- 1 SURFACE TREATMENT FI ELD OF THE | NVENTI ON 5 The present invention
relates to the protection of surfaces against fouling in aqueous

envi r onmewD129064%7as mari ne envi ronnents. The present iporayi2oaoedoso
relates to a polyner surface that has been nodified in accordance with the
present invention to have antifouling properties. The present invention

al so provides a pol yner conposite having antifouling functionality. 10
BACKGROUND OF THE I NVENTION I n the context of the present invention,
fouling refers to the deposition or accunulation of unwanted material on a
solid surface, nost often in an aquatic environnment. Fouling can 15 involve
living organisnms (referred to as "biofouling") or non-living substances
that are inorganic or organic ing re. E%\ kd surface is intended to
perform sonme function and fou|in30§§§(ﬁ%5§ 1§§hhﬁierfere wi th that
function. Fouling may also give rise to environnental or health issues. For
t hese reasons, fouling is preferably reduced or avoided all together. In
parti cul ar, BEES D QYF; héEi \&WITWy di verse probl em which affects all nanner
of subnerged, nman-nmade surfaces. Biofouling tends to occur in all aqueous
environments, but is particularly prevalent in marine environments. Marine
bi of oul i n§ hb% peBLENEeD AL 19 iraplotHOR 9 SETTAES aBRINEHIMENSIIN 29MPU§as
rigs, power and desal ﬂx@f)'égnmgxliﬁ@%ﬁﬁﬁdﬁ%egé?‘%@%&tew Shvelic Qfsb Glate¥: oope of
the earliest preventive neasures taken agal nst marine biofouling was the
sheat hi ng ( opolghaduifacy) thef hasdeede moddisd éh scagirddnce pptpahe prssknt opgaRomnlol lgys .
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of iron-hul | gdifehingSuncgahaliani ¢ corr osi on bet ween copper and iron becanme an
i ssue. 2 Biocide-loaded paint filnms becane the standard practice for
protectidﬂ of ship hulls, and have continued to be so to this day. During
the 20t h cengWikGROUND O¥ THEaNvENTIEeane reliant on highly toxic

bi oci des, nost notably tributyltin (TBT). however, the use of TBT 5 in
antifouling paints on ships has now been prohibited by the International
Maritime O gﬁwnt}u.z AN of LM re AHEINt eORNO R ASreRRORE thE RERARK QY &R Imulation of
consequences of 1ts w despread use. In any case, a disadvantage of relying
on pai nt systemstddsmathdal meedsdlid pefrfodicsabiigp inepomuatigminenayr Eoulbgtcage
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inorganic or organic in nature. The solid surface is intended to perform some function and
fouling can impede or interfere with that function. Fouling may also give rise to
environmental or health issues. For these reasons, fouling is preferably reduced or avoided

all together.

20
In particular, biofouling is a highly diverse problem which affects all manner of
submerged, man-made surfaces. Biofouling tends to occur in all aqueous environments,
but is particularly prevalent in marine environments. Marine biofouling has enormous
economic impact on shipping, offshore oil and gas rigs, power and desalination plants and
25  aquaculture.

Historically, one of the earliest preventive measures taken against marine biofouling was
the sheathing (or cladding) of wooden vessels with copper and copper alloys. Copper and
its alloys are particularly effective in providing protection against the majority of
30 Dbiofouling organisms. However, with the advent of iron-hulled ships, galvanic corrosion

between copper and iron became an issue.



On the other hand, the use of copper and copper alloy sheathing has been
denonstrated to exhibit long termantifouling activity, and continues to be
used i n owotaizmosgspl i cations, such as pipe work and t hepcegu20fi/midorand gas
pl atforns. Copper-nickel alloys are often preferred over pure copper
because they are nore resistant to erosion. Oher netals such 15 as zinc
are al so known to provide biofoulin.g protection, although the effect is
generally nore short-lived than for copper. However, the sheathing/cl addi ng
approach is not w thout problens. Typicaljy, the netal/nmetal alloy is
applied in the formof tiles and problens can arise when it conmes to
bonding tiles to a hull surface, especially in relation to nore

conpl ex-shaped surfaces. In this case, the tiles may al so need to be
specially 20tailored. This problem may be overcone by the kind of approach
t aught in U3ib¢cidBloalidB paimhiibngladcemnt ticesardahiegraaicaebhpoeteofiomppbhip hgllannd

antifouling coating to a marine, surface.which jnvolves grit blasting the
sur f ace, codF“ﬁéOWSYﬁgéhb%a%ééﬁﬁhaﬁngggggﬂhFg&efeﬁﬁﬁ“8@85§VWP BOQ?T%mne
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hul . Once appirheadial hwesedddhesi ve coating is cured at anbient tenperature.
Obl ong particles have been found to beneficially concentrate near the
surface of the coating, resulting in a freely corroding outer |ayer and the
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In W94/ 08840 marine organismgrowth is inhibited by appl,in%)an,organ'c
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surf ace, theasagig@awrﬁ £ MY gy b SilURUERILISESHR. (Cofper WRkY! alfBRPRE often
granul es or a copper wre screen may also be applied to the adhesive |ayer.
The organi ¢ prefarmcdnvermivgs eerest besapssdheuart arse ofsistanktd ggwen.t Ghsr siatesuth
protecti agai.nst_bi.of oul i ng, sk bley i n Fab oMt Re . conpaiy i f
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when the coati IS | i to a flexible structure.. In addition.tp
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coating. As nost of these techniques |nvolve the active part.icles beiﬂg
consumed by mPE semRex-shpedigirasse dBabisngsandr dilest meb g Baefrior bosPesillY he
coating, spheff.j.8 al so a -need to regularly re-apply and cure fresh
coating. This can be a tinme consum ng and cunbersone task

This problem may be overcome by the kind of approach taught in US 4,751,113, This
patent describes a method of applying an antifouling coating to a marine surface which
involves grit blasting the surface, coating with an adhesion and seal layer and depositing a
25  continuous layer of metal or metal alloy by thermal spraying high velocity molten or semi-
molten metal particles. However, this approach is somewhat involved and, as will be

apparent, thermal spraying is not applicable to all materials used in marine service.

In US 5.284.682 a coating is applied to the hull of a boat using a two part epoxy-based
30 thermosetting adhesive coating. Copper or copper alloy particles are incorporated into the

adhesive by premixing the particles into an epoxy prepolymer or polyamide hardener



20 The use of high tenperature thermal spraying to provide a continuous
metal coating is often inpractical due to the propensity of polyners to

er ode undeo 20tmopesel onged application of heat that is reqgwiawoitwowevel op
such a coating - nost polyners have relatively low nelting points and, this
limts the tenperatures that can be effectively applied during thernal
spraying. Large differences in thermal expansion coefficient 25 between a
nmetal coating and the polynmer substrate can also lead to delanmination if
heat is applied during spraying. Protection of polymer and pol yner-based
material s against marine biofouling is a conplex probl em whi ch current

coati ng nethods including the above, fail to adequately address. 30 Marine

equi prrent rom Iyners is often designed.and r red.to be fle

For exanple @? e Wéﬁﬁﬁﬁ%‘ﬁ?%ﬁ}ghﬁ’gﬁﬂﬁﬁs ﬂ%ﬁ%%ﬁﬁﬂ#ﬂﬁ‘ﬁ@FVW%Vm“Héé?h
someti Mes Ov@Fedl@t athbidnt ORRpEQRIrd. N DBRAE hpartidléd hate Ugen afoend avetknbftinind a
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streaners can be a significant "problemsince this wll |ncrease drag and
af fect 5 feasurenents. However, in this context, prevention of marine
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pol ynmer subshé aliigsive thyefl tBE dYari@igiGinthfigrates i@shd surpby si aa@l lapsropaibiies,
particularly el astjic nodulus and strain to fracture G addi ng

woul d red? r i REplestipn Geamgieigfpulings posst i‘S‘t“Wﬁ?P%V’“B@”‘r‘QﬁG‘PWQH' ypeda 1 exi bl e
pol ymer. Against this background, there is a need to provide a nethod of
providing antifouling properties to a polynmer surface that does not suffer
the drawbackd pshdae ivatheblc wlordmentiordeineingtvas istthatthe qertige dwpigely deligleeponThe
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met hod of prote tin urface against fou
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enbedded in &, ROtHAREDY, BRI Eﬁp&atmﬂ&fsﬁmn@%n@@um&m& @§ie enbedded in
t he pol yner surface wi thout an adhesive or binder and wherein the particles

do not forma continuous |ayer on the polymer surface.

20 The use of high temperature thermal spraying to provide a continuous metal coating is
often impractical due to the propensity of polymers to erode under the prolonged
application of heat that is required to develop such a coating - most polymers have
relatively low melting points and. this limits the temperatures that can be effectively
applied during thermal spraying. Large differences in thermal expansion coefficient

25 between a metal coating and the polymer substrate can also lead to delamination if heat is

applied dufing spraying.

Protection of polymer and polymer-based materials against marine biofouling is a complex
problem which current coating methods, including the above, fail to adequately address.
30 Marine equipment made from polymers is often designed and required to be flexible. For

example seismic streamers are long cables housed in a polymer sheath, sometimes over 10



- 5- Herein the termantifouling refers to a property whereby the build up
of inorganic and/or organic species on a surface is reduced or avoi ded al
t oget her .wBeadiegiongg7or preventing the accunul ati on of su®hTsyRci1g®I®N a
surface may be advantageous for a variety of reasons, 5 such as efficiency
and/ or hygi ene/ health. The species in question may be such things as
organi c or inorganic conpounds that manifest theénselves as scale or
corrosive deposits. The present invention is believed to have particul ar
utility in reducing or preventing biofouljng, that is the accumul ati on of
unwant ed bi ol ogi cal organisnms on a surface as a 10 result of the surface
bei ng exposed to sone form of aqueous environnent, including fresh, salt
wat er or wat | : 60 : on .a.s EX: | e biofoulin
el ude the Ssrisher 5hRSRBORAFIF G 88 BuRbbURREs (RRIRL BRofr s Buh
proliferati chbhoftreameroosgani snsyrs sud elagonibe walkteer acmstie pubperdfectedad{ti s
responsible for 1...egionnaires. diseas i gl.oul i.ng may al so be .dye t
et of oul | nifo g SRS BB GEondp IR ethe vyido ot BReY ki Bkt ee”

li ke. The pr@sejrearhéyedahi Eﬁ’laa&igﬂﬁ@efr@\/ﬂrd@Smasi@@ IR WiBUWERER E@EPANIS At
enbedded gartiples havi ng anti, oulhg&gproperties_ when prepared in .
accor dance WEUEERENiTetHOYEVER i} RS soNeshtaresnionomraring aking 15 nigtdematisnfor
further provindesodiRoleydRs. conposite having antifouling properties, the
pol ymer conposite conprising particles having antifouling properties
enbedded in a polynmer surface, wherein the particles do not forma
continuous layer pp the paolyner surface nd wherejn.a.portion of the
oot olos”ar o) EryRhebR R RRAMREouRAE bRECw B RNBREEhTT P RRLAT B plaffeal
communi cati on W tduettheths uiZasd fokmt dfethpalirgamer. Thpicflr asi€niling paens iagnalso

further ovi des a pojyner, c osi te havin ntifouli roperties. the
pol yner Bénpositéﬁegﬁggpgﬂﬁéggg?PP@}@§“ﬂ§§%ﬁ§”§%@ﬂ‘%ﬂﬂ%ﬁg“ﬁ?% erties-

enbedded in a polymer surface, wherein the particles do not forma
conti nuous | ayer on the polyner surface, and wherein the particles are
enbedded in crat edachingcaiadiiag layert ofecqrpry e rothes anon3a®lyresicr matveid! bytoi arpact

of particles on the, pol. ' ke ed. .\t h. conyenti |
appr oaches such 48 g heaet BEAGFy bR bR ATR IRt b B BOT YR RHE
t he vari ous enbodiayentmdolus khd sipregefiictimyvEltddion wankl ksindabe ningk oy motion

different . wth respect ,to the structural arrangement of particles in the
pol ymer gﬁd t he ﬁﬁ@ﬁ%ﬁﬁ%ﬁ?ﬁ@“&ﬁf%ﬂeTﬁEFBQPPﬁc|es are bound to the polyner.
This is because the present _

Against this background, there is a need to provide a method of providing antifouling
properties to a polymer surface that does not suffer the drawbacks associated with
conventional techniques as described. The invention is believed to have particular utility
20 in reducing or avoiding biofouling, more particularly marine biofouling, of a polymer

surface.

SUMMARY OF THE INVENTION

o
wh

‘Accordingly, the present invention provides a method of protecting a polymer surface
against fouling, which method comprises embedding in the polymer surface particles
having antifouling properties. wherein the particles are embedded in the polymer surface
by a spray mechanism in which the particles are accelerated and sprayed onto the polymer
surface with a suitable velocity such that the particles become embedded in the polymer
30 surface, wherein the particles are embedded in the polymer surface without an adhesive or

binder and wherein the particles do not form a continuous layer on the polymer surface.



5 invention does not involve the use of an adhesive or binder for
attachnment of antifouling particles to the surface. The nethod of the
present iwoentZmessseeks to overcone the deficiencies of pcomuantiiooomh

techni ques by functionalising polynmeric substrates to provide antifouling
properties by 10 enbedding suitably active particles in the polyner. Wen
enbedded the particles tend to be I ess prone to attrition and erosion.
especially when the polynmer substrate is nechanically robust and resilient.
Furthernore, if the antifouling functionaity of the surface dimnishes, it
can be readily rejuvenated by spraying of additional particles onto the

pol yneric substrate. in accordance with the nethodol ogy of the invention.
It is also 15 beneficial that the antifouling properties can be achieved,
and where necessary restored, without the need to prepare a structure with
an adhesi ve Wdreilithel@imlaapfduling teférs t@h peopady avimpe ohesbuikiatp Qmieomanit:iaoﬁ/es may

be enbedded in the poly t hou e surface

suitably hi 99524%%%“‘31'#55 ‘t“ba é‘%f%"%%ﬁere %838%@%‘“[63 %llﬁ%ﬁ]%ng‘ﬂ%wb SRS SH Crﬂfng’t)dé\’é
expl ai ned bejcemhulhfion & REBSHRIE dhhadurRebeddibeadedntdasds ot es aheﬂytdﬁeetﬁ@isyrrer
wi Il 20 result in changes to the pol yner_ properties, dependlngcﬁqgﬁg

ot her t hi hgssuelhas pidicigapy pnd/ey WEI%‘W“?%@ pHiet SPeFiess ingRus SRR BF 5§ as
pol ymer. Sucfy, £RangRS:, QIQECclﬂﬁp(f h?(h@tﬁgmf%ﬂ}{érg&@vcg Iﬂ@@catehﬁ%oﬁ@slﬂoaepbﬁém tin
key character?stlcs of the pol ymer being changed to an extent that the

pol ymer becomes unsuitable for its intended use. 25 In a preferred

enbodi nent he met hod of. the pres NSl 1.0of a
Cotrof 111 ngl BolERe anverHot Al SRTSEEaP yly Pabisal by RLFARELE bR e
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(i.e. not freshly e is sprayed wiith particles in ac a
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oper ati on hagthgcaduantage wrk cbanatddanad betne themsus basfoilihpettudehee need
to 30 apply one or nore functional coatlngs prior to the ap Ilcatlon of. the
particles, sehigy s ddHEssyvendr agphdend c&étNH@W““W“WhemEbrWPE“é@oﬁaff
provi de antif,ou Jr@gn WHNGhdronal htt%utcﬁmjh hﬁc <RPLN TR $UR56&§151@ i Glorabigys” ar e
enbedded t hroug Chenical rel ease mechanism A chem cal rel ease mechani sm
for the purpbses.oﬂhbh@hpgesehuhdeeﬁwqbm ‘naeb (pyEBe depesisposichi &n bamaglere
partlclei reaction &R:5nng artlcles wi th one or nore reagents and/or

rel ease P dﬁgﬂ8 "D % o enlca “s fromthe particles. In this enbodi nent, as
the efficacy of the particles is due to a chenical rel ease nmechanism the
particles be functionally effective wthout. needing.to contae ectly
speci es thg?¥&r8mﬁé§ﬂ6ﬁ§ HPé%Pd?°¥ ﬁﬂfﬁﬁwk¥ﬁF§”Wédﬁ?“F%5F ?ﬂ%‘%%rPﬂ%

retain functhgnnghwogm wheie, Neh@aptdpale Sinaioiaheddedl 1he mbﬁo@aﬁyMEr
such that no surface of ﬁe particles 10 is present at. or protrudes above,
the surface @fentia. polyner In this case however it is inportant that the
particlesgare in open comunication with the surface of the polynmer so that
in use antlfoullng conponents that are released fromthe particles w |l
contact the Emvpresmiriwentiop firithar arovides af pol yreer somponieriasing gntifalipp pippgrtics,
surface and/ Qr nares [ d
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ef fecti vest opfy@vi 4@ iRBiréd Qtthimdgicpicapeitt iheSurfatbef parpblyelees may be 10
present as |nd|V|duaI entltles and/ or as aggregates/clusters of individual
particles. Inportant cor nvent.ion it
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needi ng to piRoliend eapbsiRUdkiprisigimanrldsapeing ahtifaliny ﬁrdif&tﬁx@f edbedalad tihe
substrate. This has a nunber. of adva tﬁgss §§ foll ows: 3 AMOIdHn%) he need
to forma coRRlymeosiasht Whesein the PREGES IR RAtJSTE) ST AUYSJaver on the polymer

surface, and wherein the particles are embedded in craters or cavities in the polymer that

30 are formed by impact of particles on the polymer surface.



i ssues ot herw se encountered wth claddi ng/ sheath technol ogy. The
effective life of the functionalised surface may be i ncreased because the
active pawvieixmea@are enbedded in a surface and thus protrettaatofvoomol
attrition or erosion 30fromthe surface layer. 8 The effective life of
the functionalised surface ma' be increased by controlling the
distribution, availability and position of the active particles.

Continuous | ayers can restrict the range of novenent of the underlying
substrate. 5This problemis avoided usi nq1the present approach. The use of
particles of suitably active materi al ikely to be | ess expensive than
provi ding a continuous |ayer due to the reduced volume of active material

required to otect the same surfaeare The, part. cIe I 4 G Iy
Crmedded i n Phe Gonsi U8 Frmaenio’ Srbte g ohar Bon RS B8 SRsheRLart on
and thus hi ghitby eeghmut theangioad SPbsEmEMs aPRhd @%éﬂﬁnt@txsmraf@ﬁeﬁlammhﬂly

conpl ex shapes/profiles. 15 Conbi nati ons of partl cle and sirate
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Wi th respect;t§.Rahtly C\l/}ﬁ[l§ Hx@%aﬁﬁ:‘ic@ AAHBRHHA0 urnsbipast | pliglshRehdse e srefasi on.
The underlying principles of the present invention nmay be applied to
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properties. anti?es t{)}ﬁle ANQLher enbodi ment, the present invention provides a
polyrrer conpn aving a functionali sed surface property, the polyner
conposite conprising part| cl es havi ng a functl onal property enbedded in a

pol ymer surf, r t he artl a
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surface of the polymer. In another enbodi nent nvention
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without the need to prepare a structure with an adhesive or binder layer. It is also
advantageous that the particles may be embedded in the polymer without damage to the
polymer surface and with suitably high loading to achieve the desired functionality. As
will be explained below, it is possible that embedding of particles in the polymer will

20 result in changes to the polymer properties, depending amongst other things on the depth to
which the particles are embedded in the polymer. Such changes can be tolerated provided
that they do not result in key characteristics of the polymer being changed (o an extent that

the polymer becomes unsuitable for its intended use.

25  In a preferred embodiment, the method of the present invention is implemented as part of a
retrofitting operation in which a polymer substrate that has previously been functionalised
to provide antifouling properties or otherwise used (i.e. not freshly prepared) is sprayed
with particles in accordance with the invention to provide antifouling properties. This
retrofitting operation has the advantage of functionalising the surface without the need to

30 apply one or more functional coatings prior to the application of the particles, such as an

adhesive or binder coating.



ot herwi se, the word "conprise", and variations such as "conprises" and
“conprising”, will 5 be understood to inply the inclusion of a stated

i nt eger owoepoees7group of integers or steps but not trhe/saxeiwwiomn of any
ot her integer or step or group of integers or steps. The reference in this
specification to any prior publication (or information derived fromit), or
to any matter which is known, is not. and should not be taken as an

acknow edgnent or 10 admi ssion or any form of suggestion that that prior
publication (or information derived from4t) or known matter fornms part of
t he common general know edge in the field of endeavour to which this
specification relates. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The present
invention is illustrated with reference to the acconpanying non-limting
drawi ng i n which: Figures 1-3 are schematic diagrans illustrating an
enmbodi nent ofhet hetigéseagnpraviieeitiioating 2bclibrediey fo e pelynshowfaepanthicl ey

having antifouling functignality edded in.a polynmer surface to varyin
degrees; Fi cflif 8‘_"heqd§él§"_§ F}H@X%ﬂ?é ?arsﬁﬁ’eﬁg‘%lﬂs(?brgdfy‘?e@émfr@;e@?er ’é’adF‘Blsfnn%r °
Exanmpl e 1 2fe GLg¥sR oF theSprsd@inveRait intlhbidssdetsthpargtionasithé partiblediretion of
Exanple 1; Figure 6 is a scanning el ectron nicro%raph as referred_to in
Exanpl e 25 Rhepagices wWithpng o maieFeagenty ey raeieny Hewa of §106hERfnHeRs frﬁmeiesnm e

2 T hula, SR SO e sats el i e
el ectron m cmegreiph. ths prefcls mey Hedunaiopxhngfestive withepumeeding foscogtaglh dpsitly
HTustrati ngsprecelgsulh%tsarg%s%iorrllseib e iRQr fgﬁ(l"ia‘nrgipl 'ﬁhi?ineans that the particles retain functionality
even when the particles are embedded in the polymer such that no surface of the particles
10 is present at. or protrudes above, the surface of the polymer. In this case however it is
important that the particles are in open communication with the surface of the polymer so
that in use antifouling components that are released from the particles will contact the
environment by migration of the components to the polymer surface and/or by ingress of
the environment. It is advantageous that the particles retain functionality when embedded
15 beneath the surface of the polymer since the particles are then protected from surface

conditions that may be erosive in nature.

In accordance with the invention the particles are embedded in a polymer surface with a
distribution density that is effective to provide antifouling properties. The particles may be
20 present as individual entities and/or as aggregates/clusters of individual particles.
Importantly however, in accordance with the present invention it has been found possible
10 achieve effective antifouling propertics without needing to provide a continuous surface

layer of active material on the substrate. This has a number of advantages as follows:

25 e Avoiding the need to form a continuous antifouling layer avoids delamination

issues otherwise encountered with cladding/sheath technology.

o The effective life of the functionalised surface may be increased because the active
particles are embedded in a surface and thus protected from attrition or erosion

30 from the surface layer.



5 Figure 11 is a graph illustrating results obtained in Exanple 6; Figure
12 is a graph illustrating results obtained in Exanple 7: 10 Figure 13 is
an opti cavomrymessaph as referred to in Exanple 8; and Pcgwrotihoi®1a

di gital photograph as referred to in Exanple 9. DETAILED DI SCUSSI ON OF THE
| NVENTI ON 15 The present invention provides a nethod for preventing the
accunmul ation of fouling species on the surface of polyners that may occur
when these materials are used and exposed to a potentially fouling
environment. The invention may have partigular utility in preventing

bi of ouli ng, such as marine biofouling, that nmay result when a pol ymer
surface 20 is exposed to a marine enV|ronnent The i nvention achi eves

antifouling by e ol articles hayj antifouling
ef fi cacy. The Par %Eggﬁﬂ e8ﬂ§%éﬁ%§°? ”f §“§%$9W§Pcéﬂ?%ﬁ %%gmﬁ@ g8t i ng
into the pol yner dsitiaiof, avhilabilty aRd pebviadn Fgie: dciad paraclagihesi ves or bi nders
are used or required to 25 maintain the position of the particles in the

polymer. To be effective in prOV|d|ng antifouling functionality at | east

sone particles, mt%tmxp@mggr%% ded rt:grl&hﬁe &VML¥BP%0§H{1£IQ%? tmehyﬁg shiBktR e

they will contact, or co fo cont act he envi ronnent artic

may protrude frommmolpieﬂnymm@dm&mgehmcﬂemraplpma@@ enbedded bel ow the
surface of the polyner. In the latter case, to be effective the particles
shoul d be in direct (open) comunication with the polyner surface by virtue
of an open- ewdemtheGRaBNBArticlesat adtably dckiee pateyiPls kB fobet Io& Ppeisied ®an

becom ng enbedded in it.
providing a continuous layer due to the reduced volume of active material required
to protect the same surface area.
10
e The particles are typically embedded in the polymer surface by spraying. This
allows rapid application and thus high throughput. and also ready application to

surfaces with complex shapes/profiles.

15 ¢ Combinations of particle and polymer substrate may be sclected without concern
for normal continuous coating requirements with respect to particle/substrate

adhesion and particle/particle cohesion.

The underlying principles of the present invention may be applied to functionalisc a
20 polymer ‘surface with properties other than anti-fouling properties. Thus, in another
embodimeﬁt, the present invention provides a polymer composite having a functionalised
surface property, the polymer composite comprising particles having a functional property
embedded in a polymer surface, wherein the particles do not form a continuous layer on

the polvmer surface, and wherein a portion of the particles are embedded below the surface

i~
L

of the polymer and in direct communication with the surface of the polymer.

In another embodiment the present invention provides a polymer composite having a
functionalised surface property, the polymer composite comprising particles having a
functional property embedded ih a polymer surface, wherein the particles do not form a
continuous layer on the polymer surface, and wherein the particles are embedded in craters

30  or cavities in the polymer that are formed by impact of particles on the polymer surface.



The distribution density of particles (or clusters of particles) over the
pol ynmer surface may vary dependi ng upon, anongst other things, the

propensi twoab1fmwedsTng speci es, e.g. narine 5 organi sns, PCe/AAREINDE
contact or attach to the polynmer (the nature of the environnment to which

t he polyner surface is exposed will be relevant here) and the

extent/l ongevity-of antifouling protection required. An adequate and
optimum di stribution density can be determ ned by experinent or trial and
error. In this regard protection against_gntifouling nay be nmeasured
relative to a correspondi ng polyner surface that has not been nodified in
10 accordance with the present invention. The particles used in the present
i nvention are %ync;LonalH%ﬂactiyﬁ with respect 1o pr ventigg.fo%Jhng.fThe
particles may BEiAEPGaHREOIURGHINe PRI COBRPYIE JYRISAIYSNAS A glostie, BOSURE 80N i
the art to pRSHEESShaArFNNd MBd, RY cRABFIENd RS thBy 20WyMeh. exanpl e, with respect
to 15 marine antifouling, particles of copper and conpounds and al |l oys

thereof (e.g. copper-nickel. alloys), zinc and alloys and conpounds thereof
are preferr eH?rO‘féﬁ‘OBh@'seFﬂ?ﬁ’(ﬁ"ici‘r‘é‘ﬁ‘t ,Xn‘%?h&fi"é’,“s a‘%btbf)‘éf ’i‘ﬁ‘?eéfl’ Wmﬁt%‘t JEBY 3
the chem cal yh@h@aste Mor® UWRMKFisM Akt Viriahids sadt Ay 'cbspfigkaiddvebyptiangt ket eby
extending the effective life of surfaces inpregnated with these particles:
However, anyberidersioad tnintmy dstingleion of g sateshiaieesey sierpr BEOUDSENGHCHATFEAS t hat
it is 20 avai le. ] QNdgT, . i : .ndOrmor can be
atom zed byﬁ?kgagg?gghgun, 3%%9%§§§&§§Fp$ﬁg?ﬁ§T*gkﬁ%ﬁ?ﬁﬁgp3%?%ng t he spray
process. O her types of particle that may be used to prevent or reduce

bi of oul i ng inpcl ude particles,.of . peptid hit osap, -SiJ. L2 and ZnO.
These have bosrhann t beoE it B AN S A OE S el
foul i ng. O heroany nabdnavidch isv@oparis inol. esd shoaldude bp hditoeatradcksd slcdgrdent or
chenicaliv(prefgﬁably’or&gnic‘phentcaliiannnbiluﬁed.mﬁEthra solig mat rix,
whi ch funt i SPEROmOCHRT 5P| YUEeyHES dap dF¢ iPEPRRUDTEgHON (o JUTOUBIHRS IS

ei ther withifohhg sra@whanhhie! Briepft of MR RAMhICL@cFRknbRllds e theOficl@lof

| east two active conponents such as a copper- and zinc-based alloy) or as a
m xture of s¥Warguelopdeh bisspeciicatiopfdates |y, the only restriction on the
powder particle size is that it nmust be in a range that allows the
particles to be accelerated to high enough velocity to achi eve enbedding in
t he chosen pBRYKEDESERIPIIGONDE THIA DRAWMIGSparticle size range for cold
spray is;1 - 100 1.1T11, although the upper limt for the particle size may
up to 200 um or above. However, this figure is provided solely to
illustrate the pasemnnpmaioniiscdlluamedi withatfermpantto ttbe ecdmpantginggion-limiting

drawing in which:
Figures 1-3 are schematic diagrams illustrating an embodiment of the present invention.
20 These figures show a particle having antifouling functionality embedded in a polymer

surface to varying degrees;

Figure 4 is a scanning electron micrograph as referred to in Example 1.

25 Figure 5 is a bar chart illustrating results obtained in Example 1;
Figure 6 is a scanning electron micrograph as referred to in Example 2;
Figure 7 is a bar chart illustrating results obtained in Example 2;

30

Figure 8 is a secondary electron micrograph as referred to in Example 3,



10 An appropriate particle size range highly depends on the process, powder
mat eri al and pol yner. For exanple, for certain antifouling applications it
may be cowei2devmessadvant ageous to spray particles | ess PRIAATROUI000901

i ncl udi ng nanoparticles.Here, a nanoparticle is defined as a particle of

di nrension less than 100 nm In this context, nanoparticles of peptides,
chitosan, silver. Ti2 and ZnO have been shown to be 15 particularly

ef fective against mcrobial fouling, since they interact with cells through
a variety of mechanisns. Unless otherw sgyindicated, average particle size
relates to the nmean maxi mum di aneter of a popul ation of particles of at

| east 20, when neasured using a scanning el ectron m crograph. 20the
concentration of particles enbedded in the polyneric substrate should be
such that the particles do not unduly affect the requisite properties that
the pol ymer ishaubds poakeanekasreremicisgraphtaenefededisen Ekanplexanpl e, the

el astic nodul us of the polyner substrate should be substantially

unaf fected. Sone change in polyner properties may be tol erated dependi ng
upon cont exty: ine PQ tainéEin8MaRbl:operti es of the pol yner
25 will be JH5%8gg%ﬁigﬁggﬁgﬁgx?ﬁgﬁmg%gg preferabe no nore than 30% and
even noredpreferably no nore than 10% by incorporation of particles in the
pol ymer. The.concentrat i rtd - N rdance with the present
i nvention igﬂéyfﬁz§§{g?ﬁg@u%%a@ggéﬁﬁ%@ﬁ?ﬁggggb?ﬁﬁﬁﬁgquisite functi onal
properties to the polynmeric substrate, taking into 30 account the
deposition profile.of t e.l articles quanqjmﬁ}bin tﬁe substrate. Typically,
based on t hel i8¥Fflade® arRRilpring reiis ehained intidmPliatent rati on of particles
will be at least 5g/nm2, - 13 - nore preferably at least | Og/nr and even
nore preferably at |east 50 g/n2. Typically, the surface concentration of
particIeéoishﬁwedéﬂ%mt%&WMSEﬁﬁﬁﬁ?Pafﬁﬂagﬁéﬁﬁ?E“WHiﬁgF@%than 200g/ n2. H gher
surface concentrations nmay begin to adversely affect the bul k
characteristics of the polyner. 5 The polyner may be a conponent in its own
right, i.e. Egewrponedigiilohawgraphenieftiedgoinpanplahd in this case the
polymer will have been sel ected based on its inherent properties, such as
flexibility and/or resilience. Alternatively, the polyner nmay be a | ayer
provi ded oveDETAILES DECISSIONOFI THEANYENKHON he | ayer may be an outer

| ayer th%% is 10 normally present as part of a product or product
conponent': This layer is susceptible to being treated in accordance with
the present TRYeREEMNntatPhR Prbdaesantmdtivad forgpprapeg tthesceuhsulaivat biefouling
alternative, a polyner |ayer gg{ be %?plied yo‘anqthen\sub§pqatg m@éh ghe
speci fic i nt§REFDAN e pHdase FAf RAYBHE M iRy Po5ar BOFY ARsse IMiEaly 8repisdicd
anti foul i ng prBRAIND a§tentillySoRYy OidRnent. fTBE iBxAHF May havel pRALar utility in
antifouling properties to a substrate 15 surface that |Is not polynmeric in
nature and tpseniog binfewimgt sush@s maripe Sipfording. that mecsdanben airPhreheficesent
i nventi on, FQQ‘ﬁéggR!E””h&3gﬁﬁo 6.possible to apply a polyneric coating to
a netal subsPrate and then enbe particles in the polyneric coating in
accordance with the present invention to achieve antifouling properties.

The invention achieves antifouling by embedding in a polymer surface particles having
antifouling efficacy. The particles are embedded in the polymer surface by penetrating into
the polymer surface. It is an advantage that no adhesives or binders are used or required to

25 maintain the position of the particles in the polymer.

To be effective in providing antifouling functionality at least some particles must be
embedded in the polymer surface such that in use they will contact, or come into contact
with, the environment. Particles may protrude from the polymer surface and/or be
30 embedded below the surface of the polymer. In the latter case, to be effective the particles

should be in direct (open) communication with the polymer surface by virtue of an open-



20 In accordance with the present invention particles are accel erated and
sprayed onto a polyner surface with a suitable velocity such that the
particl eswbecmmweambedded i n the pol yner surface. Therepcs/awon@echolor any
post-spray treatnent of the surface to induce a chem cal reaction, curing
or setting. Indeed, as noted, the bulk properties of the polyneric
substrate are preferably substantially unaltered foll ow ng enbeddi ng of the
particles. 25 The nechani sm by which the particles are enbedded in the

pol ymer invol ves deformation of the polyngr and "trapping" of particles.
The kinetic energy of the particles is dissipated on collision wth the

pol ymer surface through deformation of the polynmer and this enabl es at

| east a portjan, af. It ! r The
porymer Shoul oS58l lepobB BREMIR forkole LBRLN A B PR, Ton of
the polyner is partially recovered redu0|ng the dianeter of the pathmay
fromwhich the particle entered t

of the parti chrf ‘BSl{lhlétfoé‘BVn“t b, aﬂﬁpef ior éfusffé?:ﬂf ‘?‘ﬁ'%cjﬁ”slt) ﬁvﬁdh‘é?‘?]]h@fr uﬁ@“p%tlf1 ti cI e
Wi thin the palrya@endiubén, Refonp@ntticnthif®, e ﬂﬁ@%ﬂdtyb(yf bhl@tfgrs)ppmhi elgS nmakis®

t hought t hat at | east part. of the kinetic energ actlng?ﬁartlcle

is conver?ed“&@“ﬁ@hﬁ’?Wé?@ﬁ#‘Wﬁ%Y@é%WHb“%m%PP%E%T“E%P?é@é”ﬁ@hﬁ%F P f
the pol yner \aﬁs@h menp&?ﬁémta@éisl &pemdymr& re&»%ﬁtatwremde\a@ b%nmsﬂ@wﬁm on
of the particle into l'yme The elastic deformation referred to may
actual ly be antlmmglm@wt@m rﬁqwsﬁdur Anviidequsisy arfk Pptimam| Giribgtionhdenpisy garepe
caused by i fi L h € I §.40 I g, € s1S
still suff|g¥%%b”%dl§é§ﬁ?§&% (hqg?k?gfgéymﬁﬁ g]@%Lgpkﬁ%%neﬁ§§3%§%$§ngﬁ

The nechanlsmuuhdmb&ymﬂgdbheﬂnmmhodmbmgygpéythuuhmemmﬂﬁmnDSMthudﬂmaUed in
Fi gures é to 3 qur.es % are.schematic cross-sections, both show ng
an embedd&d %ﬁ?@ﬁ%1‘“tﬁwcPﬁ”%7HBFVH§r surface (2). Initially the particle
may be spherical, non-spherical or |rregularly shaped. Upon i npact the
particle penetrates into, the surface é cau5|qg t he P ymer tﬁ deform (3).
In Figure 1 thePRarts csed HasthpeRfEIht DFHAL A TRRRGGRH Y H“alt‘e M'Ra¥SEsEE dfe 15
physi cal |y t sapReds réiagPehd fHiQes Qhy bomoRahld HURr BYpahRepadtedQr fRE R @hasEer
prevents the partlcle from rebounding off the surface. I't woul d be sonewhat
of an ideal i swminoi 1b¢ aftHe popsseseatifewingpsneaiashady way og)amxmdpe‘yﬂwwuéﬁﬁed
dent i cayly, @SS HAWRID, BASLEE of wobdlr RRECbIGS0 G RENEL! HelBR ({IgPLdbpad

anmount of substrate and® partic det'or mat i on vary gepen ding on't OCIty
and angl e of nickgbatioys). p'amzmdl adlogs el commoyndasrthcrypledramctfgm ilolose ?@IbMU@ni al s.
Usual ly, it is found t thin the [

particles peWéP?afé”P%Jq 1W$%v 518 3 §n§8 '%%f?%b%u g%xf&'?ﬁphﬁ m%i)lbor
nore deeply hkehiovwtlbe &u&bgaﬁmna&gahewﬂcmthh@uﬂemaumthMﬁqgmhﬂrwpmnmhe|es
penetrate to a Ies?er degree, as |IIustra§ed in

with suffici &tclefe I@P‘r‘?ﬁ‘trr BN BreiHevifomiie ‘“H&f‘@?f‘ﬁ? ‘4t ‘?ﬁJWGd tpﬁ)ev“ifg Zief\dtl I8 it

is held bp phansivid fster FRROMMMeNSade3Ho @poder 1Bt bt Edrtbchasmiséd biEthe khay
pol ymer surface, subseq uentgﬁartlcles may drive it further down. Dependi ng

on the spray2woned dacsnet therasdly degradrdinpe therPraviRseceiny become embedded t oo
due to the gross deformation of the surface that results from high nunhers
of inpacts. Alternatively, the particles may only be | oosely bound and
prone to fal Dtenapes B0particld Brat may be used to prevent or reduce biofouling include particles,

of peptides. chitosan, silver, TiO> and ZnO. These have been shown to be particularly

25  effective against microbial fouling.
Other suitably active particles include photocatalysts and chemicals (preferably organic
chemicals) immobilized within a solid matrix, which function as a controlled release

particles.

In a preferred embodiment, the method may be implemented with two or more active



pol ymer substrate, the suitability of a given polyner for treatnment in
accordance with the present invention nmay be readily assessed and
under st oosto 2b1e/dobéss regard it nmay be necessary to take iPorawenmeodor how t he
prevailing conditions at which the particles are sprayed onto the pol yner
surface influence the characteristics of the polymer. For 5 exanple,
spraying may result in |local heating of the polyner and this may influence
rel evant properties of the polyner, such as elastic nodulus and surface
hardness. This may actually be beneficial,in terns of naking the pol yner
nore susceptible to . particles becom ng enbedded in it, provided of course
that the polynmer retains suitable deformation characteristics to trap the
particles once enbedded. However, any.(ifreversible) changes in 10 the
Dol yror char BRI Ty 110e" wB e bt [ ELRENE haf DA G0 il aq et o
princi pl es dfctitheoppagertsucinientdoppert and ambibasddngdloanbi houlmingirprodperarates,
and on the intended use of the polyner and thus on the properties required
of it. The p8fY4eric substrate in which particles are to be enbedded Is
preferably flexible with 15 an elastic nodul us of no nore than 3000 MPa,
for exanple no nore than 2500 MPa neasured at roomtenperature. The elastic
nodul us ndy Generrdlynie enbhrgsirictimoenvipe poweermsrtisle fizgis 106 WS4 be Hba rsee thahan
1000 Mra or Q%\N@ﬂ@?mﬁ& BH MAcrakl hildR eg&t{gn%ﬁ)%apto AR vPERDEMEind AVRET T ON
u nc nodu d

el astic nodulusis usive o oung' s us and storage nodul us,
measur ed accdwodinng!tert er ereintpbd adeplonilipediciasiBExangs for ¢gd siae iS hvébd itom may
20 be inplenmente ith more rigjd Lyner.s_ howevey,,de I X .
characteris?ﬁ@@ug?%@ﬁ@pﬁap??grgéeBﬁﬁd¥ﬁgcﬁwldﬁ{m$%de?§3gﬁggd (gagﬁggabthe
particl es iffigiheserovilddwnteta dharwanthe popen praescotnd beropoleynres be haiitiaf f ect
enbeddinq of particles. Polynprs hamln%h n el astic nodul us of no nor e éhan
2000 MPa e braBRrORAt FBFHeIL e FREE R goISE, PR i POt auR ST AR 48T 1 | ty
to be | oadedydhihér. a 1St Eahlpre, i@ hedans ahfoQfingdappliclies i€hayi ve doasiovee
rigid 25 polyners, such as pol yearbonate. O her factors, such as surface
har dness (asadreniagrosd bysprave Pafigice IBwr Hitass 1D idwien) naegpegicds: affteet 2t he
particle | oadj i.e 0 _ - e r.dne ) t han
75 and mor o ropeRaE s UPRAS B rBR YR oo A e Ll
| oadi ngs ( e. ganoparadeentt epid@0ghit@san, siver20iQy 006 68¥PERVAUREN 15h0B09@1 be 16
- allow particles o be enmbedded,. as. rib endi n .t ouoh
char act el st FELSBRDC HERHET ghar it Rl BTk, Shee, BED RSP v AT e TF hrossh # ace
SO0 as to rendgiety bf idecliahishes Snleas ogicanite irali@edetrvatgeoparbyictshe sptaylo the
particles. This ngy, for. exanpl e, be,ac@jeveq b ,cpengﬁal means. o

A ter nat | vel BEan REV S MARRCRGY AePRBLRLY RSP A gray B BCaUEs B88% as
to soften itsantndeclbhitth hidRgpap8, particle penetration. Any such surface
treatment shoul d not adversely inpact on the properties of the polyner. The
pol ynmeric substrate nmay be a cured thernoset polyner or a thernoplastic

pol yner. sKere, 1t he tL.erm.. cur.ed. t: orid o . [ heen
i o by 20 Gh e R A ey
be achi eved pstidey dsuiot uoduls effventhe av@patcaprpprticsottipd Hici Ry BeroSwHdnRESHEHS

cat al yzed/ crposs, | i nked | rizat] caal nd-the li.ke. . such
the termis ér’)f’c?f d At Snﬁlé‘gl(af%r&geﬁbkrogc“é%gﬁlg’ ﬁ]sfeg%fql%gﬁggwﬁsr g‘n‘eﬁoéugdléixﬁhreélﬁ\%/téﬁgr

bi nder, evenshohniughsubkiesielliyayafieorel. pRinarerange ohpolgetrepropdbesTihay pololeraed used
may well be dictated by the material gﬁﬁf nt | _bein% used .or a,par i cul ar
appl i cati on. YBG1¢'8%1BC 8W§W%f"?%c?ﬁﬂﬂa5u§83?é?’FW%’ﬂ%%P8 ’?%OevgéV Ml s
and/ or ongan@f| b GAMMLEMMORNdforé U A6, SprefedNESo nldie thdl YUPBIandBdehenore

sel ected fromthe group consisting of polyam de, epoxy, polyester,

pol ycar bonat Brefesily ae moreadhan 1§7e! Bygrensparaien of partiplss &t i palymer.

pol yt etraf | uor oet hyl ene, pol ydi net hyl si |l oxane, pol ystyrene and/ or

The concentration of particles used in accordance with the present invention is at least that
required to impart the requisite functional properties to the polymeric substrate, taking into
30 account the deposition profile of the particles on and within the substrate. Typically, based

on the surface area of the substrate, the concentration of particles will be at least Sg/m”,



20 pol yvinyl chl ori de. The polynmer may be a honopol yner or copol yner. As
noted,. the 'polynmer nay be a conponent in its own right or it nmay be a
| ayer. Tywoealdopsesthe pol yner surface to be treated in aceondanmeoswith this
invention has a thickness of at least 10 m nore preferably at |east 50 pm
even nore preferably at |least 100 pm and yet even nore preferably at |east
200 m The thicker the polynmer the deeper the particles can penetrate,
whilst still being in conmunication with the environnent at the pol yner
.surface. The surface being treated in aggordance with the invention may be
entlrely polymeric in 30 nature. However, it is possible that the polyner
is a conposite structure. In thls case, the surface will typically conprise

at least 50 wt % referab

2012/ 00668 7FCT ABERT G oG0h e ot S YieBk prafebiy 01 A0 el e vty

| east 90 Wt %upfaty makentlramogaﬂeﬁaahqlcst Renochinghethat Beogal yf(T)El’ex@rﬁplE:Qfd)t mbhRethaet t er
particles will penetrate the polyner and be captured thereby. The pol yners
may i ncl ude H8i%i veé‘%ﬁbmrf?% fmceaﬁﬂtt'%weﬁv rﬁ&&iWWt%eré?lésf et B uPtis of
the pol yner, . apehridcsioMRGolymmgi fiers. 5 In general ternms particles are
enbedded in a polyner surface by a spray nechanismin which the particles
are accel érated to a suitable 'velocity, and thus have suitably high

penct rat ot notpTat G el Elmpdie RO PGP (e R0 TRIpoRH BGd BBK he,
t he particIemﬂpemeMnéhsthnt@naum,ﬁwgm&ﬂwmmuywem;mheﬂcmetbvedsnonsWmhmnmnds"

t hereby squeezi ng and/or op article.and ecurln it in
ol ace.” Doperir Rt ol toid S EgnaRr iaeBd o Erdul BEalF Rt mi phedi
degree of pepetidal o0t HRYhdsubghieMadhisThbS URF RGeS fag it idlouBYayRe that is
advant ageous as jt allows the antifouling, properties of a pol ymer surface,

or regiong oformallypirTEl 28 BRR Q€& PR by E‘&?W%F%’&POI}S‘ Thiis ﬁ*@t“hb‘o“”é‘chf’h'é 1o

i nvention mayiReuldR] RMERLREANSHAY 1R ﬁ/@{ehﬂrwemonstgrﬁ%Q@Gxﬂﬂ@hlﬂ@ Fdpertife
particul ar technol ogy used shoul d be capable of accelerating the partlcles

to a suitabl4s ehgtherv alleedtivg, @ pobanes dayenenpabe iappliss! modrbé}c;orﬁsbvéwtﬁe&dédl ¥n
h | F equi .
the pol yner %g&frécﬁah JQ{? ot h%ﬁ' ﬁ%ct’io(?ﬂtl'%lﬁ qucga%)#\){?rryld gr mﬁ’é@\%f dinﬁ (%glﬁgf)

pol ymers bas e material proper oly
i mpor t ant  howepeties hEtis triag be poay bmmmmmkmgymamdhmnknmegvemcmm$y>m&ﬂmumL

particle used do not irreversibly and rse t t% roperties of
Phe. pol yrar  reg oS ot pEiGedi e aed YT 20 huRlb BTy abdfePL PRt it ner
enbodi ment th&h parirtehesvempnbeoeshedgded: may bhoRMly RIpplysi ﬂ:gymeﬂ;dccgmm 25
dynam ¢ spraying. Col d- qazﬂ?ﬁnanké(gpra ying (or cold sprayin 5§Pa kn
process whi ¢ fﬁetal sl n ERRELPATIEE NGNS POINBRIFE aéwns.l%? ¢a9 f&:w
into a high e %R\%&H’t‘?mgﬁﬁorﬂ@\%{cl%w&ﬁqmdMEhQ?rdp@rtf@ﬂen passed through a
conver gi ng/ di vergi ng nozzl e that causes the
20 In accordance with the present invention particles are accelerated and sprayed onto a

polymer surface with a suitable velocity such that the particles become embedded in the

polymer surface. There is no need for any post-spray treatment of the surface to induce a

chemical reaction, curing or setting. Indeed. as noted, the bulk properties of the polymeric

substrate are preferably substantially unaltered following embedding of the particles.

The mechanism by which the particles are embedded in the polymer involves deformation
of the polymer and "trapping” of particles. The kinetic energy of the particles is dissipated
on collision with the polymer surface through deformation of the polymer and this enables
at least a portion of the particle to penetrate the polymer surtace. The polymer should have
30 suitably elastic properties so that deformation of the polymer is partially recovered

reducing the diameter of the pathway from which the particle entered the layer to less than



gas streamto be accelerated to supersonic velocities. The particles are
then directed on to a substrate surface. The process is carried out at

rel at i velwol20w/doessper at ures, bel ow the 30 nelting poi nt pofi/Aterypacdoiicl es
and the substrate. The process is typically used to apply a coating to a
substrate by particle inpingenment. The fact that the process takes place at
- 18 - relatively low tenperature allows thernodynam c, thermal and/or
chemi cal effects on the substrate, and the particles being sprayed to be
reduced or avoided. This neans that the _qgi.ginal structure and properties
of the particles can be preserved w thout phase transformations etc. that

m ght ot herwi se be associated wth high t enperature processes such as

pl asma, 1-1V| E, i n e

processes. T ec%nd%$]§?§8 %ﬁ$ﬁ%|%% &' E {Es&gﬁlﬁcﬁﬁLd%%xﬂé§ WHU i'd- gas
dynam c spr ayitliig tie golgh@sicr Whild,nof mantmg,ampjcebounm blyShénra G js4di<h th‘ﬁhghtftbmtatt hat
col d-gas dynam c spra tends to ni.m se, structural chan

substrate mrs]]él‘??é PR R %’F qﬁ%‘“b"é‘eﬁy p‘?fmﬁhér‘f“é’a‘“ﬁ‘ﬁp‘ﬁ”éﬂ‘t |'§)|‘10’f‘§8h |“E]l§‘égl %f‘“?he
present inveRtihg 40 168 dug@s ©Mpediuee SPhayHoNgndren@ainn ﬂh%}@%u@-bo@mcrb

sui tabl e tenperature that will not result in undue softening th

particles? |mablhits chiggapaciatiosndutly ptivletiel thﬁaff"llt'Berpe[ﬁ‘ét?l%‘t“é ‘ﬂ"r‘l@”}%}’yrrer

on inpact therpafkth GhESaciidl HReyigifGt Qﬁ'tnliﬁ(ucsQ/héx@{)h@&@rm§%tLﬂﬂh@%()@fme? he
particles may inpair their ability to penetrate the polynmer surface

sprayed. Thecapaudtbicinemcd sl dhpaitigleslis onlyepaftintistreomvatet yehdtd xﬁestrﬂloalwfwrﬁgo
sprayi ng anqwk& u&é&ﬁﬁikgyﬁ“ngggﬁggkpggﬁga@ the mechani sm by which the

particles provi I'ng € t he spraying conditions may
influence this. For exanple, the particles may Iose functionality if

spraying . results in si n|f|can sur ion .t

oond! t1 AR °F Hie Battin S MaSang Inent hGRReAR biiBhat DBl CERy: T8
accordi ngly bhasgdeontd Nerepalidniatic @fosbetaign Bospphayig. axfEhﬁ;e&defdeahndlﬁ(lsmr ayi ng
on the polyner surface shoul d al so be taken intp account

convent i onal PUSBE B¥lagh(d praly "&Fé’d(‘éc;e IRE bePhaical o Sah%a& 9' kjr%a%}

above the suy 1a?¢ l?ion 19\%&3%9@5}51@%1% ﬁ@ﬁ&ﬁﬁ‘tst iN® ®eALHAG LaYelsidihekRest s at
| east several tine he average particle dianeter and (b) the nassive build

up of a depodsiferm éﬁ Iblagllgu@el/éh%lmrggt hias pprastated sdeepliy cdaougththeh itchas become
subsequently e a r p of
the par tidl PSRy psie” Sk gBuBliRNer 08, RATROBEM: dchbalitlyn i priiihlstnt
surface at apatédlo(ﬁiohyrcbomﬂé@ ol thee smeﬁad:aal I would becswlmwé)lamf alyxdzameum ofitheal

velocity is materi al The, cur.rent, i,nve n is. believ
repr esent 5|88Fffé%ﬁ?sggpQFEGQém?Vgﬁﬂ? %2@%%56@ @bﬁ%eﬂ?“@dﬁlﬁﬁgés ‘ofcol d
spray. Accor glafi@et @c thtgetpition aitpthi mderhoen dthaibpadt iaad Qﬁnﬁ:ﬂcﬁ defoaritnhated
towards a polymer. surface by a cold spray device such tr when they
contact - 1¢pending on the veloCity and angle of mipact. particle size. polymer type and pe rticle
20 materials, Usually, it is found that within the same particle spray stream some particles
penetrate to the level of the polymeric substrate (Figure 2) or more deeply below the
surface, as shown in Figure 3, while other particles penctrate to a lesser degree, as
illustrated in Figure 1. Nevertheless, with sufficient deformation of the polymer material

around the particle it is held in place without rebounding.

Once a particle has struck the polymer surface, subsequent particles may drive it further

down. Depending on the spray conditions these secondary particles may become

embedded too due to the gross deformation of the surface that results from high numbers

of impacts. Alternatively, the particles may only be loosely bound and prone to fall away.
30

Noting the underlying principles by which particles are intended to become ecmbedded in a



t he pol yner surface they penetrate the polyner surface by deformation of

t he pol yner. Dependi ng upon the energy of the particles a | esser or greater
degr ee ofwpenstamadsron may be achi eved. 5 However, the pactixuzes/mesd not be
accelerated to above the critical velocity for particlel/particle cohesion.

I f indeed a given set of spray conditions were to result in the build-up of
material on the initial, enbedded |ayers of particles, such that a
continuous coating layer mght formon the substrate surface, then this
bui I d-up shoul d be avoided by reducing theg _nunber of particle inpacts on
any given area of substrate. This nmay be 10 achieved, for exanple, by

| onering the powder feed rate and increasing the relative traverse notion
bet ween t he J t n this context, It

desirabl e t&§ﬁ§§&§%?§§‘%é@ﬂgkégﬁg”ﬂﬁa%Lg}ﬁ%WLEEPfPE? SRE mgm° &J496 glﬁut

t hat prohi bi mrcseooatwemg)rbmab/dawmadlily assefpyd a\n(bltdlkiélgtOGQKCEI@dﬂhi‘!;grcfbhllﬁ pandy ete
critical velocit ocess contr ol be.advan eous as it

al l ows the antf¥ Itf)ntgl‘ B‘r“bﬁ%}of’i‘t Rowy ghe prﬁ@‘g’%%@ﬂﬂ@é@éw ?q‘ &‘ qragHrdes e g

pol yner sur fgesed tehidahd aolydie@dsurfhbe igRehEE thdicBirhdi@iskit OB ABOSIYMAT For
particles_in the polynmer surface nmay vary dependi ng upon, anongst other

t hi ngs, the ﬁ@ﬁ@@ngPvaéfmaﬁ6%“@%8Hﬁ%%l“ﬁﬁ@iﬁbﬂbr@-ﬁﬁgnﬁukﬂubﬂﬁéﬂmﬂgwce
attach to t h%lchh)bP{ﬁfen(eg B?th@%}%ﬁ%r Qlch a@%la@ﬁr fng@ulﬁsn%/ idrsgﬂgf‘emarc‘!ﬂegsl Bfs may

rel evant here) and the extent/| ongeV|ty of antitouling protection
required. Anﬂa@éqdatéuaﬁGMbpmnﬂuW1dlsmkmbutﬁqnﬂwmmsmby sarciibledet pamicieed by
conput er node| n rrorn. The pa
acceleratedq%ﬁ&gn%as s@%{lgﬁ bogﬁeérggﬁv%qg%ﬁ%%??ipkrrtdp Pg%@ di@HF§“9%

pol yner. TypuhamlcleymtxdsImetrmeiheq;mtuyle@bnctel“emtga&cdstll(ﬁ»amxr eswlitréverdiblepehpagdsiic] e

velocity.jn the 25 range of 200 n the, range 350
Vo 700" 4bs. hS a5 st 3B st houfops Rl ket onbet W BEING Habtrr ed
may be dict aﬁreﬂnbw\mampmrymrewm;,samﬁiunlag eréfeatest BRI PANhd GhieRleanRe REIAY
enbedded in and the extent to which the particles are to be enbedded

rel ative to RAMNENEFHL thugra thaprepeEdcs rrplifer Reitexper i ment ati on and/ or the use
of conputer nodeling may be used to readily predict the required velocity
of the particles. 30Further details in this regard are included in Exanple
1. WO 2012/ DoeB87TRCK wbstond frooligh particiz are 1T1he eopheddedps prégebludlesibbhouh d be
sui tably,gui gk t p u rou I ,ven
set of sbgayﬁb8%3¥?§§ﬁgxﬁ8§5 rﬁQLX?ﬂxﬂgm b@g ﬁﬁ né?g%)%FP Hia 1%063ﬂ!f|a
enbedded Iawemsumﬁapamht@hg@musucmhéhmmuanommmqmmpHSncnaﬁdngnDaMENuhpnms on

the substrate sur hen this bUI shoul d be ayol ded reduci ng the
harber ot as dhas 58D ALE Ba i way ) b0, e 2 Ra by Sap iR SES. PSR e
achi eved, fajf @xa@ke, mbamdoavmslnagn&dmﬂmmwﬁatmfce@ﬂ Yoah€s aﬂ&iulm;cma&bﬁ? t he
rel ative traverse notion between t Rray nozz|l e and the substrate n

this cont ext”’O‘i“tlusnﬁy“‘a’lr‘é’o“‘b@dd@slpr‘@o’l“@‘ P& depsabahindycapgivdi & il §adnviensan mrY ow
particlesgt %Lh‘ﬁxpﬁm%q(ée\gxt}p%ré né’ih pBWQJrsbhéw&@ﬁEéaéanRg ULQ\ Hhe- Lh!lﬂc,ttxhsq\\cgﬂﬁe of

cold spray for instance, It nmay ossible to e a particle velocity
t hat achi evede emeldtliirnbthgﬁmn@pafrl@mtyl used tpurmbed Hat pargeléseid sl\esmanﬂucltce releyant caI

vel ocity forpr a:léschfe[{lE%F{yh‘l% ?na??tﬁ?&'egﬁ)f: {1%%1 pgrﬂy eldahmerg ha\qrﬁg%;% e aallc a

conti nuous coati n OW Nng spra rocess Ing ed to

renove | oos ehydutbwvfdupamtutbéxeﬂ)mrl‘dﬁa hhez»usanir‘ftacmn tc'ﬁfp@ammymt}ebcﬂmaﬁ;rcd due

exanpl e, by wi bru hi i e surf.ace, or hlastin

conpr essed éPﬁﬂngﬂgwé?ﬁg mWﬁ?Hg §5u¥ﬂﬂ65 ‘gﬂVP‘Hﬂ?”géSéﬁ?‘gﬁkbwoﬁdﬁﬁﬁer

substr at e5 gan\tm@k e;acraqupyc@mmcmm tf&dfm§ suDhsydiefacddiddrincsd @8 mdyur@eby

enbedded in Q§ nEé at h| %ﬁpugh s lid Ioadiggs to enabl e antifouling
HI‘L

functi onal i sat g“‘rs%ltﬂ-y A5 Mh 2180 abegh thy @artinler adine dahgyd!s &t he

polymer. A Shore D2 hardness of less than 75 and more preferably less than 70 is

preferred to enable higher particle loadings (e.‘g. greater than 30g/m?).

30 The process of the invention may be applied to protect a variety of polymers. Typically,

the polymer must have the necessary surface characteristics (mechanical propertics) to



10 surface being treated. The surface is not subjected to extrenely high
tenperature and hi gh inpact erosion may be avoi ded by controlling the
vel oci ty WO 20tibesrhe particles are sprayed onto the surCac@:2baioogeolr eat ed.
Col d-gas dynam c spraying i nvolves supersonic gas velocities. Taking into
account the 25 underlying principles of the invention it may al so be
possi bl e however to enbed particles into (soft) polynmeric materials by
sub-sonic particle acceleration: In this case, sinpler. |ow pressure gas
systens such as grit blasting equi pnent-ay be utilised. Desirably, the
particles are enbedded in the polynmer such that at |east a portion of the
30 particles are exposed and therefore open to the environnent at or jUSt
bel ow the syidaGhnfies! Beehmmed, Sushcriamt Depesling b o phassterishes of the

e

envi ronment 1 n ol to be WO 201 0901
_Z\f used alpiﬂlymet nrwbemdémt&e@r‘%/{o;f‘iaéﬂﬁS\‘}ﬁaﬁeﬁorﬂsi eegltg?n¥E$gﬁélb‘%J§’Q%%pt@ he

pol ymer surfag rau{gn'lo W%@ sgragtpar”@bés arEie nke, i@?é\kd’n@ﬂé ebefadne\a:dmyrctwmmabﬁedtﬂhe

particles n8t"% Thus, it ma sef ul
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not be di rect | y exposed. Vi | hdnt %l,unﬁgrdav@gﬁy infyakt due
5 to processh¥drp "‘8ﬁ%‘°&r¥5n%1ﬁg%§| é\yg?@'[khfdbﬁtfégﬁ of the particles, some
particl es may (Roprop@tieydfeidedymer. t he desired extent. To enable a nore

uni form penetration depth of particles into the polynmer surface, preferably
at | east 95w % of the particles have a particle size within 80% of the nean
|0<'i(r]I ticle sizg, NGk SHarAb iy Wethiured dimesee polymee opp dicsmapipstic MR 30%
and yet even re preferably W|th|n 20% of the | so,
particl es t hadre greetenx posedthgppRsst It’ﬂ)é‘“?ur“f%&%“B?gﬁﬁr hgbaﬁceeh%l%d% ‘]btehe%‘(rptgﬁe to

| ner ease(li Chre%lgg w1|[l§l|1%s lﬁ Q)ti Ql% ﬁ( EME‘Q CILME\QUI"@“R Wd\fltdmmi’lm&—aﬂt cordiait ons
due to hi %he gaseous or qU| o]

w rates over .t sur f nd
decr eased ra&e&@wn ngidstiat Mpsémki%ohﬁ‘éht"é\“r&ﬁnﬁ‘i‘l‘tﬁdﬁwx‘ﬂh"“t‘ He “’q‘%&m?‘
preventing marjne hi of gul i I.5 & eleasenduabi dngord® he thhenaxpposn ab@uef
what is requ‘i“}‘eﬁwsﬁﬁ Q %agr&c‘) I[ALeI%m Vs Ormstnpr evalent in a calmor static
envi ronment . adh@snw&hnﬁaas&&emhorrglythbs henlefE oplmefioFhdicYTeast a portion of
particles to be beneath the surface of the polyner that cones into contact
with the environment but neverthel ess available for contacting with the
envi ronm%gt i Cp%h\{whgedm tvenrbeadmeei hynth@rrmmca:mbl qerrettbn§ede antd f8UF ng
ef f ect Typ| al'l'y, at least a rt| on ar e Qiondls ARASt S
vol ume % at parea@@rmlv%loun%m%bﬁrp" m?rééf‘é LrlIQ/(:P hd@;rﬂ%rug enbedded such

t hath at It eaist 451 LY r?’B)H gg %UI@g sh@Patsi 1R8N0 [thi¥gpohnadr naty Hceakyttb@(Derlile O of
each particl &

| ow t he surface. e of
t he parti cl eSmb,e;ung Léemwam@e enped ROty SR tpr?éy‘ﬁ&oﬂ)ﬁﬁ’r X‘\’Aﬁ%ﬁ‘ﬁel 2i ngﬁ11 w’g
prone to kiss fr0 RO VIR RuSYEREIOnE! apdlidintdahRioRiE on mfyslyreneGew/@ﬂ ly,

the greater PREWS lihd®
20 polyvmylchlondu The polymer may be a homopolymer or copolymer.

As noted,. the ‘polymer may be a component in its own right or it may be a layer.

Typically, the polymer surface to be treated in accordance with this invention has a

thickness of at least 10 pm, more preferably at least 50 pm, even more preferably at least

100 um, and yet even more preferably at least 200 pm. The thicker the polymer the deeper

the particles can penetrate, whilst still being in communication with the environment at the

19
()

polymer surface.

The surface being treated in accordance with the invention may be entirely polymenc in

30 nature. However, it is possible that the polymer is a composite structure. In this case, the

o Aol " 0,
surface will typically comprise at least 50 wt% polymer. more preferably at least 70 wt%



vol une of particle enbedded beneath the surface of the polyner, the |ess
likely it is that the particle will becone dislodged subsequently, for
exanpl e byoavtioséson. The nature of the polynmer is al sopceladeanioopgeit hi s
regard. Polyners that are nore elastic in nature are generally better able
to capture particles in accordance with the present invention when 30
conpared with nore rigid polyner, such as rigid thernosetting polyners. It
is also possible that nore elastic polynmers nmay provide greater resistance
to erosion. This may be beneficial in certain applications although in

ot her applications sone (controlled) erosion may actually be desirable
since this may |l ead to exposure of fresh particles that are enbedded bel ow
the pol ymer ,surfage C\m%@rcsﬁét@ﬁb!v@ﬂ 10fst bhSVPOPMPREr. | B @8Il he hfpder the

i mpl enent atf'on of "the invention, thi s is another factor that may be

consi der ed. p@yimar eonpimefier battr eatiolts mehreagtralels Poly s R O CPYFdeRER Y e at
| east 10 wt % such as at. | eas W 9 . | . O s ktdicl es
are | ocat ed{%‘éf’(g\’/\}nf he' lapvdflglngt} %dg%gﬁ%%@gﬁ mﬁ/ﬁ? é’%g?‘g‘ g?% y;‘?x © g&%[%hpﬁ)gcﬁt@ﬁ cles
ar e | ocat edieqlbimedr hacls a ifrpaet hydifidrs| east 1 pm nore preferably at |east 5
pm and even nore preferably at least 10 pm The further the particle is

bel ow the 10 surface of the polyneric substrate the greater the expectation

of a nore pipLaRasdeditheiMs’ 2t leabeddranh eapolymtreastacd bpm dphey pecianisinein
Al'so, there is less |likelihood of the par,t{)cl_e_ _b‘ei,n%@; e}gfqved frgrg t lﬁe,h
surface dur whighuhe partigscare greehares dp ds WP 1gsdyy vt this 112V Suilioy hig

structural ghang&s &l stdh@hRAQ BBy BhE@GRe folyRbSsulRcdBbp pémRirb@RhOpol yrher
pol ymer. These struttural changes are characteristic of the particle_inpact

el astic (vi sotpkadt gejeradérosntieipolymes éhdaiprrpdasitenpasiels BOCtHE Gt i Bi%es to
be trappged within the polyner., | s 86 5TBo : hifh e patddie AR
PR kRGBT T fond PUSCIEER) s BLIR, il SRUBRL B b

enbedded cavities ormin the polynmer due to
particl e i npactcuriGp at @r gadeaveDeapandieg upehgts cextze rmdithy pabioles atlerscroen gFdal
surface of the polymer (see Figure 3) formed by | ral, g0, and..y rdi

di spl acementd¢@se BBP?HEI“S%{‘S”‘PHQ%‘&‘?‘?\Q@I eﬂ}'?‘rﬁ%%?% Cioﬁ%&srﬁ‘!?yf g“cé&q td(‘fga)a\l}\i:rgltdy "does
not have suglkaireesiRA0es propafits 6F eolyayr hefiteaatadoismfarmlens sareieoto
cavities with a portion of the particles surface extending above the

pol ymer sur foad@lorel t ernatively or additionally, particles may be located in
craters d/or cavities with no portion of the particles surface extending
above the polymer surface. If a particle becones enbedded in thg pﬁ)nger
such 75 t hatThehecthat of ba infentioe mas beiiBpEMENEH ke 4 YWrighst! BrHeReOrEs
beneat h the jpol yirer surface, . [ 1€ IPAI belBatTRY: Recibgtid, e fhA%E @8 sabesul t
of the openilﬁ‘ﬁ %H‘%é“r“‘é eé{gr%gfg&(:%gﬁ@%@ llé)ts(id agrgue tg t_hlez’i nr@r ent elasticity
of the pol yrmegh vflositysphemse dle patidléscioebicomhenttaddpdsin G mehaiesurpdel  Bee t he
particle diangeter. W‘)2012/0,06 87PCT/,AL2011/000901. . S TSRy be
due to bei ngEiBEEIHC] May H@Qﬁ%?’)‘i%@w’?gﬁcn&gm mgg’r ‘|%dn§rg{hg?l ﬁdguggp}to'%l €s
protrudi ng afenepdtferROol)EEko Fufforasehoardérahatpiay dpirgl tectinogg sd/oatisivaigeithe

of particles used do not irreversibly and adversely affect the properties of the polymer, tor

éxample by undue heating at high temperature.

In another embodiment the particles may be embedded in the polymer using cold-gas
25 dynamic spraying. Cold-gas dynamic spraying (or cold spraying) is a known process
which involves feeding (metallic and/or non-metallic) particles into a high pressure gas
low stream which is then passed through a converging/diverging nozzle that causcs the
gas stream o be accclerated to supersonic velocities. The particles are then directed on to
a substrate surface. The process is carried out at relatively low temperatures, below the
30 melting point of the particles and the substrate. The process is typically used to apply a

coating to a substrate by particle impingement. The fact that the process takes place at



formation of craters on the polyner surface. Such surface features can
result in an increase in the average surface roughness. The propensity for
such surfwoeofxamtesres to format the 5 pol ymer surface wcrlaudepandoupon the
exact conbination of materials and conditions used. The average surface
roughness (Ra) of a surface may be determ ned using a Mahr Perthoneter.

| ncreased surface roughness may | ower the coefficient of friction of the
surface, Reducing the coefficient of friction of a surface may be preferred
in certain applications in which flexiblg surfaces are required to slide
over other surfaces during use. 10 For instance, in marine cables, reduced
self-friction inproves the ability of the cable surfaces to slip past each

ot her on contact, avoidi ot enti al etot abl e duri SPOO ing.
Thus, (1 arTORHEH A GTEE A bl EBRE e HErH f9Eo0icAuatl g nt
conposi t e 1{haARPiidihePaRRldsi Helr@Ssphavd fd bafddubQubd NGideEo s meamaﬁiaadded in
a polynmer surface, wherein the particles are enbedded in the poly

surface wi toiginal asruchighesiy Brogertipy mfethe piEeles reap hee gasserved e?‘th‘b‘“nﬁlﬂ“gf Oma
conti nuous t}ﬁ%ﬁ)‘hﬂﬂﬂmts% Qﬁut G ht &Hut@s%eoe E&[Q@crleﬁ&cp wﬁtﬂ%x%@ké’r@ﬁauﬁr@ pRocesses

t hermopl astic or cured therno et polynmeric, wherein the particles occupy
craters dr wavis pesnaxXendi ag gaﬁ-tibmteherapmhylrmrheaﬁt#rrmléatae'dlgbvweﬁﬁfactT hef the

oart] 1S, SRR, ST SH0 FhobGRSh 10 YRRl SAERGRUL ol

preferred tdwtridebefol axpand, udUSEn’.HJZQlMofrhb haet ﬂnarctdlab oas dysxarbexwaathgtthlmspml ymer
surface so that the artlcle nay $ ace as ar skj_jtl_o,f fh?

openi ng of FHEMEE stragturgh changss tE‘f 6‘&15%}6 cﬁ‘tfé‘“ Hat P ndret BI{CTEH 40PY ‘i‘f’?f of

t he pol yrrermm&dg fheRe picesht ifveaident of a polyner or region thereof’
particles already embedded in the polymer are likely to be inpacted by
further lQartl cles. This may result in nultiple particles being enbedded
within a sinaghe,cay 1tny“_ rra\ B qg@tr)m Eth’{tr}i $uh@bl@%n¥§@?5tme lﬂatt\bllllsn&"?‘@s%llt he
particles |ocat Sd oSt ¢ e surface w | e exposed to the

envi r onment ur(des gohaumn oi)vatnamrméttsc)Inflhr\smz,qmtlhsftqﬂbisbb peied itedt é¢ pematdéd nor e
deeply in the_ ner ose t / n t age.
This arr ang%ﬁgﬁ?r %ﬁ MPgFd th ﬁar%&lig% Bmprbc Su hucd\hlgﬁgﬁ]&'hgar ;ggpgm ofﬂtha%tiﬁ feles
functi onal i gay ii@paiptheimhgbipgl iy rmhctrate tlﬁ%olvnn&hmrﬁabcesémh spiayaht ilba pnsMes
bel i eved to have w de_ran neral. terns he nmet.hod of
i nventi dA nifipuise!sthps f‘@&“&ﬁ‘ﬂgr‘“ﬁ?@c léwﬁl?rl i?ggfnésﬂ}df ‘éé’ep%{gé%?f'ngfp‘?lgmgi%’éin
preferably fyofetahBg byUGRicRShEBIHNRsbhoLRY! ddiigoul Mbi Efect heaneihoptapiy be
suitably used to protect_ 'polynmer surfaces fromfouling zﬁg in particular

marine bi of euiditiegs e hwese (e Jior AP 3o PTIRES pRs R ERRS N may

be appl i ed E{Qd\%&’ ALLIRIY \?écm%m qrld 908aldR WMKCParBUSE aTREEblHIGE F@Rld-ty iS
required. accor dance he present invention this nay be achieved if

the active pardyinehesspaneng wikthewfiar by seleeted accgubinglp bascdrmanne apriclss 598
mechani s,
renmedyi n' tFPédVﬁgotl)JPerr@wggﬁy r g%{hgﬁalgptﬁgs% ou ugﬂdlbd @gﬁenqg%%g@ugt)em fic

applications where the invention may be appli ed i ncl ude the foll ow ng:

t he

The two conventional uses of cold spray are (a) the build up of a coating layer above the
surface of the substrate where the coating layer thickness is at least several times the

average particle diameter and (b) the massive build up of a deposit. at least several

|
i

millimetres thick. which can subsequently be used as a free-standing component. In order
for build up of the particle material to occur, the particles must impact the substrate surface

at a velocity exceeding a certain critical velocity. The critical velocity is material specific.

The current invention is believed to represent significant departure from these two
30 conventional uses of cold spray. According to the present invention the particles are

accelerated towards a polymer surface by a cold spray device such that when they contact



Boat hulls and boat conponents that contact a marine environnent. 1 5
Seismic streaners and seism c acqui sition equipnent, including a seismc
streaner wehkbe/ooedser e a cabl e houses acousti c transducePsT/AARNEANEI0OOr

el ectrical conduit, may or may not include a gel or liquid, and has an
outer skin layer consisting preferably of a pol yurethane-based pol yner. 20
Auxiliary equi pnment that fornms part of the seism c streaner or streaner
array, including, but not limted to, birds and bird wi ngs where these are
essential ly stabilising devices, weightsgy_couplers used for joining
sections orstreaner cables together, and flexible sections. 25 Aquacul ture
applications including sea cage netting and netpens; nussel |onglines and

flotation buoys: oyster cages, scallop cages; .aerator bl ades, aeratar
floats, boat" éﬁ%?}?%dgﬁﬁﬁo@%, P?%%é‘é thhaoﬁ'ﬁ%%éllm‘%babt) ‘ge(g?rlme&@? TRy “?“o%‘g T ave
power buoysbDarddinaviforeme kgye € aphupartitleoalSsaanegrseoddpatead pesisiapoe iy b380

Ti dal pomerlgqui ment. - 25 - Shipping sea chests. Fresh water pipelines
(to prevent®Bi®¥f4 I m formati on or bryozoan accunul ation, for exanple). Sea
wat er inlet pipelines. Floating nmarina pontoons. 10 Inlet pipe casing
(external or internal). Water pipe linings (internal and/or external) to
prevent foullpyigyer, thespargcleernesgd | natj e a@%ﬁé‘éﬁwéﬂ‘at plsvis the ocrpical estocity ulor ng.

15 particle/particle cohesion. If indeed a given set of spray conditions were to result in the
build-up of material on the initial, embedded layers of particles, such that a continuous
coating layer might form on the substrate surface, then this build-up should be avoided by
reducing the number of particle impacts on any given area of substrate. This may be

10 achieved, for example, by lowering the powder feed rate and increasing the relative
traverse motion between the spray nozzle and the substrate. In this context, it may also be
desirable to use spray conditions that allow particles to be embedded but that prohibit

coating build-up (i.c. by avoiding exceeding the particle critical velocity).

15 ‘This process control may be advantageous as it allows the antifouling propertics ol a
polymer surface. or regions of a polymer surface, to be tailored. The desired distribution
density of particles in the polymer surface may vary depending upon, amongst other
things, the propensity of, for example, marine organisms to otherwise attach to the polymer
(the nature of the marine environment will be relevant here) and the extent/longevity of

20 antifouling protection required. An adequate and optimum distribution density can be

determined by computer modelling, experiment or trial and error.

The particles may be accelerated in a gas stream at supersonic velocity and directed onto
the polymer. Typically, the velocity of the gas stream results in a particle velocity in the

range of 300 to 1200 m/s, for example in the range 350 to 1100 m/s, 370 1o 1000 m/s or

9
wn

400 to 900 m/s. The exact velocity required may be dictated by the polymeric substrate
that the particles are being embedded in and the extent to which the particles are to be
embedded relative to the substrate surface. Routine experimentation and/or the use of
computer modeling may be used to readily predict the required velocity of the particles.

30 Further details in this regard arc included in Example 1.



The invention may al so be inplenented to enhance health or hygi ene. For
exanpl e the invention could be applied to treat the internal surfaces of
ai r condiwpDanizmgeasni ts to prevent the accumul ati on and @COXU200f000901
potentially harnful mcroorgani snms, such as the bacterium Leg/one/la that
is responsible for Legionnaires' disease. 20 It is also envisaged that
particles could be enbedded into a polyneric substrate which provides a
chemi cal release and which contributes to hydrophobic or stain resistant

properties of the surface. 25 The inventXon is illustrated with reference
to the followi ng non-limting exanples. EXAVPLE | Thi s exanpl e serves
to illustrate the use of cold spray for enbeddi ng copper particles into 30a

flexible pojyreqie 2uhs! tatemolis ol sAulBTOME ateBictdsuiebetighveneasioof the
invention in dete #ﬁng settlenment onto the pol ymer surface by marine

or gani sns. (hwDgBAL2/100688FPET/OAPEY FoodomIrerdl juthst iARP < BHFHal G B8 mer
skin tubing. wth auter. di ameter 64 nm. L.CK So Pavér MAMam &eur ced
from Col ex ’I“Hf‘“‘(i:'r‘ﬁ’gé)tfeidgﬁdaﬁlyﬁrtsd) f(qflglu’ézleesr’srgﬂec;ﬂsri ?t\rl\%%:é.)mqjﬂg&ef}ggt% c >?rst or age).

nmodul us of flberat kedder therkihis buidasushedidibe adyadrby revcing thecermben af partisle( DvA)

according to the nethod expl ained in mpl e .10 was e D2

har dness%of 1@%1#‘@"5%“&@&%(%%?#:&“%%‘3 ET @8 TRty aéw%h%dgg%ﬂ:%aﬂéggbﬁgw&m s 43.
600 nm | ong.eRAUBSHE] rdd RRBindREE TR delaGrpRaksEBiaion ponten twagpramvedded
inte the surface of the streamer skins ugi g,a CGT, KiUePiK$-4QQRm%ﬂLQ
spray syst emd @Gobebstals Mabinseneyyit B3RS ﬁg JTABIC BRI OGRS EUBD i ed
copper pomﬁgrﬁ}g@ G ﬁ@énﬁ%% bIXEER J6hibiD 8atink tiuaatu?ee@ {RCIeeaReb dypraf dor
manuf acturer through a mesh to renove particles of size greater tuan %O 45
m cr oi net r esstafibe inwew depepgaibte © emeloy @ parkide ickgity dhat geliexss) grbsdding o
Mastersizer S | aser ot Gl i anal:-yser 26. Mdd QeRicgas was
accel era edP?8°%h§W‘ﬁ ‘éﬁ“%.%55ﬁ?bggﬁ“igégﬁﬁzHg?ﬁg?ggvﬁﬁgfﬁg nozzle with
di ver gi ng seguiradidréngiatiod 30a emiintonvedatagel y upstream from the nozzle the

| S tenperature of the gas was nmintai ned at 400C and the pressure of the
gas at 2.5 MPa by a conputer control system The copper powder was fed into
the nitrogen gasinglsp@aMusiRertphédesdiiiempand helieboaxint edobdrty trond ipertiates hiogh

velocity. Due to cooling of the gas stream during expansjion throu - he
nozzl e and clommf@meﬂblsmstbeﬁﬁ%%ﬁmxafe}f"% ’W%ﬁ%grebrbg‘é‘ig ‘ﬂ‘ﬁé“’té‘h‘ S rgla}‘F‘ﬁe‘tLoul k

mel ting of §PgPOlMESLEARE: subaLnAlRomas not observed. "0 For col d spray
enbednent”™ a range of gas tenperatures. gas pressures and gas conposition

may usually be used with various degrees of effectiveness. The particul ar

choice of parameters is_deterni Vo TN £ coMtigdy, polghuge
t he substra?[élr lépﬁgv?“%%&géglﬁggggﬁ%@?H%§R§2$R%£&??§?e si ze, ang ?
linitations pftiddemapltd spbajdesyistepplydtr At Jogh wnvugdnealids (leadiegy i Shblhal 1)
of each streaner skin was cold spray ing. the foll ow iaTo! .
skins were ﬁWPB&H“%ﬁP%“Q”ﬂ@?%VLr@%”éﬁg“ggﬁn %hgéc*@?h%&“ﬂﬁgnﬁ%@gggtagg'heId
by a robej agmanskifi fRedERPanthce i Mt kybjaed hexskies hiuh ehatratreandi kighince
bet ween the nozzle exit and the stheaner urface re ineﬁ\Fq stant,.at,30

ﬁé H 1CIEs  ar

M The nozzimpagoergaen msvebr AYURS RS CREF'Bre fife VLRI Fio™ alffway~ poi nt

so that the surfage ofc dfGcSRiRYRAAr ea was enbedded evenly with copper
powder .

Cold-gas dynamic spraying involves supersonic gas velocities. Taking into account the

25 underlying principles of the invention it may also be possible however to embed particles

into (soft) polymeric materials by sub-sonic particle acceleration. In this case, simpler.

low pressure gas systems such as grit blasting equipment may be utilised.

Desirably, the particles are embedded in the polymer such that at least a portion of the
30 particles are exposed and therefore open to the environment at or just below the surface of

the polymer. Such particles will contact the environment in which the polymer is to be



WD 2012/ 006687PCT/ AU2011/ 000901 After cold spray each sanple was w ped
using lint-free laboratory tissue paper to renove |oose particles. The

wei ght ofweaeotr/®esspl e was neasured before and after thePcolAl28v@990+ W pi ng
process. Fromthe difference in weight the |oading of copper particles per
square 5 nmetre of streaner skin could be calculated. Practice of the nethod
taught in this invention will show that for a given powder, substrate
material, and cold spray paraneters, the particle loading in the substrate
surface may be controlled by alteration,9f the relative speed of novenent
of the nozzle and substrate. In 10 this exanple the streamer skins were
spun at a constant 615 revolutions per mnute. Two different nozzle

traverse speeds were enployed. Some skins were spra WA .- NQzzle
L1 aver st ng G omBaIn KT uRb Bl T P E T ROREE Vs b Mg €
| oadi ng i n fiheeepriayad aibar debiradl fob agionon Fothe phrticiee mai wi begexpksedsinahinozzl e

traverse speed of 0.0083 m's was used, and.qn those skins the average
particle | O¥#h l§util PREDS Bicily) dor ZPEHOMS paﬁb‘%es 1 tfg&"}l&ﬁﬁg‘ al @ dﬁgt |gsma
scanni ng el @ehb et RFbERReAly kPSP thekR¥iRARRne Ul haltBe hndettyddnyattdne
described cold Spray procedure at the slower 0.0083 ms nozz|e traverse.

The : magé wespretssaliritionsanigthy sizejdisribmion off dhe PASTCIRE: 6918 PBIYS!ca May ot be
accel erating val.t age,. of, 20 0..-.nhac - NI W= - WS
dsed o rai Sa R e e B s Tow
at om ¢ nassinpothy etymédhusfateh erafopplgrat st P oivies ohpsepartidl¢sghnvera, particlpage

i mredi atel y apparent .that areas,of bare polymer ( € e en
copper partPEF@?%”QRH&%H%F“ﬁﬁ%F&f%?é”Qf'EVF%thyéé%hgﬁ%59§§m§§°§8%§5%€mas
not formed. wRRNBop@iidiyet @&n (fore Plkfdiatdy pethetluat ettht measpurfidceiznor e deepl y
conpared Wi th other particles (7, 8). 25 Some particles (6) appeared to
have |nﬂ8cted at an angle that was not normal to the surface.

Also, particles that are exposed above the surface of the polymer may be prone to
increased chemical release rates during turbulent environmental conditions due to higher
gaseous or liquid flow rates over the polymer surface, and decreased rates during static
environmental conditions. In the case of preventing marine biofouling, this release profile
15 is the opposite of what is required since the problem is most prevalent in a calm or static
environment. In such cases it may be beneficial for at least a portion of particles to be
beneath the surface of the polymer that comes into contact with the environment but
nevertheless available for contacting with the environment. This would result in a more
uniform éx1d prolonged antifouling effect.
20 |
Typically. at lcast a portion of the particles (e.g. at least 5 volume %. at least 10 volume %o
or at least 20 volume %) are embedded such that at least 40 volume %, at least 60 volume
% or at least 90 volume % of each particle is cmbedded below the surface. This may have
the advantage of the particles being securcly embedded in the polymer while being less
25  prone to loss from the polymer due to elastic deformation of it. Generally, the greater the
volume of particle embedded beneath the surface of the polymer, the less likely it is that
the particle will become dislodged subsequently, for example by attrition. The nature of the
polymer is also relevant in this regard. Polymers that are more clastic in nature arc
generally better able to capture particles in accordance with the present invention when
30 compared with more rigid polymer, such as rigid thermosetting polymers. It is als_o'

possible that more elastic polymers may provide greater resistance to erosion. This may be



The velocity of particles |leaving the cold spray nozzle can be estinmated by
enpl oyi ng mat hemati cal nodel ling techni ques. For this purpose a

one- di mrerspaneloosesent ropi ¢ nodel 30 was used, the detai PETAHU20d1/000POMAY e
been published in [IThe one-di nensional isentropic approximtion is a
sinmple method that is used widely within the scientific literature for
predicting cold spray particle velocity. It was assuned that the entrained
particle streamwas dilute enough to have no bearing on 5 the gas. It was
al so assuned that the gas flow was unaff,gcted by any boundary |ayer effects
at the nozzle wall. According to isentfopic theory, the Mach nunber, M
Cﬁn be dete;nined at any location in a shock-free, supersonic nozzle from
the ratio of nozzle area at,.that int.. A, to the throat X . AS per
he area NetsHOTaRR S aBpidelty ABo0 infpunde2pblBubd Rl FPBIRD Fasioh? o
1) _ Weﬂi\?} thkl/ISll}t e @E’iﬁéﬂ]d‘lgﬁg@@m At jead tﬁwgﬂésiuﬁﬂ ofl fisets paicieedhat are
nunerically for usi ng the i section method. er |ocal . propertjes of
the gas phadebeddedsheawathe melymsy sudisice, Whgtsstelsrtiam @t v payRgr &P’éos?‘g[‘?c f ons

of My andinyﬂ&mg@cﬁiogro?%%@enﬁ&g (985 dnSINBERALHIS: Bl abiabxdupst ream from
the nozzle [21. .10 The nodel assunes that all particles are spherical and

travel abong the centre axis of the nozzle. Acceleration of a spherical

par 161 91 AR 1 RS CRIALL Y oBROM LRGN 3 P10 i SesabAcen e
| aw and t he2@®xpnes st least BOwi ) afrht partielep retlbraiqartave ihe powBGe sudacedMiade G P
(VVP) 2 preferably, such particles are located below the surface by at least 1 pm more preferably at
least 5 um and even more preferably at least 10 pm. The further the particle is below the

10 surface of the polymeric substrate the greater the expectation of a more prolonged and
- controlled chemical release from the particle. Also, there is less likelihood of the particle

being removed from the surface during use.

Impact of particles on the polymer will create structural changes at the polymer surface
15  due to deformation of the polymer. These structural changes are characteristic of the
particle impact elastic (viscoplastic) deformation mechanism which enables the particles 1o
be trapped within the polymer. In general terms, the particles will be embedded in craters
or cavities (pockets) that form in the polymer due to particle impact. Craters have raised
edges extending above the original surface of the polymer (sce Figure 3) formed by lateral
20 and upward displacement of polymer as the particle impacts its surface. A cavity docs not
have such raised edges. Particles may be located in craters and/or cavities with a portion
of the particles surface extending above the polymer surface. Alternatively or additionally,
particles may be located in craters and/or cavities with no portion of the particles surface
extending above the polymer surface. If a particle becomes embedded in the polymer such
25  that the portion of the particle with the largest dimension is beneath the polymer surface,
the particle may be held in place as a result of the opening of crater or cavity closing due to
the inherent elasticity of the polymer. For spherical particles, the largest dimension will be

the particle diameter.

30 It has been observed that treatment of a surface with particles in accordance with the

present invention may lead to an increase in the average surface roughness of a polymer



(Equation 2) WD 2012/ 006687PCT/ AU2011/ 000901 - 29 - where
the gas density and velocity, respectively, and CDis the dfggagge¥?i2{gnt
CD was cawoubetmassaccording to the correlations derivedPoy/Atendaoson et al
[3]. The velocity of a 26.9 pm (average size) copper particle was -
cal cul ated. Wth an upstream tenperature of 400C and upstream pressure of
2.5 MPa the velocity of the 26.9 pm copper particle |eaving the Mach 3.4
nozzle was calculated to be 5.4 x 102 m's. Larger particles are nore '
difficult to accelerate in the jet. Thegxit velocity of a 45 pmparticle
was al so cal cul ated using the sane jet conditions, and the result was 4.7 X
ﬁgiFELZéSIPIS is 10 copsiderablyhgreater than the velocities developed in

: e spray,equi pnent such as grit..b [ it i CIMiGH 8f
typi el 1y SIORF200NiTe) PP Sy ar AT e rat BOFHD oSS! Ll of
the streanep,sKiNprithlich bbbl shewpolgmpershidacrednd/@t pedinir ingpdctss caysing 8¢ pped
over a 40 mm PVC tube lgavlng(ﬁ§,lga§$_5 mm 15 between. eacin in{iinkkhR! S
i ncluded 5 &RIMABOEY] GR1ETH PHYRPNTH H' é‘(ﬁ'pgé?’ Tuég‘él'f ﬁe'w(rﬁs °2§ Eh giTniand 4
skins cold ﬁp{l]l@é@gra L raBe RRBRSSSS.! Wﬁé_jt)ﬂibgexfsfty ¥0suth khrfagt featur¥heyfomwe rag the
deployed_at the Yacht Club at Townsville. Australia, along the piers
appr OX|Di st ?bylyﬁiﬁosmfmundédenehé upgit & e¥ack gemiagiongy ’W’fﬁ?so%dtcﬁgdlgaﬁseusgg‘ t he
pi er. gi phat ogr r t e i :
not exposed%%?égfﬁ gﬁﬁagéﬁwgﬁg?%gﬁﬁphgfSigf?aégﬂét?Zgﬁgfmgfggmgﬁ??gwgﬁﬂd
wists obser\éed’eié)htaﬁetﬂacrrmrefasndl erfacé nalghoiss gnayalomse thes coclpgient | fRistQ £ thec
al caus and t ubewor settled on some. of su T
nacrofoulergu%ﬁﬁ{hgg§5W§ﬂb§Cﬂg§°§gbﬂ{§3f%gﬁﬁz%%&ﬁ§g§ﬁytggg%?gghlﬁgaggggogre
present ed agpfidaasnsGhatichi Mexiil@bureic@Sard requtredveasslido omet athrasunidres duégsustol d
sprayed mnth‘avcppper,loadlng f 225 q/ .had.signjtiﬁgqu EVRY c:
macr of oul (er 4'0f hafRNEheinyRARRS CaRiess Fedyged g?lﬁﬁwé‘%plgl ‘§ading o Qo\f% ?Ldlbleg/ ne
no macr of oul Gres et 8; PRIEEMAD IR bAoA, Bayding bowhiinglamhed teths kadaderingki ns
enbedded at t e.h!ghes copper loading was limted to the mcrofouler Uva
sp., a coppepmﬂes!stant green al gae which was present al so on the other
surfaces. P.C King, S Zahiri, M Jahedi, and J. Friend, Al um nium

coating of lead zirconate titanate--A study of cold spra i
Coat. Technolfhus2@5 ahdBa0kmbbdimest The wp:sexzoﬁve'anM2pz>.vi .Sc%/ . “Pngb‘l‘z‘g‘?Pos %f'

MF. Smth, Gas i i nci . . . .
15 compris'ng%mﬁ%lcﬂxm% gnltt‘l%gul%fg, p%}JeQ1c§Qﬁ1@¥ddcé in a polymer surface, wherein

the particles are embedded in the polymer surface without an adhesive or binder, wherein

It

the particles do not form a continuous layer on the polymer surface, wherein the polymer is
a thermoplastic or cured thermoset polymeric, wherein the particles occupy craters or
cavities extending into the polymer and created by impact of the particles on the polymer,
20  wherein at least 40 volume % of each particle is below the surface of the polymer. In this
embodiment, it is also preferred that the largest dimension of the particle is beneath the
polymer surface so that the particle may be held in place as a result of the opening of the

crater or cavity closing due to the inhcrent elasticity of the polymer.

With repeated treatment of a polymer or region thereot, particles already embedded in the

D
(941

polymer are likely to be impacted by further particles. This may result in multiple particles
being embedded within a single cavity (or pocket) within the polymer. In this case the
particles located most closely to the surface will be exposed to the environment (e.g. air,
water. ete) first with those particles embedded more deeply in the polymer being exposed
30 to the environment at a later stage. This arrangement may also lead to prolonged chemical

release and thus functionalisation of the polymer.



5Therm Spray Technol. 7 (1998), Issue 2, pp. 205-212 . 3. C. B. Henderson,
Drag coefficients of spheres in continuumand rarefied flows. ALAA Journal
14 (1976)wol2epumedd7 pp. 707-708 EXAVPLE 2 10 Thi s exanplPeTsanRvB800991
illustrate the use of cold spray for enbedding netallic zinc particles into
a polyneric substrate and the effect of this process on the settlenment or
fouling organisns on the surface. 15 Zinc powder was cold sprayed using the
CGT Ki neti ks 4000 system described in Exanple 1. The average particle size
of the powder, neasured using a Nhlverqowhstersizer S laser particle size
anal yser was ‘33.8 1AM The zinc powder was sprayed onto 110 nmx 140 nm 6
mmt hi ck panels of high density polyethylene (HDPE). The el astic (storage)

nodul us of the HDPE panel s, rreasur am ¢ nechani cal anal ysi s

accor di ng t o"tHECHEL ‘d‘&“’%xﬁo‘?eéﬁ'rféid“ ‘gfr%‘r“é'“é(}“\}\éys ﬁE%‘eT(Il)S”WPé ‘@g’ghore
1) 2 hardnesg @¢ itvesidiDREy beR@siwded ;mnm ﬁp(ﬁ?l‘ﬂ[le(r.fﬁdcadguﬂﬁmtf@dfhn\é’aﬁrc@ablsr hree
panels in total were cold sprayed. ; nozzle with diverging section

|l ength 71 nRiPiREEngSech dsrfﬁeum ltlraf@alé% g‘é[énlr é*ﬁper‘h@‘hméb’é’ﬁ spigablented o peEtest t o
the nozzle Mﬁr@%gga&gq}roW%unﬁgwqrﬁ H]Cl}léﬂq}l&ﬁﬂ% b%@ul?r?gtﬂypﬁvenuog mctrrhgse
conditions the calculated velocity o? .8 um zinc particle | eaving

t he nozzbe olabe pr@ey ingdtion SnaYleeaMIedi & pr\aycwwzdmllmwnhm tvhipp qubteinedbot
armat a Co t t.a R trate e,
and noved la u%%ln?; 5 Fé(aa rérdagli' éérC%Pacd ee‘rmrﬁg} rgHmrnelglc/rlmél 3”8%’ ki%g ,d"’f\?\ﬁg{%ﬁg
spaci ng betmeam»p@ssemek rﬂncmmnalAfacem dwd td a&pma;caleatehsesramhblesmras w ped
using lint-free | aboratory tissue paper to renove | oose particles. The

wei ght of each sanple was neasured before and after the cold spray 30 and
W pi ng proCEssSinvehfien Yﬁieﬂb&ed@?ﬁﬁk@:&:@ﬁﬁdahﬁpd@@iﬂ@i ® réirbl@d)liﬂ, the Brob@inth @Neay
procedure was neasured to _be 142 +/- 5

2012/ 00688 7pcrrsafepibmo Syamplgs of spegific %Ri%‘ﬁ?ﬁ%g wheEdhe BvenioameyrEph i n
Figure 6 s ged surface in backscattered el ectron node.
The surfacgﬁwg(}Eﬁgﬁég%ggﬁggﬁibly roughened by the repeated inpact of the
zinc particles. As with the copper partrcles in Exanple 1, sone zinc

partl Cl s penet rl? lsuL 1 i)o 1 nn (m IEL{ C i(,el IIV\Ihl lLeL 0]t hnenQC 1? dded
particl es sat *most 583 T é QuF THhé poryﬁr Qré% éurface was not
fully covered by a coating of zrnc partrcles Mari ne biof ouling of the

zi nc- enbedded HDPE pl ates was conpared with that on netallic zinc sheet and
unsprayed HDPE iIFisif SEIaeryang|seisigioacquigf ifie QUnment ity [Bfige a $eipPirsEsnsr 10
each material) vgrg NeLEaichhidhRRESLLEcT RN dRES WeRD DY FRBIE édneenwyhl n a
frame made of PVC pipe, but so as not to come in contact with t frame.
The whol e asserrbrlymzva@t mahge # gelmriiquidpansrhag an Pawmsin laecr\caemtmelmcrablv
Australi a. on digital photographs of the panels
wer e nade, and £ %%Jggtﬁ%%%a§ﬁ8§§E§# macr of oul ers on each was counted. The
average nunber of nacrofoul ers for each type of naterial is represented in
Figure 7. The un pra ed HDPE was .f oul ed P%’Ulanctocurpa yozoans
and tube%onns The| éfq‘t‘%“ﬁw@’éﬁ ey Qf fhe grgBEe YRETAY éﬁ‘dwfdrm

macrof oul ers. | ny@ahg ast noti@elhOFFdpanehisd GRLGwhEE Aad adictfngdine and t he.
zinc plates were fouled by Ova sp. only, while no macrol oul ers were
observed. 20 stabilising devices, weights, couplers used for joining sections of streamer cables

tog'ether, and flexible sections.

25 e Aquaculture applications including sea cage netting and netpens; musscl longlines
and flotation buoys; oyster cages; scallop cages; aerator blades, aerator {loats, boat

moorings buoys, ropes and mussel spat collecting ropes.

e Wave power buoys and wave energy capture {loats and associated equipment.
30

¢ Tidal power equipment.



EXAMPLE 3 This exanple serves to illustrate the use of cold spray for
enbeddi ng hard, cuprous oxide particles into a polyneric substrate. Copper
(1) oxi deyo2etrio@s7+ Cu20 assay) powder was purchased f Pomisd2zba/0e®ar. The
average particle size, nmeasured using a Malvern Mastersizer S |aser
particle size analyser was 12.4 p.m A 6 mmflat, high density polyethylene
panel was chosen for the substrate material. WO

2012/ 006687PCT/ AU2011/ 000901 The powder was cold sprayed onto the

pol yet hyl ene using the CGI Kineti ks 40QQ5system The Mach 4.0 nozzle with
di verging section length 71 mm was used. The nitrogen gas tenperature at
the entry point to the nozzle was 350 C and the pressure of the gas was 2.5
MPa. Under thQS%;COQQQQQQRgs}he cal cul ated velocity .of a 12.4 um Cu20
particle | eaving PR 46251 was 5.8 x 102 m's. The cold spray nozzl e was
hel d perpendicularly to the substrate surface at a standoff distance of 30
mm and noved laterally in a raster pattern so as to spray the entife
surface of th& SHRP BECTRIRSAINGS (B VEh 8IG B AOHREON B Y &7 03B SRS s
and the spacingtgg&wggn passes 2.8 mm 10 The secondary el ectron m crograph
in Figure 8 shows angul ar, cuprous oxide particles 9, indicated by black
arrows, énbedded in the polyethylene surface 10. It may be seen fromthe
pol ymeri c porgiq&a%%_$ﬂh&hi {ggally covers particle 9, that a nmechani sm of
el astic def or mation Oecur e 3uring t he enbednment of the particle 9 into
the polyneric surface 10. The high velocity inpact of the particles caused
deformation of the polyethylene and 15 enbednent of the particles in a
manner similaf tlgoREMABERONPEH- met al | ic particles in Exanples 1 and 2.
EXAVMPLE 4 20 The followi ng exanple serves to illustrate the use of a
portabl e, hand-held cold spray device for enbedding antifouling particles
into a pol ymer dolcf pipe casing (axlemeberngemailt h t he general mnet hodol ogy
described in this invention. The snmaller, hand-held unit has the

consi derabl e advantage that it may be brought to any site where cl eaning or
repair of marisnewegtipipatiningo(interh) @sitor ekinab to precatt fodicigout .  Pol yner
surfaces may be resprayed at 25 intervals to maintain their marine

bi of oul i ng resi stance. The cold spray systemused was a Dynet(r) nodel 403
by LICGHSIntOLQWENQ%QQM&lEgﬁﬁbﬁﬂﬂﬁﬁgﬁéﬁ$hgﬂmtEﬂﬁn&ySt9”1ra” on conpressed
air at a pressure of 0.6 - 0.7 MPa. It included a heater capable of raising
the air lbenperature to - 490C at the highest setting. This was 30 set to
475t h power during. L EXPekd, S = hewnezz : AV aiped
v par s, e D S b T e P e

| engt h ' 20 mmanentchnidat adplénted ecat2hSintamal Thdawex bt wiprofditoaingfuntihe bronze
section was,rectangul ar. Onto the exit of the bronze section a 140 mm | ong
Steel nosai Bt EBRESh “ikgrah hERuahy Srali SRS e s By BT s
10mm x 3mm Legiodaga pandesspoiisie forikgiohdiresadigase325 mesh copper powder used
in Exanple 1. It was fed by plastic tubing froma vibratory hopper into a
hol e i n?Phe narrow end of the steel nozzle section. Wth air passi ng

t hrough t hepN@Zzh &ndfdsheiNBaPRNGass ERRAbE ieRABRREMNntoPP PG MeHB SuBdGtcedhicAt O

t he nozzle by Venturi Ttorces. . _ . , ,
provides a chemical release and which contributes to hydrophobic or stain resistant

properties of the surface.

25 The invention is illustrated with reference to the following non-limiting examples.
EXAMPLE 1
This example serves to illustrate the use of cold spray for embedding copper particles into

30 a tlexible polymeric substrate. It also demonstrates the cffectiveness ot the invention in

deterring settlement onto the polymer surface by marine organisms.



Copper was sprayed onto pol yurethane streaner skin from Col ex International
Ltd (Leicestershire). Figure 9 is 'a backscattered electron i mage of the
copper - erlweddexdosasrf ace, show ng enbedded copper parti clpes/AlRo(Vdoggot er
contrast) in the polyurethane surface 12 (darker contrast). EXAMPLE 5 The
fol l owi ng exanple is provided to demonstrate that the spray regine under
whi ch particles may be enbedded into polyneric materials is not necessarily
the sane as that 20 which is necessary for build up of material in the form
of a coating. The term "spray regine" |lggused here to mean the conbined set
of experinmental parameters including particle material and size
g:’j‘st.rliau'zlon'E subs:rate mat eri al and variables controlling the accel erating
s je upgtream tenperature, pre i : hatknedi
denst ty pol pek My Tereaae pirgisabr BrtBE sAARMEREN LR M) and PRk P
sprayed wit§4GeRppess wsiced fdnOGTleKilmenhksaBDO0 Leokdersipray Tdy slashe (CURY) Gas

Technol ogy GvbH, Anpfing, Germany), whicgh is,simlar to.the: . Ki i

4000 systenﬂ@é@éfﬂﬁeﬂwaﬂﬁWﬁwbE&”ﬁe@???gﬁeayﬂ&“ Q§>5?§E%B%%smﬁ§%8r g?%?kfhan
3.0 MPa and,gasiil LIOREE Aktho8 SxPEingd RALRMpld BNWEODKMPLOOThdGinet DRSaBDES aol d
spray system (Col'd Gas Techno ogg GrbH, 30 Anpfing, _CGerpmn The ]

as- suppl iSed thecprpenerpding arcased wibg SheeP DH@&?ﬁter‘ideh‘Qt P@aaﬂé%iloﬂézwgé}groéened

by the manu uLer r S Ve ' a&d I th
45 m cronet Eug’(ség T ee“%@'e%%ge‘g’é‘% FE(I) e&g ize, Yﬁrfeeggﬁ igg; ﬁisﬁhaa ﬁ/igtlh\g}essﬁémr o

Mast er si zer siSnd asieg a WO EIRBOGCHITROK AuRY 5150006l Gagalechpolpgy Gmabll; ze

anal yser \Afamwgi ﬁ\amrglﬁn%o 1 AAR AL oAGG SLERAL EaL 505 MRah dRhgIE idhad

through a c rging n Iverging section |Iength 130 mMm
One face of peachreeadpbyethaasnsfac@yee threvgrd gneijytombv@aﬁmesnﬂftﬂeéfgwféh%aster

pattern at 0.5 ms with a .2 aCi . .
P aver el ts a8 aaas b UG GABL AL F FoHes B s Ty iy WAIgRgH s fiser! ©

tenperatureﬁgﬁkagrqhm§gggmsg@gLMpstrean1fron1the nozzl e was nai ntained at
250C, and the pressure maintained at 2.5 MPa. Under thee conditions the
nozzle exit velocity of a 26.9 um (average size) copper particle was

cal cul ated t 111'95?cnggru9 wh9Zc M3 atedNot B Qb S Bl rRBR A GatdLiagursrphPed ziisi ng

lint-free Ia'orap y tissue paper to renove |oose particles. The i ght of

each sanpl e wids diveasny edtibeflongh il am: erlmpdidy cerEEh iy dhd Iw\ﬁﬁ %‘@“

roc . i i . i i i AN

ipndi gz_ts el %T Egct*nrwgﬁ%'é{hrtesol’ltl?c @sqyars%a%‘x*qaﬁ@(?w 48bc Wl gxbtpr&;@ﬂlr@ offHeGhs W DF MgRa thhey
a computer control system. The copper powder was fed into the nitrogen gas stream so
that the particles exited the nozzle at high velocity. Due to cooling of the gas strcam
during expansion through the nozzle and controlled, fast movement of the nozzle past the

substrate bulk melting of the polyurethane substrate was not observed.

For cold spray embedment a range of gas temperatures. gas pressures and gas composition
may usually be used with various degrees of effectivencss. The particular choice of
parameters is determined by a number of factors, which include the substrate material,

powder material, powder particle size, and limitations of the cold spray system.

A 300 mm length (exactly one half) of cach streamer skin was cold sprayed using the
following method. The skins were fitted onto a metal rod and spun on a lathe. The nozzle
was held by a robot arm and aimed perpendicularly to the skins so that the distance
between the nozzle exit and the streamer surface remained constant at 30 mm. The nozzle
30 was moved from one end of the skin to the halfway point. so that the surface of the sprayed

area was embedded evenly with copper powder.



decreasing traverse speed the weight gain of the sanples increased up to a
maxi mum | evel , bel ow which the weight gain either |evelled out or began to
decr ease wQanr/00dése i ncrease 15 in weight gain wth decreasingiigpe®d was
due to a higher | oading of copper particles as a result of the surface
bei ng exposed |longer to the particle spray stream However, when the nozzle
traverse was sl owed down further the build up of a fully continuous coating
| ayer did not ensue. |nstead, erosion of the polynmer surface (i.e. renoval
of material) becanme a conpeting factor which limted any further weight
gain. This proved that under the current 20 spray regine build-up of a

t hi ck copper deposit could not possibly eventuate, distinguishing the
enbeddi ng spray nethod from conventional use of cold spray. EXAMPLE 6 25
The follow ng exanpl e denonstrates that effectiveness of the particle
enbedment mR§pogh @Q5kaARAdN dadhplowhORRes usihatias (rwd lboanty fisut pagerpardiwies in
quantities sufficient"to deter settlenment of,ngpipe orgag%@gshna&dbeq,
dependent ofvosheartisipe dhe psighiet cashsample Vs myaswst B3/arg and ggr the cold Spray
2012/ 006687PCL/ 0 - Affere Saddhy SIIBper PHititlcs Beh squiNgl on
6, 1-1DPE, 5$Eéégé8%é%dqﬁ@?igigﬁ}%n$?g¥ugﬁggﬁnforﬁi mﬂ? e§§ecti§nsckut from
t he tubulsar nfele sf steeamer skitk couldves enldvédiel. f | at during col d spraying. 5 The
sanpl es were cold sprayed with -325 nesh copper powder using a CGI Kinetiks
3000 col d spray system (Cold Gas Technol ogy GrbH', ki npfing. Germany), which
is simlar pactifeofCadmikihodtdugst 40O irsystiamidebowitlae dorag ven mder»ésé(ﬁma@t ed

to gas pressures no greater than 3.0. MPa and s tenperatures F eat.er
than 600C. THat H5gERAIGSRENRAAHRES) Bf i g i B B Sur e A ﬁ;ea
conver gi ng- dh %1134 BY aNOEFbICoME Relsliveasheidg iBeGhicanof kagdirld 8@ swhstraBnelnf ace
of each sanple was Sprayed evenly by nnving t he g?%zje in a raster pattern
at 0.5 niGs Vit BranmathesPaenagkme tEePup 46 8 Sansep 811 KySHAPLPe '8P Ehe

Ni L1 ogen gag;psh nEAM fLRMLAGINA! SniBfdBoftakiie ded sp2bEwidNGc hiwele
pressure maintained at 2.5 MPa. Under these conditions the velocity of a
26.9 | am 15 taausinage 05033elv/se oy reseladi i) & mesapuret gveRes ﬁﬁ?ElFenglgg In the

cal cul ated using the mpdel descri R 0 . RR R sPecl oF008T s
After cold SPPd ﬂ&%%ﬂ§£+ Fg m§§r§§gé Qﬂ@?%gm%?ﬁéééfge Fagg?afory tissue
paper to renpyesdoasEoPRbld Kifhe Mteapenagiite 10idigaminhs srpled anaswareldd ur Eld
before and after the cold spray + wi ping process. 20 The average wei ght
change of5 eadh’.type of polyner is represented in bar chart formin Figure
11. Under these spray conditions a |arge increase wei ght was observed on
four materials; nylon, polyurethane, high density polyethyl ene and
pol yt et r af | uogwethisl neannifigeclwsioghmicrousendasie thef PHBHE LRI FHT RGP tgl}qygng the
corresponded, to. a copper |oading whi.ch F nAeronstited iR iklge was
pol yur et hane*§t 163 lESQEVH"?$8 %iﬁr%é*§n$§(-ggaﬁ‘epgeqtfbé)detéfre%i | evel
for ocean bigpkudi wghe(Exaivplad0 tectrdhmicurchpc et of adchlesng anyasso (Wisk al o
observed to have a tallic, red-orange ,col our, simlar th f1. 1 o
unspr ayed? c JFECaES é??”%hdﬁﬁ@”bvﬁ%&wﬂéﬂd?mfﬁ%’ﬁ%??%a?agﬁéigéégﬂ} @?%H a
vei ght i ncreasg cBfper 888 tHchaw alénid/mils pdiymes UThwache 0bprieh artickey eppchohigitte
sanpl es was nore opaque and had a roughened, grit-blasted Qg q@pganancg;
however to theauimamdddicbyapprisal eI e 8 PRSIROYTREHE VFIE EBRH PERGFD GPPRRAS
not evi dent pal1\/&%@%@49‘9%&%@/:1%@9Jc%(Qﬂﬁ%}cr of copper was not formed. Some
particles (5, 6) had penetrated the surface more deeply compared with other particles (7, 8).
25 Some particles (6) appeared to have impacted at an angle that was not normal to the

surface,

The velocity of particles leaving the cold spray nozzle can be estimated by employing
mathematical modelling techniques. For this purpose a onc-dimensional isentropic model

was used, the details of which have been published in [1]. The one-dimensional isentropic

2
—
=



The pol ypropyl ene surface was internedi ate between these two extrenes. The
surface col our changed to netallic copper, but the weight change, while
great er twearrot2mt686f t he pol ycarbonat e was nonet hel ess, Pcomdizoavmimoy | ess
than for the four other polyners. 5 The roomtenperature Shore D2 hardness
of the unsprayed pol yners was neasured using a Shore(r) Duroneter. The

el astic (storage) nodulus of the materials was al so determ ned usi ng by
dynam ¢ nechani cal analysis (DVA) according to the nethod explained in
Exanpl e 10. The results of these two tesfs are given- in the table bel ow

It was found that 10 there was sone correlation between hardness and
stillness at roomtenperature and wei ght gain by enbednent during cold

spray. At room tenperature polycarbonate is harder .than the .other polyners
used as exaﬂﬁ?@%mﬁgﬁbﬁ‘PﬂFVB?WB§P%H¥“é§§ﬁdﬁ?@§éﬁf@“ﬂﬂ@h“ﬁﬁﬁ&hégg?mgiLﬁough
onl'y mar gi ngleliéiki @@Eprhpdrtily v@BeityAs a | oose generalisation, harder

pol yners are“TounJ)to be nore resistant to enbednent by cold sprayed
particles. But, for a fuller 15understanding of the requisite material

properties, Hi\;['as L SulRA SRR %{eyenttrging? g%igﬁrsw%é}ﬁ v Aadleh&idh b bk ASHQEARLHON

processes that occur as a parti travelling at high velocity peneirates
t he surf &cethewdat.h It esslatsarntssunsidethstethofgah dlatv, Wi nnaffested yeanyndusdaryslayer

general l'y kq?mmﬂg §ofH§n,nﬁth only mld heating as it passes through its
gl ass transf $8ﬁ188ﬂﬁ??“fﬁ the tenperature range 40 - 60C. This nay have
had an inportant influence on the relative ease of 20 enbednent that may

not have been inmedi ately. suspected by exam pation of the |ow strain-rate,
roon1tenperéfﬁ?@“ﬂ&iﬁeWH“W%%créﬁ%%gB%KBHWE@bpcﬁﬂ?gn%ﬁ@“%ﬁﬁﬁ%@?hh%ﬁﬁm1“
El asti c( st of ggRk- ARAUIpESoAi VR 21SHomahdRiB T ABLSS area at that point, A, to the throat

10 area A*, as per the area-Mach relation, Equation 1.

\ (y+1)iv-1)
2 - B
LAY M y+1 2

where v is the specific heat ratio. Equation 1 was solved numerically for M using the

(Equation 1)

15  bisection method.

Other local properties of the gas phase - temperature, pressure, density and velocity - are
functions of M. y and the gas pressure and gas temperature immediately upstrcam from the

nozzle [2].

The model assumes that all particles are spherical and travel along the centre axis of the
nozzle. Acceleration of a spherical particle of diameter d, and density p, within this flow
field could then be calculated according to Equation 2, which is derived from Newton's

second law and the expression for drag force on the particle.

[\)
N

dt 4dp,

_ vp )2
(Equation 2)



Nyl on 6 Nylon 1097 70 Streanerskin (pol yurethane) PU 28 43 Hi ghdensity
pol yet hyl ene HDPE 1813 59 Pol ytetrafl uoroet hyl ene PTFE 1050 61 (Tefl on)
WO 2012/006687 PCT/AU2011/000901

-29 -

where p, and v, are the gas density and velocity, respectively, and Cp is the drag
coefficient. C, was calculated according to the correlations derived by Henderson ef al

3].

5 The velocity of a 26.9 um (average size) copper particle was calculated. With an upstream
temperature of 400°C and upstream pressure of 2.5 MPa the velocity of the 26.9 um
copper particle leaving the Mach 3.4 nozzle was calculated to be 5.4 x 10> m/s. Larger
particles are more difficult to accelerate in the jet. The exit velocity of a 45 pm particle
was also. calculated using the same jet conditions, and the result was 4.7 % 10° nv/s. This is

10 considerably greater than the velocities developed in low-pressure spray equipment such as '

grit blasting units, which are typically below 200 m/s.

For evaluation of the antifouling effectiveness of the streamer skins field trials were
performed. Streamer skins were slipped over a 40 mm PVC tube leaving at least 50 mm

15 betwecn‘each. The trials included S skins cold sprayed with a copper loading of 22 £ 5
g/m’ and 4 skins cold sprayed with a copper loading of 101 + 11 g/m*. They were
deployed at the Yacht Club at Townsville. Australia, along the piers approximately 200

mm under the water’s surface, 60 mm from the edge of the pier. Digital photographs were

| taken of the exposed (facing outward) and not exposed (facing inward against the picr)

20 streamer skin surfaces.

It was observed that macrofoulers including barnacles, Amphibalanus reticulatus and
tubeworms settled on some of the surfaces. The total number of macrofoulers on the

samples was counted, and the results after 146 days are presented as a bar chart in Figure

O]
N

5. 1t was found that the areas cold sprayed with a copper loading of 22 + 5 g/m® had
significantly fewer macrofoulers than the untreated areas. At a copper loading of 101 = 11
g/m? no macrofoulers. were observed after 146 days. Fouling of the streamer skins
embedded at the highest copper loading was limited to the microfouler Ulva sp., a copper
resistant grecn algae which was present also on the other surfaces.
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Pol ypropyl ene PP 1757 72 . Pol,,,carbonate PC 2048 77 - 37 - EXAMPLE 7
The foll ow ng exanpl e denonstrates that copper particles, when sprayed onto
a pol ymerwo 281mtesat e i n accordance with the invention, pdw/Aawabiifooodm a
continuous | ayer on the surface. This is done by investigation of the

el ectrical properties of the sprayed surface. The surface resistivity of
different sections of polyurethane streanmer skin with various copper
particle | oadi ngs was neasured using a Keithley 8009 Resistivity Test

Fi xture in accordance with ASTM D-257. The results are shown in Figure 12.
10 Various neasurenents of the bulk electric resistivity of conventional
col d sprayed coating |ayers of copper w thout any annealing treatnent have

yi el ded val pes % . 124% hi. r.than that .for,.the |International .Anneal ed
Copper St anbiar d 1 or K5 et ed bR weudper e hfintuf Gl R aPRRLAEERGRL o
col d sprayed copfediatd-nA €@8Y Nt Spra@ v BRiabddst Belgloani BHoktol t T8N 20 8)blskde 7.

copper, is not orders o% magni t ude ' hi gher. Nei ghbouring particles in a
conti nuous cold @b?%V%%L@opper deposit are generally in intimte contact

and abl e toytrangicerpalhgGhs,| &Rl MPasean, a8 Symhlic Prihtipleongecsy siuey.to the
hi gh concentration of” dislocations and other defects in the cold sprayed
mat eri al 5 20CondUisrinveprantechingl & (HE8s Isur Lare2PEdiBtivities less than 10

S-2/sq. Al 3.0f t@%ﬁ%ﬁ%an, Drag coefficients of spheres in continuum and rarefied flows.
AIAA Journal 14 (1976), Issue 6, pp. 707-708

EXAMPLE 2
10

This example serves to illustrate the use of cold spray for embedding metallic zinc
particles into a polymeric substrate and the effect of this process on the settlement of

touling organisms on the surface.

15 Zinc powder was cold sprayed using the CGT Kinetiks 4000 system described in Example
1. The average particle size of the powder, measured using a Malvern Mastersizer S laser
particle size analyser was 33.8 um. The zinc powder was sprayed onto 110 mm x 140
mm, 6 mm-thick panels of high density polyethylene (HDPE). The elastic (storage)
modulus of the HDPE panels, measured by dynamic mechanical analysis (DMA)

20 according to the method explained in Example 10 was 1.8 x 10° MPa. The Shore D2
hardness of the HDPLE, measured with a Shore® Duromecter was 59, Three panels in total
were cold sprayed. A Mach 4.0 nozzle with diverging section length 71 mm was used.
The nitrogen gas temperature at the entry point to the nozzle was 200°C and the pressure
of the gas was 2.5 MPa. Under these conditions the calculated velocity of a 33.8 um zinc

25 particle leaving the nozzle was 4.0 x 10 m/s. The cold spray nozzle was held by the robot
arm at a constant standoff distance of 30 mm from the substrate surface, and moved
laterally in a raster pattern at a speed of 0.25 m/s, with a spacing between passes of 2 mm.
After cold spray each sample was wiped using lint-free laboratory tissue paper to remove
loosc particles. The weight of each sample was measured before and after the cold spray

30 and wiping process. The weight change of the panels due to the cold spray procedure was

measured to be 142 +/- 5 g/mz.



enbedded surfaces has resistivities at |east two orders of magnitude higher
than this value. 4. WY. Li, CJ. Li, and H Liao, Effect of annealing

t r eat nentwonot2dmessircr ost ruct ure and properties of col d- pprayeoii@omoat i ng.
J. Therm Spray Technol. 15 (2006), Issue 2, pp. 206-211 5. R C. MCune,
WT. Donlon, 0.0. |'opoola, and E.L. Cartwight, Characterization of copper
| ayers produced by cold gas-dynam c spraying. J. Therm Spray Technol. 9
(2000), Issue 1, pp. 73-82 WD 2012/ 006687PCT/ AU2011/ 000901 - 38 - EXAMPLE
8 The follow ng exanpl e denonstrates enbgdnent of particles onto a

pol yneric substrate in the formof a net, such as mght be used in the
aquacul ture industry 5 Aquagridg Net, a sem -rigid nesh was sourced from
TenCate |ndustrial . rlcs whose he Lt L :
Austri gy ad g e pop & MOl SR ATHAE SsRoRE S IR BA A Wihfee inp,
coat ed woveparedaytest &dlediiohr @8de. | tTHessuwifhee had Heon moendftr@@wlesglfeord tbb{ethc
farmng of fish. 10 The aquagrid net, was I]%opper

powder usi ngvba‘u@b-lﬂpdm Hbyg @ac pa «descoflu%wglbﬁ-xgyogwépéx# ENH r‘8181 ‘?’ F somc a

accel er at edpf ¢ MG MR EGIIB bllowt the Qg \ﬂ@l@vcﬁﬁtgldhg)ndﬂddepgllﬂgs mzmmnw th
di ver gi ng sectlon | ength 130 mm A spray tenperature of 200C and s

pressur e Jof avg tPaurigse e The dalyepisar Sess avas gl ory St Y ch FAng © &”“
15vel ocity 8&“@ 26.9 um (average size) copper particle |eaving the nozzle
was 4.9 x 1 s Fol l owi ng cold spray a piece of the net was
cross-sectioned and nmounted in epoxy. The cross-section was then polished

using di ano SOIbUt '% OEta Sigl. émﬁ@gedrﬁﬁp?ﬁﬁ 1E@vad O%H%gdg%@ B &hﬁxetdlhc

cross-secti gur e ace net runs 20
appr oxi mat ekc hﬁédt m@haédrzmdt}mﬁbvca ﬁBld(malJpS'nxnlg Otrhxe >bcbm om pmeta (thirect dfe
i mage and the epoxy nnunt(%4 occu

d
li ght er Conerhshataindl) 86iehedt it haaa ?Jd de%éregg)én%g]g’ theé ‘Rﬁ]é‘hﬁecfakdn 1%ddee(?ll ya

(several paphicChige BhaiRisalo?lo RflcaW cbBeSUI BE Gramkh&he OMPRTaspattly G/beBunLG di d
not forma continuous |ayer at the surface. 25 EXAMPLE 9 The fol | owi ng

exanpl e dembiest hapiss alal MY 2d P 48R the present invention over
coating or cladding nethods, in that the entire surface of a conponent nmay
be sprayed

After 64 days submersion digital photographs of the panels were made, and the total

15 number of macrofoulers on each was counted. The average number of macrofoulers for
each type of material is represented in Figure 7. The unsprayed HDPE was fouled by Ulvu
sp.. Lctocarpus sp.. bryozoans and tubeworms. The last two organisms fall under the
category of hmcrofoulers. In contrast. the HDPE panels cold-sprayed with zinc and the
zine plates were fouled by Ulva sp. only, while no macrofoulers were observed.

20
EXAMPLE 3

This example serves to illustrate the use of cold spray for embedding hard, cuprous oxide

particles into a polymeric substrate.

Copper (1) oxide, 97% (Cu + Cu,O assay) powder was purchased from Alfa Aesar. The
average particle size, measured using a Malvern Mastersizer S laser particle sizc analyser
was 12.4 um. A 6 mm flat, high density polyethylene panel was chosen for the substrate
material.

30
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fitted o spun “on rpm coating. Copper
met al powdekxbmpies | enbedded into the surface of the streaner skins using a
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Germany). Al polypners were nomnally 2 or 3 nmthick.

EXAMPLE 4

20  The i'ollowing example serves to illustrate the use of a portable, hand-held cold spray
device for embedding antifouling particles into a polymer surface. in accordance with the
general methodology described in this invention.  The smaller, hand-held unit has the
considerable advantage that it may be brought to any site where cleaning or repair of
marine equipment or infrastructure is carried out. Polymer surfaces may be resprayed at

25  intervals to maintain their marine biofouling resistance.

The cold spray system used was a Dymet® model 403 by Licensintorg, Moscow. Russian
Federation. The system ran on compressed air at a pressure of 0.6 — 0.7 MPa. It included
a heater capable of raising the air temperature to ~ 490°C at the highest setting. This was

30 set to 4/5" power during the experiment.
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regime” 'is used here to mean the combined set of experimental parameters including
particle material and size distribution, substrate material and variables controlling the

accelerating gas jet (upstream temperature, pressure and nozzle design).

25 Tlat, high density polyethylene and polytetrafluoroethylene (PTFE) samples were cold
spraved with copper using a CGT Kinetiks 3000 cold spray system (Cold Gas Technology
GmbH. Ampfing, Germany), which is similar to the CGT Kinetiks 4000 system described
above ‘but restricted to gas pressures no greater than 3.0 MPa and gas temperatures no
greater than 600°C. CGT Kinetiks 3000 cold spray system (Cold Gas Technology GmbH,

30  Ampfing, Germany). The as-supplied copper powder was -325 mesh, meaning that it had
been screened by the manufacturer through a mesh to remove particles of size greater than

45 micrometres. The average particle size, measured using a Malvern Mastersizer S laser
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particle size analyser was 26.9 um. Nitrogen gas was accelerated to Mach number 3.4
through a converging-diverging nozzle with diverging section length 130 mm. One face of
each sample was sprayed evenly by moving the nozzle in a raster pattern at 0.5 m/s with a
2 mm spacing between passes. A range of nozzle traverse speeds was investigated, from
0.1 m/s to 1.0 m/s. The temperature of the nitrogen gas upstream from the nozzle was
maintained at 250°C. and the pressure maintained at 2.5 MPa. Under thee conditions the
nozzle exit velocity of a 26.9 um (average size) copper particle was calculated to be 5.0 x
107 m/s. After cold spray each sample was wiped using lint-free laboratory tissue paper to
remove loose particles. The weight of each sample was measured before and after the

cold spray and wiping process.

The results in Figure 10 show net weight gain after wiping. They indicate that with
decreasing traverse speed the weight gain of the samples increased up to a maximum level,
below which the weight gain either levelled out or began to decrease again. The increase
in weight gain with decreasing speed was due to a higher loading of copper particles as a
result of the surface being exposed longer to the particle spray stream. However, when the
nozzle traverse was slowed down further the build up of a fully continuous coating layer
did not ensue. Instead, erosion of the polymer surface (i.e. removal ol material) became a
competing factor which limited any further weight gain. This proved that under the current
spray regime build-up of a thick copper deposit could not possibly eventuate,

distinguishing the embedding spray method [rom conventional use of cold spray.-

EXAMPLE 6

The following example demonstrates that effectiveness of the particle embedment method
and ability to load surfaces with antifouling particles in quantities sufticient to deter
settlement of marine organisms may be dependent on the type of polymer surface to be

sprayed.

Six different types of ‘polymer were cold sprayed; nylon 6, high density polyethylene
(HDPE), polytetrafluoroethylene (PTFE), polypropylenc (PP) and polycarbonate (PC) and
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polyurethane streamer skin (PU). Nylon 6, HDPE, PTFE, PP and PC were in flat sheet
form, while sections cut from the tubular PU streamer skin were held flat during cold

spraying.

5 The samples were cold sprayed with -325 mesh copper powder using a CGT Kinetiks 3000
cold spray system (Cold Gas Technology GmbH, Ampfing. Germany), which is similar to
the CGT Kinetiks 4000 system described above but restricted to gas pressures no greater

than 3.0 MPa and gas temperatures no greater than 600°C.

10 Nitrogen gas was accelerated to Mach number 3.4 through a converging-diverging nozzle
with diverging section length 130 mm. One face of each sample was sprayed evenly by
moving the nozzle in a raster pattern at 0.5 m/s with a 2mm spacing between passes. The

~ temperature of the nitrogen gas upstream from the nozzle was maintained at 250°C. and
the pressure maintained at 2.5 MPa. Under these conditions the velocity ot a 26.9 um

15 (average size) copper particle exiting the nozzle was calculated using the model described
in example | to be 5.0 x 10% m/s. After cold spray each sample was wiped using lint-frec
laboratory tissue paper to remove loose particles. The weight of each sample was

measured betore and after the cold spray -+ wiping process.

20 The average weight change of each type of polymer is represented in bar chart form in
Figure 11. Under these spray conditions a large increase weight was observed on four
materials; nylon, polyurethane, high density polyethylene and polytetrafluoroethylene.
The weight increase of more than 100 g/m* corresponded to a copper loading which has

been demonstrated in the polyurethane streamer skin field trials to be an effective deterrent

[ g
L

level for ocean biofouling (Example 1). The surface of these samples was also observed to

have a metallic red-orange colour. similar to that of the unsprayed copper powder.

On the other hand, the polycarbonate exhibited a weight increase of less than 10 g/mz. The
surface of the polycarbonate samples was more opagque and had a roughened, grit-blasted
30  appearance: however to the unaided eye the characteristic metallic copper colour was not

evident.
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The polypropylenc surface was intermediate between these two extremes. The surface
colour changed to metallic copper, but the weight change, while greater than that of the

polycarbonate was nonctheless, considerably less than for the four other polymers.

N

The room temperature Shore D-2 hardness of the unsprayed polymers was measured using
a Shore® Durometer. The elastic (storage) modulus of the materials was also determined
using by dynamic mechanical analysis (DMA) according to the method explained in
Example 10. The results of these two tests are given in the table below. It was found that
10 there was some correlation between hardness and stiffness at room temperature and weight
gain by embedment during cold spray. At room temperature polycarbonate is harder than
the other polymers used as examples here. Polypropylene also presents high hardness,
although only marginally higher than nylon. Asa loose generalisation, harder polymers

are found to be more resistant to embedment by cold sprayed particles. But. for a fuller

....
N

understanding of the requisite material properties, it is necessary to consider the high-strain
rate deformation processes that occur as a particle travelling at high velocity penetrates the
surface. with resultant release of heat. For instance, nylon is generally known to soften
with only mild heating as it passes through its glass transition point, in the temperature
range 40 — 60°C. This may have had an important influence on the relative ease of
20 embedment that may not have been immediately suspected by examination of the low

strain-rate, room temperature data in the table below.

Polymer name Abbreviation | Elastic (storage) | Shore D2 hardness
- modulus (MPa)

Nylon 6 Nylon 1097 70

Streamer skin | PU 28 43

(polyurethane)

High density | HDPE 1813 , 59

polyethylene

Polytetrafluoroethylene | PTFE 1050 61
(Teflon)

Polypropylene PP 1757 72

Polycarbonate PC 2048 77
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EXAMPLE 7

The following example demonstrates that copper particles. when sprayed onto a polymeric

substrate’ in accordance with the invention, do not form a continuous layer on the surface.

wn

This is done by investigation of the electrical properties ol the sprayed surface.

The surface resistivity of different sections of polyurethaﬁe streamer skin with various
copper particle loadings was measured using a Keithley 8009 Resistivity Test Fixture in
accordance with ASTM D-257. The results are shown in Figure 12.
10
Various measurements of the bulk electric resistivity of conventional cold sprayed coéting
layers of copper without any annealing treatment have yielded values 26% - 124% higher
than that for the International Annealed Copper Standard for oxygen free bulk copper [4,
5]. Thus the resistivity of cold sprayed copper in continuous form, although higher than
15 bulk copper, is not orders of magnitude higher. Neighbouring particles in a continuous
cold sprayed copper deposit are generally in intimate contact and able to transfer electrical
charge. The small difference is due to the high concentration of dislocations and other

defects in the cold sprayed material.

20 Conductive materials have surface resistivities less than 107 Q/sq. All of the copper-

embedded surfaces has resistivities at least two orders of magnitude higher than this value.

4. W.Y. Li, CJ. Li, and H. Liao, Effect of annealing treatment on the microstructure
and properties of cold-sprayed Cu coating. J. Therm. Spray Technol. 15 (2006),
Issue 2, pp. 206-211

5. R.C. McCune, W.T. Donlon, O.0. Popoola, and E.L. Cartwright, Characterization

(R
(1)

of copper layers produced by cold gas-dynamic spraying. J. Therm. Spray Technol.

9 (2000), Issue 1, pp. 73-82
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EXAMPLE 8

The following example demonstrates embedment of particles onto a polymeric substrate in

the form of a net, such as might be used in the aquaculture industry.

5
Aquagrid® Net, a semi-rigid mesh Was sourced from TenCate Industrial Fabrics (whose
headquarters are located in Linz, Austria). Aquagrid consists of a ~ 29 mm x 29 mm
square grid, made of PVC coated woven polyester fibres. It is used to form enclosures tor
the farming of fish.

10

The aquagrid net was cold sprayed with -325 mesh copper powder using a CGT Kinetiks
4000 cold sipray system. Nitrogen gas was accelerated to Mach number 3.4 through a
converging-diverging nozzle with diverging section length 130 mm. A spray temperature
of 200°C and spray pressure of 2.5 MPa were used. Under these conditions the calculated

15 velocity of a 26.9 pm (average size) copper particle leaving the nozzle was 4.9 x 10° m/s

Following cold spray a piece of the net was cross-sectioned and mounted in epoxy. The
cross-section was then polished using diamond solution on a felt pad. An optical
micrograph of the cross-section is shown in Figure 13. The surface of the PVC net runs
20  approximately horizontally, the PVC 13 occupying the bottom part of the image and the
cpoxy mount 14 occupying the top. Copper particles 15 had a lighter contrast and some of
these could be seen to have embedded deeply (several particle diameters) below the

surface. ‘The copper particles 16 did not form a continuous layer at the surface.
25 LEXAMPLE9

The following example demonstrates a further advantage of the present invention over
coating or cladding methods, in that the entire surface of a component may be sprayed
uniformly without obstructing surface features which are important to the operation of the

30 device. No modification of the method is required in order to achieve this.
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A Raubioxon Plus aerator pipe was sourced from Rehau (Rehau. Germany). The acrator
pipe consists of a rigid polypropylene pipe, covered in a silicone membrane. In operation,
the pipe allows air, pumped internally. to exit through slits in the silicone membrane.
which open upon sufficient air pressure acting internally.  Thus, the device may for
5 example be used under water for the aeration of tanks or other water bodies. However,

biofouling of the silicone membrane inhibits effective operation of the aerator.

The silicone membrane was cold sprayed with -325 mesh copper using a CGT Kinetiks
3000 cold spray system (Cold Gas Technology GmbH, Ampfing, Germany). The pipe was
10 mounted on a lathe and spun at 592 rpm. Nitrogen gas was accelerated to Mach number
3.4 through a converging-diverging nozzle with diverging section length 130 mm. A spray
temperature of 400°C and spray pressure of 2.5 MPa were used. Under these conditions
the calculated velocity of a 26.9 pm (average size) copper particle lcaving the nozzle was
5.4 « 10> m/s The nozzle was held by a robot arm at a constant distance of 30 mm from
15 the surface of the membrane, and moved laterally at a speed of 0.017 m/s so the whole of’

the membrane surface was sprayed with copper particles.

A weight gain of 60.9 g/m” was measured following cold spray. Figure 14 is a digital
photograph of the copper-embedded membrane surface. Slits 16 are seen here running
20 horizontally. The cold spray embedment method allows the concentration of antifouling
particles in the surface to be tailored so as to avoid blocking the slits in the membrane
which are essential for operation of the device, while maintaining a minimum level for

antifouling efficacy.

25 EXAMPLE 10

This example serves to illustrate the effect of embedding antifouling particles on the
modulus and hardness of coated polymer to demonstrate the extent of the changes that
could be anticipated.

30
PTFE, HDPE, nylon and polypropylene polymers were supplied as flat sheet. Copper

powder was embedded into the surface of the sheets using a CGT Kinetiks 3000 cold spray
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system (Cold Gas Technology GmbH, Ampfing, Germany). The nozzle was held by a
robot arm and moved in a raster pattern with a 2 mm spacing between passes so that the
surfaces were uniformly sprayed. Polyurethane was supplied as tubing and samples were
fitted ontb a metal rod and spun on a lathe at 192 rpm for coating. Copper metal powder
S was embedded into the surface of the strecamer skins using a CGT Kinetiks 4000 cold spray
system (Cold Gas Technology GmbH, Ampfing, Germany). All polymers were nominally

2 or 3 mm thick.

Nitrogen gas was accelerated to Mach number 3.4 through a converging-diverging nozzle
10 with diverging scction length 130 mm. Immediately upstream from the nozzle the
temperature of the gas was maintained at 250 °C and the pressure of the gas at 2.5 MPa by
a computer control system. The as-supplied copper powder was -325 mesh, meaning that
it had been screened by the manufacturer through a mesh 1o remove particles of size
greater than 45 micrometres. The average particle size of the powder, measured using a
15  Malvern Mastersizer S laser particle size analyser was 34.6 um. Samples with different
particle loadings were produced'by varying the traverse speed of the nozzle over the

samples.

After cold spray each sample was wiped using lint-free laboratory tissue paper to remove
20 loose particles. The weight of each sample was measured before and after the cold spray
and wiping process. From the difference in weight the loading of copper particles per

square metre of streamer skin could be calculated.

Samples of 13 x 60 mm were cut from each polymer and machined to have smooth edges.

[
wh

The exact dimensions of cach sample were measured five times using digital callipers
(Mitutoyo Corporation Model CD-12" Series 500) and an average value used in modulus

calculations.

Young's modulus was measured using an Instron Tensile 5567 with 30 kN load cell at
30 room temperature using a crosshead speed of 5 mm/minute and gauge length of 30 mm,

based on the method ASTM D 3822-07. Storage modulus was measured using Dynamic
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Mechanical Analysis using a TA Instruments DMA Q800 with the following operating
conditions: DMA Multifrequency Strain mode. dual cantilever clamp. 20 um amplitude
and 1 Hz frequency. Sample dimensions were measured using Fowler Pro Max electronic
digital callipers. Hardness was measured using a Shore D2 Hardness Meter fitted to a press
stand to allow the instrument to be used normal to the polymer surface and without
twisting. The instrument was pressed into the polymer surface that had been cold sprayed

with copper particles.

The results are given in the table below and show that while the Young’s modulus can
increcasc or decrease somewhat depending on the polymer and the level of particle
cmbedment, it stays substantially within the bounds of the untreated polymer. Similarly
the Storage modulus may increase or decrease somewhat depending on the polymer type
and level of particle embedment. Further, the amount of variation in modulus depends
somewhat on the measurement employed (Young’s or storage modulus). but in both cases
it stays substantially within the bounds of the untreated polymer. The Control samples are

samples of the same polymer before any treatment.

Hardness measurements show the polymer hardness either remains the same or only

changes slightly after cold spraying with antifouling particlcs.

Table showing Young's modulus of polymers embedded with particles.

Polymer and Treatment Young’s Percent Change
Modulus (MPa) (%)

PTFE, Control 306

PTFE with 64.7 g/m’ copper 314 2.6

PTFE with 143.2 g/m° copper 345 12.7

HDPE, Control R B E

HDPE with 85.9 g/m” copper 468 -33.4

HDPE with 238.5 g/m’ copper 410 -41.7

Nylon, Control 652

Nylon with 71.5 g/m* copper 581 -10.9

Nylon with 192.6 g/m’ copper 557 -14.6
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Table showing storage modulus and Shore D-2 hardness of polymers embedded with

!
i
i

particles. -
Polymer and Treatment Storage Percent Shore D-2 Percent
‘Modulus Change (%) hardness Change (%)
(MPa)

PTFE, control 1050 61
PTFE with 104.7 g/m* copper 1326 26.3 57 -6.6
PTFE with 106.8 g/m’ copper 1403 33.6 60 -1.6
PTFE with 68.3 ¢/m” copper 1454 38.5
HDPE, control 1813 59
HDPE with 85.9 g/m’ copper 1464 -19.2 62 5.1
HDPE with 238.5 ¢/m" copper 1445 -20.3 62 5.1
Nylon, control 1097 70

{ Nylon with 71. b ym copper 990 -9.8 70 o
Nylon with. 192.6 g/m’ copper 1143 4.2 71 1.4
Polypropylene, control 1757 72
Polypropylene with 200.1 E/m copper 1600 -9.0 72 0
Polypropylene with 78.6 g/m copper 1668 -5.1 71 -1.4
Polypropylene with 22.0 g/m" copper 1749 -0.5
Polyurethane, control 28

Polyurethane with 78.2 g g,/m copper 26 -5.2
Polyurethane with 64.3 g g/m” copper 27 -2

EXAMPLE 11

This example demonstrates the eftect of particle embedment into polymer surfaces on the

roughness of the surface. Increased surface roughness may be an advantage in application

arcas where reduced sliding {riction is desirable.

The average roughness, R,, of polymer surfaces was calculated from stylus measurements

of the surface profiles using a Mahr Perthometer. The measurements were made on the

sample set used in Example 6, both before and after the cold spray procedure described in

Example 6.
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roughness data are presented in the follow ng table. Before cold spray, the
surfaces were all relatively smooth, Ra < 0.4 um Due to repeated particle
i npact the roughness increased. However, this roughening effect was
considerably |l ower on the polycar bonatthere copper enbednent was m ni nal .
On the other polynmers Ra rose nore dramatically, 5 with those pol yners
accepting a greater |oadi ng of copper particles generally al so show ng a

| arger increas o r 0

Nyl on 0. 07 ?g“ ngﬁms%dga 0 @N'"Rgof?%gr @:ﬁ Rg éqéﬁgQ@égg rﬁgmj%ig h‘qd’%g bm H gh
density pol yweftehyl xenavayzmoommqoa)m&ng [mszlommuE’mdy)mMcarﬁﬂmcﬁrtbetrwhem

increased. However, this roughening effect was considerably lower on the polycarbonate
where copper embedment was minimal. On the other polymers R, rose more dramatically,
5 with those polymers accepting a greater loading of copper particles generally also showing

a larger increase in R,.

Polymer R, before cold spray R, after cold spray
Nylon 0.07 £ 0.03 um 3.5+03 pm
Polyurethane 0.39 + 0.07 um 44+02pum
High density polyethylene 0.24 £0.01 pm 29z 0.1 um
Polytetrafluoroethylene 0.37£0.05 pm 33z 0.1 um
Polypropylene 0.09+£0.01 um 1.7+ - 0.1 um
Poly:carbonalc 0.07 +0.003 yum 0.4+ 0.0 um

An increase in surface roughness may be attributable to particles protruding above the
10 surface of the polymer and/or structural features formed in the polymer surface as a result

of particle impact, such as craters in the polymer.



0.37 0.05 pin 3.3 0.1 pm Pol ypropylene 0,09 0.01 pin 1.7 0,1 pm

Pol ycarbonate 0.07 0.003 pm0.4 0.0 in An increase in surface
roughnesswoay12i®e@tt ri but abl e to particl es protrudi ng alberaAwha/co®osur f ace
of the polyner and/or structural features formed in the polynmer surface as
a result of particle inpact, such as craters in the polyner. - 44 - THE
CLAI MS DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: A nethod of protecting a

pol ymer surface against fouling, which nmethod conprises enbedding in the
pol ymer surface particles having antifouldi-ng properties, wherein 5 the
particles are enbedded in the polyner surface by a spray mechanismin which
the particles are accel erated and sprayed onto the polyner surface with a
sui tabl e vepgegidyasusBeEFhaNG PRERAVENHON RREQIErEIbedded in the pol yner
surface, wherein'the particles are enbedded in the polynmer surface w thout
an adhesi ve or binder and wherein the particles do not forma conti nuous

| ayer on th? pOth;?‘li od Wt Ba?q(icecﬁ 1?:' %lvm?sxﬁ?atupggzbﬁs??&ﬁ(kn\ghlklpm%hﬁ%lirrbx:l'lpns erein
the particles provide an [ é’ properties by a chem cal ease

nechani sm 3. Thenmgdihgdn a(eqmiyjne‘rgutt@cecltaamqhslhwrng&nnmngIpmpthEs poheyerer i s

a thernoplastic or cured ther et. pol r. met hod acordLn 1p any
one of tHe precegf ﬁ@“&]leﬁf‘??semt%aiﬁ’iéf‘ﬁhet %«gygzagrrs&xlr%f%gy A Spray mZfidhism tn Whick
the particles are accelerated and sprayed onto the polymer surface with a suitable
velocity such that the particles become embedded in the polymer surface, wherein
the particles are embedded in the polymer surface without an adhesive or binder

and wherein the particles do not form a continuous layer on the polymer surface.

o

10 The method according to claim 1, wherein the particles provide antifouling
propertics by a chemical release mechanism.
3. The method according to claim 1 or 2, wherein the polymer is a thermoplastic or
cured thermoset polymer.
1. The method according to any one of the preceding claims, wherein the particles
IS have an average particle size of up to 100 pm.
5. The method according to any one of the preceding claims, wherein the particles
provide anti-biofouling properties to the polymer surface.
6. The method according to claim 1, wherein the particles are anti-biofouling particles
sclected from the group consisting of copper, zinc and/or compounds and alloys
20 composed therefrom.
7. The method according to any one of the preceding claims, wherein the polymer
surface is a polymer layer provided over another substrate.
8. The method according to any one of the preceding claims, wherein the particles are
sprayved on to the polymer surface at a particle velocity of from 300 to 1200 m/s.
25 9. The method according to any one of the preceding claims, wherein the particles are

embedded in the polymer surface by cold spraying of particles onto the polymer

surface.



15have an average particle size of up to 100 um 5. The nethod according to
any one of the preceding clains, wherein the particles provide

anti - bi ofwol2nregopiseperties to the polyner surface. 6. TireTmaRhodoewmeor di ng
to claim1, wherein the particles are anti-biofouling particles selected
fromthe group consisting of copper, zinc and/or conpounds and all oys
20conposed therefrom 7. The nethod according to any one of the preceding
cl aims, wherein the polynmer surface is a polyner |ayer provided over

anot her substrate. 8. The method accordigdg to any one of the preceding
clainms, wherein the particles are sprayed on to the polyner surface at a
particle velocity of from300 to 1200 m's. 25 9. The nethod according to any

one of the pyeceding.clai .wherejn_ t | €l.85.:80Ew i
oot yoer oo Pl AT ) il R PRTE  RIPe fshe
2012/ 006687PCT/ Ald20:dkfi¢ 8dA0IA1 of nodore thdhBODAMPret hod according to any one of

the preceding clainms, wherein the polyner has an el astic nodulus of no nore

t han 3000 MPa. 11.The hod according t ny. one of  t i ng. clai s,
whorei n thel part i BrarabnsreyfEE B Shots SR Fe g b MR AR A ) ne.
5 12. A pol yner sdendiacie aCioawp b ighh Tapdewheded étnpao incl es havi ng anti f oul i ng
properties, when produced according to the nethod of any one of clains 1 to
12. 13. A . pol ymer conposite having antifouling properties, the polyner

conposi te 1P£onprA $ohePahifrice|cBmpRaXi BB badiel fraticiedhaping pafifoulsy prbeateed in
a polynmer surface, wherein the particles do not forma continuous |ayer on
the pol ymer surf atken pappcaheqeeidingso sy methed off anyioae ghsleins| Id8 1dr e enbedded
bel ow t he surface of the polyner and in direct conmunication with the
surface of the polyner.

13. A polymer composite having antifouling properties, the polymer composite

10 comprising particles having antifouling properties embedded in a polymer surface,
wherein the particles do not form a continuous layer on the polymer surface, and
wherein a portion of the particles are embedded below the surface of the polymer

and in direct communication with the surface of the polymer.

14. A polymer composite having antifouling properties, the polymer composite

15 comprising particles having antifouling properties embedded in a polymer surface,
wherein the particles do not form a continuous layer on the polymer surface, and

wherein the particles are embedded in craters or cavities in the polymer that are

formed by impact of particles on the polymer surface.

15. A polymer composite having a functionalised surfacc property, the polymer
20 composite comprising particles having a functional property cmbedded in a
polymer surface, wherein the particles do not form a continuous layer on the
polymer surface, and wherein a portion of the particles are embedded below the
surface of the polymer and in direct communication with the surface of the

polymer.

25 16. A polymer composite having a functionalised surface property, the polymer
composite comprising particles having a functional property embedded in a
polymer surface, wherein the particles do not form a continuous layer on the
polymer surface, and wherein the particles are embedded in craters or cavities in

the polymer that are formed by impact of particles on the polymer surface.



14. A polymer conposite having antifouling properties, the polyner
conposite 15conprising particles having antifouling properties enbedded in
a pol ynerweunfzmweq87wherein the particles do not form a eocmaAutNOuweodoayer on
the 'pol ymer surface, and wherein the particles are enbedded in craters or
cavities in the polymer that are forned by inpact of particles on the

pol ymer surface. 15. A polyner conposite having a functionalised surface
property, the pol yner 20conposite conprising particles having a finctional
property enbedded in a pol yner surface,.qherein the particles do not forma
continuous |ayer on the polynmer surface, and wherein a portion of the
particles are embedded bel ow the surface of the polymer and in direct
conmuni cati pp Wi ‘I\g‘)o AR é%é GE a@cforc;l&elopﬂk% bf clgxﬁls]@ 16\ BALYTER tRIRRSI T -
havi ng a functionali'sed su ace property, t e polyner conp03|te corpri si ng
particl es havi ngcamfosinchasanalasty mpéulbyotawbeedduni3f0aMisl ynmer surf ace,
wherein the particles do not forma continuous |ayer on the polyner
surface, and wherein the particles are enbedded in craters or cavities in
the polyner that are fornmed by inpact of particles on the polyner surface.
- 46 - 17. A polynmer conposite according to any one of clains 13 to 16,
wherein the polynmer conposite has an el astic nodulus of no nore than 3000
MPa.



