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FLUOROALKYLSILANES AND COATINGS THEREFROM

FIELD
This invention relates to methods of treating substrates {especially su

3

bstrates
having a hard surface such as, for example, ceramics or glass) to impart water, o, staia,
andfor dirt repeliency to a surface thereof, and, in other aspects, this invention relates to

W

compositions for use in the methods and o substrates treated thereby.
Background
Vartous fluorochemical compositions have been used as coating compositions for

application 1o substrates {for example, hard surtace substrates and {ibrous subsirates) to

mpart low surface energy characteristics such as oif and/or water repellency

{oleophobicity and/or hydrophobicity). When used in coatings or films, however, many

5]

fuorochemical materials have tended to diffuse to the surface of the coating or film aund to
becorae depleted over time (for example, due to repeated cleanings of the surface). This

3

has led o the use of fluorochemical derivatives having reactive or functonal groups (for
example, perfluoropolyether thiols, silanes, phosphates, and acrylatesy to enable covalent
attachment to the coatings, films, or substrate swiaces

Silane compounds having one or more Suorochemical groups have been uged
{alone and in combination with other materials) to prepare surface treatment compoesitions
for substrates such as glass and ceramics. Such silane componnds have typically incheded
ong of more hydrolyzable groups and at least one polviivoringted atkyl or polyether group.

Numerous fluorochemical surfice treatments have been developed and have varied

in thelr case of applicability 10 substrates (for example, due to differences in viscosity

Yt v

and/or in solvent solubilities, some (reatments even requiring expensive vapor deposition

or multiple application steps), In their requisite curing conditions {for example, some

"

requiring relatively high curing temperatures for relatively tong periods of time), in theie
repetiency levels, in their ease of cleaning, in their degrees of optical clarity, andi/or in thewr

durability {for example, in thelr chemical resistance, abrasion vesistance, and/or sobvent

ey
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resistance}. Many have also been at least somewhat substrate-specific, requiring
production of multiple compositions to ensure adhesion to different subsirate
SUMMARY

Thus, we recognize that there exists an ongoing need for surface treatiment

processes {and fluorochenical compositions for use therein) that can meet the performance

requirements of a variety of different surface treatment applications. Such processes will
preferably be simple, cost-effective, compatible with existing manufacturing methods,
and/or capable of imparting repeliency (preferably, durable, tatlored repelicney) to a
variety of different substrates.

Brietly, i one aspect, this wvention provides a novel fluoroalkyisilane. o another
aspect this disclosure provides a coating compesition comprising the fnorvoalkyisilang
with high water repeliency, as measure by the receding water contact angle. In another
aspeet this dt scia-sum. provides a practical process for making the fluorcalkyisilane with

unigue space linkage group. In another aspect, this disclosure provide a surfaes treatment

,.

process which comprises {a) providing at least one substrate having at least one major
wiace; coaling the surface with the coating composition, and curing the cosating. In
another aspect this disclosure provides the coated articles which have high water contact

anglos, especially receding water vepellency.

Ryis a perfluorcaliyl group, optionally substituted by one or more in-chain ~O-, <8+ ar —
NR¢'- heteroatoms, where Ry is a perfluoroaikyl, preferably a C-C perflooroatiyl;

X iz a hyvdrolysable group;

R is.an alkyl group or an aryl group;

q is at least 3; and

The Re groups may be linear or branched and of the formula:

X

(0]
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CFane1- where n is at least 1, preferably at legst 3, more preferably 3-6; or may be
CoFae1-{0-CiFamdp where nis at least 1, mois af legst 2, and p may be a number from 1

to 1)

¥

of Ul ane NG Fagi i 20w om-, where i is &t feast 1, o 1s at least 1 and mois at least 2
Prefersbly, cach of the perfluorcalkyl or perllvoroalkylene groups {e.g. CaFaner- CoFaon o7
~CFane) are selected from C3-C,

It has been reporied that certain perfiuorooctyl-containing compounds (T may
tend to bio-acciamulate in Hving organisms; this tendeney has been eited ax a potential
concern regarding some fluorochemical compositions. For example, see U8, 5,688,884

s

88
{Baker et al.}. Asa vesult, there is a desire for fluorine-containing compositions effective
¥ e

in providing desived functional properties, e.g., water- and oil-repeliency, surfactant

O u"mb ete. while sliminating more effectively from biologieal systems. However, #t
h

oy

has also been asserted that only perflvorcaliovt groups of the formula FCF: ) have six o
greater carbons have the self-alignment capability to achieve usefud performance, while
shorter chaing, e.¢. TiF e lack the self-alignment necessary for good performance. See

Phillips and Dettres, J.Col and Interface Sci., vol. 36(2), August 1976,

herefore 1§ remains & challenge to provide shorter chiain perfluoroatkyl
compositions that are less bieaccumulative, while maintain the requisite performance,
In some preferred embodiments, the presemt fluoroalkyisilane compounds and
coating compositions provide the necessary performance even with the shorter Ca-Cy

perflyoroalkyl groups. Furthermore, the shord chain perfluorocarboxylic acids (the

presumed intermediate degradation produets) are less toxic and tess bivacoumulative than
the longer chain (Cy) homoelogues. For these reasons, the Re groups is preferably selected

fram €~ porfluoroalkyl {andfor perfluoroaikylene) groups.

¥

In some preferred embodiments, i isat least 6, Lo gt least & ~Cellyp- slkylene,

.

was been ohserved that excelient repeliency is achueved when the spacer alkyiene is at least

six carbong, as measured by the receding contact angle,

"

s

he X groups can be the same or ditferent and ave capable of hydrolyzing, for
example, in the presence of water, optionally under acidic or basic conditions, to produce
groups capable of undergoing 8 condensation reaction (for oxample, hydrexysilyl groups).

Desirably, cach X is independently sciceted from hydroxyl, halogen, alkoxy, acylox

Ll
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-

arvioxy, and combinations thereof) most desirably, cach X is independendly alkoxy), |t
wiil be appreciated that the X groups will hydrolyze 1o the presence of water or moisture,
and some portion of the X groups may be hydrolvzed to ~OH groups, which may then
form stloxane linkages with each other or with hydroxyl-containing substrate surface via

dehydration condensation reactions.

; e T aedd mre e Se VYD
{n some preferred embodiments, alkoxy is ~OR7, and acyloxy s ~OC{OIR7,

wherein each R is mdependently a lower alkyl group (Ci-Cy). Forcertain ernbodiments,

xr

R’ is preferably C

K

(e alky! and more preferably Craatkyl . &% can be a lingar or branched

™, 3 he by x ’a & . i 3
atkyl group. In some preforred embodtments, aryloxy s “OR”, wherein R isaryl,

optionally comprising one or more substituents independently selected Uy alkyl. For
cortain embodiments, R is preferably unsubstituted or substituted Ce.pzanvl,

Proforred fuoroalkyvistlanes include those where R iz a short {C-Cg)

perfluorcalkyl and perfluoroatkoxyalky! group, 15 6 or grester and X is selected from CL

.«

SOy OCHCH Gy or }CEE{CZ‘{&};. The preferred Ry is selocted from UF;,

w,}

The compounds of Formula I may be prepared by hydrosilation of a fusrinated

oy

compound of the formuda:
Re-O-CHFCF O CH o CHSCH 1
with a hydrositane of the formula:
H-S1 X R 18
in the presence of a hvdrosiladon catalyst, where
Ry 1y @ perfluoroalkyl group, optivnally substituted by one or meore in-chain ~0-, ~8- of ~
NR{ - hetercatorns, wheve Ry is 2 perflunroatkyl, preforably a ©-Ce pe erfluorcalkyi;
X is a hydrolysable group;
R s an alkyl group oran arvl group;
q 15 atdeast 3; and
xis 1t 3

Numerous patents teach the use of various complexes of cobalt, rhodiuny, nickel,

A

paliadiwm, or plativom as catalysts for hydrosilylation between a compound containing

B

sificon-bonded hydrogen such as formuda TH and a compound containing terminal aliphatic

unsaturation. For example, U8, 4,288 345 {Ashby e al) discloses as a catalyst for
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hvdrosilylation reactions a platinum-siloxane complex. Additional platinam-stloxane
complexes are disclosed as catalysts for hydrosilylation reactions in U5, Pat. Nos.
3715334, 3,775,452, and 3,814,730 (Karstedt et al), U.8. 3,470,225 (Kuowre et aly
discloses production of organic silicon compounds by addition of 8 compound containing
silicon- bonded hvdrogen to organic compounds containdng at least one non-aromatic
double or tripic carbon-te-carbon boad using a platinum compound of the empirical
formmla PUXG{RCOCRCOR" » wherein X is halogen, R is alkyl, R is hydrogen or alkyl,
and R" is alkyl or atkoxy.

The catalysts disclosed in the foregoing patents are characterized by their high

catalytic activity. Other platinum complexes for accelerating the aforementioned

thermallyv-activated addition reaction include: a platinacyclobutane complex having the
formula (PICLHGH R {LLS, 3,159,662, Ashby); a complex of & platinous salt and an olefin
(1.8, 3,178,464, Plerpoint); a platinum-containing complex prepared by reacting
chioroplatinic acid with an alcohol, ether, aldehvde, or mixtures thereof (LS, 3,220,972
Lamoreaux); z platinum compound selected from trimethylplatinum iodide and
hexamethyidiplatiunt {118, 3,313,773, Lamoresux}; a hydrocarbyl or halehydrocarbyl
mitrile-platinwn (1Y) halide complex (ULS. 3,410,886, Joy); a hexamethyl-dipyridine-
diplatinum fodide (118, 31,5{57,755, Seyivied o al); a platinum curing catalyst obtained
fromt the reaction of chicroplatinie acid and 8 ketone haﬂng up to 15 carbon atoms (US.
3,814,731, Nitzsche et al); a platinum compound having the general formula (RGP,

where R'isa

f"l

velie vdrocarbon radical or substituted cyelic hydrocarbon radical having

two aliphatic carbon-carbion double bonds, and X is g halogen or alkyl radical (U8

4,276,252, Kreis et al); platinum alkyne complexes (U8, 4,603,215, Chandra et al);

s

platinum alkenylevelohexene complexes (ULS. 4,699,813, Caw:xzm{}; and a colloidal
hydrosilylation catalyst provided by the reaction between a silicon hydride or a stloxane
hydride and a platinum () or platinum (1) complex {118, 4,705,763, Lewis).

Although these platinum complexes and many others are useful as catalysts
processes for accelerating the hydrosilation, processes for promoting the ultraviolet or
visible radiation-activated addition reaction between these compounds may be preferable
in some instances. Platinum complexes that can be used to initiate ultraviolet radistion-

activated hydrosilation reactions have been disclosed, e.g., platinum azo complexes {118,

gy
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Pat, No. 4,670,531, Bckbarg); { "}4-\4'&'@10\}(,i&xi"“QE}\%E&E’V‘PE&AHt an complexes (U.S.
4,530,879, Drabwak); and (v -evelopentadienyDirialkyiplatinum complexes {118,
4,510,094, Drabmak). Other compositions that are curable by ultraviolet radiation include
those described in U5, 4,640,939 and 4,712,092 and in Buropean Patent Apphcation No.
0238033 US. 4,916,169 (Beardman et aly deseribes hvdrosilylation reactions activated by
vigible radiation. U.S. 6,376,569 (Oxnan et al.) describes a process for the actinic

~

radiation-activated addition reaction of & compound containing silicon-bonded hvdrogen
with a compound containing aliphatic unsaturation, said addition being referred to as
hydrositvlation, the improvement comprising using, as @ platinum hydrosilviation catalyst,
an {7}5«cy‘ciepentmiisnyi}iri{frs»»ali wticplatinum complex, and, as a reaction accelerator, a

free-radical photoinitialor capabie of absorbing actinic radiation, Le,, light having a

wavelength ranging from about 200 mn to about 800 . The process can also employ, as
a sensitizer. a compound that absorbs actinic radiation, and that is capable of transferring
energy o the aforementioned platinum complex oy platioum complex/free-radical
vhotoinitiator combination, such that the hydrosilviation regction is ntiated upon
exposure to actinic radiation. The process is apphicable both to the syathesis of Tow

molecular weight compounds and to the curing of high molecular weight compounds, Le.,
polymers.

The prelerred hydrosilane of the formuda TH 1§ selected from H-51CL, H-Sy{OMe)y
and H-SHOUHCHO.

The unsaturation fluoroalkyl compounds of Formula I, in tum, may be prepared by

reaction of & compound of the formula:
ReO-CF=CFy IV
with a compound of the formula:
HOW{CH o CHCH Y
i the prosencs of a base catalyst as described in UIS20030113608,
and where i and Ry are as previously defined.

The perfluoroviny! cther of Formula IV, in furn, may be prepared by Suoride ion
catalvzed addition of a perfluorinated acid Huoride to hexalluoropropylene oxide, followed
by decarboxylation, according to the technigues desenbe 1n US 6255536 (Worm et al.),

ineorporated heremn by reference. Perfluorinated acid fluoride may be obtained from

6
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hexalluoropropene exide by reaction with a metal fluoride. Alternatively, the
perfluoorinaied acict fluorides nray be prepared by electrochemical flnorination of alcohols,
acids or esters as known in the art, for caxmple as deseribed in UUS6482979 (Hintrer et al),
incorporated herein by reference,

Cormumercial available perfluoroviayl ethers of Formula TV are, for example,
CHFOCE=CF,, CHFUECE00P=CY, and CFO0CFCFCHF0CF=CF,,

Generally, the coating 13 formulated in a solvent or mixed solvenis for vasy use at
the conceniration of 0.01 to §0 wils; preferably at 0.1 1o 20%,

For crossiink or curing of the coating, molsture is needed, either by addition of
Himited water to the coating formulation or absorption of motsture from air after coating on
subsirates. To accelerate the curing, a acid or base catalyst may be optionally presented in
the formuiation.

In some smbodiments, the coating composition may further comprise a
crosslinking agent for the fluoroalkylsilane. A class of useful crogslinkers includes
compounds that can be represented by the following general formula:

SR VI

wherein each X' is independemtly hydroxyl, a hydrolyzable group. or a combination
thereot, each R is independently a Ci-Uy alkyl group: 2is aninteger of 1,2, 3 or 4.
Preforences for X' and R include those set forth above for the X and R gropps of Formala
L The crosslinkers can be included in the surface treatment composition in any of a wide
range of amounts (for example, from about 1 to 20 weight percent), depending, for
example, upon the particular application and the desired properties. Most preferred are
tetratioxysilanes, such as commercial available tetracthoxysilane, alone or in a mixture
with {rislkoxysilanes.

A variety of non-functional ingrganic oxide pariiculate solutions or dispersions can
be used in the coating composition. The particles are typically substantially spherical in
shape and relatively unifornt in sive. The particles can have a substantially monodisperse

size distribution or a polymodal distribution obtained by blending two or more

i

wibstantially monodisperse distributions. The inorganic oxide particles are typically non-

aggregated {substantially diserete), as aggrepation can resull in procipitation of the

inorganic oxide particles or gelation of the composition.
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The morganic oxide particles are typically colloidal, having an average particle
disaneter of about 8001 to about 0.2 micrometers, less than about 0.05 micrometers, and
less than about 0.03 micrometers. These size ranges factlitate dispersion of the inorganic
oxide particles into the coating composition with desirable surface properties and optical
clartty, The average particle size of the inerganic oxide particles can be measured using
{ransmission electron microscopy to count the number of inorganic oxide particles of a
given disneter.

Inorganic oxide particles include colioidal silicn, colloidal titania, colioidal
atuming, colleidal zirconia, colloidal vanadia, colloidal chromia, colinidal iron oxide,
colipidal antimony oxide, colloidal tin oxide, and mixtures thereof. The norganic oxide
particles can consist essentially of or consist of a single oxide such as silica, or can
comprise a combination of oxides, such as silica and shoninum oxide, or a cove of an
oxide of one type {or a cote of 8 malerial other than a metal oxide) on which is deposited
an oxide of another i}-’;ﬁae; Silica 18 a comumon inorganic particle for general applications,

The inorganic oxide particles are often provided in the form of a sof containing a
collnidal dispersion of inorganic oxide particles in lguid media including water and
isopropano! as solvent. The sol can be prepared using a variety of technigues and in a
variety of forms incloding hydrosols (where water serves as the liquid medium),

organosols {where organic lguids so serve), and mixed sols fwhere the Hiquid medium
contains both water and an organic Hauid), e.g., a5 deseribed In ULS. 3,648,407 (Gostz et
al.y; 118, 5,677,050 {Bilkadi ot al.y and 115, 6,299,799 {Craig et al.l, the disclosure of
wiiich i3 incorporated by reference herein. Aguecus sols { e,g of amorphous silica) can be
employed. Sols generally contain at Teast 2 wit-%, at least 19 wi-%, at feast 13 wi-%, at
least 23 wi-%h, and often af least 35 wi-% colloidal inorganic oxide particles based on the
total weight of the fluorosilane in the coating formulation. The amount of collvidal
inorganic oxide particie is typically no more than 30 wi-%. Most water is generally
removed fron the aqueous sols prior to Tormulating with flucrosilane to prevent promature

-1

hydrolysis for sufficient shelf Hife stability,

¥

The coating cowposition can be prepared by mixing the inorganic oxide particle

1
i

solution, and other optional ingredients with the curable fluorosilane composition. The

resuiting conposition after applied to a substrate usvally is dried to remove substantially
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all of the solvent and/or water from the fonmulation or genevated during the silanol
dehydration condensation reaction,

Some embodiments, partiatly surface-modified inorganic particles, preferably
nanoparticles (having an average particle stze of tess than 100 nanometers) may be used
These particles and nanoparticles are prepared from colloidal materials from the group of

silica, zine oxide, Gitania, alumina, rirconia, vanadia, chromia, iron oxide, antimony oxide,
tin oxide, other colloidal metal oxides, and mixtures thereof, modofied such that the
particles can be easily formulated or dispersed with flucrosilane formulation; these
particles can conprise essentially & single oxide such as silica or can comprise 8 core of an
oxide of one type {or a core of a material} on which is deposited the oxide of another type.
The particles have an average particle diameter of 5 to about 1000 nm, preferably less than
100 nanometers, more pre“emniv 10 to 30 nm. Average particle size can be measured
using iransoyission electron microscopy to count the number of particies of a given
diameter. Additional examples of suitable colloidal silicas are desoribed in ULS. 5,126,394,
incorporated herein by reforence. Such particles are deseribed in ULS, 6,353,037, and

~

6,462,100 {Thunhorst et al}, and U8 6.320,058 (Amey et.al) and are incorporated herein

-

yula | may alse been nsed for partial modification of

the absence of moisture. The components of the composition can be in the form of

ﬁ)
zon
5

attvely viscous Hquids that can be used in the surfuce treatment process of the invention
in neat fonm or, preferably, inadmixture with corunoniy-used solvents (for example, alkyl
esters, ketones, alkanes, alcohols, and the like, and mixinres thereol).

1 some embodiments, the coating composition further includes at Jeast one organie

T

solvent that can dissolve or suspend at least about 0.1 percent by weight of the
fluorcalkyisilane of Formula I and silicate components of Formula VI, based upon the total
weight of the surface treatment composition. In some embodiments, it can be degirable
that the solvert or mixture of solvents have a solubility for water of at least about 1 pereent
by weight, and for cortain of these embodiments, a solubility for acid of at least gbout §

percent by weight, When solvent is used, useful concentrations of the components can

vary over & wide range (for example, from about 0.01 or 0.1 or 1 to sbout 90 weight



[

18t

(Y
4

30

WO 2015/050740 PCT/US2014/056865

ereent), depending upon the selubility of the components, the application method

"

utitized, the natore of the substrate, and the desired suwrface treatment characteristics.

£

Suitable organic solvents for use in the surface treatment composition include

¥

Y o

atiphatic alcobinds such as, for example, methanol, sthanol, and isopropancl; ketones such
ax acetone and methyl ethyl kelone; osters such as ethyl acefate and methst formate; ethers

3

1 as disthyvl ether, difsopropy! ether, methyl t-buty! ether, and dipropyiene glyeot

P
}

Sug
monomethy! ether {DIPM): hydrocarbons solvents such as alkanes, for example, heptang,
decang, and other paraffinic solvents: perfluorinated hydrocarbons such as

- o ST . JRRI ) B v o h
perfluorohexane and perfiuorooctane: fluorinated hvdrocarbons, such as
pentaftuorobutanc: hydrofiuproethers such as methyi perfluorobutyt ether and ethyt
perfluorobutyl ether; and the like; and combinations thereof, Preferred solvents include
aliphatic alcohols, periluorinated hydrocarbons, fluerinated hydrocarbons,

hydrofluoroethers, and combinations thereof {imore preferably, aliphatic alechols,

hydrofluorocthers. and combinations thereof; most preferably, hydrofluoroethers and
combinations thereof}.

The coating composition may compri

a) 0.25 t0 19 wt.% Huoroalkyisilane of Formula I
b 3to 20 wt.% inoerganic particudar filelr;

¢} {10 20 wt.% & silane crosshinker;

d} ¢ to 1 wt.%% of an acid catalyst;

i an organie sobvest,

The coaling composition can be used as a fluorochemical surface treatiment to
impart a degree of hydrophobichty and/or oleophobicity to a variety of substrates.
Subsirates suitable for use in the process of the invention {and for preparing the sueface-
treated articles of the invention) include those having at least one surface comprising a
material that is sohid and preferably substantially fnert to any vogting solvent that is used.
Preferably, the surface ireatment can adhere to the substrate surface through chemical
interactions, physical mteractions, or a combination thereal (more preferably, a
combination thereof).

Suitable substrates can comprise a single material or a combination of ditferent

materials and can be homogeneous or heterogensous in nature. Useful heterogeneous

o
]
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substrates mchude coated substrates comprising a8 coating of @ material (for example, a
glass or & primer) borne on & physical support {for example, a polymeric flm).

Useful substrates include those that comprise wood, glass, minerals (for example,
both man-made ceramics such as concrete and naturally-occurring stones such as marble
and the ltke), polymers {for example, pelycarbonate. polyester, polvacrylate, and the like),
metals {for example, copper, silver, aluminum, iron, chromium, stainless steel, nickel, and

H

the like), metal alloys, metal compounds (for example, metal oxides and the like), leather,

parchenent, paper, textiles, painted surfaces, and combinations thereof, Profomed

substrates include those having siliceous surfaces in etther primed or unprimed form.

primed polymers, and combinations thereof {more premr*a\h glass, minerals, metals,

metal alloys, metal compounds, primed polymers, and combinations thereof; most

Lo
%]
¥
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preferably, glass, minerals, and

J“

Typically the subsirate will be chosen based in part on the desired optical and
mechanical properties for the intended vse. Such mechanical properties typically will

incinde flexibiliny, dimensional stability and impact resistance. The substrate thickness

(}

typically also wiﬁ depend on the intended use. Vor most applications, subsiraie
thicknesses of less than about 0.5 nuntare preferred, and more preferably about 6.02 to
about 0,2 mm. Self~supporting polymeric films are preferred. The pelvmeric material can
be formed inte a film usihg conventional filntmaking techniques such as by extrusion and
optional uniaxial or bigxial orieniation of the extruded fim. The substrate can be treated
to improve acdhesion between the substrate and the couting layer, e.g., chemical treatment,
corona freatment such a9 air or mitrogen corong, plasma, flame, or actinic radiation. I
desired, an optional tie ia}-'er or primer can be appHed to the substrate andéor coating layer
to increase the interfayer adhesion,
For best efficacy, the substrate has a surface with groups capable of forming

covalent bonds (o the silane groups (for example, hydroxyl groups). In some
embodiments, the suitability of the surface of the subsirate can be improved by deposition
of a primer or by some other physical or chemical surfuce modification technigue. Plasma

deposition technigues can be used, if desired.
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The coating composition can be applied separately or in combination (preferably,
m combination) (0 at feast a portion of at least one major surface of the substrate in
essentially any manner {and with cssentially any thickness) that can form a useful coating
Useful application methods include coating methods such as dip coating, spin coating,
spray coating. wiping, roll coating, brushing, spreading, flow coating, and the like, and

combinations thereotf,

L]

Typically, the coating composition can be coated on the substrate such that afteran

optional dryving, a monolayer of the surface treatiment composition resulis. Typieally, such
a monolayer can be from about 0.001 to about | micrometer thick (more typiealiyv, from
about (1.001 to abouwt 0.10 microns thick).

After application to the substrate, the coating can be cuved by exposure to heat

1d/or moisture. Moisture cure can be effected at temperatures ranging from room

B

temperature {for example, about 20°C) up to about 80° C or more. Moisture curing times
can ran g e from a few minutes (for example, at the higher temperatures) to hours {for
exampie, at the Inower temperatiwes),

Por the preparation of a durable coating, sutficient water typically can be present to

cause hydrolysis of the hvdrolyzable groups deseribed above, so that condensation to form
siloxane {8803+81 ) groups betwesn thefiuoroalkylstiones of Formula T and also the
substrate. The water can be, for example, present in the coating composition, adsorbed on

the substrate surface, or in the ambient atmosphere. Typically, sufficiemt water canbe

resent for the preparation of a durable coating if the coating method 16 carried out st room

ko

Temperature in an atmosphers containing water {for example, an stmosghers having a
relative humidity of about 30 perceny 1o about 50 percent). Preferably, the coating
composiiion can underge chemical reaction with the surface of the subsirate to fornt a
durable coating through the formation of covalent bonds (including §i-0-§i groups).
Useful moisture curing catalysts for silane compounds are well-known in the axt
and inclode organic or inorganie acids (for example, seetic acid, propionic acid, butyric
actd, valeric acid, maleie actd, stearic acid, hydrochione actd, mitrie acid, sulfuric acid,
phosphoric acid, hydrochioric goid, and the like, and combinations thereof}, metal
carboxylates, metal acetylacetonate complexes, metal powders, peroxides, metal chiorides,

organometaliic compounds, and the hke, and combinations thereof,

12
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When used, the acid eatalysts can be present in amounts ranging from sbowt 0,01 1o
about 10 weight percent (preferably, from about 6.25 to about 10 weight percent; more
preferably. from about 0,23 to about 3 weight percent), based upon the total weight of
catalyst and surface treatment composition),

A substrate to be coated can typically be contacted with the costing composition at
room temperature {typically from 20°C. 1o 30°. Aliematively, the coating composition can
b applied to substrates that are preheated al a temperature of, for example, betwesn 64°C
and 1530° . Following application of the surface treatment composition, the coated

substrate can be dried and the resulting conting cured gt ambient temperature (for example,

&

about 20°C to abowt 30°C or elevated temperature (for example, at about 40°C to abowt
150 °C) for a time sufficient for the curing (o ke place.
The cured coating may be deseribed by the general formulas
[RASI03n T S1050 1RSI0 ., where
8718 RpO-CHFCEF-O -(CH;)y- and the nnit is derived from the Huoroalkylsilane of

Formula § where subseript “x" is 3,

{8104 ] ave units derivest from the crosslinking silanes of Pormula VI where subscript *2”

S d

is 4] {RS&Q,“} are unity derived from the crosslinking silanes of Formula V1 where
subseript “2™ is 3, and subseripts 8, b and ¢ are numbers corresponding to the weight

percents of each unit, B will be appreciated that some siloxane bond formation will form

The curable coating composition can be appled to articles comprising one or more
of the above-deseribed substrates and then cured to form surface treatments in the form of
ssiinked hardeoats. The hardeoats can exhibit surface andfor bulk properties that can be
tatlored by varving the degree of crossiinking and by varving the natures and relative
amounts of the particulate filler. The hardeoats (with their ofien outstanding durability,

can be widely used for applications requiring durable

vl
e
o
154
o,
&
=
o
]
P
=
82
.4
75
a5
TJ
‘v{"‘
3
2
“3
12
oy
Py
»
:/.
i’
€

low surface energy characteristics {ﬁ{} example, anti-graffiti coatings for signs, buildings,

%

jransportation vehicles, and the like; casily cleanable and/or anti-smudge coatings for

s
T
o
&

t

plass, paper, clothes, metals, ceramic tiles, electronie devices, optical devices, and the like;

mold release costings for polymer or composite moiding: and the hike).

A useful hardeoat costing composition comprises:

rinh
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a) 6.9 to 5 wite fluorcalkvisilane of Formula §;
by 1o 18 wit nanoparticle silica, and/or

yoo§to 10 wi% silane crosstinker

s

In general, the method of coaling comprises providing a substrate, coating at least a
portion of the substvate with the coating composition, optionally dryving to remove water
andfor solvent, and curing the coating. The resulting coating arficles are both oleo- and
hydrophobiz, In some embodiments the coating exhibits a having a receding water contact
- of at Ivast 80°, or at least 9¢%

&2
5
&
=
#

Examples

Matevialse

Allyl aleohel, 4-peraten-1-0l, S-hexen-1-ol and 10-undecen-1-ol are obtained from Aldrich
Chemical Company, Milwaukee, WL

3-Buten-1-of was obtained from GEN Qrganmic Chemicals, Ine.. Columbus, OH.
9-Decen~1~o! was obtained from TCL America, Portland, ORL

CH2OCHCHOCH; was oblained from GFS Organic Chemieals, Ine. Powell, OFL
Platinam ~divinyltetramethyldisiioxane complex in xylene (2.1-2.4% Py0)), was obtained
from Gelest Ine, Mornisville, PAL

H-S¢{OMe); and H-SH{OED); was obtained from purchased from Aldrich Chemical
Company, Milwaukes, WL

H-S8iMe{OMe)h was oblained from TCL America, Portland, OR.

H-BiMex(QG5), obtained from Alfs Aesar, Waltham, MA.L

Isopropyl aleohol (JPA), sthvly alcohel (BtOH) was oblained from EMD, Billerica, MA.
HNQ; was obtalned from VWR International, Radnor, PA.

CsF il CH pSHOED (CES-1), was obtained from, PCR Ing., Gainesyille, FL

CoFia{CH 1SHOMe R (CSF-1), was obtained from Gelest, Inc., Monisville, PAL

preeoy

CaFe(CHapnSKOMe) (CSF-3), was obtained from Gelest, Inc, Momisville, PA.

CaFoSONMeC i HeS1OMe) (FC-4403, C8F-4),was obtained from 3M Company, St Paul,
‘ pany

AN, and can be prepared as deseribed in LLS. 5,274,159 (Pellerite et al)
ECC-T000 (CSF-5), pecfluoropolyether based disilane, was oltained from 3M Company

St Paul, MN under trade designation “3M™ Hasy Clean Coating ECC-10007.
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IFE-7100 was oblained fom 3M Company, SU Paul, MN under trade designation “3MT™
Novec™ 7100 Enginesred Fluid™.

TEQOS, S{OUCHCHi), was obtained from Aldrich Chemical Company, Milwaukee, WL

Test Methods
Method for Determining Contact Angle

Coated films prepared in Examples and Coated Examples described below were
rinsed for 1 minute with hand agitation in an isopropanc! (IPA) bath prior to water and
hexadecane (HD) contact angles measurements. Measursments were made using @ VCA-
2500XE video contact angle analyzer {available from AST Products, Billerica, MAY,

Reported values are the gverage of at least 3 drops; each drop was measured twice. Drop

volumnes were 5 pl, for static measurements and 1-3 pl. for advancing and receding.

Method for testing warker vepellency

Examiple and Comparative Example samples were tested for their marker
repeliency using a black marker (black, Sanford Sharpie pen with Super Permonent Ink,
available from Sandord Corp., Keysborough, Australia), A straight line was drawn on the
coated sample and a repeliency rating was assigned to the coated sample based on the
appearance of the line: “No™ meant that the coated sample was not repelient, e, the line
was continuous; “Some™ meant that the coated sample was somewhat repelient, Le,, the
Hne was beaded-up with broken line; “Good”™ meant that the coated sample was repellent,
buat with some Himited continuous hnes; “Excellent™ meant that the coated sample was

repellent, with no continuous lines visible.

Meothod for testing coating durability
The durability of the coatings was determined by rubbing the sample surfaces (Le., the
coatings) using an abrasive Model 5506 TABER Reciprocating Abrasive apparatus with

Crockmeter Standard Rubbing Cloth, The samples were rubbed at a bpcei of 75 cyeles/

ey
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FPreparation of Quorinated silanes

Fluorinated sdanes {(F8) according to the nvention were made in a two-3iep process.
First, fluoroalkenes, ReQCPHCERO(CH ) w~CH=CH, were prepared using procedures
disclosed in the US Patent Publication, US2005/01 13609, except using

CHOUHUHOCH,; as the solvent and with 396 excess of ReQUF=CF; according to the
ROFsCEFy + HO(CH aCH=UH: = ROCFPHUF - O(CH i CH=CH,
The reaction led to high vields of fluorinated alkenes (80~95% ) which were
subsequently isolated by distiilation. Exemplary fluorinaied atkenes produced as described

above are lisied below along with their beiling points (b.p.).

Py OUHFCROCH CH=CHy, bip, 112-115°C;

CabrOCHPUR OCH hCH=CHG b.p. 136-139°C;
PO CHPCEO(CH hUH=CH,, b 70-72.5°%C 7 39 mmiyg;

CsP-0CHPOFROCH TS H,, b.p. 93-94°C/26 mmBg
3P OCHPOR O CH R UH=CH,, b.p. 85-97°C/5.3 mmilg;
C3F-OCHPORO{CH s CH=CHa, b.p. 101-103°C/3.2 mmHe;
CRO(CH OCHECHOCH CH=CH,, b 151-154°C,

CF:O(CF OCHFCE, O{CH uCH=CH,, bop, 82-84°C/26 mmBe;
CiF-0CF(CROCT,0CHFCRO(CH ), CH=CH,,  b.p. 75-78°C/16 mmbyg

&1.,

4

Then, the fuorosilanes, ReQUFRCF0{CH, 1,~-SHOR); were made by hydrosilylation
of Re-GUFRCTOCH m-CH=CH; with shightly excess of H-Si(OR); {1:1.1 mole ratio) at
room temperature in the presence of P} catalyst (40 ppm) under nlivogen according to

the reaotion

RACFHUOFG{CH mCH=CHy + HSI{OR ) = ReOCFHCFO{OH) -8 H{OR



et
wn

Lt

o)

Fud
[

L

WO 2015/050740 PCT/US2014/056865

All of the ReOCFHCF,O(CH in-CH=CH, prepared sbove (with the exception of
CyFe-CH=CHy} showed high reactivily to H-SHOR} (R= Me, Et}, and the hydrosilation
resctions were completed in 10 mimutes to 2 hours at room temperature, as momitored by
FT-IR and 'H NMR analyses. The formed sifanes were isolated by distiilation and the
1solated yields from the distillation were >90%. The vield for the reaction of Cgfo
CH=CH; was < 5%. Exemplary fSuorinated silanes produced as described above are listed

below along with their boiling poimts (bp.)
CaF-OCHFCEOCH hSKOED, bup. = 95-100°C/5.9 mmHe
CFOCHFCEO(CH, 1 SIMe(OMe )y b.p. = 96-100°C/16 mmHg

)

CFOCHECE O{CH 18 iIMex(OBD bop. = 85-101°C20 mmHg
CFOCHFCRGCH SHOME)s by, = 80-83°C/L.7 mmHg
CoF,OCHFCF G{CH 1 SHOED; bup. = 87-100°C/2.2 mmblg
CFOCHFCROCH: SHOMe:  bup. = 103-104°C/4.2 mmHe
CiFOCHFCFACH o SHOMe b B.p = 99-102°C/ 1.8 mmHg

CiF5OCHFCF{CH 10SHOMey  bop. = 1353-138°C/2.1 mmHg
CHOCHFCROCHD SHOE:  bp, = 148-152°C/1.8 mmHg

General method for preparing coating selutions and coating

Example and Comparative Example coating solutions were formulated by direct
dilution of respective fluorinated silanes Hated below in a desired sobvent to 2wt %, Then,
0. 1wt % of O 1N nitrie acid aqueous solution was added to the sofution and the solutions
were aged for at least 10 minutes before conting. Glass microscope slides (obtained from
VWR Ii;}tei‘natianai, Radnor, PA) were coated with coating solutions by dipping them into
the sohution. The resulting coatings were then cured at desired temperature for desired

length of time before festing,
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FS-1. GO0 HECEO(CH):81(OMe
Cy

FS-2, CFOCHFCEO(CH)SIORD:
FS-3, O3 OCHFOR (O SHOMe)s

PSad, CiFOCHFOROH e SHOMe s
£S-3, CaFOCHECERO(CH: 1 SHOEL:

Examples 1= 7 (EX1-EX7) and Comparative Examples 1-5 (CELCES)

EX1-Tand CE1-CES samples were prepared using the general method for preparing
coating sedutions and coating described above. The resulting coated glass siides were
dried at room temperature for 2 minutes and then i an oven at 110°°C for 2 mimses.

Then, the water and hexadecane contact angle measurements were done for EXE-EXT and
CEI-CES samples using the mothods deseribed above. The composition of the coating
solutions (i.e., the Huorosilate and the solvent used}) as well as the contact angle data are
summarized below in Table 1. Note that multiple samples fora given Example (eg

EX3a, BEX3b, ete.} denote that replicate samples were prepared and tested for a given

Exampie.
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The marker repeliency of the EX1-EX7 and CE3-CES samples were determined as

X

.

desertbed ghove. The results are summiarized below in Table 2.

Table 2

Example Marker Repellency

CE3 N

{4 Some

CES Good

BX1 No

EX2 Same

EXd Exvellent

EXS Exeellent

EX6 Excellent

ey RSETI
BX Exgelient

&g g

The durability of the EX3-EX3 and UE3 samples were determined as described
above after subjecting them to 50 or 100 evcles of abrasive rubbing. The results are

sunitarized below oy Table 3.

2y
i
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Example | Abrasive | Marker Water Contact Angle {degrees)
cycles Hepellency | Advancing Receding Static

Left | Right | Left | Right | Left | Right

CE3 50 Ne | 793 | 793 | 412 | 412 | 778 | 778
£X3a 30 1008 1008 { 852 | 852 | 913 | 913

="

EXda 56 1066 | 1066 | 95, 95,1 1009 | 1009

N
L
|
o
i3
N
4

EXda 100 1064 § 1064 | 93.7 1345

»)
ol
3
2
N
oed
-y

98.6

EX3s 30 1060 0 1060 912

£EX3a 160 {1049 1 1049 B80S 1 BRS | 976 ¥7.6

2
;’;’&

EX5b 50 1065 | 1069 909 | 909 | 966 9

N
Ll
h

e

EXSh 60 6o | 1060 | 885 | 885 | 932

Examples 89 (EXE-EXY) and Comparative Example 6 (CEs)

EX8& samples were prepared in the same manner as EX3. EXS samples weare

prepared in the same manner as EX3, except that the coated glass shdes were dried at

5
)

room tempergiure for 24 hours, CVF6 was prepared in the same manner as CHS, except that

the coated glass slides were dried at room temperature {(RT) for 24 hours. EX8-EXY and
CES samples were tested for their water and HI contact angles. The data is summarized

below in Table 4.
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Example 18 (EX18) and Comparative Example 7 {CET)

EX10 and CET samples were prepared in the same manner gs EXS and CES,
respectively, except that the coating compositions did not include the addition of 0.IN
nitric ackd. BX10 and CE7 samples were tested for thetr water and HUY contact angles. The

daty ix swnmarized below 1 Table 5.

)
L4
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Examples 1113 (EX10-EX13)
EX11-EX13 samples were prepared in the same manner as EXS, except that the

concentration of the fluorosilane in the coating compositions was T wi%h, 0.5 wi¥, and

o)

25 widh, respectively, EXT1-EX13 samples were tosted for thelr water and HD contact

-

angles, The data is summarized below in Table &,
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Examples 14-15 (EXI14-EX1S) and Comparative Examples 89 (CER-CES)
EX14-EX1S and CER-CEY samples were prepared in the same manner as EX2,

£X3, CEZ, and 84, respectively, except that the coating compositions further included

.

THOS. The relative amourny of the TEUS to the corresponding fluorosilanes was 30 wi%
=

TROS o 70 wide fluorositane, TEQS and Sluorosilane, collectively, were diluted to 2 wis
in IPA. EXI4-EX15 and CES-CES samples were tested for their water and HIDY contact

angles. The data is summmanzed below in Table 7.
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This disclosure provides the following illustrative embodiments:

&

Lk
\

P

L

o.

]

A Suorcalkyisilane of the formula:

Ry O-CHEFCE -O-{CH) - SHX R, wherein

Ry iz a perfluovoalkyi group, optionally substituted by one or more inchain —{}-, -
S-ar ~NR;}-~ heteroatoms, where By isa perfluorealkyly

X is & hydrolysable group:

Rz a UCy alleyd group;

q is at least 3; and

xitite 3

The flugroalkylsilane of emabodiment | whersin Ry is a C-Cy perfluoroalkyl group,

The flucroalkylsifane of any of the previous embodiments wherein X is selected

from alkoxy, acetoxy and halide.

The Suoroalkyisilane of any of the previous embodinents wherein ¢ is at least 6.
e Huoroalkyisilane of any of embodiments 1, 3 or 4 wherein Ry is of the formula
CaFoane i~ {O-CpFande, where nis at least |, m is at least 2, and p may be zero or 8

mruriher fvom 1 1o 160,

The fhuoroalkylsilane of embeodimaent § wherein cach of subscripts nand m are 3 to

8.

The fuorcalkylalane of any of embodiments 1, 3 or 4 wherein Reis of the formula

CaFane N(CoeFaan i FlGF 20, Where nis ot least 1, o s at feast T and mis at least 2.

The HAuorealkylsitane of embodiment 7 wherein each of subscripts n, and m are 3

0 6.

LY
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10,

it

12.

WS
[

o
LR

The fluoroalkyisilane of any of embodimenis 1, 3 or 4 where Ryis beicc ed fFom

{CF5, CaFs, GiF; and CF 040 ) g 1s & and greater and X is selected from Tl
GCH,, GCHLCHG, OCHCHOH; and OCH(CH ).

A coating composition comprising the fluorcalkyl silane of any of embo nts 1-

9, a solvent and optional acid catalyst and optional inorganic oxide particulate

filler.
The coating compaosition of embodiment 10, whereins the partienlate filler is silica.

The coating composiiion of embodiment 11 wherein the silica is nanoparticle

silica,

The coating compesition of any of embodiments 11 or 12 wherein the silica i3

surface modified.

The coating composition of any of embodiments 11-13 further comprising one or

more silane cressiinkers of the formula:

SR

wherein each X' is independently hydroxyl, a hydralyzable group, or a combination
¢

thereof; cach R is independentiy a ©;-Cy alkyl group; 2 is an iﬁtﬁﬁger of one to four.

The coating composition of embodiment 14 wherein z is fow

The coating composition of embodiment 135 comprising a mixture of silane

crosshinkers where 2 is 3 and 4

The coating composition of exnbodiment 15 comprising 1 10 20 weight percent of

silane crosshinkers.

w
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18, The coating composition of and of embodiments 11-16 comprising 1 10 20 wt.% of

;”A

ica.

%8

31}

1% The coating composition of embodiment 11 comprising:

S a} 0.25 10 10 wi.% fluorcalioyl silane
by {10 20 wi %% silica
¢} O 10 20 wi% a silane crosslinker,
) $ 1o 10 wi ¥ of an acid catalysy;

in an organic solvent.

8

28 The coating composition of any of the previous embodiments Ruther comprising
(.01 to about 10 weight percent of an acid catalyst,
21, The coating composition of embediments 19 or 20 comprising 6.5 t0 5 wit%s
is fluorealkyisilane,

22, The coating composition of any of embodiments 19-21 comprising 1 to 10 wt%

nanoparticle silica

B

{3 23, The coatibg composition of any of embodiments 1921 comprising 1 to 10 wi%

sifane crossiinker.
24, A methed of making the flucrcalkyisilane of the coating composition of anv of th

wevicns enthodiments comprising the steps of hydrosilation of a Huorinated

s compeund of the formula:
R O-CHFCF - OCH, 1o CH=CH; wherein
Ry is a pertluoroalkyd group, optionally substituted by one or more in-chain ~-O-, -
Seor J&Rg« hetercatoms, whers R.{ is a perfluoroalkyi;
with a hydrosilane of the formula:

4 H-Si{X)Rax wherein

X 18 a hydrolysabie group;

2
Tad
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R iz a OOy alkyl group; and

in the presence of a hydrosilation catalyst.

147
]
LA

The method of embodiment 24 wherein the fluorinated compound is prepared by
reaction of a compound of the formula:

Re-O-OF=CFy  with a compound of the formula:

H-O-{CH o 0H=CH;, in the presence of a base eatalvst,

where noand Ry are as previously defined,

o
o

Relsaj mﬂwmmb group, optionally substituted by one or more in-chain ~0O-, -

S- or ~NR¢'- heteroatoms, where Ry' is a perfluoroalky! and ¢ it af least 3,

26, A coated article comprising a substrate and the cured coating of any of

ammbodiments 1223 on a surlace theveof

i3
27 The coated article of embodiment 26 having a receding contact angle of at Jeast
80°, at feast 96°,
28 The conted article of embodiment 27 wherein the coating 18 of the general formula:

20 RSO SiQua i RSO0 . where
R is Re-O-CHPCF - O-{CH;, vle= 18 the urut is derived fromn the Tuoroglkylsilane of
Claim 1 where subseript “x7 18 3,

1810 ]

’..‘.'J
&
&

re units derived from the crosstinking stlanes having four hydrolysable

oo

w

groups; [R81G0] are units derived from the crosslinking silanes having three

fo)
L

hvdrolysable groups, and subscripts a, b and ¢ are numbers corresponding to the

29, The coated article of any of embodiments 26-28 wherein the substrate is sihceous.
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What is claimed iy

. A fooroalkylsilane of the formuda:
Ry-O-CHECE-O-(CH 3-SHX LR, wherein
3 Ry is a perfluoroalkyl group, optionally substituted by one or more in-chain ~O-, -
$- or ~NR¢'- heterostoms, where Ry is a perfluoroalkyl;
X is a hyydrolvsable groupm

Risa -y AL}‘ group;

q 18 at least 3; &

10 xisitod,

2 The fluoroatkyisilane of claim § wherein Reis a GGy p@rﬁuo*mikﬂ SYOUD.

3, The fluorcalkyisilane of claim | wherein X is selected from alkoxy, acetoxy and
i5 halide.

4. The finorcalkylsilane of claim 1 wherein q is at feast 6.

5. The fivorealkylsilane of claim 1 wherein Ry is of the formula CoFop i -{O-CouFomdp-
28 where 1t is at feast 1, m is a least 2, and p may be zero or & number from 1 to 10,

6. The Huoroalkyisilane of claim § wherein each of subscriptsn and mare 310 6,

7. The fluorcalkyisilane of claim 1 wherein Ry is of the formula Ol N CaaFaoe
23 CouFap-. wheren s at least Lo isat least | and m is at least 2.

g The fluorcalkylsilane of claim 7 wherein each of subscripts n, and mare 3 o 6.

9, The fuorcalkylsilane is of claim 1 where Reis selected from Chy, UFs, GiFy and
38 CFO{CUF, )51 g s 6 and greater and X is selected from C, OCH;, OCHCH;,

OCHCHCH; and OUH{CH .

Ll
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A coating composition comprising the Suorcalley! silane of any of elaims 1-6, a2

solvent and optional acid catalyst and optional inorganic oxide particulate filler.
The coating composition of claim 11, further comprising silica
The coating composition of claim 11 wherein the silica is nanoparticle silica.

The coating compaosition of claim 11 wherein the silica is surface modified.

The coating composition of ¢laim 11 further comprising one of more stiage

crosshinkers of the formula

s
3

troxyl, a hydrolyzable group, or a combination

thereof: sach R is Em%egemienﬁy a CyCq alkyl group: z 15 an integer of one o four.
The coating composition of claim 14 wherein 2 is four,

The coating composition of claim 15 comprising a mixture of silane crosslinkers

where 2 18 3 and 4.

The coating vomposition of clamm 11 comprising 1 1o 20 w96 of silica.

The coating composition of clatm 11 comprising:

s

al 0.25 1o 10 wi.% fluorcalkyl silane
b} 8t 20 wi % silica

e} 010 20 wit.%% a silane crosslinker,
d} 0 to 10 wi% of an acid catalyst;
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i an organic solvent,

24

-

The coating composition of claim 11 further comprising 0.01 to about 10 weight

21, The coating composition of claim 1! comprising 0.3 to 5 wi Suorcalkylsilane,

22, The couting composition of claim 11 comprising | to 10 wi%6 nanoparticle silica.

23, The coating composition of claim 11 comprising 1 to 10 wi¥s silane crossiinker,

24, A method of making the fluorcalkylsilane of elaim 1 comprising the steps of
frydrosilation of & Duorinated compound of the formula:
ReO-CHFCF O CH ) oCH=CH, wherein

Ryts g perfinorcatky! group, optionally substitnted by one or mwore in-chain ~0-, -
S« or N ‘ig ~ heterogioms, where Rg”" iz & perfluorcalkyl
with g hydrosilane of the formula:

H-8i# X Raw, wherein

%

15 & hydrolysable group:

3 Y

a U~y alkyl group; and

A
W

xiz ito3;

in the presence of a hydrosilation catalyst.

o3
S

The method of claim 24 wherein the fluorinated compound is prepared by reaction
of a compound of the formula;

Re-Q-CF=CF:  with g compound of the formula

H-0-{CHy e CH=CHy, in the presence of a base catalyst,

where n and Ry are as previously defined.

R; is a perfluorealky! group, optionally substituied by one or more in-chain -0+, -

8- or -NR'- heteroatoms, where R is a perfluoroatkyl and g is at least 3

[£3)
g
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A voated article comprising a substrate and the cured coating of claim 1l ona

=

9/3
vt

The costed article of claim 26 having a receding contact angle of at least R0°,

least 86",

i

&

o

coated article of claim 27 wherein the coating is of the general formula;
i}uzb vz tal S0 hiRSIOn ], where

R is ReO- CHECE-O-(CHj ) 15 the unit is derived from the flucroatkylisilane of
Claim 1 where subscript “x™ is 3,

1$i04:0] are units derived from the crossiinking silanes having fonr hydrolysable
proupsy [RS10:1 are units derived from the crosslinKing silanes having three
hydrolysable groups, and subseripts 8, b and ¢ are numbers correspondmyg to the
weight percents of each unit.

>3 &

The coated article of claim 27 whessin the subsirste s siliceous,

Ly
e ]
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