2012148537 A1) 000 00 OO0 00 000

S
=

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/148537 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

1 November 2012 (01.11.2012) WIPOIPCT
International Patent Classification: (81)
CO09D 183/12 (2006.01)

International Application Number:
PCT/US2012/026294

International Filing Date:
23 February 2012 (23.02.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/480,475 29 April 2011 (29.04.2011) US
13/364,746 2 February 2012 (02.02.2012) US

Applicant (for all designated States except US): PPG IN-
DUSTRIES OHIO, INC. [US/US]; 3800 West 143rd
Street, Cleveland, Ohio 44111 (US).

Inventor: LU, Songwei; 406 Stag Horn Drive, Wexford,
Pennsylvania 15090 (US).

Agents: ALTMAN, Deborah M. et al.; Ppg Industries,
Inc., Law Department - Intellectual property, One PPG
Place, 39th Floor, Pittsburgh, Pennsylvania 15272-0001

(US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR FORMING AN ANTI-FOULING COATING SYSTEM

(57) Abstract: Provided is a process for forming a durable anti-fouling coating on a substrate including: (a) modifying a surface of
the substrate using a surface modification means; (b) applying a first coating composition to at least a portion of the modified sub-
strate surface to form a first coating, the composition containing a first alkoxysilyl perfluoropolyether adduct; (c) curing the first
coating at a temperature and a relative humidity sufficient to promote hydrolysis of the alkoxysilyl perfluoropolyether adduct com -
ponent; (d) optionally, moditying the surface of the cured first coating using the same or different surface modification means as was
used in (a); (e) applying a second coating composition to the cured first coating to form a second coating thereover, the composition
containing a second alkoxysilyl perfluoropolyether adduct; and (f) curing the second coating at a temperature and a relative humidity
sufficient to promote hydrolysis of the second alkoxysilyl perfluoropolyether adduct.
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PROCESS FOR FORMING AN ANTI-FOULING COATING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U8, Frovisional
FPatent Application Nos. 61/438,751, filed February 2, 2011, and 81/480,475, filed

Aprit 28, 2011, each of which is incorporated hetein by reference in its entirety.

FIELD QF THE INVENTION

{00021 The present invention relates to processes for forming anti-fouding

coating systems based on alkosysilyl perfiucropolyether adducts, and to substrates

prepared by such processes,

BACKGROUND OF THE INVENTION

{00031 The swfaces of many common devices and applances sare
susceptibie fo staining with fingerprints, skin oil, perspiration, cosmetics, stc. where
touch by skin is likely to occur. For example, optical filters and lenses, eyeglass
lenises, mirrors, electronic displays such as television screens and displays for
handhaeld devices, as well as stainless steel appliance surfaces, are sasily stained
with fingerprints and/or cosmetics when used. QOnce adhering, such stains are not
easily removable.

{00041 While perfiuoropolysther-containing compounds are known to exhibit
water and off repeliency and lubricity due to their low surface energy, such materials
typically do not readily form continuous, adherent coatings on other surfaces. Also
known in the art are hybrids of perflucropolyether-containing compounds with
organo silane coupling agents. Such hybrid materials exhibit better adhesion fo a
varisty of substrates. However, coatings based on thess materials offen do not mest
the strict durability requirements for application to surfaces that are subjected to
frequent handling and touch by skin.

[0005] Such surface durability typically is evaluated comparatively using a
device that applies a constant pressure on a uniform surface area that cycles from

side io side across the coated surface. Long term hydrophobic and oleophobic
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proparties are evaluated by measuring water contact angle after various intervals to
obtain the relationship with rubbing cycles, as is described in detail in the Examples
hersin below.

0008] In addition to durability, anti-fouling coatings must nol adversely
affect the appearance {aesthetics) of the surface to which they are applied. For most
applications, the anii-fouling coating must be transparent, impart no color, and have
sufficient rheclogical properties to allow a uniform, continuous coating layer over the

surface{s) to which it is applied.

SUMMARY OF THE INVENTION

[0007] The present invention s directed to a process for forming a durable
anti-fouling coating system on a substrate comprising:

{a}) modifying a surface of the substrate using a surface modification means;

{b) applving a first coating composition to at least a portion of the modified
substrate surface to form a first coating thereover, the first coating composition
comprising as a component a first atkoxysityl perfluoropolyether adduct;

{c} curing the first coating at a temperature and a relative humidity sufficient
to promote hydrolysis of the atkoxysilyl perfluoropolyether adduct component to form
a cured first coating on the subsirate;

(d} optionally, modifying the surface of the curad first coating using the same
or different surface modification means as was used in (a);

{e) applying a second coating composition to at least a portion of the surface
of the cured first coating to form a second coating thereover, the second coating
compaosition comprising as a component a second alkoxysilyl perfiucropolyether
adduct which is the same or different from that comprising the first coating
composition; and

{f) curing the second coating al a temperature and a relative humidity
sufficient to promote hydrolysis of the second alkoxysilyl perflucropolysther adduct
component to form a durable anti-fouling coating system on the substrate.

[D008] Substrates coated using the process also are provided,
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DETAILED DESCRIPTION OF THE INVENTION

{00097 s noted thatl, as used in this specification and the appended claims,

the singular forms "a,” "an,” and "the" include plural referents unless expressly and
unequivocally imited to one referent,

[0010] For the purposes of this specification, unless cotherwise indicated, all
numbers axpressing guantities of ingredients, reaction conditions, and so forth used
in the specification and claims are to be understood as being modified in all
instances by the term “asboul” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attemnpt to imit
the application of the doctrine of equivalents o the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.

(00111 Al numerical ranges herein include all numerical values and ranges
of all numerical values within the recited numerical ranges. Notwithstanding that the
numerical ranges and parameters setlting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported
as pracisely as possible. Any numerical valug, howaver, inherently conlain certain
ervors necessarily resulting from the standard deviation found in their respective
testing measurements.

00121 As previously mentioned, the present invention provides a process
for forming a durable anti-fouling coating system on a subsirate comprising:

{a) modifying a surface of the substrate using a swiace modification means;

{b} applying a first coating composition to at least a portion of the modified
substrate surface to form a first coating thereover, the first coating composition
comprising as a component a first alkoxysilyl perflucropolyether adduct;

(¢} curing the first coating at a temperature and a relative humidity sufficient
o promate hydrolysis of the alkoxysilyl perfluoropolyether adduct component to form
a cured first coating on the substrate;

{cd} optionally, modifying the surface of the cured first coating using the same

or different surface modification means as was used in {a);

(a3
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{e} applying a second coating composition to at least a portion of the surface
of the cured first coating fo form a second coating thersover, the second coating
composition comprising as a component a second altkoxysilyt perflucropolysther
adduct which is the same or different from that comprising the first coaling
compasition; and

{f} curing the second coating at a temperature and a relative hurmidity
sufficient to promote hydrolysis of the second alkoxysilyl perflusropolyether adduct

component to form a durable anti-fouling coating system on the substrate.

SUBSTRATES:

[0013] Substrates suitable for coating by the process of the present
invention can include any substrale that might encounter frequent handling,
especially substrates that may come into contact with skin olls.  Sultable substrates
can include, but are not limited to metallic substrates, glass substrate and/or organic
polymeric substrates.

{0014} Examples of suitable metallic substrates can include ferrous mstals
and non-ferrous metals. Suitable ferrous metals can include, but are not limited to
iron, steel, and alioys thergof.  Nondimiting examples of useful stee! malerials
include cold-rolled steel, galvanized (zinc coated) sieel, electrogalvanized steel,
stainless steel, pickled steel, GALVANNEAL®, GALVALUME®, and GALVAN® zinc-
aluminum alloys coated upon steel, and combinations thereof. Useful non-ferrous
matals include, but are not fimited 1o aluminum, zinc, magnesium and alloys thereotf.
Combinations or composites of ferrous and non-ferrocus metals can also be used. In
a particular embodiment of the present invention, the substrale comprises stainless
steel.

(00181 As used hergin and in the appended claims, the lerm “glass” is
defined as being an inorganic substance, e.g., an inorganic siticate. Glass substrates
can be of any type suilable for the intended purpose; but generally are a clear, low
colored, transparent glass such as the well-known silica type of glass, particularly
soda-lime-sitica glass. The nature and composition of various silica glasses are well
known in the art, The glass can be a strengthened glass, e.g., strengthening by

thermal or chemical tempsring.
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[0016] Organic polymeric substrates that can be used in the process of the
oresent invantion are any of the currenily known {or laler discovered) plastic
materials that are useful, for example, as optical substrates chosen from the art-
recognized synthetic organic resing, e.g., organic optical resing, that are used to
prepare optically clear castings for optical applications, such as for display screens
or as ophthalmic lenses. Non-limiting examples of organic polymeric substrates
suitable for use in the process of the present invention are polymers, e.g.,
homopolymers and copolymers, prapared from the monomers and mixtures of
monomers disclosed in U5, Patent 5962617, and from column 15, line 28 {o
column 18, fine 17 of U8, Patent 5,658,501, which disclosure is incorporated by
reference.  Such organic substrates can be thermoplastic or thermoset polymeric
substrates.  Such polymeric substrates can include, for example, thermoplastic
polymers having a high glass transition temperature, and highly cross-linked
polymers.  Also, the organic polymeric substrates can be transparent subsirates
having a refractive index that ranges from 1.48 to 1.74. Alternatively, the organic
polymeric subsirate can have a refractive index ranging from 1.54 1o 1.56, or greater
than 1.60, e.g., from 1680 o 1.74.

(00171 Suilable non-limiting  specific examples of organic  polymeric
substrates can include those comprised of polyol(allyi carbonate) monomers, e.g.,
aliyl diglycol carbonates such as diethylene glycol bis(allyl carbonate), which
monomer i sold undsr the trademark CR-38 by PPG industriss, inc, and
copolymers thersof, polyurea-polyurethane (polyurea urethane) polymers, which are
orepared, for example, by the reaction of a polvurethane prepolymer and a diamine
curing agent, a composition for one such polymer being sold under the trademark
TRIVEX by PPG Industries, Ing; acrylic functional monomers, such as but not fimited
to, polyol{methlacryloyl terminated carbonaie monomers, diethylene  giycol
dimethacrylate monomer; sthoxylated phenol methacrylate monomers; diisoprapeny!
benzene monomer; ethoxylated trimethylol propane triacrylate monomers,; ethylene
glycol bismethacrylate monomer, poly{ethylene glycol} bismethacryiate monomers;
urethane acrvlate monomers; poly(ethoxylated bisphenol A dimethacrylate)
monomers; poly(vingl  acetate);, poly(vinyl  alcchol),  poly(vinyl  chioride);
poly(vinvlidena chlonde);, polyolefins, such as polyethyvlene and polypropylens;

polyurethanes; polythiourethanes monomers, which include, but are not limited o

923
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materials such as the MR-6, MR-7, MR-8 and MR-10 optical resins sold by Mitsui
Chemicals, ine; thermoplastic polycarbonates, such as the thermoplastic bisphenol
A-based polycarbonates, e.g., a carbonate-linked resin derived from bisphenol A and
phosgene, one such material being sold under the trademark LEXAN, polyesters,
such as the material sold under the trademark MYLAR, poly{ethylene terephthalate};
polyvinyl butyral; poly{methyl methacrylate), such as the material sold under the
trademark PLEXIGLAS, and polymers prepared by reacting polyfunctional
isocyanate(s) with polythiol(s) or polyepisulfide monomers (such as the monomer
sold under the frade name [U-10 by Mitsubishi Gas Chemicals, Inc.), either
homopolymerized or co-and/or terpolymerized with polythiols, polyisocyanates,
polvisothiocyanates and  optionally  ethylenically  unsaturated monomers  or

halogenated aromatic-containing vinyt monomers,

SURFACE MODIFIERS:

[0018] in the process of the present invention, the surface of the substrate is
modified using a “surface modification means” (i.e., a surface modifier). Effective surface
modifiers can include treaimenis such as activated gas trealment, e.g., realment
with a low temperature plasma or corona discharge. Inert gases, such as argon, and
reactive gases, such as oxygen, have been used as the plasma gas. Inert gases will
roughen the surface, while reactive gases such as oxygen will both roughen and
chemically alter slightly the swiace exposed fo the plasma, e.g., by producing
hydroxyl or carboxy! units on the surface. Obviously, the extent of the surface
roughening andfor chemical modification will be a function of the plasma gas and the
operating conditions of the plasma unit (including the length of time of the reatment).

[0018] Additional surface modifiers can include, but are not limited 1o,
ultrasonic washing, e.g., with an aquecus soapfdetergent solution, cleaning with an
agueous mixture of organic solvent, e.g., a 5050 mixture of isopropanchwater or
ethanolwater, UV treatment, and chemical treatment that results in hydroxylation of
the substrate surface, e.4., etching of the surface with a caustic solution such as an
aqueous solution of alkali metal hydroxide, e.g., sodium or potassium hydroxide, or
exposing the surface to a chemical vapor. With respect {o glass substrates, suitable
surface modification means also can include fluoride~-containing glass-etchanis that

results in creation of free silicon-oxygen bonds on the glass surface. Such fluoride-
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containing glass eichants can include, e.g., hydrogen fluoride, hydrofiuoric acid,
ammonium  fluoride, sodium  fluoride, sodium  bifluoride, polassium  fluoride,
potassium bifluoride, and/or ammonium hydrogen diffuoride {ammonium bifluoride).
For stainless steel subsirates, ferric chioride can be 3 suitable etchant. The surface
modification means also can include rubbing or wiping, for example with a cloth or
brush,
{00201  After modifyving the surface of the substrate, a first coating

compasition is applied o at least a portion of the modified substrate surface fo form

a first coating thereover. The first coating composition comprises as a component a

first alkoxysilyl perfluoropolyether adduct.

ALKOXYSILYL PERFLUOROPOLYETHER ADDRUCTS

[0021] Many atkoxysilyl perfluropolyether materials are known and widely
used. A wide variety of these materials are suitable for use in the first and second
coating compositions used in the processes of the presant invention. In a particular
embodiment of the prasent invention, the alkoxysilyl perflucropotvether adduct is

selectad from those having the following structural formulas [ and/or [

B{(CF2)q(0C5Fg)m=(OCoF )y~ (OCF)4(CHy)
pX{CH2}585{X‘}3__a(R1}& Formula i

F——(CF2)q(OCsF o) (OC2F gy (OCF}(CHy)
K(CH)(X)2-a(R )2 SIO(F(CF g {OCFeli ™
(OCF 1)y (OCF2)o(CH)X(CH) (X )1-a(R):S10)

FHACF ) (OCaF gl (OCF 43n-(CGCF}{CHy)

K(CH ) 4RSI Formuia if

00221 In Formula |, g is an integer from 1 fo 3, m, n, and o are
independently integers from 0 to 200; pis 1 or 2; Xis O or a bivalent organic group,; v
is an integer from 2 to 20; R' is Cyg linear or branched hydrocarbon group; a is an
integer from 0 to 2; and X' is a hydrolysable group. X' can be, for example, a

hydrolysable group chosen from alkoxy groups, such as methoxy, ethoxy, propoxy
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and butoxy groups; alkoxyalkoxy groups, such as methoxymethoxy and
methoxyethoxy,; acyioxy such as acetoxy; alkenvioxy groups stich as isopropenoxy;
and halogen groups such as chloro, bromo and ndo.

1002317 In Formula U, g is an integer from 1 fo 3 m, n, and o are
independently integersfrom 0 fo 200; pis 1 or 2, X is O or a bivalent organic group; ¢
is an integer from 2 to 20; RYis a Cq.z0 linear or branched hydrocarbon group; a is an
integer from 0 to 2; X is a hydrolysable group: and 2 is an integsr from 0 to 10 when
aisGor1.

{00241 X can be, for example, a hydrolysable group chosen from alkoxy
groups, such as methoxy, ethoxy, propoxy and buloxy groups; alkooxyalkoxy
groups, such as methoxymethoxy and methoxyethoxy; acyloxy such as acetoxy;
atkenyloxy groups such as isopropenoxy; and halogen groups such as chioro,
bromo and indo.

(0025] Suitable alkoxysilyl perfluoropolyether adducts of the structural
formulas | and | and the preparation thereof are described in detait in U.8. Published
Patent Application No. 2008/0208728 at paragraphs [0030] io [0045], the ciled
portions of which are incorporated herein by reference.

{00281 Alternatively, alkoxysilvl perfluoropolyether adducts suitable for use in

the present invention can include those represented by the following structural

formula HL
Ra.a
RI(CH ) O-(CH) - SEX 12
Formula
100271 In Formula i, Rf is a divalent straight-chain perfluoro polyether

radical; R is C1 to Cq alkyt or phenyl; X is a hydrolysable group; n is an integer from O

to 2; mis an integer from 1 fo §, and ais 2 or 3. In a particular embodiment, Rf is

the divalent straight-chain perfluoro polvether radical having the structure:
~CF,CF0(CF, CF, CRONCF.CF; -

oF

- GFQ(QQ2F4>p(QC FQ}q“‘
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wherein k, p’ and q’ are each independently an integer of at least 1. Alsg X is
a hydrolysable group chosen from alkoxy groups, such as methoxy, ethoxy, propoxy
and butoxy groups; alkooxyalkoxy groups, such as methoxymethoxy and
methoxysthoxy; acyloxy such as acetoxy; alkenyloxy groups such as iSopropenoxy;
and halogen groups such as chioro, bromo and iodo.

{0028] Suitable alkoxysivl perfluoropolyether adducts of the structural
formula 1 and the preparation theraof are describad in detail in EP 1 300 433 B1 at
paragraphs [0024] to [0034], the cited portions of which are incorporated herein by
reference.

(00281 Midures of suftable alkoxysilyl perfluoropolyether adducts can be
used in the first and second coating compositions used in the processes of the
present invention. In a particular embodiment of the present invention, the first
atkoxysilyt perfluoropolyether adduct is one represented by the structural formula i
andfor 1.

{00301 Typically the alkoxysilyl perfluoropolyether adduct is applied in the
form of a solution of the adduct in an appropriate solvent. The soivent can include
any of an number of known organic solvents provided that the organic solvent does
not react with the alkoxysilyl perfluoropolysther adduct (or any other components
present in the coafing composition).  Particularly suitable solvents can include
fiuorine-containing solvents such as a fluorine-containing alkane, a fluorine-
containing haloalkane, a flucrine-containing aromatic, and a fluorine-containing
sther, e.q. hydrofluorosther (HFE) such as Novec'™ HFE 7100 or 7200
commerscially available from 23M Company. Mixures of appropriate solvents can be
used.

[0031] The conceniration of the alkoxysiyl perfluoropolysther adduct
present in the first coating composition can range from 0.01 to 80 percent, such as
0.01 to 70 percent, or .05 to 60 percent, or 0.1 to 50 percent based on total weight
of the first coaling compaosition The concentration of the alkoxysiyl
perflucropolyether adduct present in the first coating composition can range behween
any of these vaiues inclusive of those recited.

[0032] The first coating composition can be applied to the surface medified
substrate by any coating method known in the art. Suitable application methods can

include, but are not limited to, wet coating methods and dry coating methods.  Waet

9
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coating methods can include, for example, spray coating, spin coating, dip coating,
flow coating, roll coating and like methods. Dry coating methods can include, for
gxample, Physical Vapor Deposition, such as vacuum evaporation, reactive
deposition, lon beam assisted deposition, sputtering, ion plating, and hke methods;
and Chemical Vapor Depaosition.

{00331  After application of the first coating composition as described above,
the first coating & cwed at a temperature and a relative humidily sufficient to
promote hydrolysis of the alkoxysiyl perfluoropolyether adduct componenti
Obviously, the cure tme will be dependent upon the curing temperature and the
relative humidity. For example, the first coating can be cured at a temperature of
25°C and a relative humidity of 40% for a period of 24 hours; or the first coating can
be cured at a lemperature of 80°C and a relative humidity of 80% for a period of 2
hrours; or the first coating can be cured al a temperature of 130°C and a relative
humnidity of 80% for a period of 1 hour, or the first coaling can be cured at a
temperature of 130°C at a relative humidity of 80% for a period of 0.5 hour. in a
particular embodiment of the present invention, the cure lemperature can range from
20°C to 500°C, such as from 25°C to 350°C, or from 30°C 1o 250°C; and the relative
humidity can range from 1% to 98%, such as from 2% o 95%, or from 5% to 85%.
The aforementioned {emperature can range between any of the recited {emperature
values inclusive of the recited temperature values., Likewise, the aforementioned
parcent relative humidity can range between any of the recited relative humidity
values, inclusive of the recited relative humidity values.

[0034] ¥ desired, cure times may be reduced through the use of a hydrolytic
condensation catalyst. Non-fimiting examples of suitable such catalysis can include
organic tin compounds {e.q., dibutyltin dimethoxide and dibulyltin dilaurate), organic
titanium compounds {e.q., tefra-n-butyl titanate), organic acids {s.g., acetlic acid and
methanesulfonic acid), and mineral acids (e.g., hydrochioric acid, nifric acid, and
sulfuric acid). When employed, the calalyst can be present in a catalylic amount in
the first andfor second coating compositions used in the processes of the present
inventtion.  For example, the catalyst can be present in the first and/or second
coating compositions in an amount ranging from 0.01 to 5 paris by weight, such as
from 0.1 to 1 part by welght based on 100 parts of the alkoxysily! perfluorcpolyether

adduct present in the first and/or second coating compositions.  Alternatively, the

10
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catalyst may be present as a vapor during the curing, e.g., as a vapor of a solution of
any of the aforementioned organic acids and/or the mineral acids.

[0035] In accordance with the process of the present invention, once the first
coating composition is cured to form a cured coating on the surface of the substrate,
the surface of the first coating, optionally, is modified using the same or different
surface modification means as was used to surface modify the substrate. Any of the
aforementioned surface modification means praviously described above with respect
to the subsirate can be used provided the surface modification means does not
remove or otherwise compromise the inlegrity of the first coating. In a particular
embodiment of the present invention, the surface modification means used (o treat
the surface of the first coating results in hydroxylation of the first coaling surface.
After surface modification of the first cured coating (when a surface maodification is
usad), or after cure of the first coating when surface modification of the first coating
is not usad, a second coating composition is applied fo at least a portion of the
modified surface of the cured first coating to form a second coaling thereover. The
second coating compaosition can be the same as or different from the first coaling
composition. The second coating composition comprises as a component a secong
atkoxysiivi perflucropolysther adduct, which can be the same or different from that
comprising the first coating composition. The second coating composition may be
any of those compositions described above with respect to the first coaling
composition. The sscond coating composition may be identical to the first coaling
composition; or # may be different Likewise, the second alkoxysilvl
perfiuoropolyether adduct used in the second coating composition can be the same
as the first altkoxysilyl perflucropolyether adduct, or it may be different. In a particular
embodiment of the present invention, the second alkoxysilyl perfluoropolyether
adduct is one represented by the structural formula { andfor il

{00361 Any of the coating application techniques described above with
respect to the first coating composition c¢an be used to apply the second coating
compositian,

[0037] After application of the second coating composition o form a second
coating over at least a portion of the first coating, the second coating is cured at a
temperature and a relative humidity sufficient to promote hydrolysis of the second

aikoxysilyl perfiuoropolyether adduct component.  Curing times, temperatures, and

11
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relative humidity for the second coating are as described above with respact {o the
first coating.

{00381 The process of the present invention provides an adherent, dear,
and durable anti-fouling coating system on a variety of substrates. As previously
mentioned, surface durabiiity typically is evaluated comparatively using a device that
applies a constant pressure on a uniform surface area that cycles from side o side
across the coated surface. Long term hydrophobic and oleophobic properties are
svaluated by measuring waler contact angle after various intervals to obtain the
relationship with rubbing cycles, as is described in detall in the examples herein
below.

(00381 The present invention is more particularly described in the following
examples, which are intended o be ifiustrative only, since numerous modifications

and variations therein will be apparent to those skilled in the arl.

EXAMPLES

Example
Part A ~ Preparation of Coating Solution A

into a suitable container equipped with a mixer was added 189.0 grams {g) of
HFE-7100 3M™ Novec™ Engineersd Fluid from 3M Company and 1.0 g of Dow
Coming® 2634 solution (now Dow Corning® 2700 solution) and mixed for 10

minutes.

Part B —~ Preparation of Substrates

Ten glass substrates measuring 5.5 mm by 11.0 mm and ten stainless steel
substirates measuring 6.8 mm by 10 mm were each immersed in a 12.5 weight
percent sodium hydroxide agueous solution in an ultrasonic bath maintained at 50°C
for & minutes; sequentially rinsed in two ultrasonic baths containing delonized {Bi}
water maintained at 50°C for 5 minutaes in each bath; rinsed with Dl water and then
with isopropyl alcohol; and dried for 10 minutes in a convection oven maintained at
B80°C.

Fart C ~ Coating of Substrates

12
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g

tep 1

Coating Solution A (1.0 g) was dispensed over a period of 8 seconds onto
gach of the glass and stainless sieel substrates while spinning for 11 seconds at a
speed of 1100 revolutions per minute on a Stir-Pak® spin coater (Cole-Parmer
instrument Company). The coated substrates were placed in a convection oven (207
x 207 size, VWR International, LLC), with the temperalure set at 130°C for 30
minules. Also in the oven were two wide mouth beakers (150 mum diameter and 75
mun in height) with %4 of the volume of each filled with D! water. After 30 min, the
subsirates were removed from the oven and left {o cool to room temperature. The
surface of each coaled substrate was wipad with a soft cloth {AiphaWipe{@ synthetic

wipers).

Step 2

The costed stainless steel substrates were subjected to the process of Part B
again.
Step 3

Both the coated slainless steel substrales from Step 2 and the coated glass

substrates from Step 1 were coated again following the procedure of Step 1.

Part D ~ Ui Water Contact Angle Testing
The D water contact angle was determined using a VOA 2500XE Video Contact

2500 Video Contact Angle System User's Manual, March 17, 1997, Dl water (1.0 ul)

was dispersed onto the coated substrates of Part C at three different locations. The
ioft contact angle and right contact angle were read from each drop of Dl waler
simultaneously. The average DI water contact was then calculated and reported in

Table 1 herein below.

13
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Table 1 ~ I Water Contact Angle for Cogted Stainless Steel and Glass Substrates

Left Right Left Right
Stainless | contact | contact | Average contact | contact | Average
Stesl angle angle contact Glass angle | angle contact
Substrate | {°} {*} angie () | Substrate | (%) {(°} angle {7
1182 | 1183 | 1156 116.0
116.8 | 116.7 147.1 1144 | 114.6 115.5
1 1166 | 116.1 1 115.9 | 116.1
1160 157 L 116.4 | 116.2
1162 1165 116.1 115.5 | 115.8 118.0
2 1162 | 116.0 2 1158 | 115.8
1156 1156 116.7 | 116.7
1152 11164 115 4 1158 | 1159 116.4
3 114.8 | 1155 3 116.5 | 116.5
114.2 | 1143 11188 111587
1157 | 1150 114.6 1184 | 11586 118.7
4 1145 | 114.1 4 1158 | 115.8
1157 | 115.9 1155 | 1185
116.2 | 1161 115.7 1149 [ 1154 115.3
5 {1181 [ 1154 5 1152 | 1151
1105 {1102 1164 [ 1165
1123 1124 112.0 158 | 1157 115.8
6 1133 1133 8 1152 | 115.4
114.3 | 114.3 1165 | 116.6
114.0 | 114.3 114.1 1159 [ 11538 116.0
7 1138 | 1139 1185 | 1154
116.1 | 116.2 1160 | 118.0
1150 | 115.0 1165 1153 | 1153 115.6
8 1151 | 115.4 8 115.4 | 1156
1144 (1140 L [ 1150 | 115.1
1154 1140 114.8 152 i 115.1
9 756154 9 1150 | 1151
110.8 | 1109 _ 115.8 | 115.7
10 1124 1127 1120 10 1158 | 116.4 1108
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112.3 112.8 1155 115.5
- Control | 92.2 97.8 42.4 44.3
(Uncoated | 96.2 87.2 Control | 49.8 | 824
RRRE RS 91.6 44.6
Stainless {Uncoated
, | 36.4 42.2
stasl) 85.0 87.3 : glass)

Part £ - Permaneant marker {esting

A stainless steel substrate and a glass substrate were sach coated with
Coating Solution A following the steps of Parts B and C, except that EUROLENS®
Model 1400 lens saver tape was applied to about half of the surface of each
substrate prior to Part C. The resulting substrates were marked with a Sharpie® King
size™ permanent marker across both the coated and uncoated surfaces. A marker
line of about 5 mm width was observed on the uncoated surfaces but on the coated
side only beads of the marker ink were present. The beads were easily removed with
the previously described soft cloth but the marker on the uncoated surface was not
removabie.

Whereas the present invention has been described with reference to specific
detalls of particular embodiments thereof. 1 is not intended that such details be
regarded as limitations upon the scops of the invention except insofar as and to the

extert that they ave included in the appended claims.
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Therefore, we claim:

1. A process for forming a durable anti-fouling coating system on a substrate
COMmprising:

{a) modifying a surface of the substrate using a surface modification means;

(b} applying a first coating composition to at feast a portion of the modified
substrate surface to form a first coating thereover, the first coating composition
comprising as a component a first atkoxysiivl perfluoropolyether adduct;

{¢) curing the first coating at a temperature and a relative humidity sufficient
to promote hydrolysis of the alkoxysilvt perflucropolyether adduct component fo form
a cured first coating on the substirate;

{d) optionally, modifying the surface of the cured first coating using the same
or different surface modification means as was used in {a});

{e} applying a second coating composition to at least a portion of the surface
of the cured first coating to form a second coaling thereover, the second coaling
camposition comprising as a component a second alkoxysilyl perflucropolysther
adduct which is the same or different from that comprising the first coating
composition; and

() curing the second coating at a temperature and a relative humidity
sufficient to promote hydrolysis of the second atkoxysivi perflucropolyether adduct

component to form a durable anti-fouling coating system on the subsirate.

2. The process of claim 1, wherein the substrate comprises metallic substrates,

glass substrate and/or polymeric substrates.

3. The process of claim 1, wherein the first coating composition and the second

coating composition are the same composition.

4, The process of claim 1, wherein the surface modification means is selected
from surface rubbing, contacting with acidic solution, contacting with a fluoride
containing etchant solution, coniacting with a ferric chioride etchant solution,
contacting with caustic solufion, freating with plasma, {reating with corona, exposing

to UV radiation, ultrasonicating, and/or exposing to a vapoy.

16
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5. The process of claim 1, wherein the surface modification means used in (a)

and (d} are the sams.

8. The process of claim 3, wherein the surface modification means is contacting

with caustic solution and/or a ferric chiornide etchant solution.

7. The process of claim 8§, whergin the substrate is stainless steel.
8. The process of claim 1, wherein the surface modification means in (a) and (d)

are differant,

8. The process of claim 8, wherein the substrals is glgss.

10.  The process of claim 9, wherein the surface modification means is contacting

with caustic solution and/or a contacting a fluoride condaining etchant sclution.

11.  The process of claim 1, wherein the alkoxysiiyi perflucropolyether adduct is

salected from an adduct having the structure (H or ()

F o CF)q(OC3F gy {OCF 4)o(OCF)o(CHy)
pX(CHQ}rSKX'}SAa(Rj Ja Formula §

wherein in Formwla |, qis aninteger from 1 1o 3, m, n, and o are
independently integers from Q1o 200; pis 1 or 2; X is O or g bivalent organic group; 1
is an integer from 2 to 20; R is Ci, linsar or branched hydrocarbon group; a is an

integer from 0 1o 2, and X is a hydrolysable group; and

F{CF 2} {0OC3F ) (OCF )= {QCF ) {CH,)
o R(CH) ). (R SIO(F-{CF ) -(OCF gl

4

{OC4F 4)o-(OCF )6 {THR) X{CH (X} (R )5 510)
2 ACF ) {OCsF )i (OUF 4)a-(OUF 2)o{GHy)

PX{C%‘Q};{X')EQ(Ri }asg FOE"?T\USS N
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wherein g is an infeger from 1 t0 3; m, n, and ¢ are independently integers
from O 0 200; pis 1 or 2, X is O or a bivalent organic group; ris an integer from 2 {o
20; R'is a Gy linear or branched hydrocarbon group; a is an integer from 0 to 2; X

is a hydrolysable group; and z is an integer from 0 {o 10 when g is b or 1.

12, The process of claim 1, wherein the alkoxysilyl perflucropolyether adduct has

the following structurs ()

RS»a

RICHIO-(CHm-S# Kol prmuia i

wharein Rf is a divalent straight-chain perfluoro polyether radical, Ris Cig
atkyl or phenyl: X is a hydrolysable group; n is an integer from 0o &, m is an inleger

fromito s andagis2ord.

13.  The process of claim 11, wherein Rf is a divalent straight chain perfiucro

polyether radical having the structure:
~CF,CRO(CF; CF, CRONCF.CF;
Of
- OF(OCF ), { OCF )y
wherein k, ¢ and ¢ are each independently an integer of at least 1,

4.  The process of claim 1, wherein the curs temperature ranges from 20°C to

500°C, and the relative humidity ranges from 99% to 1%.

15. The process of claim 14, wherein the cure temperature ranges from 30°C {o

250°C, and the relative humidity rangss from 85% to 5%.

16.  The process of claim 1, further comprising wiping the cured first coating of (¢}

prior to modifying the surface thereof in {d).

17.  The process of claim 14, further comprising wiping the cured second coating

of {f}.

18
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18, The process of claim 10, wherein the fluoride containing glass efchant
solution compriseas a fluoride containing etchant chosen from hydrogen fluoride,
hydroflucric acid, ammonium fluoride, sodium fluoride, sodium bifluoride, potassium

fluoride, potassium bifluoride, and/or ammoniwm bifluoride.

18. A coated substrate prepared by the process of claim 1.
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