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PROTECTIVE COATING COMPOSITIONS

FIELD
This invention relates to protective coatings compositions that are useful, for

example, for protecting structural laminates and other hard surfaces.

BACKGROUND

A common decorative device is to use a laminate having a decorative or other
aesthetically desired appearance, as the top surface of furniture, flooring, and the like.
[lustrative examples include PERGO™ Laminate Flooring and UNILIN™ Laminate
Flooring. A typical construction includes, inter alia, a decorative layer overlaid with one
or more “wear” or protective layers.

The flooring and furniture industries are continually searching for new ways for
providing abrasion-resistant coatings to protect natural and man-made substrates by
incorporating hard organic materials and inorganic particles into the protective layer. By
doing so, they generally introduce undesirable light scattering or haze and hence reduce
the clarity of the image or picture of the underlying decorative layer. Such haze and clarity
reduction impairs the beauty and value of the substrates.

Decorative laminates often suffer from these disadvantages due to their high
inorganic particle and paper fiber content, as well as the high refractive index of the
polymers (for example, melamine polymers) in the wear layer. In addition, it can be
difficult to provide easy-cleaning and anti-staining properties to decorative laminates. The
use of fluorochemical compounds in protective overlayers has been suggested, but results
have not been as good as desired, for example, because of the poor adhesion of many

fluorochemical polymers to laminated melamine surfaces.

SUMMARY

We recognize that a need exists for improved protective coating compositions,
particularly for use as protective overlay layers for decorative laminates. Such protective
coatings should preferably exhibit a combination of properties including, for example,
abrasion-resistance, stain- and soil-resistance, water- and soil-repellency, and high

transmittance of decorative images on underlying layers.
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Briefly, in one aspect, the present invention provides a protective coating
composition comprising (a) a first component comprising one or more epoxy-terminated
silane compounds, (b) a second component comprising one or more fluorochemical silane
compounds, and (¢) cationic photoinitiator. The first component comprises at least about
50% by weight of the composition.

In another aspect, the present invention provides a protective coating composition
comprising the reaction product of (a) at least 50% by weight of a first component
comprising one or more epoxy-terminated silane compounds, (b) a second component
comprising one or more fluorochemical silane compounds, and (c) cationic photoinitiator.

The protective coating compositions of the invention are suitable for use as
protective layers over decorative underlayers in structural laminates (that is, laminates
used for furniture, flooring, or wall surfaces). Photo-polymerized protective coatings of
invention can provide a substrate with antireflection characteristics which allows higher
transmittance of the image or color of a decorative underlayer, as well as high abrasion
resistance. In addition, the protective coating compositions can provide improved stain-
and soil-resistance, and easy-cleaning properties. The coatings are therefore also beneficial
for use on other hard substrates to impart these desirable properties.

The decorative laminates and other coated articles provided by the invention are
suited for a variety of uses including, but not limited to, counter tops, wall panels, floor
surfacing, tabletops, and the like. The protective overlayers of the invention offer
heretofore unattained clarity and low blurring and reflection yielding pleasing clear views
of the underlying decorative layer. In addition, the protective layers have low surface
energy and are made of highly cross-linked abrasion-resistant materials. The combination
of beneficial properties and the ease of manufacture make them well suited for a variety of

applications.

DETAILED DESCRIPTION

The protective coating compositions of the invention comprise (a) one or more
epoxy-terminated silane compounds, (b) one or more fluorochemical silane compounds,
and (c) cationic photoinitiator. The compositions can be prepared by simply mixing

together the components until they are thoroughly mixed.
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Epoxy-terminated Silanes

The protective coating compositions of the invention comprise epoxy-terminated
silane compounds. Epoxy-terminated silanes are compounds or materials having
polymerizable (preferably terminal) epoxy groups and terminal, polymerizable silane
groups, the bridging of these groups being through a non-hydrolyzable aliphatic, aromatic,
or aliphatic and aromatic divalent hydrocarbon linkage which may have N and/or O atoms
in the linkage chain. The O atoms for example would be within the chain only as ether
linkages. These linkage chains may be generally substituted as is well known in the art, as
these substituents on the chain do not greatly affect the functional ability of the epoxy-
terminated silanes to under the essential reactions necessary to polymerization through the
siloxane or epoxy terminal groups. Examples of substituents which may be present on the
linkage or bridging moieties are groups such as NO,, CH;(CH,),CH,, methoxy, halogen,
and the like. In general structural formulae appearing within this description of the
invention, such substitution of the bridging moieties is implied unless specifically
excluded by language such as "unsubstituted divalent hydrocarbon radical".

The epoxy-terminated silane compounds may be monomeric, oligomeric, or
monomeric. They may be, for example, acrylates, urethanes, ester-based, or the like.

Examples of epoxy-terminated silanes useful in the present invention are
described, for example, in U.S. Patent Nos. 4,049,861 and 4,293,606, and include

compounds of the general formulae:

: O
& \“t e N 3
L e CREH | SRR S
] BN
. and

where R = a non-hydrolyzable divalent hydrocarbon radical (aliphatic, aromatic, or
aliphatic and aromatic containing) of less than 20 carbon atoms or a divalent radical of less
than 20 carbon atoms composed of C, H, N, S, and O atoms (these atoms are the only
atoms which may appear in the backbone of the divalent radicals), the last being in the
form of either linkages. No two heteroatoms may be adjacent within the backbone of the
divalent hydrocarbon radical. This description defines divalent hydrocarbon radicals for
epoxy terminated siloxanes in the practice of this invention. The value of n is from 0 to 1,
R'is an aliphatic hydrocarbon radical of less than 10 carbon atoms, an acyl radical of less

than 10 carbon atoms, or a radical of formula (CH,CH,0)x Z in which k is an integer of at

-3-



10

15

20

WO 2009/086515 PCT/US2008/088436

least 1 and Z is an aliphatic hydrocarbon radical of less than 10 carbon atoms or hydrogen,
m has values of 1 to 3.

The epoxy silanes used in this invention can be an epoxy silane of the above
formula in which R is any divalent hydrocarbon radical such as methylene, ethylene,
decalene, phenylene, cyclohexylene, cyclopentylene, methylcyclohexylene, 2-

ethylbutylene, and allene or an ether radical such as -CH,-CH;,-O-CH,-CH;-, (CH,-

aliphatic hydrocarbon radical of less than 10 carbon atoms such as methyl, ethyl,
isopropyl, butyl, vinyl, alkyl, or any acyl radical of less than 10 carbon atoms such as
formyl, acetyl, propionyl, or any radical of the formula (CH,CH,O)x Z in which k is an
integer of at least 1, for example 2, 5, and &, and Z is hydrogen or any aliphatic
hydrocarbon radical of less than 10 carbon atoms such as methyl, ethyl, isopropyl, butyl,
vinyl and allyl.

In addition to any of the above silanes, the epoxy-terminated silanes useful in the
present invention can be any hydrolyzate or precondensate of the said silanes. These
hydrolyzates can be formed by the partial or complete hydrolysis of the silane OR' groups.
Thus the term precondensate includes siloxanes in which some or all of the silicon atoms
are bonded through oxygen atoms. Prepolymers are formed by the polymerization of

groups other than the silanes as in U.S. Patent No. 4,100,134.
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The following compounds are illustrative of some of the epoxy-terminated silanes
that are useful in the present invention:
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The preparation of most of the above epoxy-terminated silane compounds has been

described in U.S. Patent No. 3,131,161.

Other useful epoxy-terminated silanes are those of the formula:

£

AR ,

wherein
m is 1 to 6 (preferably 1 to 4),
nis 0 or 1 (preferably 1),
pis 1t o6 (preferably 1 to 4), and

Ot CHpdy SO0 U

10 R'is H or alkyl of 1 to 10 carbon atoms (preferably alkyl of 1 to 4 carbon atoms).

Epoxy-terminated silanes typically comprise at least about 50% by weight of the

protective coating compositions of the invention. Preferably, they comprise at least about

70% by weight of the composition.

Fluorochemical Silanes

15 The protective coating compositions of the invention also comprise fluorochemical

silanes. The epoxy-terminated silanes described above and the fluorochemical silanes

crosslink with themselves and with each other in the presence of acid generated by

cationic photo-imitator, giving the protective coating compositions of the invention

durability. In addition, the fluorochemical imparts stain- and soil- resistance, as well as

20 casy-cleaning properties, to the protective coating compositions. It is believed that the

fluorochemical groups tend to migrate to the surface of the coating composition prior to
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completing the cross-linking reaction. Many different fluorochemical silanes are useful in
the protective coating compositions of the invention.

One class of fluorochemical silanes that is useful is fluorochemical polyether silane
compounds having a polyfluoroether segment and at least one (preferably, two or more)
hydrolysable silane groups per molecule. Such fluorochemical polyether silane
compounds are described, for example, in WO 03/040247.

Such fluorochemical polyether silane compounds have a polyfluoropolyether
segment and at least two silane groups -Si(Y)s(R")x per molecule, wherein R'represents
an alkyl group (for example, a C1 — C8; preferably a C1 — C4 primary or secondary alkyl
group), Y represents a hydrolysable group and x is O or 1. The term "hydrolysable group”
in connection with fluorochemical polyether silane compounds refers to a group which
either is directly capable of undergoing condensation reactions under appropriate
conditions or which is capable of hydrolyzing under appropriate conditions, thereby
yielding a compound, which is capable of undergoing condensation reactions.

Useful fluorochemical polyether silane compounds include, for example, those
according to formula (I)

RAQ-CR)-Si(Y)sx(R )l (D)
wherein R¢ represents a multivalent polyfluoropolyether segment, Q represents an organic
divalent linking group, R' represents an alkyl group (preferably containing 1 to 8; more
preferably 1 to 4 carbon atoms), Y represents a hydrolysable group; R represents hydrogen
or an alkyl group of 1 to 4 carbon atoms and the R groups may be the same or different, x
is0or 1 and zis 2, 3 or 4. Preferably both R groups are hydrogens.

Repreferably is a perfluorinated group (that is, all C-H bonds are replaced by C-F
bonds). More preferably, it includes perfluorinated repeating units selected from the group
of -(CyF2,0)-, -(CF(2)0)-, -(CF(Z)C,F2,0)-, -(C,F2,CF(Z)0)-, -(CF,CF(Z)0)-, and
combinations thereof, wherein the repeating units generally may be randomly, blocky or
alternating arranged, and optionally can include -(C,F2,)- and -(CF(Z))- units and wherein
n in a number from 1 to 12 inclusive, preferably from 1 to 4 inclusive. Rf may also
comprise cyclic perfluoro groups, for example cyclic -CgF1o- groups.

In these repeating units Z is a perfluoroalkyl group, an oxygen- containing
perfluoroalkyl group, a perfluoroalkoxy group, or an oxygen- substituted perfluoroalkoxy

group, all of which can be linear, branched, or cyclic, and preferably have about 1 to about

-7 -
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9 carbon atoms and 0 to about 4 oxygen atoms. Examples of polyfluoropolyethers
containing polymeric moieties made of these repeating units are disclosed in U.S. Patent.
No. 5,306,758 (Pellerite).

Suitable linking groups Q include the following structures in addition to a covalent
bond. For the purposes of this list, each k is independently an integer from O to about 20,
k' is independently an integer from O to 20, preferably from 2 to 12 and most preferably 0
from 2 to 6, RI' is hydrogen, phenyl, or alkyl of 1 to about 4 carbon atoms, and R2' is alkyl

of 1 to about 20 carbon atoms

_SO,NR;’(CH,)0(0)C- _CONR;’(CH,)0(0)C-
-(CH,)0(0)C- ~CH,CH(OR,")CH,0(0)C-
~(CH2)C(O)O(CHy )i~ -(CH)xSC(0)-
~(CH,)xO(CH,):0(0)C- ~(CH,)xS(CH,)O(0)C-
~(CH,)S0,(CH,):0(0)C- ~(CH,)S(CH,):0C(0)-
~(CH,)SO,NR;’(CH,)O(0)C- {(CH,)SO»-
-SO,NR;*(CH2)O(CH,) - SO,NR;’(CH,)-
~(CH,)xO(CH,)C(O)O(CH,) - _(CH2):SO,NR"(CH,)C(0)O(CH,) -
{(CH,)SO,(CH,)xC(0)O(CH,) - “CONR;’(CH,)C(O)O(CH,) -
~(CH,)S(CH,)C(0)O(CH,) - _CH,CH(OR,")CH,C(O)O(CH,) -
“SO,NR;"(CH,)xC(O)O(CH,) - {(CH2)O(CH>) 1o-
“OC(O)NR’(CH,)x- (CH)NR| -

—CxH-OC(O)NH- ~CxHa-NR’C(O)NH(CH,) i-,
(CH,)xNR;’C(0)O(CH,) -, and {(CHy)w

Preferred linking groups Q are -C(O)NH(CH,),- and -OC(O)NH(CH,),-.

Preferred hydrolysable groups include C1 — C4 alkoxy groups, such as methoxy
and ethoxy groups.

Examples of preferred fluorinated disilanes include, but are not limited to, the
following approximate average structures:
(R (Y)3.x Si-CR-QCF,0(CF,0)m(C2F40),CF2Q-CR-Si(Y )3.(R s,
(R (Y)3x Si-CR,-Q CF(CF3)O[CF,CF(CF3)]m(CF,),0[CF(CF3)CF,0],CF(CH3)Q-CR,-
Si(Y)ax(R)x
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(R")x (Y)3.x Si-CR2-Q CF,0(CF40),CF; Q-CR2-Si(Y)3x(R')x, and
(R (Y)3x Si-CR,-Q (CF3):0(C4F50),(CF2)3 Q-CR2-Si(Y)3(R ).

Preferably, in each fluorinated polyether silane, Q contains a nitrogen atom. More
preferably, at least one Q-CR,-Si(Y)sx(R')x group per molecule is C(O)NH(CH,);Si(OR);
or OC(O)NH(CH3)sSi(OR)s (wherein R is methyl, ethyl, polyethylencoxy or mixtures
thereof).

More useful fluorochemical silanes are disclosed in U.S. Patent No. 6,646,088
(Fan et. al). These compounds are fluorochemical urethane compounds comprising the
reaction product of (a) one or more polyfunctional isocyanate compounds; (b) optionally
one or more hydrophilic polyoxyalkylene compounds; (c¢) one or more fluorochemical
monofunctional compounds; and (d) one or more silane compounds.

Some silanes are of the following formula:

X—R'—Si—(Y); (I1)

wherein:

X is —=NHy; -SH; -OH; -N=C=0; or -NRH where R is a phenyl, straight or
branched aliphatic, alicyclic, or a aliphatic ester group;

R' is an alkylene, heteroalkylene, aralkylene, or heteroaralkylene group; and

cach Y is independently a hydroxyl; a hydrolyzable moiety selected from the group
consisting of alkoxy, acyloxy, heteroalkyoxy, heteroacyloxxy, halo, and oxime; or a non-
hydrolyzable moiety selected from the group consisting of phenyl, alicyclic, straight-chain
aliphatic, and branched-chain aliphatic, wherein at least one Y is a hydrolyzable moiety.

Each fluorochemical urethane compound comprises a urcthane group that is
derived or derivable from the reaction of at least one polyfunctional isocyanate compound
and at least one hydrophilic polyoxyalkylene compound. The fluorochemical urethane
compound is terminated, on average, with (i) one or more perfluoroalkyl groups, one or
more perfluoroheteroalkyl groups; and (ii) one or more silyl groups. It will be understood
that the reaction product will provide a mixture of compounds, some percentage of which
will comprise compounds as described, but may further comprise urethane compounds
having different substitution patterns and degree of substitution.

Preferred classes of urethane compounds that may be present are represented by

the following formulas:
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R¢ZR? —X'(—CONH-Q(A) »-NHCO—X'R’ X'—),CONH-Q(A)-NHCO—X'R'Si(Y)s
R¢ZR? —X'(—CONH-Q(A) n-NHCO—X'R’X'—),CONHR'Si(Y);
wherein:

R ;ZR?*— is a residue of at least one of the fluorochemical monofunctional
compounds;

R¢is a perfluoroalkyl group having 2 to about 12 carbon atoms, or a
perfluoroheteroalkyl group having 3 to about 50 carbon atoms;

Z is a covalent bond, sulfonamido (—SO,NR—), or carboxamido (—CONR—)
where R is hydrogen or alkyl;

R'is an alkylene, heteroalkylene, aralkylene, or heteroaralkylene group;

R”is a divalent straight or branched chain alkylene, cycloalkylene, or
heteroalkylene group of 1 to 14 carbon atoms, preferably 1 to 8 carbon atoms, more
preferably 1 to 4 carbon atoms, and most preferably two carbon atoms, and preferably R*
is alkylene or heteroalkylene of 1 to 14 carbon atoms;

Q is a multi-valent organic group that is a residue of the polyfunctional isocyanate
compound;

R’is a polyvalent, preferably divalent organic group which is a residue of the
hydrophilic polyoxyalkylene;

X" 18 —O—, —S—, or —N(R)—, wherein R is hydrogen or C; -C, alkyl;

cach Y is independently a hydroxy; a hydrolyzable moiety selected from the group
consisting of alkoxy, acyloxy, heteroalkoxy, heteroacyloxy, halo, and oxime; or a non-
hydrolyzable moiety selected from the group consisting of phenyl, alicyclic, straight-chain
aliphatic, and branched-chain aliphatic, wherein at least one Y is a hydrolyzable moiety;

A is selected from the group consisting of Ry ZR* —OCONH—,
(Y)3SiR'XCONH—, and (Y);SiR' NHCOOR’*OCONH—;

m is an integer from 0 to 2; and

n is an integer from 1 to 10.

It will be understood with respect to the above formulas that the compounds
represent theoretical structures for the reaction products. The reaction product will contain

a mixture of compounds in which the substitution patterns of the isocyanate groups will

vary.

-10-
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Polyfunctional isocyanate compounds useful in the present invention comprise
isocyanate groups attached to the multivalent organic group, Q, which can comprise a
multivalent aliphatic, alicyclic, or aromatic moiety; or a multivalent aliphatic, alicyclic or
aromatic moiety attached to a blocked isocyanate, a biuret, an isocyanurate, or a uretdione,
or mixtures thereof. Preferred polyfunctional isocyanate compounds contain at least two
and preferably three or more —NCO groups. Compounds containing two —NCO groups
are comprised of divalent aliphatic, alicyclic, araliphatic, or aromatic moieties to which the
—NCO radicals are attached. Preferred compounds containing three —NCO radicals are
comprised of isocyanatoaliphatic, isocyanatoalicyclic, or isocyanatoaromatic, monovalent
moieties, which are attached to a biuret or an isocyanurate.

Preferred polyisocyanates, in general, include those selected from the group
consisting of hexamethylene 1,6-diisocyanate (HDI), 1,12-dodecane diisocyanate
isophorone diisocyanate, toluene diisocyanate, dicyclohexylmethane 4,4'-diisocyanate,
MDI, derivatives of all the aforementioned, including Desmodur™ N-100, N-3200, N-
3300, N-3400, N-3600, and mixtures thereof.

Polyols suitable include those organic polyols that have an average hydroxyl
functionality of at least about 2 (preferably, about 2 to 5; more preferably, about 2 to 3;
most preferably, about 2, as diols are most preferred). The hydroxyl groups can be primary
or secondary, with primary hydroxyl groups being preferred for their greater reactivity.
Mixtures of diols with polyols that have an average hydroxyl functionality of about 2.5 to
5 (preferably about 3 to 4; more preferably, about 3) can also be used. It is preferred that
such mixtures contain no more than about 20 percent by weight of such polyols, more
preferably no more than about 10 percent, and most preferably no more than about 5
percent. Preferred mixtures are mixtures of diols and triols.

Suitable polyols include those that comprise at least one aliphatic, heteroaliphatic,
alicyclic, heteroalicyclic, aromatic, heteroaromatic, or polymeric moiety. Preferred polyols
are aliphatic or polymeric polyols that contain hydroxyl groups as terminal groups or as
groups that are pendant from the backbone chain of the polyol.

Preferred polyols include 2,2-bis(hydroxymethyl)propionic acid; N,N-bis(2-
hydroxyethyl)-3-aminopropyltriethoxysilane; bicine; 3,5-dihydroxybenzoic acid; 2,4-
dihydroxybenzoic acid; N-bis(2-hydroxyethyl)perfluorobutyl sulfonamide; 1,2-ethanediol;
1,2- and 1,3-propanediol; 1,3- and 1,4-butanediol; neopentylglycol; 1,5-pentanediol; 3-

-11 -
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methyl-1,5-pentanediol; 1,2-, 1,5-, and 1,6-hexanediol; bis(hydroxymethyl)cyclohexane;
1,8-octanediol; 1,10-decanediol; di(ethylene glycol); tri(ethylene glycol); tetra(ethylene
glycol); di(propylene glycol); di(isopropylene glycol); tri(propylene glycol); poly(ethylene
glycol) diols (number average molecular weight of about 200 to about 1500);
poly(di(ethylene glycol) phthalate) diol (having number average molecular weights of, for
example, about 350 or about 575); poly(propylene glycols) diols (number average
molecular weight of about 200 to about 500); block copolymers of poly(ethylene glycol)
and poly(propylene glycol) such as PLURONIC.TM. L31 (available from BASF
Corporation, Mount Olive, N.J.); polydimethylsiloxane diol; fluorinated oxetane polyols
made by the ring-opening polymerization of fluorinated oxetane such as POLY-3-
FOX.TM. (available from Omnova Solutions, Inc., Akron, Ohio); polyetheralcohols
prepared by ring opening addition polymerization of a fluorinated organic group
substituted epoxide with a compound containing at least two hydroxyl groups as described
in U.S. Pat. No. 4,508,916 (Newell et al); perfluoropolyether diols such as
FOMBLIN.TM. ZDOL (HOCH,CF,0O(CF;0)s.12(CF2CF,0)3.12CF,CH.,OH, available
from Ausimont, Inc., Thorofare, N.J.); 1,4-bis(1-hydroxy-1,1-
dihydroperfluoroethoxyethoxy)perfluoro-n-butane
(HOCH,CF,0C,F4O(CF;);0C,F4OCF,CH,0H); 1,4-bis (1-hydroxy-1,1-
dihydroperfluoropropoxy )perfluoro-n-butane (HOCH.,CF,CF,0O(CF,)sOCF,CF,CH,0OH);
polycaprolactone diols (number average molecular weight of about 200 to about 600);
resorcinol; hydroquinone; 1,6-, 2,5-, 2,6-, and 2,7-dihydroxynaphthalene; 4,4'-biphenol,;
bisphenol A; bis(4-hydroxyphenyl)methane; and the like; and mixtures thereof.

More preferred polyols include bis(hydroxymethyl)propionic acid; bicine; N-bis(2-
hydroxyethyl)perfluorobutylsulfonamide; 1,2-ethanediol; 1,2- and 1,3-propanediol; 1,4-
butanediol; neopentylglycol; 1,2- and 1,6-hexanediol; di(ethylene glycol); tri(ethylene
glycol); 1,4-bis(1-hydroxy-1,1-dihydroperfluoropropoxy)perfluoro-n-butane
(HOCH,CF,CF,0(CF,)4OCF,CF,CH,0H); fluorinated oxetane polyols made by the ring-
opening polymerization of fluorinated oxetane such as POLY-3-FOX.TM. (available from
Omnova Solutions, Inc., Akron Ohio); poly(di(ethylene glycol) phthalate) diol (having
number average molecular weights of, for example, about 350 or about 575);
poly(ethylene glycol) diols (having number average molecular weights of, for example,

about 200, 300, 400); polydimethylsiloxane diol; polypropylene glycol (having a number
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average molecular weight of, for example, about 425); dimer diol; polycaprolactone diol
(having a number average molecular weight of, for example, about 530); 3,5-
dihydroxybenzene; bisphenol A; resorcinol; hydroquinone; and mixtures thereof.

Suitable fluorochemical monofunctional compounds include those that comprise at
least one Regroup. The Regroups can contain straight chain, branched chain, or cyclic
fluorinated alkylene groups or any combination thereof. The Rygroups can optionally
contain one or more heteroatoms (that is oxygen, sulfur, and/or nitrogen) in the carbon-
carbon chain so as to form a carbon-heteroatom-carbon chain (that is a heteroalkylene
group). Fully-fluorinated groups are generally preferred, but hydrogen or chlorine atoms
can also be present as substituents, provided that no more than one atom of either is
present for every two carbon atoms. It is additionally preferred that any R ¢group contain
at least about 40% fluorine by weight, more preferably at least about 50% fluorine by
weight. The terminal portion of the group is generally fully-fluorinated, preferably
containing at least three fluorine atoms, for example, CF30—, C;CF; —, CF3CF,CF, —,
(CF3 ), N—, (CF3 ),CF—, SFsCF,—. Perfluorinated aliphatic groups (that is, those of the
formula C,F;,,;—) wherein n is 2 to 12 inclusive are the preferred Ry groups, withn= 3 to
5 being more preferred and with n = 4 being the most preferred.

Useful fluorochemical monofunctional compounds include compounds of the
following formula:

R;-Z-R*—X
wherein:

R is a perfluoroalkyl group or a perfluoroheteroalkyl group as defined above;

Z is a connecting group sclected from a covalent bond, a sulfonamido group, a
carboxamido group, a carboxyl group, or a sulfonyl group; and

R”is a divalent straight or branched chain alkylene, cycloalkylene, or
heteroalkylene group of 1 to 14 carbon atoms, preferably 1 to 8 carbon atoms, more
preferably 1 to 4 carbon atoms, and most preferably two carbon atoms, and

X 1s an isocyanate-reactive functional groups, for example —NH, ; —SH; —OH;
—N=C=0; or —NRH where R is H or a C, -C, alkyl.

Suitable silane compounds include those of the following formula:

X—R'—Si—(Y);

wherein X, R', and Y are as defined previously. Therefore, these silane compounds
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contain one, two, or three hydrolysable groups (Y) on the silicon and one organic group
including an isocyanate-reactive or an active hydrogen reactive radical (X—R '). Any of
the conventional hydrolysable groups, such as those selected from the group consisting of
alkoxy, acyloxy, heteroalkoxy, heteroacyloxy, halo, oxime, and the like, can be used as the
hydrolyzable group (Y). The hydrolysable group (Y) is preferably alkoxy or acyloxy and
more preferably alkoxy.

When Y is halo, the hydrogen halide liberated from the halogen-containing silane
can cause polymer degradation when cellulose substrates are used. When Y is an oxime
group, lower oxime groups of the formula —N=CR’R®, wherein R’ and R® are monovalent
lower alkyl groups comprising about 1 to about 12 carbon atoms, which can be the same
or different, preferably selected from the group consisting of methyl, ethyl, propyl, and
butyl, are preferred.

Representative divalent bridging radicals (R; ) include, but are not limited to, those
selected from the group consisting of —CH,CH,—, —CH,CH,CH ,—, —
CH,CH,CH,0OCH,CH,—, —CH,CH,CsH4CH,CH; —, and —
CH,CH,0(C,H40),CH,CH,N(CH;3)CH,CH,CH,—.

Other preferred silane compounds are those which contain one or two hydrolyzable
groups, such as those having the structures R°0Si(R7),R'XH and (R*0), Si(R")R'XH,
wherein R'is as previously defined, and R” and R® are selected from the group consisting
of a phenyl group, an alicycylic group, or a straight or branched aliphatic group having
from about 1 to about 12 carbon atoms. Preferably, R” and R® are a lower alkyl group
comprising 1 to 4 carbon atoms.

Useful fluorochemical silanes are also disclosed in U.S. Patent No. 7,166,329
(Dams). These fluorochemical oligomeric silanes can be represented by the general

formula:
X-MMPuM2-G
(111

wherein
X represents the residue of an initiator or hydrogen;

M represents units derived from fluorinated monomers having the formula:

-14 -



10

15

20

WO 2009/086515 PCT/US2008/088436

C4Fo-Q*E!
wherein
E' represents a free radical polymerizable group and Q” represents an
organic divalent linking group;
M" represents units derived from non-fluorinated monomers;

M® represents units having a silyl group represented by the formula:

(D

wherein

each of Y*,Y” and Y° independently represents an alkyl group, an aryl
group or a hydrolyzable group, with the proviso that at least one of Y*, Y and Y°
represents a hydrolyzable group;

G represents a monovalent organic group comprising the residue of a chain
transfer agent;

n represents an integer of 1 to 100;

m represents an integer of 0 to 100;

r represents an integer of 0 to 100; and

n+m-+r is at least 2;

with the proviso that at least one of the following conditions is fulfilled: (a) G is a

monovalent organic group that contains a silyl group of the formula:

av)
wherein Y', Y* and Y? each independently represents an alkyl group, an aryl group
or a hydrolyzable group with at least one of Y', Y* and Y representing a hydrolyzable
group or (b) r is at least 1 and at least one of Y*, Y and Y° represents a hydrolyzable

group.
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U.S. Patent No. 7,166,329 also discloses fluorochemical oligomers having the

formula:

X-M'M"WM%-G
V)
wherein
5 X represents the residue of an initiator or hydrogen;
M represents units derived from fluorinated monomers;
M" represents units derived from non-fluorinated monomers;

M?® represents units having the formula:

|
R*-C-R® © Y’

| | |
R'-C-Q’-T-C-NH-Q"-Si-Y"

| |
Y

6

10
wherein R', R and R? cach independently represents hydrogen, an alkyl group, an

aryl group or halogen, Q° represents an organic divalent linking group, T represents O or
NR with R being hydrogen, an aryl or a C;-C4 alkyl group, and wherein each of Y*,Y” and
Y independently represents an alkyl group, an aryl group or a hydrolyzable group, with
15 the proviso that at least one of Y*, Y° and Y represents a hydrolyzable group;
G represents a monovalent organic group comprising the residue of a chain transfer agent;
n represents an integer of 1 to 100;
m represents an integer of 0 to 100;
r represents an integer of 1 to 100; and
20 n+m+r is at least 2.
In addition, U.S. Patent No. 7,166,329 also provides a fluorochemical oligomer

having the formula:

X-M,M", M3-G
(VD

wherein
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X represents the residue of an initiator or hydrogen;
M represents units derived from fluorinated monomers;
M" represents units derived from a non-fluorinated monomers;

M® represents units having a silyl group represented by the formula:

5 (VII)
wherein each of Y*,Y” and Y° independently represents an alkyl group, an aryl
group or a hydrolyzable group, with the proviso that at least one of Y*, Y and Y°
represents a hydrolyzable group;

G corresponds to the formula:

0 Y'

|| |
-S-Q'-T*-C-NH-Q’-Si-Y’

|
Y

3
10
wherein Q' and Q’ each independently represents an organic divalent linking
group, T” represents O or NR with R being hydrogen, an aryl or a C,-Cy alkyl group, and
Y!, Y? and Y* each independently represents an alkyl group, an aryl group or a
hydrolyzable group with at least one of Y', Y? and Y* representing a hydrolyzable group:;
15 n represents an integer of 1 to 100;
m represents an integer of 0 to 100;
r represents an integer of 0 to 100; and
n+m-+r is at least 2.
The units M of the fluorochemical silane are generally derived from
20 fluorochemical monomers corresponding to the formula:
R-Q-E'
(VII)
wherein R represents a fluoroaliphatic group containing at least 3 carbon atoms or a
fluorinated polyether group. Q represents an organic divalent linking group and E'

represents a free radical polymerizable group.
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The fluoroaliphatic group Ry, in the fluorochemical monomer, is a fluorinated,
stable, inert, preferably saturated, non-polar, monovalent aliphatic radical. It can be
straight chain, branched chain, or cyclic or combinations thereof. It can contain
heteroatoms such as oxygen, divalent or hexavalent sulfur, or nitrogen. Ry is preferably a
fully-fluorinated radical, but hydrogen or chlorine atoms can be present as substituents if
not more than one atom of either is present for every two carbon atoms. The Ry radical has
at least 3 and up to 18 carbon atoms, preferably 3 to 14, especially 4 to 10 carbon atoms,
and preferably contains about 40% to about 80% fluorine by weight, more preferably
about 50% to about 79 % fluorine by weight. The terminal portion of the Ryradical is a
perfluorinated moiety, which will preferably contain at least 7 fluorine atoms, for example,
CF;CF,CF;-, (CF3),CF-, FsSCF,-. The preferred R radicals are fully or substantially
fluorinated and are preferably those perfluorinated aliphatic radicals of the formula
CoFoni1- where n is 3 to 18, particularly 4 to 10.

The R¢ group can also be a perfluoropolyether group. The perfluoropolyether group
R¢can include linear, branched, and/or cyclic structures, that may be saturated or
unsaturated, and substituted with one or more oxygen atoms. It is preferably a
perfluorinated group (that is, all C-H bonds are replaced by C-F bonds). More preferably,
it includes perfluorinated repeating units selected from the group of -(CyF2p)-, -(CyF2,0)-,
-(CF(2))-, -(CF(2)0)-, -(CF(Z)CyF2,0)-, -(C,F2,CF(Z)0)-, -(CF,CF(Z)0)-, and
combinations thereof. In these repeating units Z is a perfluoroalkyl group, an oxygen-
substituted perfluoroalkyl group, a perfluoroalkoxy group, or an oxygen-substituted
perfluoroalkoxy group, all of which can be linear, branched, or cyclic, and preferably have
about 1 to about 9 carbon atoms and 0 to about 4 oxygen atoms. The terminal groups can
be (CuFant1)-, (CoF2n110)- or (X'C,F2,0)-, wherein X' is H, Cl, or Br, for example.
Preferably, these terminal groups are perfluorinated. In these repeating units or terminal
groups, n is 1 or more, and preferably about 1 to about 4. Particularly preferred
approximate average structures for a perfluoropolyether group include
C3F;0(CF(CF3)CF,0),CF(CF3)- and CF30(C;F40),CF,- wherein an average value for p is
1 to about 50. As synthesized, these compounds typically include a mixture of polymers.
The approximate average structure is the approximate average of the mixture of polymers.

M in formula VII can also be derived from a difunctional fluorochemical

monomer corresponding to the formula:
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E-Q"R!Qb-E® (I1X)

wherein Q" and Q” each independently represents an organic divalent linking group and E*
and E° each independently represent a free radical polymerizable group. R's represents a
divalent perfluoropolyether group such as -(CF(CF;)CF,0),-, -(CF,0),(CF,CF,0)q-, -
CF(CF3)(CF,CF(CF3)0),CF(CF3)0O-, «(CF,0),(CF,CF,0),CF;-, -(CF,CF,0),-, -
(CF,CF,CF,0),-, wherein an average value for p and q is 1 to about 50. The molecular
weight of the difunctional fluorochemical monomer should generally be between about
200 and 3000, more preferably between 300 and 2500. The amount of difunctional
fluorochemical monomer used should be chosen so as to obtain a composition which is
soluble or dispersible in an organic solvent in an amount of at least 0.05% by weight.

The linking groups Q, Q" and Q" in the above formulas (VIII) and (IX) link the
fluoroaliphatic or the fluorinated polyether group R¢or R's to the free radical
polymerizable group E', E* or E® and are generally non-fluorinated organic linking groups.
The linking groups preferably contain from 1 to about 20 carbon atoms and may
optionally contain oxygen, nitrogen, or sulfur-containing groups or a combination thereof.
The linking groups are preferably free of functional groups that substantially interfere with
free-radical oligomerization (for example, polymerizable olefinic double bonds, thiols, and
other such functionality known to those skilled in the art). Examples of suitable linking
groups Q include straight chain, branched chain or cyclic alkylene, arylene, aralkylene,
oxy, 0x0, hydroxy, thio, sulfonyl, sulfoxy, amino, imino, sulfonamido, carboxyamido,
carbonyloxy, urethanylene, ureylene, and combinations thereof such as
sulfonamidoalkylene. Preferred linking groups are selected from the group consisting of

alkylene and an organic divalent linking group according to the following formulae:

SO,N-R>- or -CO-N-R“-

3 8

wherein R* represents a hydrogen or a linear or branched alkylene having 2 to 4 carbon
atoms and RS represents a hydrogen or an alkyl having 1 to 4 carbon atoms.
E', E* and E are free radically polymerizable groups that typically contain an

ethylenically unsaturated group capable of undergoing a free radical polymerization.
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Suitable groups include, for example, moicties derived from vinyl ethers, vinyl esters, allyl
esters, vinyl ketones, styrene, vinyl amide, acrylamides, maleates, fumarates, acrylates and
methacrylates. Of these, the esters of alpha, beta unsaturated acids, such as the acrylates
and methacrylates are preferred.

Preferred examples of fluorochemical monomers include:
CF3(CF,);CH,OCOC(CH3)=CH;
CF3(CF,);:CH,OCOCH=CH,
CF3(CF,)7(CH;),OCOCH=CH,
CF3(CF2)7(CH3),OCOC(CH3)=CH;

R

|
CFg(CFz)g SOQN(CHQ)QOCOCH: CH2

R

|
CFg(CFz)g SOQN(CHQ)QOCOC(CHg): CH2

R

|
CFg(CF 2)7SOQN(CH2)20COCH: CH2

CF3CF2(CF2CFZ)Z-SCHZCHZOCOCH:CHZ

R

|
CFg(CF 2)7SOQN(CH2)20COC(CH3): CH2

CF3(CF,);SO,NCH,CH;0COC(CH;)= CH,

|
CH;
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CF3(CF2)3SOZNCHQCHQOCOCH: CH2

|
CH;

CF5(CF,),CH,CH,SO,NCH,CH,0COC(CH:)= CH,

|
CH;

CF30(CF,CF,),CH,0COCH=CHj,

CF30(CF,CF,),CH,0COC(CH3)=CH,
C3F,0(CF(CF:)CF,0),CF(CF3)CH,0COCH=CH,
CF,O(CF(CF;)CF,0),CF(CF3)CH,0COC(CH;)=CH,
CH,=CH-OCOCH,CF,(OCF,),(OCF,CF,),0CF,CH,0COCH=CH,
CH,=C(CH;)-OCOCH,CF5(OCF;),(OCF,CF,),0CF,CH,0COC(CH:)=CH,

CH,= CH-OCO-CH,CF(CF,CFO),CFCH,OCOCH= CH,

| | |
CF; CF; CF;

CH= C(CH3)-OCO-CH2CF(CFzCFO)uCFCHQOCOC(CH3): CH:

| |
CF; CF; CF;

wherein R represents methyl, ethyl or n-butyl and u and v are about 1 to 50.

The units M" of the fluorochemical silane (when present) are generally derived
from a non-fluorinated monomer, preferably a monomer consisting of a polymerizable
group and a hydrocarbon moiety. Hydrocarbon group containing monomers are well
known and generally commercially available. Useful hydrocarbon containing monomers
include those according to formula:

RB-QS,-E (X)
wherein R" represents a hydrocarbon group, Q° is a divalent linking group, s is 0 or 1 and
E’ is a free radical polymerizable group. Examples of linking groups Q° include oxy,

carbonyl, carbonyloxy, carbonamido, sulphonamido, oxyalkylene and poly(oxyalkylene).
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The fluorochemical silanes generally further includes units M* that have a silyl
group that has one or more hydrolysable groups. Examples of units M" include those that

correspond to the general formula:

R°-CR Y
| |
R'-C—Z-Si-Y’
| | .
Y (XD

wherein R', R and R* each independently represents hydrogen, an alkyl group such as for
example methyl or ethyl, halogen or an aryl group, Z represents an organic divalent
linking group and Y*, Y° and Y° independently represents an alkyl group, an aryl group, or
a hydrolysable group.

Still more useful fluorochemical silanes are disclosed in U.S. Patent Application
Pub. No. 2004/0147188. These fluorochemical urethane compounds comprise the reaction
product of (a) one or more polyfunctional isocyanate compounds; (b) one or more
fluorochemical monofunctional compounds; (¢) one or more silane compounds and
optionally (d) one or more hydrophilic polyoxyalkylene compounds.

Each fluorochemical urethane compound comprises a urethane group that is
derived or derivable from the reaction of at least one polyfunctional isocyanate compound
and at least one fluorochemical monofunctional compound. The fluorochemical urethane
compound is terminated, on average, with (a) one or more perfluoroalkyl groups, (b) one
or more perfluoroheteroalkyl groups; (c) one or more silyl groups and optionally (d) one
or more hydrophilic polyoxyalkylene groups. It will be understood that the reaction
product will provide a mixture of compounds, some percentage of which will comprise
compounds as described, but may further comprise urethane compounds having different
substitution patterns and degree of substitution.

Generally, the amount of said fluorochemical monofunctional compounds is
sufficient to react with between 60 and 95 % of available isocyanate groups, and if
present, the amount of said hydrophilic polyoxyalkylene compound is sufficient to react
with between 0.1 and 30 % of available isocyanate groups, and the amount of said silanes
is sufficient to react with between 0.1 and 25 % of available isocyanate groups. Preferably,

the amount of said hydrophilic polyoxyalkylene(s) is sufficient to react with between 0.5
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and 30 % of available isocyanate groups, the amount of said silanes is sufficient to react
with between 0.1 and 15 % of available isocyanate groups, and the amount of said
fluorochemical monofunctional compounds is sufficient to react with between 60 and 90
% of available isocyanate groups.

Preferred classes of urethane compounds that may be present are represented by
the following formulas:
R{ZR*-X’(-CONH-Q(A)-NHCO-X"R*X’-),CONH-Q(A)-NHCO-X"R'Si(Y)s
R¢ZR*-X’(-CONH-Q(A),,-NHCO-X"R*X’-),CONHR'Si(Y )3
wherein:

R¢ZR?- is a residue of at least one of the fluorochemical monofunctional
compounds;

Rt is a perfluoroalkyl group having 2 to about 12 carbon atoms, or a
perfluoroheteroalkyl group having 3 to about 50 carbon atoms;

Z is a covalent bond, sulfonamido (-SO,NR-), or carboxamido (-CONR-) where R
is hydrogen or alkyl;

R' is an alkylene, heteroalkylene, aralkylene, or heteroaralkylene group;

R’ is a divalent straight or branched chain alkylene, cycloalkylene, or
heteroalkylene group of 1 to 14 carbon atoms, preferably 1 to 8 carbon atoms, more
preferably 1 to 4 carbon atoms, and most preferably two carbon atoms, and preferably R*
is alkylene or heteroalkylene of 1 to 14 carbon atoms;

Q is a multi-valent organic group that is a residue of the polyfunctional isocyanate
compound;

R’ is a polyvalent, preferably divalent organic group which is a residue of the
hydrophilic polyoxyalkylene ;

X’ 18 —=O-, -S-, or —N(R)-, wherein R is hydrogen or C;-C, alkyl;

cach Y is independently a hydroxy; a hydrolyzable moiety selected from the group
consisting of alkoxy, acyloxy, heteroalkoxy, heteroacyloxy, halo, and oxime; or a non-
hydrolyzable moiety selected from the group consisting of phenyl, alicyclic, straight-chain
aliphatic, and branched-chain aliphatic, wherein at least one Y is a hydrolyzable moiety.

A is selected from the group consisting of RZR*-OCONH-, (Y):SiR' XCONH-,
and (Y):SiR'NHCOOR*OCONH-.

m is an integer from 0 to 2; and
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n is an integer from 1 to 10.

It will be understood with respect to the above formulas that the compounds
represent theoretical structures for the reaction products. The reaction product will contain
a mixture of compounds in which the substitution patterns of the isocyanate groups will
vary.

Polyfunctional isocyanate compounds useful in the present invention comprise
isocyanate groups attached to the multivalent organic group, Q, which can comprise a
multivalent aliphatic, alicyclic, or aromatic moiety; or a multivalent aliphatic, alicyclic or
aromatic moiety attached to a blocked isocyanate, a biuret, an isocyanurate, or a uretdione,
or mixtures thereof. Preferred polyfunctional isocyanate compounds contain at least two
and preferably three or more —-NCO groups. Compounds containing two —NCO groups are
comprised of divalent aliphatic, alicyclic, araliphatic, or aromatic moieties to which the —
NCO radicals are attached. Preferred compounds containing three -NCO radicals are
comprised of isocyanatoaliphatic, isocyanatoalicyclic, or isocyanatoaromatic, monovalent
moieties, which are attached to a biuret or an isocyanurate.

Preferred polyisocyanates, in general, include those selected from the group
consisting of hexamethylene 1,6-diisocyanate (HDI), 1,12-dodecane diisocyanate
isophorone diisocyanate, toluene diisocyanate, dicyclohexylmethane 4,4'-diisocyanate,
MDI, derivatives of all the aforementioned, including Desmodur™ N-100, N-3200, N-
3300, N-3400, N-3600, and mixtures thereof.

Suitable fluorochemical monofunctional compounds include those that comprise at
least one Ry group. The Ry groups can contain straight chain, branched chain, or cyclic
fluorinated alkylene groups or any combination thereof. The R¢ groups can optionally
contain one or more heteroatoms (that is oxygen, sulfur, and/or nitrogen) in the carbon-
carbon chain so as to form a carbon-heteroatom-carbon chain (that is a heteroalkylene
group). Fully-fluorinated groups are generally preferred, but hydrogen or chlorine atoms
can also be present as substituents, provided that no more than one atom of either is
present for every two carbon atoms. It is additionally preferred that any Ry group contain
at least about 40% fluorine by weight, more preferably at least about 50% fluorine by
weight. The terminal portion of the group is generally fully-fluorinated, preferably
containing at least three fluorine atoms, for example, CF;0-, CF;CF,-, CF,CF,CF,-,

(CF3),N-, (CF,),CF-, SF.CF,-. In certain embodiments, perfluoroalkyl groups (that is,
3 st
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those of the formula C F, .,-) wherein n is 2 to 12 inclusive are the preferred R¢ groups,
with n = 3 to 5 being more preferred and with n = 4 being the most preferred.

Useful fluorochemical monofunctional compounds include compounds of the
following formula:

R~ Z-R*-X
wherein:

Rt is a perfluoroalkyl group or a perfluoroheteroalkyl group;

Z is a connecting group selected from a covalent bond, a sulfonamido group, a
carboxamido group, a carboxyl group, or a sulfonyl group; and

R’ is a divalent straight or branched chain alkylene, cycloalkylene, or
heteroalkylene group of 1 to 14 carbon atoms, preferably 1 to 8 carbon atoms, more
preferably 1 to 4 carbon atoms, and most preferably two carbon atoms, and

X is an isocyanate-reactive functional groups, for example —NH;; -SH; -OH; —
N=C=O0; or -NRH where R is H or a C;-Cj; alkyl.

Certain preferred embodiments include those compositions comprising terminal
fluoroalkyl groups having from two to twelve carbons, preferably from three to six
carbons, and more preferably four carbons.

Useful perfluoroheteroalkyl groups correspond to the formula:

R'+-O-R-(Re)g- (X1I)
wherein R'; represents a perfluorinated alkyl group, Ri* represents a perfluorinated
polyalkyleneoxy group consisting of perfluorinated alkylencoxy groups having 1, 2, 3 or 4
carbon atoms or a mixture of such perfluorinated alkylene oxy groups, R’ represents a
perfluorinated alkylene group and q is 0 or 1. The perfluorinated alkyl group R';in
formula (IT) may be linear or branched and may comprise 1 to 10 carbon atoms, preferably
1 to 6 carbon atoms. A typical perfluorinated alkyl group is CF3-CF,-CF,-. R%; is a linear
or branched perfluorinated alkylene group that will typically have 1 to 6 carbon atoms. For
example, R3¢ is -CF,- or —CF(CF3)-.

A preferred perfluorinated polyether group that corresponds to formula (XII) is
CF;-CF,-CF,-O-[CF(CF3)-CF,0],-CF(CF3)- wherein n is an integer of 3 to 25.

Examples of the moiety “-Z-R*-“ include organic groups that comprise aromatic or
aliphatic groups that may be interrupted by O, N or S and that may be substituted, alkylene

groups, oxy groups, thio groups, urethane groups, carboxy groups, carbonyl groups,
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amido groups, oxyalkylene groups, thioalkylene groups, carboxyalkylene and/or an
amidoalkylene groups. Examples of functional groups T include thiol, hydroxy and amino
groups.

In a particular embodiment, the fluorochemical monofunctional compound
corresponds to the following formula:

R¢'-[CF(CF5)-CF,0],-CF(CF3)- Z-R*-X
wherein Ry represents a perfluorinated alkyl group for example a linear or branched
perfluorinated alkyl group having 1 to 6 carbon atoms, n is an integer of 3 to 25, Z is a
carbonyl group or CH,, R? is a chemical bond or an organic divalent or trivalent linking
group for example as mentioned for the linking group Q above, and X represents an
isocyanate reactive group and each X may be the same or different. Particularly preferred
compounds are those in which R'; represents CF;CF,CF,-. In accordance with a particular
embodiment, the moiety — Z-R*-X is a moiety of the formula —CO-X-R*(OH); wherein k
is 1 or 2, X is O or NR” with R® representing hydrogen or an alkyl group of 1 to 4 carbon
atoms, and R® is an alkylene of 1 to 15 carbon atoms.

Hydrophilic polyoxyalkylene compounds, if present, suitable for use in preparing
the first component fluorochemical urethane compounds of the present invention include
those polyoxyalkylene compounds that have an average functionality of greater than 1
(preferably, about 2 to 5; more preferably, about 2 to 3; most preferably, about 2, as
difunctional compounds such as diols are most preferred). The isocyanate-reactive groups
can be primary or secondary, with primary groups being preferred for their greater
reactivity. Mixtures of compounds having different functionalities, for examples mixtures
of polyoxyalkylene compounds having one, two and three isocyanate-reactive groups, may
be used provide the average is greater than 1. The polyoxyalkylene groups include those
having 1 to 3 carbon atoms such as polyoxyethylene, polyoxypropylene, and copolymers
thereof such as polymers having both oxyethylene and oxypropylene units.

Suitable silane compounds are those of the following formula:
X—R'—Si —(Y)s

wherein X is an isocyanate-reactive functional group such as -NH,; -SH; -OH; -N=C=0;
or -NRH where R is H or a C;-C, alkyl;

R' is an alkylene, heteroalkylene, aralkylene, or heteroaralkylene group; and
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cach Y is independently a hydroxy; a hydrolyzable moiety selected from the group
consisting of alkoxy, acyloxy, heteroalkoxy, heteroacyloxy, halo, and oxime; or a non-
hydrolyzable moiety selected from the group consisting of phenyl, alicyclic, straight-chain
aliphatic, and branched-chain aliphatic, wherein at least one Y is a hydrolyzable moiety.

Other preferred silane compounds are those which contain one or two hydrolysable
groups, such as those having the structures R*0Si(R7),R'XH and (R*0),Si(R")R'XH,
wherein R' is as previously defined, and R” and R® are selected from the group consisting
of a phenyl group, an alicylic group, or a straight or branched aliphatic group having from
about 1 to about 12 carbon atoms. Preferably, R” and R® are a lower alkyl group
comprising 1 to 4 carbon atoms.

More useful fluorochemical silanes such as fluorinated polyether isocyanate
derived silanes are disclosed in U.S. Patent Application Pub. No. 2005/0054804. The
fluorinated polyether isocyanate derived silanes are the reaction product of (i) a

fluorinated polyether compound of the formula

(T’e-Q’)y-R-Q-Ti (XI1T)

wherein Ry is a monovalent or divalent polyfluoropolyether group; Q and Q’ are
independently a chemical bond, a divalent organic linking group or a trivalent organic
linking group; T and T’ are each —-NCO or an isocyanate reactive group; k’ is an integer
from 0 to about 5; k is at least 2; and y is 0 or 1 and (ii) a silane compound of the formula
T7-Q7-Si(Y3x)R s (XIV)
wherein T*’ is -NCO or an isocyanate reactive group; Q’’ is an organic divalent linking
group; R’ is an alkyl group, for example, a C;-C, alkyl group, or an aryl group, such as, for
example, phenyl, naphthyl, or substituted phenyl or naphthyl, wherein phenyl or naphthyl
is substituted by one or more substituents such as C;-C4 alkyl, C;-C,4 alkoxy, halo, nitro,
and the like; Y is a hydrolyzable group; and x is 0 or 1; wherein at least one of T or T" is —
NCO.

The term isocyanate reactive group is defined as a functional group that will react
with an isocyanate group. Though not intended to be limiting, some examples of
isocyanate reactive groups are: (i) alcohols, to yield urethanes, (i1) amines to yield ureas,
(iii) thiols to yield thiocarbamates and (iv) carboxylic acids to yield carboxylic anhydrides
or amides and the like. Particularly useful as isocyanate reactive groups are, for example, -

CO,R?, where R? is hydrogen or hydroxyalkyl, -C(O)N(R')(R?), where R' and R? are
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independently hydrogen, hydroxyalkyl or polyalkylenepolyamine; -OH, -SH, and NHR',
where R' is as defined above.

The monovalent or divalent polyfluoropolyether group Ry in the above formula
(XIII) can include linear, branched, and/or cyclic structures, that may be saturated or
unsaturated. It is a perfluorinated group (that is, all C-H bonds are replaced by C-F bonds).
In one embodiment, the perfluorinated polyether group corresponds to the formula

-(Rf)g-R-0)-Re (O-Re-(Rr)g)- (XV)
wherein R¢' is a perfluorinated alkyl or a perfluorinated alkylene group, R¢” is a
perfluorinated polyalkyleneoxy group consisting of perfluorinated alkylencoxy groups
having 1, 2, 3, or 4 carbon atoms or a mixture of such perfluorinated alkylencoxy groups;
R is a perfluorinated alkylene group or a substituted perfluorinated alkyl group; q and q’
are independently chosen from 0 or 1; z is from 4 to 30, and z' is from 0 to 30. The
perfluorinated alkyl or alkylene group R'¢ in formula (XV) may be linear, branched or
cyclic and may contain catenary heteroatoms, such as N, O or S, and may contain 1 to 10
carbon atoms, preferably 1 to 6 carbon atoms. R%r and R’ are perfluorinated repeating
units and combinations thereof. For example, R’; is <(CoFa,)- or -(CE(Z))-. R, for
example, includes perfluorinated repeating units such as -(C,F,,0)-, -(CF(Z)0)-, -
(CF(Z)ChF2,0)-, -(CoF24CF(Z)0)-, -(CF,CF(Z)0)-, and combinations therecof. In these
repeating units Z is a perfluoroalkyl group, a substituted perfluoroalkyl group, an oxygen-
substituted perfluoroalkyl group, a perfluoroalkoxy group, or an oxygen-substituted
perfluoroalkoxy group, all of which can be linear, branched, or cyclic, and preferably have
about 1 to about 9 carbon atoms and 0 to about 4 oxygen atoms. Examples of
polyfluoropolyethers containing polymeric moieties made of these repeating units are
disclosed in U.S. Pat. No. 5,306,758.

Examples of linking groups Q, Q’ and/or Q”’ include organic groups that comprise
aromatic or aliphatic groups that may be interrupted by O, N or S and that may be
substituted, alkylene groups, oxy groups, thio groups, and/or carbonyl groups. Q and Q’
are cach independently a chemical bond or an organic divalent or trivalent linking group
for example as mentioned above. In compounds of formula I, k is at least 2, T and T’ are
as mentioned above and each T or T” may be independently chosen, and y is 0 or 1. In

accordance with a particular embodiment, the moiety —T or =T is a moiety of the formula
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-CO-N(R")R?) where R' is for example-CH,CH,0H, -CH,CH,NHCH,CH,NH; or
-CH,CH,NHCH,CH,NHCH,CH,NH,; and R” is for example hydrogen or R'.

The divalent linking group Q’’ in the above formula (XIV) can include linear,
branched, or cyclic structures, that may be saturated or unsaturated. The group Q’’ can
contain one or more heteroatoms (for example, oxygen, nitrogen, or sulfur) or functional
groups (for example, carbonyl, amido, urethanylene or sulfonamido). Preferably, the
divalent linking group Q’’ is a hydrocarbon group, preferably, a linear hydrocarbon group,
optionally containing heteroatoms or functional groups. Examples of Q’’ groups include -
CH;0(CH,)3-, -CH,OC(O)N(R)(CH3;)3-, wherein R is H or lower alkyl group, -(C,Hzp)-
N(H)-C(0)O- and -(C,Hz,)-, wherein n is about 2 to about 6. A preferred linking group
Q" is -CH,CH,CH,-.

Y represents a hydrolyzable group in formula (II) such as for example a halide, a
C:-C, alkoxy group, an acyloxy group or a polyoxyalkylene group, such as
polyoxyethylene groups as disclosed in US 5,274,159. Specific examples of hydrolysable
groups include methoxy, ethoxy and propoxy groups. R’ independently represents a C;-Cy
alkyl group, such as, for example, methyl and ethyl groups.

Useful fluorochemical silanes are also disclosed in U.S. Patent Application Pub.
No. 2006/0147645. These fluorochemical silanes contain two perfluoro-lower alkyl groups
or "tails" in close proximity to one another, called "swallow tail" silanes. Swallow tail
silanes include the silanes of formula XVI:

RSO,-N(R)(C,Hyn)CHZ(CHom)N(R)SO,Rs (XVI)
wherein
R is each independently CpF,+1, where p is 2 to 5;
R is a C; to C4 alkyl or an aryl group;
m and n are both integers greater than 0;

Z is a group of the formula: (C,yHom)X-Q-Si(Y)s3, in whichm’ is 0 to 4, X is O, S
or NH and Q is-C(O)NH-(CH;),- or -(CH;),y-, and R is as defined above; and R' is R or,
when Z is H, a group of the formula -(CH3)»-Si(Y)s; n' is an integer of 1 to 20, and Y is a
hydrolysable group.
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The perfluoroalkylsulfonamido groups (RfSO,N-) may be the same or different.
The perfluoroalkyl may each contain 2-5 carbon atoms, but preferably each has 4 carbon
atoms.

In the above silanes of formula XVI, one embodiment has m as an integer from 1
to 6 and n as an integer from 1 to 6. One embodiment has R defined as independently -
CHj; or -CH,CH3. Preferably, n' may also vary from 1-10 and in one embodiment may be
3.

Representative fluorochemical compounds of the invention include, but are not
limited to, [C4FoSO,N(CH);CH;],CHOCH,CH,CH,Si(OCH3)s,
[C4FsSO,N(CH);CH;],CHOCONHCH,CH,CH,Si(OCH3)3, and
C4F9sSO,N(CH);CH,CH2CH,N(SO,C4Fo)CH,CH,CH,Si(OCH3)s.

U.S. Patent Application Pub. No. 2007/0014927 discloses still more useful
fluorochemical silanes that are fluorochemical urethanes. The urethane compounds
comprise the reaction product of: (a) one or more polyfunctional isocyanate compounds;
(b) one or more hydrophilic polyoxyalkylene compounds; (c¢) one or more fluorochemical
monofunctional compounds and (d) one or more isocyanate-reactive silanes; and
optionally comprise (¢) a moiety having an isocyanate blocking group such as methyl
ethyl ketone oxime, etc. The fluorochemical urethane compounds can be described as:

Q(NHCO)x (X R*ZRp), (X R¥X)p (X R (X R'Si(Y3))g (X W)
wherein:

X 1§ an integer from 2 to 20,

ais from 1 to x,

bis from 1 t0 0.3 x,

cis from 0 to 0.3 x,

d is from 0 to 0.25 x,

¢ is from 0 to 0.6 x
with the proviso that b + ¢ is at least 0.0005 x, and Q, X’, Rz, Z, Rg, R3, R4, Rl, Y,and W
are as defined below.

Some preferred classes of urethane compounds are represented by the following

formulas:
R{ZR*-X’(-CONH-Q(A)-NHCO- X’R*-), (A)
R'X (-CONH-Q(A),-NHCOX R*ZRy), (B)
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(RZR*-X")(-CONH-Q(A)n-NHCO-X"R*X’-),CONH-Q(A)-NHCO-X'R'Si(Y); (C)

(RZR*-X")(-CONH-Q(A)n-NHCO-X"R*X’-),CONHR ' Si(Y); (D)
(R{ZR*-X")(-CONH-Q(A)n-NHCO-XR*X’-),CONH-Q(A)-NHCO-W (E)
wherein:

R¢ZR?- is a residue of at least one of the fluorochemical monofunctional
compounds;

R¢ is a perfluoroalkyl group having 2 to about 12 carbon atoms, or a
perfluoroheteroalkyl group having 3 to about 50 carbon atoms;

Z is a covalent bond, sulfonamido (-SO,NR-), or carboxamido (-CONR-) where R
is hydrogen or alkyl, a carboxyl group, or a sulfonyl group;

R' is an alkylene, heteroalkylene, aryl alkylene, or heteroaryl aliphatic group;

R’ is a divalent straight or branched chain alkylene, cycloalkylene, or
heteroalkylene group of 1 to 14 carbon atoms, preferably 1 to 8 carbon atoms, more
preferably 1 to 4 carbon atoms, and most preferably two carbon atoms, and preferably R*
is alkylene or heteroalkylene of 1 to 14 carbon atoms;

Q is a multi-valent organic group that is a residue of the polyfunctional isocyanate
compound;

R’ is a polyvalent, preferably divalent, organic group which is a residue of the
hydrophilic polyoxyalkylene;

R* is monovalent organic group which is a residue of the hydrophilic
polyoxyalkylene;

X’ i§ —O-, -S-, or -N(R)-, wherein R is hydrogen or C;-C; alkyl;

cach Y is independently a hydroxy; a hydrolyzable moiety selected from the group
consisting of alkoxy, acyloxy, heteroalkoxy, heteroacyloxy, halo, and oxime; or a non-
hydrolyzable moiety selected from the group consisting of phenyl, alicyclic, straight-chain
aliphatic, and branched-chain aliphatic, wherein at least one Y is a hydrolyzable moiety.

W is the residue of a moiety capable of reacting with an isocyanate group and
possesses abeyant chemical reactivity such as oxime, lactam, phenol, and the like.

A is selected from the group consisting of RZR*-OCONH-, (Y):SiR' XCONH-,
and (Y):SiR'NHCOOR*OCONH-.

1 is an integer from 1 to (m+n-1).

m is an integer from 0 to 2; and
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n is an integer from 1 to 10.
Fluorochemical oligomeric silanes that are useful as the fluorochemical silanes in
the present invention are disclosed in WO 2008/014174. These fluorinated oligomeric

silanes can be represented by formula (XVII):

X-M"M"'uM-G
(XVII)
wherein X represents an end group; M’ represents units derived from fluorinated
monomers obtainable from a condensation of a fluorinated alcohol, a polyisocyanate, and
an isocyanate reactive non-fluorinated monomer; M" represents units derived from a non-
fluorinated monomers; M® represents units having a silyl group represented by the

formula:

wherein each of Y, Y°, and Y° independently represents an alkyl group, an aryl group, or
a hydrolyzable group, and at least one of Y*, Y°, and Y° represents a hydrolyzable group;
G is a monovalent organic group comprising the residue of a chain transfer agent;
n represents a value of 1 to 100; m represents a value of 0 to 100; r represents a value of 0
to 100; and nt+m-r is at least 2;
with the proviso that at least one of the following conditions is fulfilled: (i) Gis a

monovalent organic group that contains a silyl group of the formula:

wherein Y', Y?, and Y* each independently represents an alkyl group, an aryl group, or a
hydrolyzable group with at least one of Y', Y?, and Y representing a hydrolyzable group;

or (ii) r is at least 1.
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The total number of units represented by the sum of n, m, and r in formula (I) is
generally at least 2, and preferably at least 3 so as to render the compound oligomeric. The
value of n in the fluorinated oligomeric silane is typically from 1 to 100 and particularly
suitable from 2 to 20. The values of m and r are typically from 0 to 100 and preferably
from 1 to 30. According to a particular embodiment, the value of m is less than that of n
and n+m-+r is at least 2.

The units M" in formula (XVII) representing the fluorinated oligomeric silanes are
generally derived from fluorinated monomers obtainable from a condensation of a
fluorinated alcohol, a polyisocyanate and an isocyanate reactive non-fluorinated monomer.

The fluorinated alcohol is typically a monofunctional alcohol or diol that is
partially fluorinated or fully fluorinated. Generally the fluorinated alcohol will contain at
least a perfluorinated moiety. Suitable fluorinated alcohols include those selected from
monofunctional fluorinated alkanols or fluorinated diols having at least 3, preferably from
3 to 6 carbon atoms, perfluoropolyether compounds having one or more perfluorinated
polyether groups and one or more hydroxyl groups or an oligomeric fluorinated alcohol or
diol. Mixtures of fluorinated alcohols are contemplated for use as well.

A particularly suitable perfluorinated polyether group that is:

F(CF(CF3)CF,0),CF(CF3)-
wherein g is at least 3. Perfluorinated polyether groups of the above formula can
conveniently be derived from the oligomerization of hexafluoropropylencoxide (HFPO).
In a particular suitable embodiment, g is an integer of 3 to 25, and the corresponding
perfluorinated polyether group has a molecular weight of at least about 750 g/mol.

The non-fluorinated monomer useful in the synthesis of the oligomeric fluorinated
alcohol or diol is typically a monomer containing an ethylenically unsaturated group
capable of free radical polymerization and a hydrocarbon moiety. Hydrocarbon group
containing monomers are well known and generally commercially available.

More useful perfluoropolyether silanes are disclosed in U.S. Patent No. 7,294,731
(Flynn et al.). The perfluoropolyether silanes are of the formula:
R¢[-R'-C,H4-S-R-Si(Y)(RY)a4] 4,
wherein

Rt is a mono- or divalent perfluoropolyether group,
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R' is a covalent bond, -O-, or a divalent alkylene or arylene group, or combinations
thereof, said alkylene group optionally containing one or more catenary oxygen atoms;

R’ is a divalent alkylene or arylene groups, or combinations thercof, said alkylene
groups optionally containing one or more catenary oxygen atoms;

Y is a hydrolysable group, and

R’ is a monovalent alkyl or aryl group,

xis 1, 2 or 3, preferably 3, and

yis 1or2.

Rt represents a mono- or divalent perfluoropolyether group. The
perfluoropolyether group can include linear, branched, and/or cyclic structures, and may
be saturated or unsaturated. It is a perfluorinated group, that is, essentially all C-H bonds
are replaced by C-F bonds. Preferably, it includes perfluorinated repeating units selected
from the group of -(C,F2n)-, -(CyF2,0)-, -(CF(Z))-, -(CF(Z)0)-, -(CF(Z)CyF2,0)-, -
(CoF24CF(Z)0)-, -(CF,CF(Z)0)-, and combinations thereof. In these repeating units Z is a
perfluoroalkyl group, a perfluoroalkoxy group, or perfluoroether group, all of which can
be linear, branched, or cyclic, and preferably have about 1 to about 9 carbon atoms and 0
to about 4 oxygen atoms. “n” is at least 1, and preferably 1 to 4. Examples of
perfluoropolyethers containing these repeating units are disclosed in U.S. Pat. No.
5,306,758 (Pellerite).

For the monovalent perfluoropolyether group (wherein y is 1 in formula (I) above),
the terminal groups can be (C,Fy41)-, (CyF20410)- or (X'C,F,,0)-, which may be linear or
branched and wherein X' is H, Cl, or Br, for example. Preferably, these terminal groups
are perfluorinated. In these repeating units or terminal groups, n is 1 or more, and
preferably 1 to 8. Preferred approximate average structures for a divalent fluorinated
polyether group include —C4F5O-, C3-FsO-, -CsF190-, -C¢F,0-,
-CF,0(CF70)m(C2F40),CF;-, wherein an average value for m and p is 0 to 50, with the
proviso that m and p are not simultaneously 0,

-CF,0(C,F40),CF;-, -CF(CF3)O-(CF,CF(CF3)0),-C4FsO-(CF(CF3)CF,0),-CF(CF3)-,
and -(CF;);0(C4F30),(CF,)s-, wherein an average value for each p is 1 to 50.

Of these, particularly preferred approximate average structures are
-CF,0(CF70)n(CoF40),CF;-, -CF,0(C,F40),CF;-, and -CF(CF3)O-(CF,CF(CF3)0),-
C4F30-(CF(CF;)CF,0),-CF(CF3)-. Particularly preferred approximate average structures
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for a monovalent perfluoropolyether group include C;F,O(CF(CF3)CF,0),CF(CF3)- and
CF;0(C,F40),CF,- wherein an average value for p is 1 to 50. As synthesized, these
compounds typically include a mixture of polymers.

Preferably, the R' and R? groups are hydrocarbon groups, preferably, linear
hydrocarbon groups, optionally containing one or more catenary heteroatoms. Examples
of R! and R” groups include alkylenes of the formula -(CpHop)-, wherein m is about 2 to
about 20, and one or more non-adjacent —CH,- groups are replaced by ether oxygen atoms,
for example -(C,Hy1)-O-(CyyHoyy)-, where mis 2 to 20, m’ is 0 to 20 and m + m” is 2 to
20.

Examples of preferred perfluoropolyether silanes include, but are not limited to,
the following approximate average structures. The number of repeat units n and m will
vary, with n from 1 to 50, generally 3 to 30, and n+m up to 30.
C3F70[CF(CF3)CF,0],CF(CF3)CH,0C:HsSC3HsSi(OCH3)3
C3F,0[CF(CF3)CF,0],CF(CF3)CH,0C:HsSC3HsSi(OC,Hs),
C3F70[CF(CF3)CF,0],CF(CF3)CO,C3sHsSC3HsSi(OCH3)3
C;F,0O[CF(CF3)CF,0],CF(CF3)CO,C3HSC3HsSi(OC,Hs )3
(CH30)3SiC3HsSC3HOCH, CF2(OC,F4)n(OCF2 )nCF,CH,0C3HsSC3HeS1(OCH3)3
(C2H;50)3SiC3HeSC3HsOCH,CF2(OCoF4)n(OCF2)nCF,CH,0OC3HeSC3HsSi(OC,Hs)3
(CH30)3Si1C3HsSC3HsOCH, CF(CF3)[ OCF,CF(CF3)1,OC4FoO[(CF(CF3)CF,0]mCF(CF3)C
H,0C;HsSC3HgSi(OCH3)3
(C,H;50)3SiC3HeSC3HsOCH,CF(CF3)[OCF,CF(CF3)],0C4FsO[(CF(CF3)CF,0],CF(CF3)
CH,0C;HsSCsHgSi(OC,Hs)s
C3F7,0[CF(CF3)CF,0],CF(CF3)CH,CH,SCsHsSi(OCHz)3
C3F,0[CF(CF3)CF,0],CF(CF3)CH,CH,SC3HgsSi(OC,Hs)s
C;F,O[CF(CF3)CF,0],CF(CF3)CF,0C;H¢SC3H6S1(OCH3);
C3F70[CF,CF,CF,0],C,F4CH,0C;HSC3HsSi(OCH3)3
C3F70[CF,CF,CF,01,C,F4CH,CH,SC3HeS1(OCHz)s,

WO 2008/112400 provides useful fluorochemical silane compounds of the formula

formula:

Ro)y R-(R?
R R= (O, (XVIII)

wherein
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Rt is a fluorine-containing group;

R' is a covalent bond, a polyvalent alkylene or arylene group, or combinations
thereof, said alkylene groups optionally containing one or more catenary oxygen or
nitrogen atoms:

R’ is a silane-containing group derived from the Michael reaction between an
aminosilane and an acryloyl group;

x and y are each independently at least 1, and

zis 1or2.

These compounds have at least one fluorine-containing group and at least one
silane-containing moiety derived from the Michael reaction between an aminosilane and
an acryloyl compound (such as an acrylated polyol having at least one fluorine-containing
group).

With respect to Formula (X VIII), R? is derived by Michael addition of an
aminosilane to an acryloyl group, as in the following formula:

R Y,

i | |
—X*C—CH,CH;-N—R’-Si—(R")3,, XIX)

wherein

X% is —0,~S-or —-NR*-, where R* is H or C;-Cy4 alkyl,

R’ is C,-C4 alkyl, or -R®-Si(Y,)(R")s., or (Re)x-R'-X*-C(0)-CH,CH,-;

R’ is a divalent alkylene group, said alkylene groups optionally containing one or
more catenary oxygen or nitrogen atoms;

Y is a hydrolysable group,

R’ is a monovalent alkyl or aryl group, and

pis1,2or3.

The Rrgroups may comprise a monovalent perfluoroalkyl-containing group or a
perfluorooxyalkyl-containing group, or a divalent perfluoroalkylene-containing group or a
perfluorooxyalkylene-containing group. More particularly, Rgmay be represented by

Formula XX:

0
oy

7 (XX)

wherein
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R' is a monovalent perfluoroalkyl or a perfluorooxyalkyl group, or a divalent
perfluoroalkylene or a perfluorooxyalkylene group.

Q can be a covalent bond, or a divalent linking group such as an alkylene, an
arylene, an aralkylene, an alkarylene, Q can optionally include catenary heteroatoms such
as O, N, and S, and combinations thereof. Q can also optionally include a heteroatom-
containing functional group such as carbonyl or sulfonyl, and combinations thereof, such
as sulfonamide, carboxamido, or ester, Q is further selected such that the “Q-CO-X"-*
moiety is not a carbamate, urea, or carbonate group; that is the atom adjacent the carbonyl
is not a heteroatom,;

X% is —0-, -NR*- or -S- , where R*is H or C-C4 alkyl,

z 18 1 or 2, and

visOor 1.

The Ry groups of Formula (XVIII) can contain straight chain, branched chain, or
cyclic fluorochemical groups or any combination thereof. The Ry groups can be mono- or
divalent, and can optionally contain one or more catenary oxygen atoms in the carbon-
carbon chain so as to form a carbon-oxygen-carbon chain (that is a perfluorooxyalkylene
group). Fully-fluorinated groups are generally preferred, but hydrogen or other halo atoms
can also be present as substituents, provided that no more than one atom of either is
present for every two carbon atoms.

It is additionally preferred that any R¢'group contain at least about 40% fluorine by
weight, more preferably at least about 50% fluorine by weight. The terminal portion of the
monovalent R¢'group is generally fully-fluorinated, preferably containing at least three
fluorine atoms, for example, CF3-, CF3;CF,-, CF,CF,CF,-, (CF3):N-, (CF,),CF-, SF.CF,-.
In certain embodiments, monovalent perfluoroalkyl groups (that is, those of the formula
C,F, .,-) or divalent perfluoroalkylene groups (that is, those of the formula -C F, -)
wherein n is 2 to 12 inclusive are the preferred Ry groups, with n =3 to 5 being more
preferred and with n = 4 being the most preferred.

With respect to the Ry group of Formula I or the R¢' group of Formula III, where y
or z is 2, fluorinated polyols and polyamines are contemplated. Preferred fluorinated
polyols include N-bis(2-hydroxyethyl) perfluorobutylsulfonamide; fluorinated oxetane
polyols made by the ring-opening polymerization of fluorinated oxetane such as Poly-3-

Fox™ (available from Omnova Solutions, Inc., Akron Ohio); polyetheralcohols prepared
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by ring opening addition polymerization of a fluorinated organic group substituted epoxide
with a compound containing at least two hydroxyl groups as described in U.S. Pat. No.
4,508,916 (Newell et al); perfluoropolyether diols such as Fomblin™ ZDOL
(HOCH,CF,0(CF,0)s.12(CF,CF,0)s.1,CF,CH,0H), available from Solvay, Thorofore,
NJ); 1,4-bis(1-hydroxy-1,1-dihydroperfluoroethoxyethoxy)perfluoro-n-butane
(HOCHCF,0C,F40(CF;);0C,F4OCF,CH,0H); and 1,4-bis(1-hydroxy-1,1-
dihydroperfluoropropoxy)perfluoro-n-butane (HOCH,CF,CF,0O(CF;);OCF,CF,CH,OH).

More preferred polyols comprised of at least one fluorine-containing group include
N-bis(2-hydroxyethyl)perfluorobutylsulfonamide; 1,4-bis(1-hydroxy-1,1-
dihydroperfluoropropoxy)perfluoro-n-butane (HOCH,CF,CF,0O(CF,)sOCF,CF,CH,0H)
and CF;CF,CF,-O-[CF(CF3)CF,0],-CF(CF3)-, wherein n is an integer of 3 to 25. This
perfluorinated polyether group can be derived from an oligomerization of
hexafluoropropylene oxide.

In addition, a nucleophilic fluorochemical compound may be reacted with an
acrylic ester (or equivalent), followed by Michael addition of the aminosilane to produce a
compound of the following formula:

R’ Y

0]
RrEXzJ-l—CHQCHz—IlI—R6—éf—(R7)3_p:|
4, (XXD

wherein

Rt is a fluorine-containing group;

X% is —~0,-S-or —-NR*-, where R* is H or C;-C4 alkyl,

R’ is C;-Cy alkyl, or -R°-Si(Y)(R")s.p or (Rp)-X*-C(0)-CH,CH,-;

R’ is a divalent alkylene group, said alkylene groups optionally containing one or
more catenary oxygen atoms;

Y is a hydrolysable group,

R’ is a monovalent alkyl or aryl group,

pis1,2or3,and

zis 1 or 2.

Still more useful Michael-adduct fluorochemical silanes are disclosed in U.S.
Patent No. 7,335,786 (Lyer et al.). The Michael-adduct fluorochemical silane compounds

are of the formula:
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Ro)y R—(R?
Rpy—F—R—R), ] e

wherein

R¢ is a fluorine-containing group, including a monovalent perfluoroalkyl-
containing group or a perfluorooxyalkyl-containing group group, or a divalent
perfluoroalkylene-containing group or a perfluorooxyalkylene-containing group;

R' is a covalent bond, a polyvalent alkylene or arylene group, or combinations
thereof (such as aralkylene or alkarylene), said alkylene groups optionally containing one
Or more catenary oxygen or nitrogen atoms:

R’ is a silane-containing group derived from the Michael reaction between a
fluorochemical amine and an acryloyl silane;

x and y are each independently at least 1, and

zis 1or2.

With respect to Formula I, R is of the following formula:

R’ 0 Y,

I I
—N—CHQCH2J|—X2—R6—Si—(R7)3_p (XKD

wherein

X% is —0-, —-S-, or -NR*-, where R* is H or C;-C4 alkyl,

R’ is H, C,-C; alkyl, or —CH,CH-C(0)-X*-R*-Si(Y )R )3.p;

R’ is a divalent alkylene group, said alkylene groups optionally containing one or
more catenary oxygen atoms;

Y is a hydrolysable group,

R’ is a monovalent alkyl or aryl group, and

pis1,2or3.

The Rrgroups may comprise a monovalent perfluoroalkyl-containing group or a
perfluorooxyalkyl-containing group, or a divalent perfluoroalkylene-containing group or a
perfluorooxyalkylene-containing group. More particularly, Rymay be represented by
Formula XXIII:

0
1 2
RFQLX%Z (XXI1I)

wherein
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R is a monovalent perfluoroalkyl or a perfluorooxyalkyl group, or a divalent
perfluoroalkylene or a perfluorooxyalkylene group,

X% is —0-, -NR*- or -S- , where R*is H or C-C4 alkyl,

zis 1 or 2.

The R¢' groups of Formula XXIII can contain straight chain, branched chain, or
cyclic fluorochemical groups or any combination thereof. The R¢' groups can be mono- or
divalent, and can optionally contain one or more catenary oxygen atoms in the carbon-
carbon chain so as to form a carbon-oxygen-carbon chain (that is a perfluorooxyalkylene
group). Fully-fluorinated groups are generally preferred, but hydrogen or other halo atoms
can also be present as substituents, provided that no more than one atom of either is
present for every two carbon atoms.

It is additionally preferred that any R¢'group contain at least about 40% fluorine by
weight, more preferably at least about 50% fluorine by weight. The terminal portion of the
monovalent R¢'group is generally fully-fluorinated, preferably containing at least three
fluorine atoms, for example, CF3-, CF3;CF,-, CF,CF,CF,-, (CF3),;N-, (CF,),CF-, SF.CF,-.
In certain embodiments, monovalent perfluoroalkyl groups (that is, those of the formula
C,F, .,-) or divalent perfluoroalkylene groups (that is, those of the formula -C F, -)
wherein n is 2 to 12 inclusive are the preferred Ry groups, with n =3 to 5 being more
preferred and with n = 4 being the most preferred.

Useful Michael-adduct fluorochemical silane compounds may be of the formula:

o Rr® R R

| | |
Rfl—eLN—R9—N—(R9—N)V—R8)Z _
, wherein

R¢' is a monovalent perfluoroalkyl or a perfluorooxyalkyl group, or a divalent

10 10

perfluoroalkylene or a perfluorooxyalkylene group,

cach R® represents H, an alkyl group having from 1 to 4 carbon atoms, or an aryl

group having from 6 to 10 carbon atoms; and

cach R’ independently represents an alkylene group having from 2 to 8 carbon
atoms; and
v is at least 1, preferably greater than 2,

zis 1 or2;
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cach R'? is independently H, an alkyl group having from 1 to 4 carbon atoms, or an
aryl group having from 6 to 10 carbon atoms, an R¢'-C(O)- or -CH,CH,C(0)-X*-R’-
Si(Y)p(R)3p, where X* is —O-, -NR™ or —S- , where R*is H or C;-C4alkyl, R® is a divalent
alkylene group, said alkylene groups optionally containing one or more catenary oxygen
atoms; Y is a hydrolysable group, R’ is a monovalent alkyl or aryl group, and p is 1, 2 or
3; wherein the compounds contain at least one fluorinated group and at least one silane
group.

Numerous examples of fluorochemical silanes that are useful in the protective
coating compositions of the invention have been disclosed above. One of skill in the art
will appreciate, however, that useful fluorochemical silanes are not limited to those
examples above.

Fluorochemical silanes are typically present in the compositions of the invention in
a range from about 0.01% to about 10% by weight; preferably, about 0.2% to about 2% by
weight.

Cationic Photoinitiator

The compositions of the invention also comprise a cationic photoinitiator for
cationically polymerizing the compositon using ultraviolet (UV) light. Useful cationic
photoiniators include diaryliodonium salts, triarylsulfonium salts benzylsulfonium salts,
phenacylsulfonium salts, N-benzylpyridinium salts, N-benzylpyrazinium salts, N-
benzylammonium salts, phosphonium salts, hydrazinium salts, and ammonium borate
salts. Cyracure™ UVI-6976 (a mixture of triarylsulfonium hexafluoroantimonate salts in
propylene carbonate) and UVI-6992 are examples of cationic photoinitiators available
from Dow Chemical. Darocur™ 1173 cationic photoinitator can be obtained from Ciba
Geigy Co. Cationic initiator is typically present in the compositions of the invention in a
range from about 1% to about 10% by weight.

Optional Components

In some embodiments, the compositions of the invention further comprise one or
more diepoxide compounds. Diepoxide compounds can, for example, accelerate
polymerization of the composition. They can also be used to adjust the softness or to
reduce brittleness of the cured composition.

Suitable diepoxide comonomers include those disclosed in U.S. Patent No.

4,293,606 (Zollinger et al.) of the formula:
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/\ - /\
(CH—CI Y3t CHy I X3 C——CHD
- B A A’ B’

wherein n=1 to 6, X and Y independently represent (1) _0+CH2)’"_, wherein m =1 or

2 and the terminal carbon atom of this group is directly connected to the carbon of the

0
Il
epoxy group, or (2) —C¢TOTCHT

with the bond from the carbonyl carbon atom directly connected to the bridging

group _(_CHZ)_" ,ptq=1or2 and p and q are independently 0 or 1, A and B, and A’
and B' are independently H or, when fused together as A and B or A' and B', the atoms

necessary to form a 5- or 6-membered cycloaliphatic ring, and

O
/\ - / \
(CH—CI Yt CHY It X3y € 0= CHD
B A A’ B’

wherein A and B and A' and B' are as defined above r and u are independently integers of
1 to 6, and s is an integer of 1 to 6.

Preferably, the diepoxide comonomer is a cycloaliphatic diepoxide compound. A
preferred diepoxide compound is 3,4-epoxycyclohexylmethy-3,4-
epoxycyclohexanecarboxylate.

If used, diepoxide comonomers are typically present in the compositions of the
invention in amounts of less than about 12% by weight.

The protective coating compositions of the invention may also comprise other
optional components such as, for example, mono- and/or di-silanes (for example, to adjust
hardness), surfactant, matting agents, inorganic particles, and the like.

Articles and Methods

The protective coating compositions of the invention can be used to provide
durability, clarity, stain- and soil-resistance, water- and soil-repellency, and/or easy-

cleaning properties to substrates.
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For example, the protective coatings can be applied to a hard substrate such as, for
example, a substrate comprising natural stone, man-made stone, ceramic, vinyl, wood,
masonry, cork, glass, or the like. The protective coating can be applied using coating
techniques known in the art, and then cured (that is, cationically polymerized) using
ultraviolet light. Typically, when the protective coating is used on a hard substrate, the
protective layer will be between about 0.1 mils and about 2 mils thick.

The protective coating compositions of the invention are particularly well-suited
for use as protective coatings on decorative laminates. Decorative laminates for furniture
typically comprise a stabilizing layer (or “balance paper” layer), a core layer, and a
decorative layer. Decorative laminates for flooring typically comprises an additional wear
layer on top of the decorative layer.

The stabilizing layer is usually made from paper (for example, cellulose paper) that
has been saturated with an aminoplast thermosetting resin (for example, a phenolic resin
or melamine resin). The stabilizing layer creates an equality on either side of the core layer
to reduce the tendency of warping.

The core is usually made from a type of particle board or fiber board, but other
structurally robust materials may be used. The core is typically selected for desired
strength and thickness. If desired, the core can be treated with water repellant materials to
prevent water penetration.

The decorative layer is selected to give the laminate its desired design, color, or
other aesthetic appearance. The decorative layer can be, for example, a printed paper or
fiber with a desired decorative image therein, a vinyl sheet with such an image, or a wood
layer whose outer surface is the desired image. In some embodiments, the decorative layer
is a decorative paper in a resin (for example, a melamine resin).

The decorative layer can be brittle; so many decorative laminates also include a
wear layer. The wear layer is typically made from paper (for example, cellulose paper)
saturated with phenolic resin or melamine resin. The wear layer often also includes
particulate to provide abrasion resistance.

Protective overlayers comprising the protective coating compositions of the
invention can be coated on the topmost layer of the decorative laminate (for example,
typically the decorative layer for furniture laminates, and typically the wear layer for

flooring laminates).
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For example, prior to laminating the layers together of a decorative article together,
the protective coating composition of the invention can be coated onto the topmost layer
of the article. Any useful coating technique known in the art may be utilized. The
protective coating composition can then be cured on top of the decorative article using UV
light. After the protective coating is cured, the decorative article can then be laminated
using heat and pressure (for example, using a hot plate at high pressure). Typically, the
decorative article will be laminated at a temperature between about 150°C and about
250°C and at a pressure between about 300 psi and about 700 psi). This method of making
a decorative laminate can be carried out in a batch mode or a continuous mode.

Alternatively, the protective coating composition of the invention can be coated
onto the topmost layer of a pressed laminate. The protective coating composition can then
be cured.

Typically, the protective overlayer comprising the protective coating composition
of the invention will be between about 0.1 mils and about 5 mils thick.

Decorative laminates comprising the protective overlayers of the invention have
abrasion-resistance, stain- and soil-resistance, water- and soil-repellency, easy-clean
properties, and high transmittance of decorative images on underlying layers. There is a
visible reduction in reflectance off the protective layer as compared to the reflectance off
the decorative layer, or wear layer if it is the topmost layer, as viewed by the naked eye. In
other words, placing a protective overlayer on a decorative laminate reduces the
reflectance off the topmost layer of the laminate, and the reduction is visible to the naked
eye.

When abrasion-resistance and high transmittance of decorative images are of
primary importance (and stain- and soil-resistance, water- and soil-repellency, and easy-
clean properties are of little importance), protective coating compositions comprising
epoxy-terminated silane compound(s) and cationic photoinitiator can be used as protective
overlayers on laminates. Decorative laminates comprising a decorative overlayer of such

protective coating compositions can be made using the methods described above.
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EXAMPLES
Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as well

as other conditions and details, should not be construed to unduly limit this invention.

Test Methods

Contact Angle - Coatings were cleaned with isopropyl alcohol (IPA) and heptane before
being subjected to measurement of contact angles. Measurements were made using as-
received reagent-grade hexadecane (Aldrich) on a video contact angle analyzer available
as product number VCA-2500XE from AST Products (Billerica, MA). Reported values
are the averages of measurements on at least three drops measured on the right and the left

sides of the drops.

Reflectance Measurements: The total and reflectance of 2°x2” laminate samples of
Example 1 and Control Example C1 were measured using a PERKIN ELMER™
UV/VIS/NIR Spectrometer Lambda 900.

Sharpie Marker Removeability An ink marking was applied to the surface layer with a
pen commercially available under the trade designation "Sanford Sharpie, Fine Point
permanent marker, No. 30001, Observations were made to determine whether the ink
mark was easily removed by wiping with a dry tissue such as commercially available from
Kimberly Clark Corporation, Roswell, GA under the trade designation "SURPASS
FACIAL TISSUE. The marked sample was then placed next to a 1-5 rating standard with
1 being the lightest (practically all ink stain is removed) and 5 being the darkest.

Gloss Measurements: 60 degree gloss was measured using a glossmeter.

Examples 1 and 2 and Control Example C1

A coating composition was prepared by mixing well the following materials
together:
75.3 parts of gamma-glycidoxypropyltrimethoxysilane (from GE Silicones),
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0.3 parts of SILWET™ L-7220 Surfactant (from GE Silicones),

9.5 parts of limonene monoxide (from Millenium),

6.0 parts of CYRACURE™ UVI- 6976 Photoinitiator (from Dow Chemicals),

8.4 parts of 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate (from Dow
Chemicals), and

0.5 parts of PFPEBAPS (perfluoropolyether-bis-amidopropyltrimethoxysilane
described in U.S Patent 6,613,860 as PFPES-1)

This composition was coated onto a 5 x 5” sheet of melamine-impregnated
overlay paper (AC3 TMO461 from Coveright Surfaces, Inc.) using a Meyer Bar (#0)
to give a 4.464 g/in® add-on weight and then photopolymerized using a PRC UV
processor with medium pressure mercury lamp (Model # 84-502 with light output
measured: UV-A/UV-B/UV-C/UV-V at 341/235/42/138 mlJ) at a line speed of 26
ft/minute to give the overlay paper with a smooth hard coat. The coated overlay sheet
was placed on top of similar sized under layers, also obtained from Coveright
Surfaces, Inc. in the following order -- a sheet of decorated melamine paper DWA
printed in black color, a 5/16” fiberboard, and a sheet of balance paper (TMB900).
Then the entire composite was pressed between two stainless steel plates at a pressure
of 12,500 pounds at 180°C for 23 seconds to yield a dark laminate board.

For Example 2, a coating composition was prepared same way as in Example 1

except using the following materials:
75.8 parts of gamma-glycidoxypropyl trimethoxysilane,
9.5 parts of limonene monoxide,
6.0 parts of CYRACURE™ UVI- 6976 Photoinitiator,
8.4 parts of 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate, and
0.3 parts of SILWET™ L-7220 Surfactant.
The overlay melamine paper was coated, cured and then made into laminate boards the
same way as Example 1.
For Control Example C1, a color laminate board was made identically as Example
1 except without any coating on the overlay paper before lamination.
Reflectance Measurements: The total and reflectance of 2°x2” laminate samples of
Example 1, Example 2 and Control Example C1 were measured using a PERKIN
ELMER™ UV/VIS/NIR Spectrometer Lambda 900. Example 2 provided very similar
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reflectance as did Example 1. It had representative total and diffusion reflectance
measurements of 6.57% and 3.75%, respectively, at 550 nm comparing with 6.50% and
3.61% for Example 1 and 8.20% and 4.52%, respectively, for Control Example C 1. It is
clear that the laminates of the invention exhibit lower total and diffusion reflectance as
compared to the Control Example C1 sample. This phenomenon is further verified by a
visual observation test wherein Examples 1 and 2 are each seen to have richer and closer
to the original printed color of the decorated paper appearance as well as less white-
blurring as compared with the control sample without the coating of this invention. It was
surprising to discover that such small differences in reflection measurements result in such

drastic difference in appearance to the naked eye.

Examples 3-5

Coating compositions were prepared similarly as Example 1 and the weight
percentages are tabulated in Table-1. The materials were coated on pressed black laminate

boards prepared exactly the same way as Control Example C1:

TABLE-1

Coating Materials, % Ex 3 Ex 4 Ex 5
A gamma-glycidoxypropyltrimethoxysilane 73.83 7483 74.83
B CYRACURE™ UVI-6976 6.00 6.00 6.00
C Limonene Monoxide 9.50 9.50 9.50
D ERL-4221 diepoxide from Dow Chemicals 8.37 8.37 8.37
E SILWET™ L-7220 0.30 0.30 0.30
F PFPEBAPS 1.00 0.00 1.00
G SYLOID™ C-1007 matting agent from W.R. Grace 1.00 1.00 0.00

Example 6 and Control Example C2

Coating composition, the same as Example 5, was coated on a 5”°x5” black
decorated melamine paper to give a coating weight of 14.632 g/m”. Then it was made to
laminate board the same way as Example 5 except without using any overlay paper on top
of the coated decorated layer.

For Control Example C2, a laminate was made the same way as Example 6 except
without any coating on the decorated layer.

Properties of Examples 1-6 and Control Examples C1 and C2 are listed in TABLE-
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TABLE-2

C1 Ex 1 Ex 2 Ex3 Ex 4 Ex 5 Ex 6 C2
A Coating Weights, g/m2 - 4.464 8.000 - - - 14.632 -
B Receding Contact Angle, C16H34 10 48 17 48 23 16 50 11
C  Gloss 53 48 50 58 58 74 29 52
D  Total Reflection 8.48 6.50 6.57 721 6.69 6.64 6.18 6.87

Richer Richer Richer Richer Richer Richer

E  Color Intensity (Visual Test) std. than C1 thanCl  thanCl  thanCl thanCl thanC2  std.
F  Sharpie Marker Removeability -- 1 5 - - 1 1 4

Scale of 1-5, 1 is best

The results in TABLE-2 indicate that coatings of this invention can lower the total
reflectance of the melamine top protective layer even when additional inorganic particles
are used in the coating compositions (Example 3 and 4). The reflectance reduction appears
not affected by the variety of gloss levels of the final coated surface. The thickness of the
transparent protective layer is not limited specifically. When an appropriate
fluorochemical is introduced in the coating compositions (Examples 1, 3, 5, and 6) before
or after lamination it can greatly reduce the surface energy and provide easy-cleaning
properties to difficult stain such as permanent SHARPIE™ Marker ink.

Example 6 simulates a furniture application when an overlay layer is typically not used

because a high abrasion resistance is not required.

Example 7 and Control Example C3

Coating composition, the same as Example 5, was coated on a decorated melamine
paper with wood grains instead of black color at a coating weight of 9.3372 g/m?. Then it
was made to laminate board the same way as Example 5,

Laminate was made exactly the same as Control Example C1 except using a same

decorated melamine paper with wood grains as the Example 7 without any coating.
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The laminate of Example 7 showed much clearer wood grain image with less haze

as compared with the Control Example C3 sample.

Examples 8-9 and Control Example C4

Engineering wood Honeycomb planks from Ultrafit Engineering Wood were
coated the same way as Example 1 using compositions described in TABLE-3 to give
coating weights at 12.92 and 7.07 g/m®. The coated wood planks were cured under
nitrogen with ultraviolet light measured at UV-A/UV-B/UV-C/UV-V 874/725/148/368
mJ. SARTOMER™ SR-306, tripropylene glycol diacrylate obtained from Sartomer Co.
DAROCUR™ 1173 photoinitator was obtained from Ciba Geigy Co, and HFPO oligomer
methacrylate A was a compound having the following structure:
CF;CF,CF,-0O-(CF(CF;)CF,0)s 3-CF(CF3)CONHCH,CH,0,CC(CH3)=CH5,.

Engineering wood Honeycomb plank from Ultrafit Engineering Wood was used
without any modification.

The properties of the coated samples from Examples 8, 9, and Control 4 are listed
in TABLE-3:

TABLE-3
Ex 8 Ex9 Cc4
A SATOMER™ 306 75.83 78.83
gamma-Methacryloxypropyltrimethoxy
B silane 3.00
C  Limonene Monoxide 9.50 9.50
D  ERL-4221 8.37 8.37
E  SILWET™ L-7220 0.30 0.30
F  DAROCUR 1173 photoinitiator 1.00 1.00
G  PFPEBAPS 1.00
H  HFPO oligomer methacrylate A - 1.00
I  SYLOID™ C-1007 1.00 1.00
Properties
Receding Contact Angle, C16H34 32 59 10
Gloss 69 78 71
SHARPIE™ Marker Removeability 2 1 5
clearer wood clearer wood
Appearance (Visual Test) grains grains std.
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The clarity improvement by the coatings of this invention can be achieved by
different chemistries, polyacrylates in Example 9, and polyepoxy chemistry of previous

examples as well as the combination of two different polymers such as in Example 8.

Examples 10 and Control Example C5

Kitchen Cherry Wood cabinet doors from Schrock were coated using the same
technique as Example 8 except it was coated with base coat composition first, cured, and
followed with a topcoat described in TABLE-4. The coated wood doors were all cured
under nitrogen using ultraviolet light measured at UV-A/UV-B/UV-C/UV-V
601/417/73/241 mJ.

Kitchen Cherry Wood cabinet doors from Schrock were used without any

modification for Control Example C5.

TABLE-4
Ex 10 C5

Composition in percent Base coat  Topcoat  32-1
A gamma-glycidoxypropyltrimethoxysilane 73.83 73.33 73.83
B CYRACURE™ UVI-6976 9.00 9.00 9.00
C Limonene Monoxide 7.50 7.50 7.50
D ERL-4221 8.37 8.37 8.37
E SILWET™ L-7220 0.30 0.30 0.30
F PFPEBAPS --- 0.50
G SYLOID™ C-807 1.00 1.00 1.00

Properties

H Receding Contact Angle, C16H34 55 9
I  Gloss 68 43
K SHARPIE™ Marker Removal 1 5
L Appearance wood grains are clearer  std.

Examples 11-12 and Control Example C6
CONGOLEUM™ vinyl flooring tiles, 12” x 12” x 1/16” (thickness), in black

(UPC 88699 50753, from Congoleum) were coated using the same technique and
compositions as Example 1 and 2. The coated tiles were cured under nitrogen atmosphere

using light of UV-A/UV-B/UV-C/UV-V 717/497/87/285.

Kitchen Cherry Wood cabinet doors from Schrock Cabinetry were coated the same

technique as Example 8 except it was coated with base coat composition first, cured and
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followed with a topcoat described in TABLE-4. The coated wood were all cured under

nitrogen with ultraviolet light measured at UV-A/UV-B/UV-C/UV-V 601/417/73/241 mJ.
Congoleum vinyl flooring tiles, 12 x 12 x 1/16” (thickness), in black (UPC

88699 50753 from Congoleum) was used directly without coating for Control Example 6.

TABLE-5
Ex 11 Ex 12 Ceé
A Receding Contact Angle with Hexadecane 51 29 9
B  Gloss 67 65 47
C  Total Reflection 491 5.08 5.41
D  Appearance (Visual Test) Black coloris richer Black color is richer  control

The results indicate the coating of this invention can improve optical effect compared with

the Control 6 sample which already has high clarity due to the thin original coating.

Examples 13-16 and Control Example C7

Coating composition was prepared the same way as Example 1 except using the
materials described in TABLE-6. The overlay melamine paper was coated, cured and then
made into laminate boards the same way as Example 1 except used white decorated paper
also obtained from Coveright Surfaces.

For Control Example C7 a white color laminate board was made identically as

Example 13-16 without use of any coating on the overlay paper before lamination.

TABLE-6
Coating Chemicals Ex13 Ex14 Ex15 EBExl6 C7
A gamma-glycidoxypropyltrimethoxysilane - 65.33 8320 74.13
B CYRACURE™ UVI-6976 6.00 6.00 6.00 6.00
C Limonene Monoxide 9.50 --- 9.50 9.50
D ERL-4221 83.20 8.37 - 8.37
E SILWET™ L-7220 0.30 0.30 0.30 1.00
F PFPEBAPS 1.00 1.00 1.00 0.00
G Coating Weights 6.7766 72602 4.5446 3.8998

Comparison results of Example 13-16 and Control 3 are shown in TABLE-7:
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TABLE-7

Ex13 EBx14 Ex15 Ex16 C7

B Gloss

A Receding Contact Angle with Hexadecane

C SHARPIE™ Marker Removeability, scale of 1~5, 1 best

14 47 37 51 14
50 43 46 41 54
4 1 2 1 5

Examples 17-20

Coating compositions were prepared the same way as Example 1 except using the

materials described in TABLE-S8. The overlay melamine paper was coated, cured, and then

made into laminate boards the same way as Example 1 except used white decorated paper

also obtained from Coveright Surfaces. HFPO oligomer amidopropylsilane is a compound

having the structure

CF3CF,CF,-O-(CF(CF3)CF,0)s s-CF(CF3)CONHCH,CH,CH,Si(OCHa);

prepared from the reaction of HFPO oligomer methyl ester and

aminopropyltrimethoxysilane. HFPO-oligomer based alcohol is a compound having the

structure

CF3CF,CF,-O-(CF(CF3)CF,0)s s-CF(CF3)CONHCH,CH,0H

prepared from the reaction of HFPO oligomer methyl ester and aminoethanol.

Copolymer from HFPO oligomer

OSi Specialties, Inc and
I methylmethracrylate
I Coating Weights
Properties
Receding Contact Angle, C16H34
L  Gloss
SHARPIE™ Marker Removeability

methracrylate A, silane-containing acrylate

(A-174) a silane-containing actylate from

TABLE-8

Coating Chemicals Ex 17 Ex 18 Ex 19 Ex 20 C7
A A-187 73.83 75.33 73.83 74.83 -
B CYRACURE™ UVI-6976 6 6 6 6 -
C  Limonene Monoxide 9.5 9.5 9.5 9.5 -
D ERL-4221 8.37 8.37 8.37 8.37 -
E SILWET™ L-7220 0.3 0.3 0.3 0.3 -
F  HFPO oligomer amidopropylsilane 2 - - - -
G PFPEBAPS - 0.5 - - -
H HFPO-oligomer based alcohol - - 2 - -

8.49

46
50

— — 1 —

10.15 9.20 8.26 -

53 41 36 14
42 52 45 54
1 2 1 5
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The easy-cleaning and low surface energy properties can be achieved by using different

fluorochemicals.

Example 21

Laminate samples from Example 18 and Control Example C7 were subjected to a
durability test to cleaning according to the following procedures:

Gardener Abrasion Cleaning Test: Laminate boards were abraded using Gardener
Abrader by rubbing the tested surface with dampened sponge with 5% of DAWN™ dish
soap solution. Contact angles and marker removal properties were monitored after abraded
for 50, 100, 500, 1000, and 3000 cycles. At each measurement the laminate sample was
removed from abrader, cleaned with water, then isopropyl alcohol and allowed to dry for
an hour, and the receding hexadecane contact angle was measured, marker resistance

tested over the abraded area. The results are summarized in TABLE-9.

TABLE-9
Properties Initial 50 Cycles 100 Cycles 500 Cycles 1000 Cycles 3000 Cycles
Ex 21 55 53 54 53 54 56
Ree. Contact Angle, C16H34 C8 10 8 10 9 9 9
Ex 21 1 1 1 1 1 1
Sharpie Marker Removal C8 5 5 5 5 5 5

The excellent SHARPIE™ Marker removal result and high contact angle retention after

3000 tested cycles indicated the coating is very durable to the cleaning with abrasion.

Examples 22 and 23 and Control Examples C& and C9

Overlay paper was gravure coated by taping a sheet overlay paper onto a PET film
and coated from the bottom side of the overlay paper with the identical composition as
Example 17 at a line speed of 130 ft/min. A knurled quad cell pattern with a nominal 0.5
mil wet caliper volume factor was used with a 0.25 - 0.5 in footprint to give a coating
weight of 10.72 g/m” after curing.

Example 22 laminate was made the same way as Example 1 using black decorated
paper for the reflectance evaluation and Example 23 used the white decorated paper for

the purpose of anti-soiling evaluation.
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Control Examples C8 and C9 were made the same way as Example 22 with the
same overlay without coating. Control Example C8 laminate used black decorated paper
for comparison evaluation with Example 22 and Control Example C9 used the white

decorated paper for the comparison evaluation purpose with Example 23.

TABLE-10

Properties Ex 22 c8 Ex 23 C9
A Deco Paper Black Black White White
B Receding Contact Angle with Hexadecane 57 14 57 14
C Gloss 53 54 53 54
D Total Reflection 6.64 8.39 - -
E SHARPIE™ Marker Removeability 1 5 1 5
F  Appearance colorricher than C8  std. - -

Examples 24 and 25 and Control Example C10
For Example 24 MOHA WK™ Laminate Flooring, 5’x 5” x 5/16” (thickness),
simulated red wood with cherry stain color (UPC 636738055618) was coated with the

same composition in Example 1.

For Example 25 MOHA WK™ Laminate Flooring, 5”°x5x5/16° (thickness),
simulated red wood with cherry stain color (UPC 636738055618) was coated with
SARTOMER™ SR-306containing 1% of. DAROCUR™ 1173 and 1% of HFPO oligomer
methacrylate A exactly the same technique as in Example 11.

Control Example C10 laminate was as obtained from Mohawk without any

additional coating.

TABLE-11
Ex 24 Ex 25 C10
Receding Contact Angle with
A Hexadecane 50 59 9
“wood” grains are “wood” grains are Control
significantly clearer  significantly clearer  (typical cloudy
B Appearance (Visual Test) than control C10 than control C10 look)
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Examples 26-27 and Control Example C11

Coating compositions were prepared similarly as Example 1 and the weight
percentages are tabulated in Table-12. Each material (0.6 grams) was coated on a 4"x4"
engineering stone tile made by Santa Regina International, Ltd. Palmer, TX.

For Control Example C11, a stone tile was made the same way as Example 26

without any fluorochemical silane.

TABLE-12

Coating Materials, % Ex26 Ex27 C-11
A gamma-glycidoxypropyltrimethoxysilane =~ 72.33  71.83  72.83
B CYRACURE™ UVI-6976 9.00 6.00 6.00
C Limonene Monoxide 4.00 4.00 4.00
D ERL-4229 13.87 1387 13.87
E SILWET™ L-7220 030 030 030
F  PFPEBAPS 0.50 0.00 0.00
G HFPO oligomer amidopropylsilane 0.00 1.00  0.00

Comparison results of Example 26-27 and Control 11 are shown in TABLE-13:

TABLE-13
Ex 26 Ex 27 Cl1
A Receding Contact Angle with Hexadecane 36 34 8
B SHARPIE™ Marker Removeability, scale of 1~5, 1 best 1 1 5
C  Water Repellency excellent excellent none

Soiling Testing

Laminate boards from Example 23 and Control Example C9 were evaluated using
ASTM D 3206 Test Method with synthetic soils. After 300 soiling cycles, the color of the
soiled samples, after wiping, were measured with a MINOLTA™ Color Meter. Example
23 had a delta E value of 1.57 and Control Example C9 had a delta E value of 6.38. This
result indicates the laminate floor made from this invention has a very significant higher

soil-resistance than the control sample without using this invention.

Refractive Indices

Refractive indices of films from various compositions used in the above Examples
were measured using Prism Coupler from Metricon Co. of Pennington, New Jersey.

Polymer film from Examples 5, 6, 7, and 11 has a refractive index nq of 1.4971. Polymeric
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coatings used in Examples 14, 15 and 16 have nqof 1.4979 1.4877, and 1.4973. The
reported refractive index of melamine-formaldehyde polymer is at around 1.68 (Physical
review E, Vol. 59 No. 2, Feb, 1999).

It is desirable to have a lower refractive index polymer as the outmost coating layer
of the protected substrate described in this invention for reducing the white-burring and
increasing clarity of background.

Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.
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What is claimed is:

1. A protective coating composition comprising:

a first component comprising one or more epoxy-terminated silane
compounds;

a second component comprising one or more fluorochemical silane
compounds; and

cationic photoinitiator;

wherein the first component comprises at least about 50% by weight of the

composition.

2. The protective coating composition of claim 1 further comprising one or

more diepoxide compounds.

3. The protective coating composition of claim 2 wherein the one or more

diepoxide compounds are cycloaliphatic diepoxide compounds.

4. The protective coating composition of claim 1 wherein the second

component comprises from about 0.01% to about 10% by weight of the composition.

5. The protective coating of claim 4 wherein the second component comprises

from about 0.2% to about 2% by weight of the composition.

6. The protective coating composition of claim 1 wherein the first component

comprises gamma-glycidoxypropyltrimethoxysilane.

7. The protective coating composition of claim 1 wherein the second

component comprises perfluorinated polyether silane.
8. A protective coating composition comprising the reaction product of (a) at
least 50% by weight of a first component comprising one or more epoxy-terminated silane

compounds, (b) a second component comprising one or more fluorochemical silane
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compounds, and (c) cationic photoinitiator.

9. The protective coating composition of claim 8 wherein composition

comprises the reaction product of (a), (b), (¢), and (d) one or more diepoxide compounds.

10. A decorative laminate comprising:
a decorative layer,
a protective overlayer comprising the protective coating composition of

claim 1 or claim 8 atop the wear layer.

11. The decorative laminate of claim 10 wherein the wear layer comprises

melamine resin.

12. The decorative laminate of claim 10 wherein there is a visible reduction in

reflectance off the protective layer as compared to the decorative layer.

13. A decorative laminate comprising:
a decorative layer,
a wear layer atop the decorative layer, and
a protective overlayer comprising the protective coating composition of

claim 1 or claim 8 atop the wear layer.

14. The decorative laminate of claim 13 wherein the wear layer comprises

melamine resin.

15. The decorative laminate of claim 13 wherein there is a visible reduction in

reflectance off the protective layer as compared to the wear layer.

16. The decorative laminate of claim 10 or claim 13 further comprising a core

layer and a stabilizing layer beneath the decorative layer.
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17. The decorative laminate of claim 10 or claim 13 wherein the protective

overlayer is between about 0.1 mils and about 5 mils thick.

18. A coated article comprising a hard substrate and a layer of the protective

coating composition of claim 1 on at least a portion of the hard substrate.

19. The coated article of claim 18 wherein the hard substrate comprises natural

stone, man-made stone, ceramic, vinyl, wood, masonry, cork, or glass.

20. The coated article of claim 19 wherein the layer is between about 0.1 mils

and about 2 mils thick.

21. A protective coating composition comprising:

a first component comprising one or more epoxy-terminated silane
compounds;

a second component comprising one or more perfluorinated ether-
containing alcohols; and

cationic photoinitiator;

wherein the first component comprises at least about 50% by weight of the

composition.

22. The protective coating composition of claim 21 wherein the one or more

perfluorinated ether-containing alcohols are primary alcohols.

23. A method for making a decorative laminate comprising:

providing a decorative article comprising a decorative layer;

coating the protective coating composition of claim 1 on the decorative
layer;

curing the protective coating composition using ultraviolet light; and

laminating the decorative article using heat and pressure.
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24. The method of claim 23 wherein the decorative layer comprises melamine
resin.
25. A method for making a decorative laminate comprising:

providing a decorative article comprising (i) a decorative layer and (ii) a
wear layer atop the decorative layer;

coating the protective coating composition of claim 1 on the wear layer;

curing the protective coating composition using ultraviolet light; and

laminating the decorative article using heat and pressure.

26. The method of claim 25 wherein the wear layer comprises melamine resin.

27. The method of claim 23 or claim 25 wherein the decorative article further

comprises a core layer and a stabilizing layer beneath the decorative layer.

28. A decorative laminate comprising:

an underlayer comprising melamine resin, and

a protective overlayer comprising a protective coating comprising the
reaction product of (i) one or more epoxy-terminated silane compounds, and (ii)

cationic photoinitiator.

29. A method for making a decorative laminate comprising:

providing a decorative article comprising an underlayer comprising
melamine resin,;

coating a protective coating composition comprising (i) one or more epoxy-
terminated silane compounds, and (ii) cationic photoinitiator on the underlayer;

curing the protective coating composition using UV light; and

laminating the decorative article using heat and pressure.

30. A method for imparting antireflection, stain-release, and soil-release

properties to a substrate comprising (a) applying the protective coating composition of

claim 1 or claim 8 to at least a portion of a substrate, and (b) curing the protective coating
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composition using ultraviolet light.
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