fibres having cqombi nations

gragfth @éhaiinagless algagl semveadnedigliishi andhe likaispeciglly grewth of algae
and BHAGES ARRIhE HAIeh QR B re e AT R g D5ipotance
aclfi¢viod egthrmdidahdaiot es that very thin and short fibres

are proposed, of the order of maximum 1l nmmin | ength

and a thickness smaller than 10 denier. None of
DESRBIRTION OF THE BWdNAGONur -1 i ke coatings fully

reven achnment and, gr owm h. .of rnacl es, _al gae, . -
enhdieilss S BRePv PR Rk prtloficR e PRESRRE o Bhpspia wit
im@bvall gagodnd plopeties okithdud tkquigng pRE i idsamartiale and which

reduced with simlar efficiency as for Hgiﬁance )
(ibrgerpled doteiial Rraseese b iend Saripecensfrpatiaantes seitjng down of

] : odi ments of the invention seek to
au%@%%?§gg%h§¥%re-coated marine material with inproved

antifouling properties, wthout requiring any biocide

materials, and which fibre-coated material protects

t he subnerged marine construction fromsettling down

of all kinds of organisns.




3 It is now found that the efficacy of the
antifouling coating can be inproved by sel ecting

fibres having a thickness of 50 mor nore, preferably

60 pmor nore, a fibre length of at |least 3 nm and
wherein the coating contains piles of fibres having a
density lower than 40 fibreg/ m2. For the sake of

conpari son, a thickness of 60 pm corresponds to
aphriexiowefoahd ti30 thkeaffency Ththesmtiboling rogingr @nate wglrgved by
short_and thick flbresggéeates a surfa

e P Tt e Ickatrs 2 SBErhe moto b o0 Mk ke, a fbre
len 3& at [b%sthnL LKewhéREnmE Q@e{tin? Q@ntﬁi‘ﬁ%ﬂ@s\/ﬁ ARE Ha®Bhg al density
ontrast to the teachings in t art, it is observed
lovidh dtant40eiteéSent i Ko nlessko bl cmpatrr@crh raahm@yew nﬁ@téa@@svrresponds

to g:garﬁég{rjlla%bg ? (il)1 Bgrrl ; %gﬁgtg(in;%tf rglq? geIB rsg%t &8‘91 ﬂélgk ?’bres creates a
surfdcBr@nice &t IRAcNBHatRErREL Y belg RBMhNTedRhthéothd ﬂ@ fur-like fibre-
propertles wherein at |east part of said marin

coangenewRdays apmbiver laopyashite ts teachimen ithe agy jiig Olasewed that the
t
it Jﬁb&fe@%gﬁhgte olb%ﬁﬁﬁ{:rﬁgs%%;ﬁl F%?d Sésollr%') 16 éﬁg%@eﬁ tllesg‘ of
salnda firdmewci of the iheaton,0h@tls pantledchitetnozed thapnd weterial

haviHFg tﬂ{t&%@&ggjaré@aﬁtgﬁ % ?Sre{r%aé 1?2}\%6%%{ ta sreiu Oﬁrfél ebrrﬁgt%rla 1S covered by
pilddr &viited h@wﬁ’%tahﬂﬂ:kﬁ@sé dIr@Védi BY pan, rnaﬁbﬂaeleﬁ@n @fiaflleast 3 mm,
with an anti oulig% | ayer, sajd neth I nvo)l vj

e e g Rasse Bt toE shdh (AR 15 1 IF45S OOF Of 1ok Wherdn said
. A i 2pm a fibre Iength
P 1141 g%%s%a%‘é g&@m*r? g)t“%fggﬂ‘}'élb?ﬁ’z%%?% wherein.the
t h]nczk ne®sd taspdce e memtwnothegfawdprbvﬁﬁfég gthed firepgyiding a

mafji 25y il 2 A i o B ot RSy ARGy prpviding e
maBsP@ateriof with gilésufaTbd sdiivinghahkh@s pf aMedes) ﬁm, a fibre length of
fibre-coated sheet suitable for givi

at Tt Gr P atiashedk GeAcion isop e hsknctiieiDelh T S dpres s a
1ea§t%fm'b' SRSwiRk Qﬂ%ﬁd gﬁ@?@ffﬁ@&%a% L @iSn 9 160 Rm 4088 Gm A~
hi ckhess o a pm a fibre length of at
elaﬂ thd mmpeat oiétbh ad/enhm dhere isyphevidgdna fibrg-coated sheet suitable for

glvglgoigrpa?%ﬁ 01%%%?, %hfi}% né pro?grtlg‘ vﬂ}etéblp & éh%etaéorﬂp?gg's a base

mefBaSArdYpile® WEfibleh Afvid aft}hlbl&esd &R Jeast 50 ;Anpa)ﬁblnerlglgﬂoof at least
exg&Fle enbodi nent of t |nvent|o t her

A R A R gibres is at least
0. Owtah& QpktePsa PIREBRos h%%ei @érﬁltffode?ﬁﬁiﬁ 4pFbles@im?t he

marine material is covered es of fibres having
a AmocckngSQ egimple ¢robmtimay mheamff@n@pe, theregishprevided a fibre-

coaa:g r{g?rfrif' %ﬁaﬂ}aﬁm eﬁgf?““i’,? g)s(ﬁ) m*r%é \%er&b\?{ Ee?tstrlﬁ}(t%f’ilhe marine

matcARt ik fcBWrbdBY pilés GEREs hidvengDd BNEkREdsQIT aofeaatmaamrmﬁbre length
and growt h of aquatic_organisnms from(p ¥

of af frastr etime And whergade Ries & (brahapedy éefﬁltﬁglj%? g 40 fibres/mm”.
' Wltﬂe%ﬁfogﬁn% H{nft RE &V%}fﬁ' St ttaiichért Bb ejow‘{ﬁrbf aquatic
i mportant group animals that is to be pr event ed

orghuiems frém (pettly) emwatcnmfapmh@h el hagha smhvemﬂuence on the

ters, barnacle

surfiS S BN LIRS i B PiR Sl RRihlS s B s rom
bryozoans. The fibre material is also used in :
avoi di ng plants as al gae, seaweed, and spores and
zoospores thereof, fromtaking root on the nmarine
constructi ons. In the context of the invention
"marine material" is intended to conprise materials
related to objects noving in an aqueous nedi um
neeting a resistance of flow due to friction, and
marine constructions, which at |east partially reach
under the surface of water. A non-exhaustive list of
marine materials suitable for fibre coating conprises



WO 2007/ 108679PCT/ NL2007/ 050106 fi bres are conmonly

conposed of pol yester, polyanm de or polyacryl,

i ncl udi ng pol yesters such as pol y(ethyl ene)

t erepht hal ate and pol y(butyl ene) terephthal ate,

pol yam des represented by nylon 6, 11, 12, 66 and

610, but al so polyurethanef,(nndlfled) ponV|nyI

al cohol ), polyal kyl ene such “as ‘pol yepol yet hyl ene or _
setflemhynt &H@h@@yslhehﬁshomchmdmﬁuseds @od ppdtyraebarsett) afdtheslike, and

t her eof e lied., The fibres
araffwswe@sﬁﬁ\?b AN ESDopns i, PRy TR pterial is
alsBfustdf AloRifs PRALI9ARMe t BRSad, TREsfordr 88 Pbgforssalttof, from
. conprise polyethylene and/ or polypropylene or
 takggrobomethe mariee eabtrigiiopgse durability is required,

0 r e

o 1 Pl BT Ay PELHARNY BB, MG é(ﬁﬁﬁ?ﬁ“%%afe“ais
relmﬁtﬁ/e@'fobﬁﬁs rhdr@se inmay alpeeoap pledah twetitpea semsftaxce obffleay due to

narine constructlon Wit hout the requjremept
g o i PR DS e < 5k PR SR g g seffece of

waldr ONB)-e SRNGERL R bT ARENOMakligR Ghitabe: o0 FPRLUREENS mﬁpra@s net,
conventional tin-based, copper-based, zinc-base

ropst thepy, @rkﬁr@mtq rﬁgda@@mrseqummfaﬂ praels 68 S@ﬁbbalil r?@ﬁtport and
t
| ha@ﬁl A gh Qe i V%blale%dq@a?@ afnli%{r?r eesdc?yﬁsrplpe, ‘water

ree 00|de mat S an _
distréttuging @hannel amb dttﬁd dmposhaun rsegp, biveci ldisd apd ppe rand derbour. In a

o AT L PPN b

condir@snk hé&h%%ﬂ@t&rﬂlﬁpbﬂ rigd, AEFEGPoal [Hemothr e@bbdintent, the
percentage (e.g. up to 10% outside these ranges wl|

fibpes recppliethen fhirsnbedks bagysead othen Bealingrapig@ett pr e

The marine material is covered with the fibres of the invention for the greater part
of its surface area, preferably at least 75%, more preferably at least 90%.
All sorts of fibre-forming materials may be used to create a thorn-like surface on

the marine material. Both hydrophilic and hydrophobic polymers can be employed. The
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20 The fibre length is typically between 3 and 30 mm
However, the thickness and | ength cannot be chosen
i ndependently from one another; the conbination of

&bg&ﬁﬂ&grpkness and fibre Iength has to yi el cANIL2607/050106
rel"atively stiff, thorn-like fibre. Hgh fibre
lengths are to be av0|ded as it may result in

\Qtt%én d%he rHJ%QI%].P}f Ekgnéss O Oéul})’es*élﬁ ﬁ&%ﬂ@ a(%rﬁgt)lg%/crl?élr including
h%tﬂyesﬁeﬁo swhoud palyi(éthylend) elegpphihalety @51 @g{y(lﬁéxlénq) hterephthalate,
OV G RSk PHIGENPI G Soin et eh kDo polyursihane
Sebidiliite) pIhRioHr Aot & w@m&namnbh s pasomhetitideeor poly-

SS. ition th
L NS 9t RGP B R GHE T %ﬁs%?’%gf/b%rﬂyphed The

t and f theaboye- d
SRR St S o e
ﬁ ne, or

f .tp].;]es |'ﬁmgtﬂbrasarpretferablah.cemn@sebyp()bféﬁwléﬁ? | YW 26
such as ¢

oi qogolg{rﬁel%s;{heég&g Tn c%ser%u%r%llﬂgqgrr qtugecﬁ %gié%gaspz!é{ng'n?iﬁfeﬁ‘éferably be .

| engiidyveaf the fibres is preferably between 0.010 and

0. 040, no f bl t
.10 e Dol a510 BEISED Dy2TR 8000 Ao oy

Mo N s@kfbe 4 a bEink @bhdruttsont Wﬁhdu@\ﬂ,‘ke tdyeirphémg of biocidal
may becone flexible and result

teriaabarcan WOUBO T FOBBSHET P AU bSGIBIEIons of biosctive
Sy o%dgosﬁnl:ﬁ) Q? R [15§dqtunq{hged’\@\4ﬁ§r-'b§seﬂoz@@—b%éﬁ| @tegher anti-

betatse It ound to give unsatisfactory_ prevention
offoatﬁﬁgamgemenl‘rl fapcbftgrﬂdvmﬁﬁm1@gﬁ@@qemr| {heanaripe mpgrial has a fibre

r nacl . Too |
aver h%lﬁah i ﬁ)’ h% ock er ﬁaﬁergahl% %ﬁv\g ﬁ]teg dg Irhsl%glr%el%j 85%%3?&% of having

|nﬁb&a£ xpeditd ect of the fibres. 5Best results are
o e T Ahe o e TRl ool L5 94562 B, P Bty v
ggr%%édelco ensuﬂ utlali] ?Fk‘;egé;@fckﬂésse"s%ﬁply?ts) aiég%egﬁg% ?ngfﬁﬂm&jpercentage
bY(eIghtﬁJ @OIwhi) Iibatsld:tnh@é ramigbsewillarey dWaatr{"g)m the effectiveness of the fibre.
The fibre length is typically between 3 and 30 mm. However, the thickness and length
cannot be chosen independéntly from one another; the combination of fibre thickness
and fibre length has to vield a relatively stiff, thorn-like fibre. High fibre lengths are to
be avoided, as it may result in swaying motion, and could only be compensated by
| extending the thickness of the fibres. On the other hand, too short a fibre length may
not have the required ‘“thom”-cifeet cither, but result in a smooth surface not
preventing organisms from settling. The other way around applies for the fibre
thickness. In addition, a high fibre length ra;nd/or thickness adds surplus weight and
costs. Preferably the fibre 1ength is less than 20 mm, and optimally, the maximum
length is less than 10 mm. The desired fibre length can be achieved by conventional
means such as cutting.
Tn order to ensure sufficient pile stiffness, the ratio of the thickness to the length
of the fibres is preferably between 0.010 and 0.040, more preferably between 0.012 and
-0.030, most preferably between 0.015 and 0.025, in particular more than 0.016. If the

ratio is too low, the piles may become flexible and result in swaying matter underwater.
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fibre thickness. The invention further relates to a
met hod for providing a marine material wth an
10antifouling top | ayer covered at |east partly by

\%89009/‘163%% of fibres of the invention. These pit/Rs2008Ys0106
e generated by any manufaciuring nmethod known in the

art, and could be applied directly to the marine

erial . S I
L S e

S whiAgRAciosy preasitdedf byyachinestt arsipgsbying capeseallpralgag gnd bﬂrﬂacles

resi stant adhesjve,. for st.an

oy B arns e R N AP SRIEY oy o e e
aqlg}gﬁw@cfrf@y@fthCMge after the sel ect ed fi bres are
el ectrostatically char&ed and bro into

wi th Bee muiesreebipiagel hy BrRNGER ol lfg‘»f(ﬁgff §§; pying fibre
t%%ﬁls‘i‘t'lq%? 0 115 aneiher, ﬁ%ﬁsﬁw@% the xlaﬁgd%ﬂ BS- Blﬁﬁbﬁlg/ﬁﬁn The

as a sheet. Therefore, the i nventio
alastnalrcbhatsecsf fitgesinghvepites dopterrEnad Py dbhepsabinabinh O P%ﬁ‘w’&ﬂgth and
ggfa%g%gs of the 20 invention attached thereto. The -
baSE ¢f" can be made of any kinds of material,

teegt | lﬂ“gl: )gﬁfgﬁtﬁm fuﬂ@c}:r)tﬁlhhy toteenmetkpdlfg&mrmpghhg A@arig matenal W1th an ‘
aper |
eSS e

gﬂgg FiafP e fobRir@d bphhe Bm‘viﬂﬁﬁtuﬁﬁgl gkt Hod k&ubpetc&ﬁdarm anah could be
t weaving or rope nuki ng rocess. The wove abri

mayplicdtrotidy Wbt metng BalEH. RRHCFHEBBASTHYCTPBALS 2r° dckeribed in
EP-A-312.600.

In one embodiment the thorn-like surface is provided By first applying a water-
resistant adhesive, for instance an epoxy or a polyurethane, to the marine material to
form an adhesive layer, where after the selected fibres are electrostatically charged and
brought into contact with the adhesive layer, for instance using spraying techniques.

In another embodiment, the piles may also be applied as a sheet. Therefore, the '
invention also relates to a sheet comprising a base member and the fibres of the
invention attached thereto. The base member can be made ofany kinds of matefiaﬁ, e.g.
polyester, polyethylene, polypropylene, vinyl, textile and paper-like materials.

Alternatively, a yarn could be producéd having piles in the form of Va bundle of
fibres, which yarns could be subjected to a net weaving or rope making process. The
woven fabric may then be applied to the marine construction.

The method of fabrication is adapted to the particular use of the fibres as a
coating, sheet, rope, net or fabric, and can be applied to all water-wetted surfaces. The
coating can be adapted to the dimensions of the expected )fouling patticles and the
expected flow across the underwater surface by adequate choice of its material and
shape. . _ ' " '

Where a 3D object is covered with a thorn-like éurface of the invention, a guiding
sytem, fixing the object in the flocking machine to avoid contact of the object with the
instalation is needed. A first step of providing a layer of adhesive to the object may be
performed by e.g. spraying, dipping or rolling. In order to save adhesive material

case of spraying of netting, wasted adhesive may be collected below the netting. In case



25The nmethod of fabrication is adapted to the
particul ar use of the fibres as a coating, sheet,
rope, net or fabric, and can be applied to all

%tzgg LS ed surfaces. The coating can be adapi®Re2d009050106
é di'nmensi ons of the expecjed fouling particles and

- the expected fl ow across the underwater surface by

10

15

20

adequat.e choice of .iits tal eRA i
it SR Gy B e TR A b BR bR e SRS fnsiance
| Nyseat diofiting. Bitingidngihayjtes mayfbexisady Alve thbjreaoiogyfttheadhesive
fl ocking machine to avoid contact of the object with
th‘@nib%%é?t?dati on is needed. A first step of providing

a | ayey oRiftr RABEST Vi dvenll ARrRi@GkorBych 6t i Esuna sEd 1B yptimisc
e.g. spraying, dipping or rolling. In or d(ﬁr t]c;. salv% d
adhespatentrbangrdrahe Jipfacs hetwsen %r Wgtle&pn i8¢ © }ﬁ@t’ to be covered.
LS | : e PGl oW LRGYNGE bhdhgs distributed
1o B R P LG LTS 48k REBE Brp B SN dL gy e My distribute
di fpkpg{homariepmvistd eht aljer, Wierasitir d Tk dppg shewis is achieved
layer formati.on,. for instance usin I f-].ettlng. :
F Ok R R 10 By P o b ae? ATl He e bRl yplocity and
t hpuedhgst i@ a8 heis adhsiddred to ba witlderthe skéledi gvengnambit to

evenly distributed thorn-layer, it is found useful to
opeionisg the gl ¢RI0RIES-al -and/ or the di stance between

the fhow,outlel @NELRE ORPEGThE ahdis Goverae. sufhe is vertically
thorns may al so be applied inh two steps: first a | ow

demsitibyedbutiscevibalopjadi snayi butospsitplscrhaggedt |et Aecesgrily of same
provided to. the-object L&{cq@ nore dense
co@%‘f'hétﬁgmigglmgghgee%edg&v&h? \éﬁgétgfjg{?t ]i%%I flocking steps.

Every Isteg dfayiedhayeani sisflowroropséarad (sreluatsidt o eppgsiicly charged)

UL RLEES B 07 b T SRBBLOPRT BTt o
CQfpHilddqRsn both sides simultaneously. '

The marine material may be rcoloured, in order to minimise photosynthesis-
supported growth of algae. The preventive effect of the thorn-like surface may further
be enhanced by selecting pigments in the fibre-layer which scarcely absorb the light in
the region of wave length suitable for photosynthesis of algae tending to attach in the
water where the material is used. Ultraviélet ray absorbents may also be applied to
'prevent degradation caused by ultraviolet radiation and/or to improve durability of the
fibre-coated material, If desired the fibre stiffness may be increased by using additives .

(e.g. nanostructured particles).
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It may further be helpful to apply the thorns while
the surface is vertically positioned. Al so, the
object may be appositely charged, not necessarily of

vﬁ?ﬂﬁw%ﬂ%@'Ute magni tude. General ly, the obj eg¢r/NB2007/050106

gr ounded In case of neshes, an airflow, or a
second (grounded or oppositely charged) 15 object
b%?yﬁgg% mesh may be applied to inprove the pass

e thorns may be provided fromboth sides
s PNl pabolfslicm’ were cPhigd meith hernyatsingi savaienyeskant polyurethane
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further be enhanced by sel ecti,ng
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I 6GARr @b YRURLIENOER BUEtRRE weas e;ﬁl@@idoﬁsy‘ﬂélh esli sna@fials with -
al gae tending to attach in the water where th

mdeseribes) thpeys geperdnedUireey efvpwling: Prugls ik Ee%flke%lwnéﬁ%ed 2.0.
egradation caused by

ulgﬁ%@kk 9b&8&5%§¥ﬁo a'gnd/or to inprove durability of

the fibre-coated material. If desired the fibre

SE%%@Q&%@Fﬁﬁﬁgggﬁﬂﬁﬁﬁfngd by using additives (e.qg.

2097 JARRTARATMNLZEQ Toka ]S)Qﬂl thofXAVRIgEa ayaeveespmme Ipslyurethane
30x20cn? were coated wi.th thorns
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d lufxcf Shi Fhléléﬁ@%@s 2% hﬁg&ﬂﬁl amﬁt}f)(ﬁf Mhdﬁﬁﬂ’hﬂé Ele@tﬁ&ta!ﬁ@ flocking '

t hi cknesses >6 density of
t IW@s n@drfmzthe Epplvatens eefter éurmgo(tfléh%@lumdbe BV@@&GIF iere grgosed to
agé?al\a}a&:gforo g r'{%]}tﬁsr A 51'1 w&tg Qérﬂ)%d tﬁ @Mﬁe(p %ﬁ{ Paussels,
re exposed seamate nmont hs. a|n
pbﬂﬂhﬂaM&ﬂehﬁmposed as mell naterLaIs MAth
descri bed thorns remai ned. free of fouling. Panels
w t hout described thorns fouled, a.o. with nussels,

bainaeAreriendaAg@eE 110 COVPARATI VE EXAMPLE | PVC
panel s 30x20cn2 were coated with t

usi t
r &3 larggreseauhypaiet Agsd gy the Iétgltsg%gor gstlglgs.}lag gIgsrée:iva pree:“[ented at
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Fouling coverage after some time reached up to 100% with hard fouling (e.g.
barnacles) reaching up to 70% coverage, showing that thin fibres which exhibit a

“swaying” motion are not effective against fouling.

- EXAMPLE 2
Flexible knotless netting with hexagonal mesh and sample size 20};2{)(:1{112 made of
Nylon and Dyneema,-and a sample 20x20cm” of stiff netting material with square
meshes, made of PVC, were coated with thorns using a water resistant polyurethane
glue as adhesive and thorns made of polyamide (Iengths > 3 mm, thicknesses > 60 pm)
with a density of 20 thorns/mm”. Electrostatic flocking was used for the application.
After curing of the adhesive, the netting samples were exposed to seawater for 8

months, together with reference netting samples without the described thorns. All



15seawater for 10 nonths. Al materials with
descri bed thorns fouled, with nussels, barnacles and
algae COVPARLTI VE EXAMPLE Il In a large research
“8?‘ unded by the Deutsche Bundessti ft unger/nL2007/050106
r nwe t, presented at 20 the International Synposium.
on Bi ocide-free Antifouling Coatings Perfornmance,
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up e SO0 W hard foul ing (e.g. barnacl es)
reaching up to 70% coverage, showing that thin fibres
whi ch exhibit a 25"swayi ng" notion are not effective
agai nst. fouling. EXAMPLE 2 Fl exi bl e knotl ess netting
wi t h hexagonal nesh and sanpl e size 20x20cn2 nmade of
Nyl on and Dyneenm, and a sanple 20x20cnR of stiff
netting material w-th square 30 neshes, made of PVC,
were coated with thorns using a water resistant
pol yur et hane gl ue as adhesive and thorns nmade of
pol yam de (lengths > 3 mm thicknesses > 60 gm wth
a density of 20 thorns/m® Electrostatic flocking was
used for the application. After curing of the
adhesi ve, the netting sanples were exposed to
seawater for 8 nonths, together with reference
netting sanples w thout the described thorns. Al
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thorns remai ned free of fouling, whereas the

reference netting material fouled with soil fouling

#yblggﬂﬂlow hydr ozoans and asci di ans and w t leclangoo7/050106
ouling I't ke nussel s and bapnacles. WO

2007/ 108679PCT/ NL2007/ 050106 9 CLAIMS 1. A

fiby gng@ated marine material having antifouling
properties, wherein at |east part of said nmarine
naterial Is covered by piles of fibres having a

ngss of l.east . 50 N
| oh & BhtefpRE T2 R inehubilis pERSEs Bhehlin o cast pr
sai dof daht @sridesnabridl ¢asdved 03 @jlesarfdibnds aaangl a glaclaiepi dfesleast 50
of fibres _have a density |ower_ than 40.fibres/

The RMbrdihsolnad ShdtiFs! Aamr Wa?felaé’éﬁ‘o%bﬁlﬁ‘}a“ﬁ% 1% ??flo of said
1 Wﬂﬁlre lshhe $8LH. ¢ ol m&@rem%&l@%wﬁﬁfﬁb?&@ handa d&QithicRker than 40
br e- coated marine material according to

clalﬁb&yhmlz wherei n sai d length is between 3 and 10

mm 4. The fibre-coated narine material according to

any one of clainms 1-3, wherein the ' -
t M. ChRe Sisret @afe ngireraiiteal olccading t6 chived, nielvat wed thickness is
0.015 and 0.025. 5. The fibre-coated marine nateri al
accoPdray ThnddyOdse of clainms 1-4, wherein the
fibres are of optionally nodified polyalkyl ene. 6.

The fibre-coated marine material according to any one
of3.clh¢ fisreToBied wheine inmigvkil @Woecb%mqifaﬂnl lyorf 3, gghegsfinl said length is

" OB, PR

4, The fibre-coated man'ne material according to any one of claims 1-3, wherein the

thickness-to-length ratio of said fibres is between 0.015 and 0.025.

5. The fibre-coated marine material according to any one of claims 1-4, wherem the

fibres are of optionally modified polyalkylene.

6. The fibre-coated marine material according to any one of claims 1-5, wherein

which essentially free of bioactive agents.

7. The fibre-coated marine material according to any one of claims 1-5, to which a

bioactive agent is applied.

8 A méthod for providiﬁg a marine material with an antifouling top layer, said
method involving providing the marine matenal with plles of fibres having a
thmk_ness of at least 50 pm, a fibre length of at least 3 mm attached thereto, wherein
{he thickness-to-length ratio of said fibres is at least 0.010, and wherein said piles of

fibres have a density lower than 40 fibres/mm”,



7. The fibre-coated marine material according to any

one of clains 1-5, to which a bioactive agent is

applied. 8 A nmethod for providing a marine materi al
%%EQWQ&M%ptlfoullng top | ayer, said nmethod i p¢@Nthagnso106
providing the marine materijal with piles of fibres

havi ng a thickness of at least 501.tm a fibre length

0fg aly, | 8504 3 ﬂ&%&%@eﬁ&% tw{ﬁ%reﬁ{ @Wat\@ﬁ%&@ﬂaﬂt ddR&sive is first applied
th ckness-to-1 atio of said bres is at | east

0.01@, ssaandnananemterwsapofopnlmacﬁtsw aﬂyes Wegre agfer said fibres are

ggg%ﬂt E‘Erg 04 g {n?%c%&%:hwﬁ %1% g(éheswe layer.

accordlng to cIa|n18 wherein a water-resistant

adhesive is first applied to . said nmarine
f oklralibragpriad vl %}E‘Pie it meG gty Bt ropertis,
el eckﬁ%%nastafélcsﬂla& 360191?@§£ %doa%@leﬁ'b%mpﬂbﬁ bOfisGeNhaedg a thickness
sai hesive [ayer. .- A fibre-coated sheet
sui tabhteleis:bﬁomm,l an@ib@ hagthmf ardeast P anm aierlicdupernlg, wherein the
DFOD heet.
DB PEL R TP VG SR D, D PR i ptes o
: I eastib@Phfk R dedsifyi %€ thargt ﬁbretf/mat“ | east 3 mm
attached thereto, wherein the thickness-to-Iength
ratio of said fibres is at least 0.010, and wherein
lde?é hifs- cinte({ bﬂ%@l@ﬁ:c&@ﬁﬁ% 18 cRi8R S 0 L Whdr@ivesid bh@mdber is made of
fibres/ mi. fi br e- coat ed sheet according to
clalwﬁnhﬁpwbamepmwﬁamh base nenber is made of a.foi
of polynerlc mat eri al .



