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have high contact angles, include water on paraffin which has a contact
angle of about 107° and mercury on soda-lime glass which has a contact
angle of about 140°.

25 In the past, surfaces have been protected against encrustation,
corrosion, icing and fouling by means of coatings containing polymer films,
hydrophobic solid fillers and hydrophobic liquids. One disadvantage of the
use of such coatings is that they do not achieve multi-purpose protection
since they are not generally versatile enough to protect against damage from

30 a variety of causes.

International Application No WO 94/09074 discloses a multi-purpose
solid surface modifier which comprises a composition containing a highly
dispersed hydrophobic powder, a silicone liquid, a solvent, and an adhesive
for binding the powder together and to the surface. The modifier is described

35 as being effective in imparting water repellent. anti-fouling, anti-icing, anti-
corrosive and anti-friction properties to various surfaces. Although the
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20 In a second aspect, the present invention consists in a method of

applying an hydrophobic filin to a surface, the method comprising the steps
of:
(a)  optionally modifying particles to be coated on the surface so as to form
functional groups thereon;
25 (b)  mixing particles having functional groups thereon with a non-silicone
polymer reactive to the functional groups on the particles;
(c) applying the mixture of particles and the non-silicone polymer to the
surface to be coated; and
(d) treating the applied particles and non-silicone polymer such that the
30 particles are bound together and to the surface by chemical cross-linking of
the functional groups on the particles.
In a preferred embodiment of the first and second aspects of the
present invention, the particles are silica particles, preferably having a
diameter of between 20 to 100 nm. Silica is cheap and is readily available as
35 a commercial powdered product, known as aerosil flamed silica, whose
powder particles are of a suitable size. Although silica and silica-based
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20 particles is favourable. It will be appreciated that this will depend on the

length of the alkyl chain of the functional group.

Either type of cross-linking can be activated photolytically by means of
ultra-violet radiation or by using a radical initiator such as benzoyl peroxide
or diethoxyacetophenol.

25 Preferably, the particles (and the polymer, when used) are applied to
the surface in a slurry. This can be achieved using a solvent, preferably an
organic solvent. One solvent found to be particularly suitable for silica
particles is hexane. It will be appreciated, however, that other solvents
would also be suitable.

30 The present inventors have found that the cross-linking of the particles
when applied to a surface results in the attachment of the particles on the
surface thereby forming a hydrophobic film.

In order to obtain a more durable coating, the use of a non-silicone
polymer is preferred. A particularly suitable non-silicone polymer is

35 polyurethane. Preferably, the polyurethane is formed by the reaction of di- or
poly-isocyans with polyols. Isocyanates may react, under suitable
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20 The surfaces to be treated can include metals, alloys, glasses, papers,
ceramics, polymers, composites, and other materials. The surface treatment
can be used to inhibit corrosion, formation of crystallisation centres in water
pipe lines, closed heat exchangers, tubular boilers, chillers and refrigerators
which utilise water, brine solutions, inorganic acids, alkalies, other
25 electrolytes, and other corrosive fluids as coolants. The treatment can be
used to prevent icing on surfaces, to produce anti-griping hydrophobic
coatings for aboveground fixed facilities such as buildings and other
structures, to provide anti-icing and anti-corrosion coatings for aircraft; or to
provide anti-icing, anti-fouling and anti-corrosion coatings for maritime and
30 inland waterway vessels.

Other uses include to improve the resistance of metallic roofs to
microflora colonisation; to provide water resistance, waterproofing, and
ecological protection to slate and tile; to provide ecologically sound
rubberoid and bitumen roofing felt; to provide water and moisture repellent

35 cork material from paper, container board polyurethane foam and shavings.




provide anti-icing, anti-fouling and anti-corrosion coatings for maritine

and 30 | nI/and wat er way vessels. O her uses_include to
| prove t WO 84452t ance of netallic roofs to mi cr of | By HALWP%at i on;
to provide water resistance, waterproofing, and ecol ogi cal :

protection to slate and tile; to provide egologically sound
rubberoid and bitunen roofing felt; to provide water and npi sture repellent
35 cork material from paper, conta|ner board pol yur et hane foam and

shavi ngs. The coatu ay be used for extendmg the survivability, performa®ce, and
The coating 3,/ Eﬁ% %1 ﬁg or extendi e SUI’VI vability, performance and
reliability ofeligilify, HE%“‘&‘HBn@cﬁﬂ‘g%ﬂﬂPmen Ot her uses include
to protect granul aDthengsesuiachaole apretectigsanuial udiwtguctlon materdaBnncluding

al abaster and_chal k f,0 r

uni di ty rog Sroeng,qiahes eh e EpAICEIAN eREL L, Barlo By bigh. < one,
bri ck, C(Sncrehmmdmyaregmnsckxmmd th@dcfemyslerefdemrce@oimratebapnmai@st@wposed to
weat her cond breRScd F Efifs BARISAR w%aaﬁ%imfc&ﬁ%s%ﬁa bLﬁPdihﬁlé 8Bosed to

bui | di ngs of arc FeHira | cance, psum structures urch and
nosque domes, Weekiker Qﬁmatmnanadnam@@ngaptsslls, paetest fieserRss IOWdingSare and 10

m croor gani S”Bu]lduagcs of archxtecﬁrhi élﬁﬁfﬂ'&hc s@ﬁl‘{ h%@ﬁﬁek NHuER @ r educe
drag for vessel

ot her
watercraft; i BISGHE %Beﬁaé’ml&s r?éﬁé’%a“ ma““SC’E‘B Bm ?"t“}osﬁi’ﬂ“&dppﬁ}”@nand

resi st ange of nﬁ@ﬁidr gnisysd.ens in internal conbustion engi nes
utilising closed h changer s .havi,n eat tramsfer

provi de anti -corroggg}eoe(ﬁﬁﬁuﬁ ﬁ”n‘flﬁ?gﬁ& gSLH@n{é)smpgfeﬁlﬁ%P ersF%lg ngfas
vehi cl es canses; lyaabts, shipisoasd atbercoatsrcraét; amgpréve tlmgpeléwnmmmﬂ,

machi nery in g{l quak ?x-m%orrosmn r&?ﬁ&x&@of@%lﬁ%&ﬂa@ﬂ?i ﬂepﬁﬁrﬁiﬂib{ éﬁﬂ:ﬁl

| mprove produ | ¢ products uci ng
mechani cal adBBEiNGS xﬁehwse §lased heat exch@msah@gmefh%#ﬂ%e@é RS %ﬂﬂee}&s

punches,5di es P%\Hd@ ra@ﬁ'ﬂéénééi'i/fa %ﬁﬂsant@ﬁﬁhg ho@@ngs fdrhﬁldé'i*ntixﬁ%géﬁbﬁ’(réhﬂ&%sl on
of dispersed llers, suc

car
artificial fiBRERas 5&%@%@@3@9}?&1@8 fg’bé‘&’éﬁ’éﬁt&?ﬁl 1%%*&3%{3{ 4 59*1@&? The
hydrophilic | bd&lﬂxﬂg 11hd3£i‘ddﬁic@§lab@p<ixﬁelh91qumﬁt$unﬁmn&t poduse ghaligt Rfrl al's;

rovi de re ht nmat er i, al [ de for
Paol 1 itating fpliatad PiStic biopfich Srediftii bcranfon BARFLPR LiteRE fe
coke, fertili serfaces ofomhprédsion moulds, puT)lchei idies and @rddwct swwfddee: @S@ﬁent
i nventi oy may ﬁ%?n L@E@mﬁ@uon of d1srp\é’?§eﬁrfmé)@f st A dliag) fupsREhees and

structures an r | oact
fibreglass, art1f1c1al f1b1 es, both in solutlon and suspension; encapsulate

hydrophilic liquids including toxic liquids; moisture seal materials; provide
"dry water" fire fighting materials; provide surfaces for facilitating pipeline
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25 The film according to the present invention may also be used to
waterproof building foundations and structures and radioactive waste storage
facilities; extend the operating service life of water cooling towers; protect
railroad ties from microflora; provide anti-icing coatings for cooling
chambers, refrigerators and chillers; extend the life cycle of hydroelectric

30 power dams; improve the efficiency of wind driven motors; improve
performance characteristics of concrete and asphalt in open roadways,
highways and thoroughfares; increase the life cycle of automobile tires;
adsorb ions of heavy metals and radionuclides; provide anti-abrasive
lubricants for ball bearings and other working parts; provide water repellent

35 footwear; waterproof electric motors and electric insulators; waterproof
pressurised suits such as diving suits.
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Throughout this specification, unless the context requires otherwise,
the word "comprise", or variations such as "comprises" or "comprising", will
25 be understood to imply the inclusion of a stated element or integer or group
of elements or integers but not the exclusion of any other element or integer
or group of elements or integers.
In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following examples

30 and the accompanying drawings.
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20 The modified silica particles are then placed in a suitable solvent. The
particles may be suitably dispersed in a slurry in hexane, for example. The
slurry can be stirred and sonicated at 40 Hz to improve the dispersion of the
particles in the slurry. A suitable surface is then coated with the slurry and
the slurry is treated so that the particles cross-link to bind themselves

25 together and to the surface itself.

The cross-linking may be achieved by the addition of a co-
polymerisation monomer such as styrene to link the functional methacrylate
groups from one particle to functional methacrylate groups of another.

In an alternative embodiment, cross-linking of the particles may be

30 possible without the use of monomers if contact between methacrylate
groups from different particles is favourable. This will depend on the length
of the alkyl chain in the silylalkyliethalcrylate group.

Cross-linking can be activated either photolytically using ultra-violet
radiation or by using a radical initiator such as benzoylperoxide or

35 diethoxyacetophenol.
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20 in an ultrasonic bath to ensure dispersion and aggregate breakdown, and the
slurry was then deposited onto a spinning substrate at a spinning rate of from
500 - 2000 rpm. Different concentrations of the slurry and different spinning
speeds were investigated to obtain an optimal hydrophobic film with the
highest correct angle.

25 By using this technique, it was possible to obtain a film with contact
angle of water approximately 165°. The durability of the film. however, was
not ideal in all situations.

Method II - powder and polymer mixture deposition
To improve the durability of the hydrophobic film, polyurethane was

30 introduced to act as the adhesive which further links the silica powder
together by chemical bonding.

Polyurethane are polymers formed by the reaction of di- or poly-

isocyans with polyols:
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polyurethane +  isocyanate —  biuret
The method involved preparing prepolymer by reacting polyol with

20 stoichiometrical excess of diisocyanates so as to leave some free isocyanate

groups on the prepolymer's chain. The synthesised prepolyurethane then
reacts with silanol groups on hydrophilic powder surface to make powder
and polymer chemically linked together.
The following examples describe more specific methods of bonding

25 silica powder particles together by polyurethane. In a preferred method, 125
grams of methylene bis(phenyl isocyanate) (MDI) was chosen to react with 75
grams of polydimethylsiloxane (PDMS) with hydroxyl groups terminated
{viscosity of 90-150 cst) or 121 grams of 2,2,3,3,4,4,5,5-octafluoro-1,6-
hexanediol in the presence of 1-10% (wt) of diethanolamine as the catalyst.

30 The produced prepolymer has some free isocyanate groups on the chain.
Toluene or ethyl acetate was chosen as the solvent, making a concentration
as 20-50% (wt) of polymer. The prepolymer was mixed with hydrophilic
silica powder (1:1 - 1:2% wt/wt) so that the isocyanate groups on the
prepolymer can react with the silanol groups on the powder surface to

35 chemically bond the particles together and to the surface.
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20 Durability
It was found that the durability of the powder and polymer coatings
was much better than the powder-only film by which powder is physically
bonded together. The findings were reinforced by the microbiological test
data after 3 months by putting the films under seawater. The powder-only
25 coatings were partly destroyed due to the weaker physical bonding between
the powder and the substrate. During the 3-month test, some of the powder
coating was removed from the substrate and floated on the surface of
seawater. The polyurethane-powder coatings, however, remained intact,
even after microorganisms growing on the film surface were washed off by
30 flowing water.
Resistance to Microorganism Attachment
Due to the improvement of the film durability, the resistant of the
coatings to the microbiological growth was also improved. Unlike the
powder-only coatings for which some area of the substrate was exposed to
35 the environment during the test, the powder-polymer coatings were firmly
bound to the substrate so that all of the substrate was covered by the
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CLAI MB: 1. A met hod of applying an hydrophobic filmto a surface,
t he met howo 98/42452 conpri sing the steps of: (a) opPCOMAXBYOISS
nodi fying particles to be coated on the surface so.as-to-ferm—5—

functional groups thereon; (b) appl yi ng pay,tJ '

functional groups thereon to the surface t® be au"m Eﬂ \mﬂa‘“‘

(c) treating the applied particles such that the p as aresbound

t oget her d.to the surface by chem cal cross-linking of the
or GhANGS

functional t he 10 particles. 2. A met hod of applying
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appl yi ng 5t he E’%{g(ﬁ%@é&%o%ggﬁéﬁg@ and the non-silicone polyner to the
surface to be (kbat egplying particles havipg funetionalggronps dhetecadtophetsuzfase tahs
non-silicone EBEQQE‘?%nEUCh that the 20 particles are bound together and
e

to the surfac y chem cal cross-|inking of the functional groyps on
the particles(c)  treating the pplipd pAdiclas sueliiha} the rarticias arghoved togpider

non-si | i cone palwaRheissirface by che@hivsl lobaligking of the finctiolad gfRipkosh the
according to cl ?%(I%B wherein the pol yurethane 1s formed 25 by the

reacti onof diP? Pol y-i socyans with polyols. 5.  The nethod
according to @lai mAdmetisoceofapplgingdiy hydtdphobic filinoorestarface, thebyethiod

reaction of | | isocyanate) (MDI) with
pol ydi net hyl gl%%ggﬂg‘ﬁ%ﬁ% Wg\g\ﬁgh hydr oxyl groups term nated or
2,2, 3.3, 4, 4, 5({a)5- ooptibheldy morlifing partéclesto bgooatedsn therparfaes bods 4 fomdli ng

to any one of ¢ I b g6 n the particles are selected from
the grou consﬁéﬁé@a}'ﬁ? g?ﬁ%éflgrti | es, and netal oxides. The

met hod al€cor dilly t BIKing particifidiaving ferctinnial gepers thezeqn witha non-silicone
particles. polymer reactive to the functional groups on the particles;
(c) applying the mixture of particles and the non-silicone polymer to the
surface to be coated; and _
(d) treating the applied particles and non-silicone polymer such that the
20 particles are bound together and to the surface by chemical cross-linking of
the functional groups on the particles.
3. The method according to claim 2 wherein the non-silicone polymer is
polyurethane.
4.  The method according to claim 3 wherein the polyurethane is formed
25 by the reaction of di- or poly-isocyans with polyols.
5. The method according to claim 4 wherein the polyurethane is forined
by the reaction of methylene bis{phenyl isocyanate) (MDI) with
polydimethylsiloxane (PDMS) with hydroxyl groups terminated or
2,2,3,3,4,4,5,5-octafluoro-1,6-hexanediol. '
30 6. The method according to any one of claims 1 to 5 wherein the particles
are selected from the group consisting of silica particles, and metal oxides.
7. The method according to claim 6 wherein the particles are silica
particles.
8. The method according to claim 6 wherein the metal oxide is titanium
35 dioxide.



8." The nethod according to claim6 wherein the nmetal oxide is titanium 35
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wherein the slawapplymerisation mcgﬂnha', Isuc:h as_s$yﬂem|@ntot lilclikfmetha% }ateT[lﬁ met hod
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consi st in%]g of ?{%Igét?ﬁ%aﬁ %ﬁﬁ%ﬁg}ﬁ gﬁﬁ pg{ﬁ@,e tgég?ai}agyﬁa?e ﬁmc(%%’.a ETHPHE hod
accordi ng to anpthereasticlel ains 1 to 15 wherein the coated surface

has a contact 1@.“ggﬁ‘ggfmm%ﬁracgéfcgiggl}g g@gﬁ;&g@%ﬁi Fl%%e.lrl%glj_%h t %\%%ta%sj- ect
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particles and the polymer, if used, are applied to the surface in a slurry.
14. The method according to claim 13 wherein the slurry is in an organic
solvent.
15.  The method according to claim 14 wherein the solvent is selected from
20 the group consisting of hexane, toluene, and ethyl acetate.
16.  The method according to any one of claims 1 to 15 wherein the coated
surface has a contact angle of water of at least 150°, preferably at least 160°,
and more preferably about 165°.
17.  An object having at least a portion of its surface coated with a
25 hydrophobic film applied by the method according to any one of claims 1 to
16.
18.  Use of the method according to any one of claims 1 to 16 to coat at
least part of the surface of an object.




