FOULI NG RELEASE NEW BUI LDI NG COATI NG PROCESS The
present invention relates to a novel fouling rel ease
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coating process for use on underwater structures such
as ship's hulls which may becorme foul ed by aquatic
organi sns. The presence of fouling on subnerged
structures can | ead a reduction i
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underwat er equi pnent or reduced speed and i ncreased
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marine coatings, the highly successful self-polishing
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pol yners, has now been banned by | egislation.

Accordingly, marine coatings chem sts are currently
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Conventional antifouling coatings are primarily composed
of one or more biocides incorporated into a paint matrix.
One such family of marine coatings, the highly successful
self-polishing antifouling coatings based on organotin
(TBT) polymers, has now been banned by legislation.
Accordingly, marine coatings chemists are currently trying
to improve alternative tin-free, self-polishing copolymers
such as silyl or copper acrylates to match the

effectiveness of TBT polymers.

Further legislation to curb the detrimental environmental
effects caused by biocidal antifoulants has also led to
the development of alternative coating systems. A common
property of all fouling organisms is the capacity for
adhesion to the substrate, and an alternative to the use
of Dbiocides is to wuse physical surface phenomena to
disrupt the adhesion process. Low surface free energy

materials based on silicone elastomers provide a possible
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possi bl esol uti on and are now i ncreasingly used as

fouling resistant coatings. Low surface free energy
coatings are potentially nontoXic, nonpolluting

coatings that resist adhesion of foullng or gani sns and
afeleds9"t o28Fear®Td n R Héor yCrRESENAdHNLtSHy as fouling

tﬁé£§§§§n@rgﬁggin%§ullng attachnment or limt it so

it can be renoved by weak forces such as those
due to novenent through water or gentle cleaning.
There is_no dﬁgletion of an% active substance
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foul -rel ease silicone topcoat (herein called "FR
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often specific for certain types of fouling, whereas low
free surface energy coatings provide universal protection

against any kind of attachment.

In practice, the low surface free energy coating system
employs a tough, c¢ross—-linked thermoplastic elastomeric
layer (herein called *“FR tiecoat” or “Fouling Release
tiecoat”) to bond a foul-release silicone topcoat (herein
called “FR topcoat” or *“Fouling Release Topcoat”) to the
underlying anticorrosive layer. The mechanical properties
are imparted by this FR tiecoat layer, while the FR
topcoat provides the foul-release characteristics. Fouling
release topcoat compositions typically include
functionalized silicone polymers, fillers, cross linkers,
proprietary additives and catalysts. Some examples of
patents further describing this technology include US
4,025,693 (International Paint), EP 0521983 (Courtaulds),
US 6,013,754 (Courtaulds) and WO 05/108499 (Hempel)
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exanpl es of patents further describing this technol ogy

i nclude US 4, 025,693 (Internatjonal Paint), EP 0521983
(Courtaulds) , US 6,013,754 (Courtaul ds) and WO

05/ 108499 (Henpel ) Application of siljicon based fouling ,
rePehsed syt efE i fit BuirPdPAg Teuresdr réteaspy sheems 1in
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reluctant to use fouling release in block stage or
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| ndee he properties of siljcones which give rise to._.
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beingr appliyedrsn dediredtoed ,prerael | very deckskawhith reduce
are genera¢l¥.sitUﬁted at a different |ocation. th oth
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and for sailing frombuilding dock to pre-delivery .
dBekr e &M ¢ f odPRAGNPr GtEctdon ¢eahetessary. DRppld cappbed 1n
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using air S spray. wever,’ the system can be

appl kedd byfdrersth abcraliber., mnd-deadidnyy | endg inysefidr ships
to application by a spinning head unit for the

ipwéf%apn Korea” for '1nstarnce might be 1in Dubai. For the
outfitting period and for sailing from building dock to

pre—-delivery dock, antifouling protection is necessary.

Rpplication of the antifouling coating 1s typically
performed using airless spray. However, the system can be
applied by brush or roller, and readily lends itself to
application by a spinning head unit for the internal

surfaces of pipes.

As mentioned above, silicon containing fouling release
coatings have limited tolerance with respect to adhesion.
Most of them adhere only on especially designed coatings
based on a two-component epoxy amine system and therefore
cannot be applied directly on to another (conventional)
antifouling coating. This makes the application of
silicone based fouling release coatings 1in a different

dock than a new building dock rather complicated.
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adhere only on especially designed coatings based on a

t wo- conponent epoxy am ne system and therefore cannot

be applied directly on to another (conventional)
antifouling coating. This makes the application of o
st1i é6fe thased FoutiHys r éPEase EoabtPng@Rh & ditff et eptmited
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addition, coatings can only be applied in a |n1Fed
wndeoiwlef thenpecatweedandcoetlat i veshaandreyult in failures.
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a convention ant ing system prior
departure fromthe New Buil ding dock. The antifouling

coating can.then be later renpved by ultra high .
SPessuFaIRYAPE; ot ng tS 1786 bars) 8r (e efui GaPERRTional

diyt 1 eshni gwe of sabhasiyeohl astd ngidswaephd astidg) the New
pre-delivery dock. After renoval of the antifouling

| Ryetdine appki catlhen agft itfiee ifigdl 9w trigleasa sykeenpbe later
C k ce.. I Wi | ystem i e
CPORSED LEKEPLACS: o BUADLSDIN LIS, SYBf o1 180
ant | fowd ardgu W lohhtcauges tdeehnique of abrasive blasting
(sweepblasting) 1in pre-delivery dock. After removal of
the antifouling layer the application of the fouling

release system can then take place.

A problem with this system is the high pressure required
to remove conventional antifoulants which causes the
underlying anticorrosion (AC) tie-coat layer to be
partially or totally Dblasted 1in addition to  the
antifouling layer. Therefore, the hull surface must be
re—-coated by application of a new AC primer layer.
Furthermore, the Dblasting results 1in higher surface
roughness, potentially leading to increased drag and

higher fuel consumption.

A solution to overcome these problems avoids ultra high
pressure hydrojetting and uses a special link coat that
can be applied on existing conventional antifouling
coatings and ensures subsequent adhesion of the following
fouling release system. The link coat concept may be used

in both New Building and Maintenance & Repair
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re-coated by application of a new AC priner |ayer
Furthernmore, the blasting resu/ts in higher surface
roughness, potentially leading to increased drag and

hi gher fuel consunption. A solution to overcone these
ptiobl Rt Bvof ds TiRe ral hF gfo P eSSUFeP hyHF of BE ¥ # A dRdoecause

u§§sf§c§9§@£@ésléggycgﬁé EQ§E Géﬁvgfsﬁgﬁléfdtﬁg ship from a

exl sting conventional antifouling coatings and ensures
subseguentnatdhesionfofil the foysownngtdoudi ngoweleaserelease

E%?ten] The 1ink coat conc% t be used in botg NEMI .
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| inkoeoataconcept Isaat t sagt invg decauserhyiihagcid i tatesively

easy and fast conversion of the ship froma
coPyenBNGAAIO VAR oeP# g 19y SPRPTEeN a theul $hgPT@l éagel epoxy

sggégpaggbpgggrf%£&§esy§§en1has a maj or drawback as it

i ncor por at es at ast six layers including a
cohesively weak antifouling coat in between two strong

hard epoxy copatings (see fiqure ) . Unfortunately,
BRSPS e S Stbmns adkrecdy FHSFrgur 851 BaRibted in
Sﬂfé@fefIoﬁhﬁe%@EE@%Uﬂybm'H%ﬂﬁﬁﬂdéﬂrﬁ@”%%%%éﬁﬁkéﬁr@émages
defects in the sandwi ched antifouling layer or on the

i wh@r pakerofictieetisi Nk colag arddanthfdulantg floayemg layer or
caus by. sol v evaporati n r r Qught -about
b@ysﬁgienklégceero%%{%eg%vg% yilﬁglﬁai %ﬁgéog?a %&gh%l%&n%q\%j, layer
theused by solvent evaporation and stress brought about by
shrinkage of the overlying 1link coat. Additionally, the
hydrophilic antifouling layer will absorb water from
overlying 1layers (osmosis) even further weakening the

coating layer.

Therefore, the solution to the wuse of silicone based
fouling release systems has initially been to remove the
conventional antifouling layer but this leads to
additional expense in ultra high pressure hydrojetting (>
1750 bars) or sweep blasting (abrasive blasting) followed
by re-priming to reduce hull roughness and secure
sufficient anti-corrosive properties. This expense can be
avoided by direct use of a link coat on the conventional
antifouling layer but this introduces a weak layer into

the coating system.

It is one object of the present invention to solve these

problems.
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silicone based fouling release systens has initially

been to renove the conventionQJ antifouling | ayer but

this leads to additional expense in ultra high

pressure hydrojetting (> 1750 bars) or sweep blasting
(%&ﬁ%@@%@gbﬁéétF%%)HﬁﬂQ%delBVeFElﬁﬁlﬁhﬁf%ol?e@ﬁﬁylded a
Nillno@uginess Ang secutsssuliLci 88k BRLLIGOM OShye s hull,
properties. This expense can be avoi ded by direct ‘use
ofocmptisnkngodlte ont¢ihe ecbnventi onal antlfoullng | ayer

but this tntroduces a weak layer intp the coa

systeht) 1t7} s onéFbjedt? ot t ?5;ﬁ%%%n?o?%%%hY?ogo?B to the

sol ve t hese pr Ob|5ﬁ{ﬁag%CQ5}_r dimg duprdihedaresent

invention there is provided a nethod of coating a
substrate(lbWefeﬁ%&ﬂ%PQ?Lﬂﬁ p'a®PRNING compiPsngiphermediate
steps of :- (a) .@gplyl I mer nt i rr _
coat to the surf ce thegga’gstratte81 (f% e ?§3ﬁ§F| anti
appl yi ng further daxtrersiedi atotprd (er; Coat(s) to the

prinmer._anticorrosive coat a( appl
Penpolaty ant | f odiHirg Sht ot ¢ THE BTGP EGAP b4 ipacoat  to
preferably, in theargapirtbeasybstieate helewdhe, in the

wat er
area of the substrate Dbelow the water

line, in use;

(c) exposing the antifouling coat to water;

(d) removing the antifouling coat (b) by water
washing to expose primer coat(s) (a);

(e) applying directly onto exposed primer
coat (s) (a) from step (d) a topcoat
system.

Typically, the topcoat system 1s a fouling release
system, preferably consisting of,
(1) an optional underlying primer coat;
(i1) an 1intermediate silicone tie coat
applied over and to the primer coat
(e) (1) or applied directly over and

to the said at 1least part of the

exposed surface of primer coat(s) (a);
and
(iii) a silicone fouling release finish coat

applied over and to the intermediate

silicone tie—-coat (e) (ii).



line, in use; (c) exposing the antifouling coat to
water; (d) renoving the antifouling coat (b) by water
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directly onto exposed priner coat(s) (a) fromstep (d)
a topcoat system Typically, the topcoat systemis a
fouling release system preferably consisting of, (i)
an optional underlying primer coat; (ii) an ,
i AeerReli afBesiHOREOTE 1965 WAt CappPiléd SREIPTAE toF t Rensist
POt MIn £08% (RDrbi)oDicAPRIHRA dEECLLYCOYET AMh{Qs silyl
the sald at | east part of the exposed surface of
prenelaceati{aded aypelandebilishiagsi topomet § ouli ngpoxy based
rel ease fi n'g%g coat a ied over and to

[

I t
i NPRT RRUF at 1ot i 8Yeoat (&Y (?Cfrjs.%hge%r,onteheor more

tepgoat ogysiem gancalss0 ORPEFSEE Ol 0e@NSIgSte @hip & Dfns  but
nore other types of topcoat such as silyl acrylate
baged Berf ngekisshirig vt optoatst oPf epoky1BaSedBGFcoer sit may
T 0 y a NSES ts of
(neSaRG o &) T1eEnt Rba hg" cOMOST 1 GRe buT - naed

not necessarily consist of nultiple coats ie it my

cons%st of a shggl e _coat of a si ngleg %(%Tposnl on.

Preferably, t water washing s 1s carried out in
such a manner that the underlying primer coat(s) (a)
remain substantially intact 1e. its average surface

roughness is not substantially increased, for instance not
increased by 50% and/or it 1is not removed or partially

removed from the substrate or underlying primer coat.

Preferably, the temporary antifoulant is selected and
applied so that it may be removable by water washing at a
pressure of < 17,000psi, more preferably, <10,000psi, at
least after exposure step c) but is not completely removed

in the exposure step itself.

Preferably, when the temporary antifouling layer b) i1is a
self polishing antifoulant, the erosion rate in water,
preferably, sea water, and the initial coating thickness
are selected to be suitable to protect the substrate
during the outfitting period and during transportation to
pre—-delivery  dock. Typically, less than 60%, more
typically less than 50% of the original coating thickness

will be present on delivery to pre-delivery dock.

Typical erosion rates 1in sea water are greater than 1
microns/month, more preferably, greater than 2

microns/month, most preferably, greater than 5



Preferably, the water washing step (d) is carried out
in such a manner that the underlying prinmer coat(s)
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surface roughness is not substantially increased, for
i nstance not increased by 50%and/or it is not renoved
or partially removed fromthe substrate or underlying
pri mer coat Preferably, the tenporary antifoulant is
§é}%%@%% %ﬁﬂﬁj&ppIW@§r§o tdattfeu bePrlerd#asl e e used,

Wt h&@sgéﬂﬁ %%l@s%ﬁ?§§Q£? Q$t< %KeQO%E%’séﬂgéEed to have

preferably, Opsi,” at |east aftér exposure step C

) stolif 1 ¢ semot aunqﬂanﬂqg'renmuadtwn fhe exposunefsttepng and
self. Prefe he te ar antlfoullng

ey T e P Teht e ST P OSRES the. er asi on

rate in water, preferably, sea water, and the initia

coating thickness are sel ected to be suitable to

p%%t@@glﬂﬁ@rsﬁb§tﬁ@ﬁéf@wﬂﬂmﬁtqﬁﬁﬁnﬂﬁ|@¥¢?@F%@#Yo@aﬁﬁ€le of

or [ t I y I r
?%%%Q hgﬁggﬁ% éé#eg)yﬁ%%é%?y%ﬁggggéﬁéﬂﬁgg%?gf%lﬁg £¥essu ©
owa@@matleaathggothMQQMe$&eMddrdxw¢U@5emleamlm@layedyflned

re dellver doc Typical erosion rates i.n sea

FEire Greniehohan $im o7 oRePAbEN Cope Re ashed off
piﬁf@é@@&wlvéf@@t%%dﬂﬁﬂkﬁ%dn§f0@§bﬂgﬂkg,JHPS&: which may,
preferably, greater than 5m crons/nonth. Were

antPioul ing biasti déstacenused? whetherensel 1 -polishisng  The
g%¥§$o %E§¥% {ﬁvﬁfbﬁg_ tﬁﬁ;%??ﬁ% Lﬁgl&agﬂ%ransport of the
tslansport at isem,t apre- deffa6@ytdaokapebho®hich may take up
to several weeks but it will also typically include the
outfitting period which may typically be up to one year.
Accordingly, the antifouling coat is capable of
antifouling activity during sea water exposure for up to 1
yvear followed by relocation to the pre-delivery dock (and
a wailting period at the pre-delivery dock) prior to its
removal by water washing. Accordingly, although the
antifouling coat is capable of removal by water washing,
the coating should Dbe sufficiently thick to meet

application requirements during the outfitting period and

transport to pre-delivery dock.

Preferably, 1in step a(i) the primer coat 1is an epoxy
primer coat. Preferably, prior to step (b) an intermediate
epoxy coat (a)(ii) 1s applied over the primer coat,
preferably, over an epoxy primer coat. Preferably, the
primer and the optional intermediate coat is applied over
the complete outside hull, both the boat topside area and
the vertical side and flat bottom underwater area of the

ship’s hull. Advantageously, the intermediate primer coat
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of being washed off by water washing such as | ow
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cl eaning as defined herein. Preferably, it is capable
of being washed off irrespectiyve of the period of

exposure in (c) which may, typically, vary between 1-2
days and 1-2 years. The exposure step c% Wil | , ,
typF calry dheduerRITY ardpdre e Pﬁér§ﬁ?%? vPa Readnfefgquling

diiierent, | ocatd on; whi ghspay &x@&%o%%atbqesev ral WeekSitional

but 1t wll also typically include the outfitting
penti odowhd shveray ltaypircal | ytheiaplip, onepear. anticorrosive

Aﬁcordinglyé %he antifguling coat is cagable g% 1
ahty 7ot | ng” B 7% t yPal¥ P hG- @A Wat er S8Xposufe™Fbr upsvera
tRedr ypasntob | angh Wy o ekecatiyon @i 4 heoPr exslald vemy:  water
dock (and a waiting period at the pre-delivery dock)

pti®f-to it sAFeppvandby. wat ertaasadngte Accépdrngl ¢(11)  1is
apt.i LNng .caoat_ | p e of rﬁg?v
3%%€?P%£%%?ﬁ ,Q%Eggg%gt%ﬁgqg o% %&%eéghf %gfe t fﬂ! 2 step
thbck to nmeet application requirenents during the
outfitting period and transport to pre-delivery dock.

Preferably, in step a(i) the primer coat is an epoxy

PripBEa coal . Rref erabbysupei ofstled, st ep) (b)irdbrporates  the
i nternedi ate epoxy coat (a) (ii) is applied over the

priektcbay, Derélghabbysnover a@ecepbryappi merd coapnsporting
A e
t he) boal . t ogsipdeadrigg aittk exposure step between steps (b)
and (d) lasts 1in excess of 8 weeks, more typically, in
excess of 12 weeks, most typically, in excess of 16 weeks.
For shorter outfitting periods, it is not yet economically

interesting to apply a temporary AF coat.

The uneroded antifouling coat (b) can be removed in step
(d) by high or low pressure water washing. Suitable water
washing technigques include
1. High Pressure Water Jetting (HP WJ) : Cleaning
performed at pressures from 70 to 170 MPa (10,000 to
25,000 psi)
2. Ultrahigh Pressure Water Jetting (UHP WJ): Cleaning
performed at pressures above 170 MPa (250,000 psi)
3. Low and High Pressure Water Cleaning :
(a) Low Pressure Water Cleaning (LP WC) :
Cleaning performed at pressures less than 34
MPa (5,000 psi)
(b) High Pressure Water Cleaning (HP WC) :
Cleaning performed at pressures from 34 to 70

MPa (5,000 to 10,000 psi)



the vertical side and flat bottom underwater area of
the ship's hull. Advantageously, the internedi ate
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antifouling coat (b) and is al so overcoat abl e by
conventional anticorrosive laygrs, typically, epoxy
anticorrosive |ayers, and/or polyurethanes, even after
several weeks/ nonths exposure to UV radi ati on above
the water line. Accordingly, internmediate coat a(ii)

'?yﬁf‘é%if;‘ﬂ' ard SP%QQEQ e a (Rl Lo f?ﬁt 1P rEGuires
step (Db) Typi cal | the exposure step %
i meoepopat esut he bUWértthﬂg bérD@d, mveatpabfseably, 10,000

trials and trans ortln t he,shi feren

| Bt5t § o Por “ApRITIRAR | OF DR 2rERs T LTe] | TRyt cafdly, and/ox
t hie) @%@@@ure step between steps (b) and (d) | asts |n

excess of 8 weeks, nore typically, in excess of 12

weeks, nost typlcally, in excess of 16 weeks. For

.Spf)éfgfa}g%%flttHenQWQ%EEO%aSBED%/ E'J_“:%époy% ) Economi ¢ &eegi out

interesti to a a tenporar The unero
am$im@ulMngmoatp(éSSwm%ﬂ béowemovedham stiép00d) hysi, more
[ essur e wat Sui t abl e

et n B niGhat Entnude B i SrealopEelBidily, Lower

Jehdh ngo O bP @4) n GLaning Lper E?ﬂ&%%ﬁﬂed”ﬁ@@@é@ﬁeffgﬂ1thls
70 to 170 NB (10,000 to 25, 00 2 . Utrahigh
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pressures above 170 MPa (250, 000 psi)

Preferably, the water pressure 1in this step is at least

about 2000 psi, more preferably at least about 3000 psi.

Generic Terms: the terms hydroblasting, hydrojetting, and
water Jjetting describe the process in which pressurized
water is directed through a nozzle to impact a surface.
For purposes of this application, hydroblasting,
hydrojetting, and water jetting essentially mean the same
thing. However, it is noted that the term hydroblasting is
used elsewhere to describe cleaning methods that range
from low pressure water cleaning to ultrahigh pressure

water jetting.

The thickness of the temporary antifouling coat should be
chosen so as to protect the hull during all the outfitting
period and prior to its removal. On the other hand, it

should not be too thick because this may delay removal.

As an alternative to using an antifouling tie-coat to
prevent delamination of the initial antifouling coat, the

inventors have solved the associated problems counter-—



3 . Low and Hi gh Pressure Water Cleaning : (a) Low
Pressure Water Cleaning (LP WC) : d eani ng perforned
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Pressure Water Cleaning (HP WC) : C eani ng perforned

at pressures from34 to 70 MPa, (5,000 to 10, 000
psi)Typically, the process of %his i nvention only

requires water pressures |lower than 17,000, nore ,
p%%¥%%%bY%lY1@YO@BP6§F“93@H1%ﬂ%Q%ﬁkHQQQ&ﬁﬁﬁ%&ﬁ% coat which

d?é'xl?&é’hé}ﬁlé }(a@l@ﬁ%?ésé@ea&?&‘!@r wgéﬁﬁﬁﬁaghﬁ EE@ionally,

wat er washi ng step is carried out using wat
pm@sswr@i@bmero$han ﬂat@OOdpsecthprenpteferabhmerlomet By

t han 10, 000, ps nost._preferably, lower tha

W R TRIER oy, 5POPQirBY prbgou &7For Bnt Sl LTS | coat
350001 ©50Q, pshe k@bwhn%kﬁ%&ﬁn%ﬂ%%ﬁ”pré%ﬁbﬁ§|@f subsequent
Preferably, the water pressure in this step is at

| @2&ES alfgit 20009p8i , 2fdr & plénsrabpy dieteast absut initial
3000; pSiy o fEneLhg Terms: Lhe Lerms hydr %&H@Stié‘g’ no longer

hydro jetting, and water jetting descri t he process
|req@1m@jpressmnﬂzeduwahem i s tdier ectreckritvoUgh aolution is
nozz| e f ifpact a syrface. For urposes of this

dh, Y

HG1 LGt BT T hyAPOBFAStflg. FRARAF] ot ting, "Ed wegrust  of

Jﬁ%éé@ﬁc@ssﬁﬂtlﬁbEXngeaEmh%% S&m%HHHIKh Howevegirdbted to
is noted that the term hydroblasting is used el sewhere

tior deser { be cqi%h@mh@am@hod@n@hatw apgevidem Feweonents in
P£§§§¥£e W%E%% Ch??fingagglgktrQ@@éﬁhégé%%iyresuch as the

overcoating of antifoulants.

To solve the problem in such a unique way by full removal
of the initial anti-fouling coat at lower pressure 1is both
counter—-intuitive and commercially advantageous by
avoiding the need for special link coats and tie coats for
the initial antifoulant and by avoiding the primer re-
coating required after prolonged ultra high pressure water
washing and the consegquent damage to the primer layer,
resulting in higher hull roughness and higher fuel
cost:fouling release 1s more efficient on smooth hulls.
In addition, the fundamental problem of delamination of
overcoats, above the initial antifouling coat,
delamination of the initial antifouling coat itself from
the primer substrate and mechanical damages inflicted by
harbour fenders 1is thereby avoided whilst providing a
stronger primer substrate for the fouling release system.
Accordingly, in step (d) the term removing should
preferably be taken to mean complete removal of the
antifouling coat (b) prior to the application of the

fouling release system directly to the layer, preferably



water jetting. The thickness of the tenporary
antifouling coat should be chosen so as to protect the
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renoval . On the other hand, it should not be too thick
because this may delay removal., As an alternative to

using an antifouling tie-coat %o prevent del am nati on

of the initial antifouling coat, the inventors have

s¥ ved ERE tas s BB Wt obl 8RBT counteiiTAING vetlye by initial

ag@#yfgglgg initial antifouling coat which is washable
by

ow pressure water washing and, optionally, has a
high erosion rate, directly on to a priner coat. By

quently renpoving,t nitial antifaouling coat
Ly e R oA CaLP g | Gor obiBns bf S2bable o
&ﬁ@%@@l coatisiar eepyoédedyandoa |ldmkhegat ﬂl&ié@ﬁﬁe water

the initial antifoulant and the silicone tie-coat is
ne2 $ohger 1Pecui FedsoBePlE fuimchefrathe PApérrePly at least

ﬁ(‘)ﬂrﬂi/ S RAfdd C Lﬂ%%%é&sﬁ&‘w“§£”91Q8%%“3%0t0919/1‘5@{19 most

rust o ‘research in marine paint technology is
dpr@ﬁéeﬂblp pt eVeastnysSdendmmat j opraferslolprovide a single
one % é|n alnts which will assist overcoatin
h

s%ﬂ'c NS E hEOByBF E6AHT fig "6 Santiar® garﬁ%paraﬁdJ%oﬁ;‘gceh as the

t fige PHODEL 89 IFRCSUGR 22 7URI QYR Ways Dy {h@|pf§§§M§ésoalsclosed
the initial anti-fouling coat at |lower pressure is

betreEdunter-intuitive and conmerci al |y advant ageous

by avoi ding the need for special link coats and tie

coats for the initial antifoul ant and by avoi ding the
psuhesbreceattiifigpuling coat compositions (b) according to

the invention may be selected from those skilled in the
art which are water washable. Examples include fast-
polishing conventional antifouling coatings or high-

activity biocide-release coatings.

The low pressure water washing could include one or more
additives in the water suitable to assist the removal of
the antifouling coat. For instance, removal of calcium
alginate based coatings can be assisted by EDTA. Such
calcium alginate coatings can be made in a facile manner
by mixing a sodium alginate solution with a calcium salt
(example CaCl,) gelling agent. The solution can then be
coated to form a film. The calcium chelates the
carboxylate groups 1in the alginate chains and thereby
cross—-links the alginate. Calcium alginate is a tough,
flexible coating when dried but if the coating is exposed
to a strong calcium chelator, the calcium dependent cross-
links are broken and the coating disintegrates. Suitable
additives in the low pressure water washing solution for

calcium alginate based films are sodium citrate and EDTA.



required after prolonged ultra high pressure water
washi ng and the consequent danage to the priner |ayer,
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costifouling release is nore efficient on snooth
hulls. In addition, the fundaggntal pr obl em of

del am nati on of overcoats, above the initia
antifouling coat, delam nation of the initia
antifouling coat itself fromthe prinmer substrate and

”F&h@9h§absﬁ%ﬁﬁge%é'Hddéﬁé%&é&h§aiéoyﬁcfﬁﬁge£§1hér silicon

t hereby avoi ded”whil st providing a stronger priner
Substcate foO) ahedhﬁﬂﬁlgﬁve¢@@seo£y$hemFRNﬂthngbyt this

in ste d) t e enmovi ng shoul d refer be

B eRe Lo CREER GG Bl e TonBURr - ORCehe Wikt 11 A THE cbhe coat
(&An prkoragwl tdie appkieayi ontdf the tewlisag @ﬁkﬁﬁﬁe coat (s)
systemdirectly to the layer, preferablyan intact
cont i nuous |ayer, underlying the initial antifouling

coat. Preferably, the antifouling coat (b) is capable

of conpletely being renoved by | ow or high pressure
mBmethma$hbm@dU1ﬁnv&nﬁinnﬂﬂthéiHErmramatrﬂﬁﬁxﬂaﬁﬁy a coat
at | eas On2/ hour, nore pref

at | east .
{00REY Fout - CRoStopPer Pt y k. LA et oo Fggically, each

Pﬁﬁiﬁéﬁbk& 4SlcRg =& SAMokosy apdandr| aw pressuy e1 et €5, cach
washi ng apparatus such as the Therm 1165 from Kranzl e’

ahdrupdiler thecpredsates B se¢bsedonereiid . 1Sdit Abvers each
anti | i cp i ons, (b), ording to the

|nvé% #ongﬁ%y e sé$2§§éE $0n1 Q%gséilled in the

The total dry film thickness of the antifouling coat (b)
immediately after application is typically 20-500pm, more
typically 30-400pm, most typically 40-300pm.

The substrate to be coated in the method of the invention
is preferably a ship’s hull but the method of the
invention may also be applied to other transportable

underwater structures such as oil rig platforms.

Typically, the antifouling coat will be exposed to sea-
water in step (c) as ships are rarely transported from an
outfitting dock to a pre-delivery dock exclusively by
fresh water transport such as a lake or river. However, a
fresh water route forming part of the exposure step (c) is

not excluded from the invention.

The primer anti-corrosive coatings and the primer
intermediate coating(s) may be selected from any such
suitable coating material but are most generally based on

two-component epoxy—-amine systems, well known to those



art which are water washabl e. Exanpl es include
fastpolishing conventional antifouling coatings or

WO @haeweyity bioci de-rel ease coatings. The | oRCT/EP2007/061573

10

15

20

25

30

pressure water washing could include one or nore
additives in the water suitable to assist the renoval
of the antifouling coat. For instance, renoval of
cal cium al gi nat e based coati ngs can be assisted by

EDTAL LShchiBal &ihem atiginat @ €oafiPiigs CETHE waca%S%lkaed in
f@%'ﬁaf@n@efbb&m XPPQt@c‘FPQé U%%E%fg %e S?hH&'af’H@ntﬁ of

a calciumsalt (exanple I ng agent
s©m@m1@mryamndh@nmpescbabeﬂ tBetonmliagfi PoblThbeing Company,

[ t he carboxylate groups in the
E%?%r% af%ggéhd thereby cross-links the al ginate.
CaIC|un1aIg|nate is a tough, flexible coating when

dried but if the coating is exposed to a strong
caPet Ly chePat ort 1pheoéareVumiddgendet B¥dBsCiiinkg carried

age b, k%?d%gﬁﬁéh%g%% LG I SR ALES., Syl t ?Ph?h roller

addltl es I'n ressure water was |ng solutioh
for calraiyum abgichatye @@gbdciti@m arfe sndlummnmérau@yers is

and EDTA. It wil | suaII vant ageous to includ
primet<<i 19%on ‘”H Ydbat (|u)saigeth§l?‘]erstm58§tva F‘%Eer the

FER syst@mbubt 1 hhsahs PRE €s8€RYi aheANdnhPeSPABNCASRSd. The
the silicone tie coat can be applied directly onto the

exposed piifetscosnesplia) 30 |Hnrtq¢@8prte?se81th©m%nt Poring is
t eené]?éf}rfgggfléggégg%"u?l_ygﬁcgqi%hnda%f;cvte&néé%%ﬁ%es Spd drying

re a pri nmer
aniepoky @ehearesl AC fsoi-3 tayes shoeach

The total dry film thickness of the primer anti-corrosive
coat (a) (i) 1s typically 30-500upm, more typically 40-
400um, most typically 50-200um. Intermediate primer
coat(s) (a) (ii) may be 30-500um, more typically 40-400um,
most typically 50-200um.

Suitable silicone tie coats e(ii)are well known to those
skilled in the art, for example those described in US

4,861,670.

The fouling release system includes a silicone fouling
release finish coat. Typically, this 1is a polysiloxane

based coating such as polydialkyl siloxanes, for example,

polydimethylsiloxane. The polysiloxane based coating may
be a two component or a one component coat. Preferably,
the coating is a two part composition. It may comprise at

least one reactive silicone, at least one condensation

catalyst and at least one crosslinking agent.
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further intermediate priner coat is 1-2 | ayers each
initial antifouling coat is 1-2 layers. The total dry

wo pdososdazckness of the antifouling coat (b) i nPEUERL06T/§61573

after application is typically 20-500mm , nore
typically 30-400mm , nost typagally 40- 300mm . The
substrate to be coated in the nethod of the invention
is preferably a ship's hull but the nethod of the
i fventicos thale afsbibelappld eBred6eher t3#andFortabpee ©f a
upges dal e, SLI HEL IS SUCh as il 0 Al AR,
ypically,” the antifouling coat will be exposed to
Seawat ey 1 argl epl¢xynast gihi psl by eof arled yf ormnsport ed
froman outfitting dock to a pre-delivery dock
exclusively by fresh water transport such as a | ake or
river. Howevgqr, a fresh water route formng part of
t he |exBosur e sf%p (c) is not excluded fromthe
invent?on. The |primer anti-corrosive coatings and the
prigergint grgeqj at estcoating (s) may be selected from
any sufh sui tlalll e coating material but are nost

raﬁ

or a

geng }Jy baged,on two-conponent epoxy-ani ne systens,
wel [ known t g oseskilled in the art, and for exanple
described in .H .Hare' s book "Protective Coatings,
Fundanental s of Chem stry and Conposition"” (Technol ogy
Publ i shi ng Conpany, Pittsburgh 1994) . Coati ng

ag ication of any of the coatings can be carried out
by ordi nary application nmethods such as brush, roller

or spray. Coating application of the priner layers is
wherein each R 1is a hydroxyl radical or

O——Si——(ORM4.4

(R%)a

(II)

each R? independently represents a hydrocarbon or

3 and R*

fluorinated hydrocarbon radical, each R
independently represents a hydrocarbon radical, a is 0 or
1, and m has a wvalue such that the viscosity of said
compound under ambient temperature and pressure conditions
is up to 50,000 centipoise. Examples of hydrocarbon
radicals are Cio0 alkyl, Ceo aryl, Ceoo alkaryl, vinyl,
isopropenyl, allyl, butenyl and Thexenyl. Preferred
examples include phenyl, Ci;_s alkyl and especially methyl.
An example of a fluorinated hydrocarbon radical is 3,3,3-

* and R* is alkyl

trifluoropropyl. Preferably, each R?, R
and more preferably methyl. The Dbiofouling release
coatings may comprise two or more reactive silicones,

differing 1in average molecular weight, which give a
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carried out within a usable tine interval after the
coating solution and the curing agent have been m xed.

wab@ssrkd e tine is generally 3 0 m nutes to 8PC¢IDEPRO7/061573

Drying is generally carried out at ordinary
tenperature, and drying tine é generally from8 to 24
hours. The total dry filmthickness of the priner
anti-corrosive coat (a) (i) is typically 30-500 mm
ot eOLypi AFPYS 4biorobha ﬁ%s@a¥?pP@§PP§aS©529@eﬁnﬁ simple
|ﬁ$§5ﬁg@5§t@oﬁ$ég§{lggat(S) (a) (ii) may be 30-500 mm
, hore typical mm , nost typically 50-200 mm

Sui t abl e S|I|cone tie coats e(ii)are well known to
t ose skilled in the t, for exanple t descri bed

B TTULRRTE 9D, CTha V5t TRy T ol Bide Lyt b s nelTdesto be
au§éfuponeo£oubk@@o&@hgaS%omd@dﬂaﬂyyM cypircal lyg  an  RTV
this is a polysiloxane based coating such as . .
potyelr ki kyl SPEbrBAes, OﬁéﬁléﬁéﬁpléﬂClUde tin, zirconium,
p@iygﬁfaﬁhv'§ha0xgﬁ%mln5%e Jixane baged,6oalingnc1yae
may two conponent or a on conponent coat
Riegbetabt yn theleoattag |slhutmmtpartdmanpostétondlbUtyltln

ri se at one rea JVﬁ%SI|ICOHG at_ | east

nay. co | east
ORe- ot at | ofl ‘CHEAIYSR and BRS | 2Rty Greeconate), 1,3

Cd OS2 b Ab NG 2geNin The reastkvecstiigeaeohstdyef erablyanium
at | east one of a polydial kyl sil oxane, a

p@&@@t%@@@%@lo&%ﬁéab@EYh polyakkyl aryrsphoxanectanoate, and

La_wh
L%glﬁrg% etcgﬁacgrcp}{a%e ealneach Rl g a organic acids

with such metals as lead, iron, cobalt, manganese, zinc,
antimony and Dbismuth may also be used. Preferred

catalysts are the tin and titanium compounds.

Suitable crosslinking agents include trifunctional (T) and
tetrafunctional (Q) silanes. The term "functional" in

this context means the presence of a silicon-oxygen bond.

Suitable crosslinking agents include
methyltrimethoxysilane, methyltriethoxysilane, 2—
cyanocethyltrimethoxysilane, methyltriacetoxysilane,
tetraethyl silicate and tetra-n-propyl silicate.

Preferably, the Q-functional compounds, tetraalkyl

silicates, are used.

Other additives include reinforcing and extending (non-
reinforcing) fillers. Suitable reinforcing fillers are
commercially available in the form of relatively large
aggregated particles typically having an average gize
significantly greater than 300 nanometers (nm). Preferred
fillers are the silica fillers, including fumed silica and

precipitated silica. Those two forms of silica have
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or 1 , and mhas a value such that the viscosity of

sai d conmpound under anbient t erature and pressure
conditions is up to 50,000 centi poi se. Exanples of

hydr ocarbon radicals are G -20 al kyl, C6-20 ary

CBIDPR @t kar@as vitRyIthe sapPessnyPt” &19y425 béfl@ny$ B m/9,

hexenyl.; Preferred exanpl es include phenyl, Cl-4
aI§§$ anﬁves%e0|ally methyl. A n exanple of a

quorlnated hydrocarbon radical is 3, - trif

3,3
L B R AL cosnios

ease teoat ¢ Mysr My COfPFdSIoB WD, OryBBEE 1T eatddtVeng agents
SI i cones, dlfferlqg in average nol ecul ar wei ght,
WhA#X h Q}PQ/e atft et corfgosi t i @rYQ%ﬁcﬂm tsélﬁéP\@éleS such  as

acyans ages, ovey & SLID] £ mnomodaly c tion. .The yc1ic

densation c st may be any o tho e known to be
use@mmoiolapamamtSnghcaﬂdhesamBOhymdnsmgaehnan RITY-divinyl-

terial. Suitable catalystsinl de tin, zirconium,
?ftaniun1 and aluninun1conpoundg ESaﬁﬁF@@m?ﬁgVaaéSllaza“e'

chh D3d £ 1h 1 &@&Eﬁl@119i£&éy|bbﬂaﬂé@ﬁ?la&?cl@h@%kﬁ%&&ﬁzane,
met hoxi de, dibutyltin bis (acetylacetonate) , 1,

d@@d(yml@;ﬁalﬁ@—%t i Tl i bi s Z(facéﬁpﬁé@éﬂéﬁat@aefertﬁqchni:mﬁtlng
gﬁggﬁﬁepgtﬁexggé H&y% fé% anate, Zi rconi um oct anoat e,

al um num ace acet ona Various salts of organlc

acids with such netals as Iead iron, cobalt,

manganese ZInC . .
Non-reinforcing fillers may be selected from titanium
dioxide, 1lithopone, zinc oxide, zirconium silicate, iron
oxides, diatomaceous earth, calcium carbonate, glass
fibers or spheres, magnesium oxide, chromic oxide,
zirconium oxide, aluminum oxide, crushed guartz, calcined

clay, talc, kaolin, asbestos, carbon, graphite, cork,

cotton and synthetic fibres.

The relative proportions of the various constituents of
the silicone composition may be varied within wide limits.
The amount of filler i1is typically about 5-200 parts and
more typically 10-150 parts by weight per 100 parts of
reactive silicone. Catalysts and crosslinkers may be
present in the amounts of 0.001-2.5% and about 0.25-5.0%
by weight respectively, based on the combination of

reactive silicone and filler.

Suitable addition curable silicone coating materials may

also be employed for the fouling release coat. Such



antinony and bisnmuth may al so be used. Preferred
catal ysts are the tin and titanium conpounds. Suitable
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tetraf unctional (Q silanes. The term"functional" in

this context means the presen of a silicon-oxygen

bond. Suitable crosslinking agéents include

nmet hyl tri net hoxysi | ane, nethyltriethoxysilane, 2-
c@%%b%%%%lﬁﬂPﬁ%ﬁﬁbx?@@ﬁéﬁé’ WéFﬁ?FP@ﬁac%%%xﬂ%Fﬁﬁheto those
t@ﬁ{ﬁf@@ﬂn%é e 20d, LEL T 3 s 08 BYboSLbLEAL e £ 0874032,
Prefera uncti1onal conpounds, tetraal kyl
silicates, are used O her additives include

i nforcing and te d|n nonr ei nf or ci fill )
b or ol P AR er B e tlRel DU DURiEr 09 | 1618 Bm,  more
avabl abl ey | nzdhﬁ)om[r,m Qlfosfte| atbvehyilarge aggiegatadd film

particles typically having an average size

styhtfreantly greater than 300 nanoneters (nm

Preferred fillers are the silica fillers, including

fumed silica and precipitated silica. Those two fornms

cﬁhsihhcanhaveswnﬂacadmwhﬁsilﬂmimraaageﬁlbhoﬁﬂ B25triction
nd 50 n?/ g, ectively .. The reinforcing filler

3%39 %?%]%?%a‘i%dt t?uc%o%’%%i’%%% AUENE-TD render it

hydr ophobi c. Typical treating agents may be sel ected

fron1cycllc S|I|cones such as

%%5‘%: 'nfi‘lzaﬂ‘afs %C%a%f@?%a#ﬁ?ﬁ%y'h% th's%za%%ﬁgmble to the
application.

Example 1
Example 1 is an antifouling paint formulation suitable for

the antifouling coat of step (b).

Example 1 Formulation

% w/w
Seanine 211 3.03
VP- (meth)acrylate copolymer |17.62
Rosin 8.81
Byk 065 0.30
Cloparin 50 1.56
Econea 028 3.11
Disparlon 6650 0.41
7Zn0 24.15
Finntalc M 40 11.74
Bayferrox 222 FM 7.86
Bentone S-D2 1.03
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hexamnet hyi di si |l azane. Non-reinforcing fillers may be
sel ect ed fromtitaniumdioxid§9 lithopone, zinc oxide,
zirconiumsilicate, iron oxides, diatomceous earth,

calcium carbonate, nlncc fibers or thprpc nnganium
(ﬁdh@nechronlc oxi de, zirconi um i e, alunlnun1oxida

"Tk‘l‘%é'e‘bé%f'ﬂ Zadats] 'e%o&il%lnégdd ha*%%het I'fcl ?*i‘&“sb‘”b’ solid

car graphite, cork, cotton synt bres
Thentehat ilve pradpotet i 61s 8of 51 hevvacoolisy canst idrent st 28°C
of _the,silicone conposition may be varied within w de

PR TS S ST OF 11 1 Q7R 145 T ybi 6ol #4Phbout  5- 200
parts and nore typically 10-150 parts by wei ght per

100 parts of reactive silicone. Catal ysts and

ckozrpiakers may be present in the anDunts of

0r 00%s £ 5% and, aboute 0.25:5. 03 By Nei,ght LeSRRCt kYGhYy ¢ on
based on the conblnatlon of reactive 'siliEone a 5
f&hlesblSuf s abt e agth 1 f oml T abd e sbf | coxe clioat i ng
materials may al so be enployed for the fouling rel ease
coat. Suchaddition curable coating materials are known

t@xggg§g skillgdhipithe art such as those described in
ne FR finish coat may be

204100 Ari ad £ 1 hi ~rlennacc

10- 600mMm , nore typlcally 20- 500nn1 nost typlcally
ar 11

how be 111 ot rated w thout Tedttithion o
Polyace 100 24.45

SCR silyl ester 7.70

Sea-nine 211 2.88

Thixatrol ST 1.06

Econea 028 3.04

7Zn0 38.96

Bayferrox 222 FM 7.69

Sylosiv A4 1.19

Xylene 13.02

This paint had following characteristics : solid content

by volume 47 %, viscosity 20 dPas at 28°C (Physica
rheometer MC1l), density 1.58 g/ml.

To test fouling performance and washability the temporary
antifoulants were applied on steel discs ( diameter 20
cm) . The application was conducted by means of the air
spray technique under air pressure of 4 bar and with a
nozzle opening of 2.0 mm. The applied dry film thickness
was 300 pm. The substrate for the antifouling coatings was

a long overcoatable epoxy primer at dry film thickness 125




by reference to the acconpanying exanples. Figure 1
shows prior art coating layers using a |link coat.
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application . Exanple 1 Exanple 1 is an antifouling
pai nt fornulation suitable for.the antifouling coat of
step (b) . Exanple 1 Fornul ationThis paint had the
fO||0MAng characteristics : solid content by vol une
53 gang 2y IRBIT EY2D02PASOBRF 028VOCCPPHY sPEATPRed R PBRAE T IME
'VE(I)@TM fjfcgﬁ'éi’gr{]r 6@09‘%1.@1(}8 E%@r@ff glﬁ%faﬁpi@kgeé? 22 hm.
further antlfou?lng paint formulation suitable for the
antifouling coat of step (b) . Exanmple 2 Fornulat|on
Thi s_pai nt had follomnn cteristics sol i

O SR TyeT of G FCHEY GREdagty o TRRETR WA geested o

(eEhNég@asw@p@@t@éu&@ éead@@@é$y, 1.58 g/m. To test
fouling performance and washability the tenporary

antifoulants were applied on steel discs ( dianeter 20
%§Q|IC condyc by f the

alr sp%gg t ﬁn|3%g%%h fja?f %rgggﬁ1éy%$§%§b§f taBr’]dc b as

widhlawnozzl e opening of 2.0 mMmm The applied dry film

t hi ckness was 300 mm . The substrate for the

antifouling coatings was a | ong overcoat abl e epoxy

prinef atndsyhd+1M I NIGRAGSS] dfoNM i s iCiiTer el al tor a1
anti cprrosive epoxy|prinmer (SignmgPrinme 200" from Si gma

Coati pgs) &xrdry fil|lmthickness 125 nm.

A, 1 month 1 month 1 month 3 months
B. 3 months 3 months 1 month 7 months
C. 4 months 2 months 1 month 7 months
D. 5 months 14 months 1 month 20 months

Atmospheric exposure took place in the exposition field
and static immersion on the raft test station. Polishing
was simulated with motors rotating at a speed of 17 knots
and immersed in sea water. The dry film thickness of
applied systems was measured before atmospheric exposure,
before and after static immersion, after the polishing
test and after the washing off process. This way the
reduction of dry film thickness after every test was
monitored.

The removal of the temporary antifoulants was conducted
with a high pressure fresh water washing equipment (Therm
1165 from Krénzle) with water pressure at 160 bar, nozzle
2.0 mm and angle 30°. The distance between the nozzle and

the substrate was 30 cm.

After complete removal of the antifoulant, a commercial

fouling release system (125 um SigmaShield™ 620, 150 um




Performance of selected antifouling systens was tested
on a test station using sea water . The test cycle

w@omsiostoer of 4 test series A, B, C, D as fpCT/BRA®07/061573
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At nospheric exposure took place in the exposition
field and static inmmersion on,the raft test station.
Pol i shing was sinmulated with nntors rotating at a
geed of 17 knots and i mersed in sea water. The dry

e b tdkpies s/ WK abépléﬂ“s§§9€ﬁ§lWQ§“ﬁ@§sur%Blbé?ﬁWé Sigma
atapsphesi ¢ exposyre,; hefore and ahter SB@EE%oaﬁable epoxy

i mrersion, after the polishing test and after
weshineng. oﬂﬁEprDBESscth|$dW&$1Khe veductiagrkegf dyy means of

EHOVAT b "ERE CHOYarY ot | FOB ook o Gk GOHdddt gl caces

Wrid Bolh@he pressare. fresh water washi ng equi pnent
(Therm 1165 from Kranzle) with water pressure at 160

bar, nozzle 2.0 mm and angl e 30°. The distance between

tfﬁ ﬁ%U%t'¥%f%¢§§€f8 ma%é%ﬁ{ﬂgn fyteﬁs la biocide

conplete renoval e antl ‘oul’ant,; 'a comerci a
f@mélh@bleléasm.Syﬂt@n&(maasnn1SW@ﬂaﬁm&m &brﬁB@t6156polymer

nSi Ggide" 0, 150 0, al
e B 18 ey ok SobI e B R EBRYE bYErRALane- alkyl
epRXYh PLEPRT 2t dbe leﬁb@Qﬁéradh%%h m Was, Lheck o@wced by
nmeans of crosscut test according to ASTM D 3359 and in

arplyasesziwesg fednd exeetiheht . MPRhEREvaBERe 42 .59 methyl
fQ&PyigééP”§5gs$%ﬂ§ﬂﬁy%%%1E8o%eb%%%ﬁQQ) g butyl acrylate in
100g =xylene, wusing TBPEH as initiator; the obtained
polymer solution has a viscosity of 13 dPa.s for a solids

content of 52%. Mw (by GPC)= 31700 (d=2.7)

Byk 065 is a wetting agent available from Byk-Chemie.
Cloparin 50 is a chlorinated ©paraffins plasticizer
available from Hoechst.

FEconea 028 is a biocide from Janssen Pharmaceutica.
Disparlon 6650, Thixatrol ST and Bentone S$S-D2 are
thixotropic agents available respectively from Kusumoto,
Elementis and Ashland S{id-Chemie.

Bayferrox 222 FM is Iron Oxide pigment from Bayer.
Finntalc M40 is a talc filler available from Omya.

Zzn0 is zinc oxide available from Union Minieéere.

Polyace 100 1is a commercial silyl acrylate polymer from
Nitto Kasei.

SCR silyl ester 1s obtained from the reaction between

ethyltriacetoxysilane and rosin as described below.

Production of SCR silyl ester



avai |l abl e from Rohm & Haas. VP- (nmeth) acryl ate
copolynmer is a 50%in xylene solution of a vinyl

w@Eeosokdoeone - al kyl (meth) acryl ates copol ynePCThRP2IN7/061573
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was produced by polynerizing 22.5 nmethyl nethacryl ate,

42. 5g methyl acrylate, 25g vinylpyrrolidone and 10 g

butyl acrylate in | OOy xyl ene, using TBPEH as

initiator; the obtained polymer solution has a

v$%%%sﬁ%@ IOPBeFRals £l af 39iids <lort et oftBIZIFTMACetoxXY

(QYL%igﬁe ?1%Q%§§Qﬂ2 QQI@N% QQ?e'iu@ Wﬁ%ténﬂeégggf equipped

aval rom Cheme. Coparin
chlon i patved hpariafafli st plest | ender aMaﬂxﬂﬂaiﬁqnnnolumn with

Hoec conea, 028 is bi ocide from sen
HRST TRt canToRBeR 020 | P aReDils  te bah S e 135, the
Bent ongl D2t ar eat hbxot £Qpkeaageat sravakl §9h@ne/acetlc acid
respectively from Kusunoto, Elenentis and Ashla

Sﬂ@e@ﬁé@@% Wear@@w FRERS | FORCOKT e i g}fenﬂ-wc The
&ﬂ%%@ﬁr% %taéﬁo%gm dalaséc@' ‘Eof'iéﬁ ¢ avaid ablgq; i onal

IS zinc e avai l abl e om Uni on
MZ(m@re.'t e.xRPanmceral00adsed coomerice alr&adtyﬂoracmlxamee after

pol yner, fro to CR si este obt ed

PO TR eauPin CEetumti JAehpt 1 HEor biyst T Kt Ghaves chen
reshhi @dscdessti bedsbphows Rrieductiiar ofaBGRsh | Ybtained and
ester817g of Indonesian Gumrosin, 211g of

etlhy| cpilavat depdsilatherapdns?8g dfempfrariaingeref phB6iGy  The
3¥{S§?ﬁ % §8é‘££’19e9c%t{9%§ gechani cal SLLELeL 809, 8510 had a

i ON CO
solids of 78% and a viscosity of 170 cPa.s..

Sylosiv A4 is a zeolite drying agent from WR Grace.

Attention 1is directed to all papers and documents which
are filed concurrently with or previous to this
specification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

A1l of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be

replaced by alternative features serving the same,



cool er and receiver. The m xture was heated to 135°C
the initial distillation tenperature of the

woglosneyoacet i c aci d azeotrope with a col uim heBdI/EP2007/061573
tenperature of 115°C. The tenperature was slowy
raised to 160°C. An additiona53200n1 xyl ene was added
to the reaction m xture after 0btaining 390m of
distillate. The distillation was then continued until
650w Vot St stq1 | &LERAH bRERPeBtai ndd ahY HETESISdm stated
h@@i@ef‘@f‘sé?a%ﬁﬁg a & a&%f—‘egé1}3@‘%%-1;@5“%%@}&@4, each
acetic acid was 99.5% The remaining resin had a
sttadsrof d¥804 apddaigi scesicpngflel thlgPans. a2 $yhesiv Aeries
4 %s a zeolite dryin .ggen% f{on1mR Grace. Attention
&f PRETRLETE & 15 HBbErS SRl Wottnent s whi ch are
filed concurrently with or previous to this

specification in connection with this application and
whheh 1arerégen t bSpubli cTPASPEEEREn Wit fiheni getails of the
SP@%%&%%' WM Adnd e contenis afy Alle ;$Ych paper a@;&i any
docunents” are 1 ncor porated herelnrby reference. | o
thevé patarrees dirscbhagsednonel hisompecatficat i arf the features

(i,ncl udi ng any acconpanyi ng cl ai_.ns, abstract. and _.
GESFHEETY andror alTCRT ¢ RESSEERE 6 hny nELHOdbnT 20y
pzﬁ@@&ﬁ@ar§§9i%s@l%i@f%, nﬁ%s@@a@@”’%\rﬁ?dd'r%w@%s), or to any
conbi nation, except conbinations where at |east sone
ofosgthongat Gresrandiore 5t epsbanet natually técl Usinge. of any
ﬁﬁ&%é&?‘é#f@g&é&é 0$6d4y1 0 1 L gy specification

(1 ncludi ng any acconpanyi hg clai ns, abstract and

drawi ngs) may be



repl aced by alternative features serving the
sane, equi val ent or simlar purpose, unless expressly

W@ r@Bmees herw se. Thus, unl ess expressly st atPdI/EP2007/061573
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ot herw se, each feature disclosed is one exanple only

of a generic series of equivalbent or simlar features.

The invention is not restrictéd to the details of the

foregoi ng enbodi ment (s) . The invention extends to
aﬁ&éﬁ%§el one, or any novel conbination, of the

features disclosed in this specification (including

any acconpanyi ng cl ains, abstract and drawi ngs), or to

ahy n@vabtbnd odr @n@tMnyeh coivlsitmattieon,praff drteb ISt eps ship’s
of ﬁg or process s dksclosed CLAIMS 1. A

met hod %?m%ﬁbf?%% a %u%%??%t preferably a ship's

hU||,aFOUPT|S|ngéﬂﬁijﬂﬁ§5ao&muﬁbﬁ GhriapBkybBgva coat to
prinmer anti-corrosive coat to the surface of the

substrate; (ii) d‘fj”tei cﬁﬁ-‘lﬂ%ﬂ%pbﬁ yﬁhﬁg Sfllhfttﬁ%?rte,

i nt er medi e pri o aatl(]%) % llyq_n 1ntermed1ate
anticorro |ve coa ﬁ g a tenpor ry
antifouling coat;gnlmd&e pbbmemsooatts) (&)e¢ primer anti-
preferably, in the area of the supstrate bel ow t he

water line, in us@rEYESEENG e antifoul i ng coat

to Wﬁ%ﬁr,aﬁbﬂy{@@DVéngtéﬁﬁoﬁgfyfOghtﬂgogﬂﬁﬁg(b%ogy to the
wat er washing to expose primer coat(s) (a); e )
appl yprgnelf r extdty(ont exposée rpdiliver é@at%@? (@)ea of the

substrate below the water line, 1in use;
c) exposing the antifouling coat to water;
d) removing the antifouling coat (b) by water washing
to expose primer coat(s) (a);
e) applying directly onto exposed primer coat(s) (a)
from step (d) a topcoat system.
2. A method of coating a substrate according to claim 1,
wherein the topcoat system i1s a fouling release system,
preferably consisting of,
(i) an optional underlying primer coat;
(i1) an intermediate silicone tie coat
applied over and to the primer coat (e) (i) or
applied directly over and to the said at least
part of the exposed surface of primer coat(s)
(a); and
(iii) a silicone fouling release finish coat
applied over and to the intermediate silicone
tie-coat (e) (ii).
3. A method of coating a substrate according to claim 1
or 2, wherein the water washing step (d) is carried out,

in such a manner that the underlying primer coat(s) (a)



fromstep (d) a topcoat system 2 . A nethod of
coating a substrate according to claim1 , wherein the

W@ opsos2systemis a fouling rel ease system pPEl/EBPADT/Q61573

10

15

20

25

30

consisting of, (i) an optional underlying priner coat;
(ii) an internediate silicone,tie coat applied over
and to the priner coat (e) (if or applied directly
over and to the said at |east part of the exposed

str f ate™®FNpFi REr COBALPY) A DULSTEHTdHi1359°% 519 i tonelainm 1,
fouling re i ni L] ed r Q t
Bt at Soe i Toons tfareattray (. P MR eme of
obe coat waghadsubst riay e lasc i sgn® shaem Tlerardng or high
wherein the water_ washing step (d) is carried out, in

SoCh® A Hanh2r et hat “thednder | yi ng primer coat(s) (a)4

.5 A net hed ofq ceat | Bgadisybsir ad@aecoidi ndrcild) Mmb  any
, 2 or 3, wherein the antifouling coat (b) is capable .
oP T Her ity Dashedmof FhBYCLBw preddifte dwatlertied eahiigr oFoat 1s

hérgh%]g(tg%gs&ﬁng\@t%agleani ng. 5. A nethod of coating

a su te according to any preceding claim wherein

| 6. step netifod hefpr cnericgatai ssarsepoxy prdaerdicoat to any
e elEi 0l SohLng, 2 Subetrale pecoid 10, 19,800 e
| &bk redb 2t e(£PExXY) coat k@ iddidvés applpednovercihe

p;[nég %ﬁghﬁxi of coating a substrate according to any
preceding claim, wherein the exposure step between steps
(b) and (d) lasts in excess of 8 weeks.

8. A method of coating a substrate according to any
preceding claim, wherein the water washing step (d) 1is
carried out using water pressure lower than 17,000 psi.

9. A method of coating a substrate according to any
preceding claim, wherein the primer anti-corrosive
coatings and/or the primer intermediate coating(s) are
selected from two-component epoxy-amine systems.

10. A2 method of coating a substrate according to any
preceding claim, wherein the total dry film thickness of
the primer anti-corrosive coat (a) (i) 1s typically 30-
500um.

11. A method of coating a substrate according to any of
claims 2-10, wherein the fouling release system includes a
silicone fouling release finish coat which is a
polysiloxane based coating.

12. A method of coating a substrate according to any
preceding claim, wherein the total dry film thickness of

the antifouling coat (b) immediately after application is

30-500um.



7 . A nethod of coating a substrate according to any

preceding claim wherein the exposure step between
WEL@pe49R) and (d) lasts in excess of 8 weeks.PGI/EPA07/061573

met hod of coating a substrate according to any

preceding claim wherein the water washing step (d) is

carried out using water pressure |ower than 17,000

9 . Anethod of coating a substrate according to
ah§/ pt eBEEFRAE Afai Ay2Whed ePn THES i tfer 2aAPTLEBET 6§51 V&Y of
copings andlon bhepri feE, biketEdLBbEoE0aLYBIkS ompr ises
are sel ected from two-conponent epoxy-am ne 3ystens
19. sAlpkt hodydhteoakisrg aeﬂﬂxndkm&hxngxnmbwgﬁtooanyn epoxy
péece |n$$cla|n1 wherein the total dry filmthickness
of ¥ fettanti-corrosive coat (a) (i) is typically
5 30- 500nn1 11. A nethod of coating a substrate
according to any of clainms 2-10, wherein the fouling
rel ease systemincludes a silicone fouling rel ease
finish coat which is a polysil oxane based coating. 12.
A nmet hod of coating a substrate according to any
preceding claim wherein the total dry filmthickness
of the antifouling coat (b) inmediately after
application is 30-500 mm . 13. A nethod of coating a
substrate according to any of clains 1, 3-10 or 12,
wherein the topcoat system conprises a silyl acrylate
based self polishing topcoat or an epoxy based
t opcoat .



