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(57) ABSTRACT 

Acurable ceramer composition, coated articles and methods 
for making and curing the composition. The curable ceramer 
comprises a ?uoro/silane, a crosslinkable silane, a curable 
binder precursor, and a colloidal inorganic oxide. The cer 
amer has a long shelf life before cure and can be used to 
provide cured ceramer coatings and articles having stain 
resistance, abrasion resistance and hardness. 
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CERAMER COMPOSITION INCORPORATING 
FLUORO/SILANE COMPONENT AND HAVING 

ABRASION AND STAIN RESISTANT 
CHARACTERISTICS 

RELATED APPLICATION INFORMATION 

[0001] This application is a continuation-in-part of pend 
ing prior application Ser. Nos. 09/209,117, ?led Dec. 10, 
1998, Which Was a continuation-in-part of then-pending 
prior application Ser. No. 09/072,506, ?led May 4, 1998. 

FIELD OF THE INVENTION 

[0002] This invention relates to abrasion resistant protec 
tive coatings and methods of making the same. This inven 
tion also relates to abrasion resistant coatings derived from 
a ceramer composite. 

BACKGROUND OF THE INVENTION 

[0003] Thermoplastic and thermosetting polymers are 
used to form a Wide variety of structures for Which optical 
clarity, i.e., good light transmittance, is a desired character 
istic. Examples of such structures include camera lenses, 
eyeglass lenses, binocular lenses, retrore?ective sheeting, 
non-retrore?ective graphic displays, automobile WindoWs, 
building WindoWs, train WindoWs, boat WindoWs, aircraft 
WindoWs, vehicle headlamps and taillights, display cases, 
eyeglasses, Watercraft hulls, road pavement markings, over 
head projectors, stereo cabinet doors, stereo covers, furni 
ture, bus station plastic, television screens, computer 
screens, Watch covers, instrument gauge covers, bakeWare, 
optical and magneto-optical recording disks, and the like. 
Examples of polymer materials used to form these structures 
include thermosetting or thermoplastic polycarbonate, poly 
(meth)acrylate, polyurethane, polyester, polyamide, polyim 
ide, phenoxy, phenolic resin, cellulosic resin, polystyrene, 
styrene copolymer, epoxy, and the like. 

[0004] Many of these thermoplastic and thermosetting 
polymers have excellent rigidity, dimensional stability, 
transparency, and impact resistance, but unfortunately have 
poor abrasion resistance. Consequently, structures formed 
from these polymers are susceptible to scratches, abrasion, 
and similar damage. 

[0005] To protect these structures from physical damage, 
a tough, abrasion resistant “hardcoat” layer may be coated 
onto the structure. Many previously knoWn hardcoat layers 
incorporate a binder matrix formed from radiation curable 
prepolymers such as (meth)acrylate functional monomers. 
Such hardcoat compositions have been described, for 
example, in Japanese patent publication JPO2-260145, US. 
Pat. No. 5,541,049, and US. Pat. No. 5,176,943. One 
particularly excellent hardcoat composition is described in 
WO 96/36669 A1. This publication describes a hardcoat 
formed from a “ceramer” used, in one application, to protect 
the surfaces of retrore?ective sheeting from abrasion. As 
de?ned in this publication, a ceramer is a hybrid polymer 
iZable composite (preferably transparent) having inorganic 
oxide particles, e.g., silica, of nanometer dimensions dis 
persed in an organic binder matrix. 

[0006] Many ceramers are derived from aqueous sols of 
inorganic colloids according to a process in Which a radia 
tion curable binder matrix precursor (e.g., one or more 
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different radiation curable monomers, oligomers, or poly 
mers) and other optional ingredients (such as surface treat 
ment agents that interact With the colloids of the sol, 
surfactants, antistatic agents, leveling agents, initiators, sta 
biliZers, sensitiZers, antioxidants, crosslinking agents, and 
crosslinking catalysts) are blended into the aqueous sol. The 
resultant composition is then dried to remove substantially 
all of the Water. The drying step may also be referred to as 
“stripping”. An organic solvent may then be added, if 
desired, in amounts effective to provide the composition 
With viscosity characteristics suitable for coating the com 
position onto the desired substrate. After coating, the com 
position can be dried to remove the solvent and then exposed 
to a suitable source of energy to cure the radiation curable 

binder matrix precursor. 

SUMMARY OF THE INVENTION 

[0007] The manufacture of ceramer compositions can be 
challenging due to the extremely sensitive characteristics of 
the colloids of the aqueous sol. Particularly, adding other 
ingredients, such as binder matrix precursors or other addi 
tives, to such sols tends to destabiliZe the colloids, causing 
the colloids to ?occulate, e.g., precipitate out of the sol. 
Flocculation is not conducive to forming high quality coat 
ings. First, ?occulation results in local accumulations of 
particles. These accumulations are typically large enough to 
scatter light Which results in a reduction of the optical clarity 
of the resultant coating. In addition, the accumulation of 
particles may cause nibs or other defects in the resultant 
coatings. In short, ?occulation of the colloids causes the 
resultant ceramer composition to be cloudy, or buy, and 
thus, coatings formed from the ceramer composition could 
be cloudy or haZy as Well. Conversely, if colloid ?occulation 
Were to be avoided, the resultant ceramer composition 
Would remain optically clear, alloWing coatings containing 
the ceramer composition to be optically clear as Well. 

[0008] Thus, the manufacture of ceramer compositions 
may require special processing conditions that alloW binder 
precursors or additives to be incorporated into a sol to avoid 
colloid ?occulation. Unfortunately, the processing condi 
tions developed to manufacture one ceramer composition 
are often not applicable to the manufacture of a ceramer 
containing different components. 
[0009] One method of manufacturing ceramers from aque 
ous, colloidal sols involves incorporating one or more N,N 
disubstituted (meth)acrylamide monomers, preferably N,N 
dimethyl (meth)acrylamide (hereinafter referred to as 
“DMA”), into the binder matrix precursor. The presence of 
such a radiation curable material advantageously stabiliZes 
the colloids, reducing the sensitivity of the colloids to the 
presence of other ingredients that might be added to the sol. 
By stabiliZing the colloids, the presence of materials like 
DMA makes ceramers easier to manufacture. In addition to 
enhancing colloid stability, DMA provides other bene?ts. 
For example, ceramer compositions containing DMA shoW 
better adhesion to polycarbonate or acrylic substrates and 
better processability as compared to otherWise identical 
ceramer compositions lacking DMA. 

[0010] Unfortunately, the use of DMA also has some 
draWbacks. A ceramer composition incorporating DMA 
tends to attract or bind With acidic contaminants (coffee, 
soda pop, citrus juices, and the like) in the environment. 
Thus, ceramers incorporating DMA tend to be more vulner 
able to staining. 
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[0011] Accordingly, it Would be desirable to ?nd an alter 
native approach for making ceramers Without DMA, or With 
reduced amounts of DMA, such that (1) the colloids are 
sufficiently stable during ceramer manufacture, (2) the 
resultant ceramer is stain resistant, or (3) the resultant 
ceramer retains eXcellent hardness and abrasion resistance. 

[0012] Fluorochemicals have loW surface energy charac 
teristics that Would satisfy at least one of the aforementioned 
criteria. Speci?cally, because compositions With loWer sur 
face energy generally tend to shoW better stain resistance, 
the incorporation of a ?uorochemical into a ceramer Would 
be likely to enhance the ceramer’s stain resistance. Unfor 
tunately, hoWever, the incorporation of ?uorochemicals into 
a ceramer sol is eXtremely dif?cult. For eXample, because 
?uorochemicals are both hydrophobic (incompatible With 
Water) and oleophobic (incompatible With nonaqueous 
organic substances), the incorporation of a ?uorochemical 
into a ceramer sol often results in phase separation, e.g., 
colloid ?occulation. This undesirable colloid ?occulation 
can also result during the stripping process, When Water is 
typically removed from the blended aqueous sol. 

[0013] Consequently, it Would further be desirable to ?nd 
a Way to provide ceramers With good stain resistance using 
?uorochemicals or other stain resistant additives, While 
avoiding compatibility and hardness problems generally 
associated With ?uorochemicals. 

[0014] The present invention provides a method for effec 
tively incorporating a ?uorochemical into a ceramer com 
position. According to the invention, a nonionic ?uoro 
chemical containing both a ?uorinated moiety and a 
hydrolyZable silane moiety (the “?uoro/silane component”) 
can be successfully incorporated into a ceramer sol, Without 
causing appreciable colloid ?occulation, to provide ceramer 
coatings With surprisingly long shelf lives and eXcellent 
stain resistant characteristics. Ceramers incorporating such a 
?uorochemical also retain a high level of abrasion resistance 
and hardness. 

[0015] The present invention involved not just discovering 
the advantages offered by the ?uoro/silane component, but 
also involved developing processing techniques that Would 
alloW the ?uoro/silane component to be incorporated into 
the sol Without causing ?occulation of the colloids. Floccu 
lation can be substantially prevented if the ?uoro/silane 
component is added to an admixture containing a colloidal 
inorganic oXide and a curable binder precursor (the “?rst 
admixture”) in the presence of a surface treatment agent 
containing both a hydrolyZable silane moiety and a poly 
meriZable moiety (a “crosslinkable silane component”). The 
?uoro/silane component and the crosslinkable silane com 
ponent may be combined to form a second admixture, Which 
is then combined With the ?rst admixture to form a third 
admixture Which after stripping Will provide a curable 
ceramer composition of the present invention. Alternatively, 
the crosslinkable silane component may be combined With 
the ?rst admixture individually, after Which the ?uoro/silane 
component may then be added. In contrast, if the ?uoro/ 
silane component is added to the sol individually in the 
absence of, e.g., before, the crosslinkable silane component, 
colloid ?occulation tends to occur as soon as the crosslink 

able silane component is added or during stripping. The 
effects caused by the order of addition of the crosslinkable 
silane and the ?uoro/silane tend to be observed in larger 
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scale processes rather than in bench scale processes. In 
bench scale processes, it may be possible to add the ?uoro/ 
silane component to the sol in the absence of the crosslink 
able silane Without observing appreciable ?occulation. 

[0016] The present invention also provides ceramer com 
positions containing a mixture of inorganic oXides. The 
oXides are present as a major portion of one inorganic oXide 
and a minor portion of a different inorganic oXide, resulting 
in cured ceramer coatings With improved physical properties 
compared to coatings made With only one inorganic oXide. 

[0017] Accordingly, in one aspect, the present invention 
relates to a method of making a curable ceramer composi 
tion by combining a ?uoro/silane component With an admiX 
ture containing one or more colloidal inorganic oXides and 
a curable binder precursor. The ?uoro/silane component is 
added to the admixture in the presence of a crosslinkable 
silane component. The ?uoro/silane component contains a 
hydrolyZable silane moiety and a ?uorinated moiety. The 
crosslinkable silane component contains a hydrolyZable 
silane moiety and a polymeriZable moiety other than a silane 
moiety. The curable binder precursor contains one or more 
polymeriZable moieties copolymeriZable With the polymer 
iZable moiety of the crosslinkable silane component. At least 
a portion of the colloidal inorganic oXide is surface treated 
by the ?uoro/silane component. The resultant ceramer com 
position may be used directly if desired. When the colloids 
are provided as an aqueous sol, the ceramer composition is 
typically stripped and optionally diluted in an appropriate 
solvent to provide a viscosity suitable for coating onto a 
desired substrate. 

[0018] In another aspect, the present invention relates to a 
method of making an abrasion resistant ceramer coating 
using free-radically-curable embodiments of the ceramer 
composition described above. At least a portion of a sub 
strate surface is coated With the ceramer composition, after 
Which the coated substrate is irradiated With an amount of 
curing energy under conditions effective to at least partially 
cure the coated free-radically-curable ceramer composition, 
Whereby an abrasion resistant ceramer coating is formed on 
the substrate. 

[0019] In another aspect, the present invention relates to a 
free-radically-curable ceramer composition. The ceramer 
composition includes a free-radically-curable binder precur 
sor; and a plurality of surface treated, colloidal inorganic 
oXide particles that are surface treated With the ?uoro/silane 
component. 

[0020] In another aspect, the present invention relates to a 
cured, abrasion resistant ceramer composite derived from 
this free-radically-curable ceramer composition. 

[0021] The ceramer composition of the present invention 
can be utiliZed to provide substrates With durability, dry soil 
resistance, long-lasting stain release properties and in some 
cases, Water and oil repellency. Thus, the present invention 
also relates to a composite structure, comprising a polymeric 
substrate having a coatable surface. A cured, abrasion resis 
tant ceramer coating of the present invention is provided on 
the coatable surface of the substrate. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0022] The embodiments of the present invention 
described beloW are not intended to be exhaustive or to limit 
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the invention to the precise forms disclosed in the following 
detailed description. Rather the embodiments are chosen and 
described so that others skilled in the art may appreciate and 
understand the principles and practices of the present inven 
tion. 

[0023] One embodiment of a preferred ceramer composi 
tion of the present invention is prepared from ingredients 
containing a compound having at least one hydrolyZable 
silane moiety and at least one ?uorinated moiety (“?uoro/ 
silane component”), a compound having at least one hydro 
lyZable silane moiety and at least one polymeriZable moiety 
other than a silane moiety (“crosslinkable silane compo 
nent”), a curable binder precursor having at least one poly 
meriZable moiety that is co-polymeriZable With the poly 
meriZable moiety of the crosslinkable silane component, and 
one or more colloidal inorganic oxides. Preferably, the 
?uoro/silane component and the crosslinkable silane com 
ponent are nonionic in embodiments of the invention in 
Which the colloidal inorganic oxide is provided as a sol. The 
use of nonionic materials minimiZes the tendency of the 
colloids to ?occulate When the ingredients are combined. 
Preferably, the polymeriZable moieties of the crosslinkable 
silane component and the curable binder precursor are 
free-radically-curable. 

[0024] A Wide range of these materials may be incorpo 
rated into the ceramer composition With bene?cial results. 
Preferably, the composition includes from about 4 to about 
20 parts by Weight of the crosslinkable silane component per 
1 part by Weight of the ?uoro/silane component. It is 
additionally preferred that the composition includes from 
about 10 to about 80 parts by Weight of the curable binder 
precursor per 100 parts by Weight (including the Weight of 
the dispersant or other liquid medium) of the colloidal 
inorganic oxide. It is also preferred that the composition 
includes about 1 to about 20 parts by Weight of the crosslink 
able silane and ?uoro/silane components per 100 parts by 
Weight of the colloidal inorganic oxide (again including the 
Weight of the dispersant or other liquid medium). In embodi 
ments of the invention in Which the colloids are provided as 
a sol, e.g., an aqueous sol, the sol preferably includes about 
2 to about 50, preferably about 20 to about 50 percent by 
Weight of the colloids. 

[0025] Expressed on a solids basis, the ceramer composi 
tions of the invention preferably contain about 50 to about 
60 Weight percent curable binder precursor and about 35 to 
about 40 Weight percent colloidal inorganic oxide solids, 
With the balance (totaling about 5 to about 10 Weight 
percent) being crosslinkable silane and ?uoro/silane. 

[0026] Suitable ?uoro/silane components include those 
having at least one hydrolyZable or hydrolyZed group and a 
?uorochemical group. Additionally, suitable ?uoro/silane 
components can be polymers, oligomers, or monomers and 
typically contain one or more ?uorochemical moieties that 
have a ?uorinated carbon chain having from about 3 to about 
20 carbon atoms, more preferably from about 6 to about 14 
carbon atoms. These ?uorochemical moieties can contain 
straight chain, branched chain, or cyclic ?uorinated alkylene 
groups or any combination thereof. The ?uorochemical 
moieties are preferably free of polymeriZable ole?nic unsat 
uration but can optionally contain catenary (in-chain) het 
eroatoms such as oxygen, divalent or hexavalent sulfur, or 
nitrogen. Per?uorinated groups are preferred, but hydrogen 
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or halogen atoms can also be present as substituents, pro 
vided that no more than one atom of either is present for 
every tWo carbon atoms. 

[0027] A class of useful ?uoro/silane components can be 
represented by the folloWing general formula: 

[0028] In this formula, Sy represents a hydrolyZable silane 
moiety; Rf represents a ?uorinated moiety; r is at least 1, 
preferably 1 to 4, more preferably 1; s is at least 1, preferably 
1 to 4, more preferably 1; and W is a linking group having 
a valency of r+s. 

[0029] Preferably, each Rf moiety of Formula (1) indepen 
dently is a monovalent or divalent, nonionic, per?uoro 
moiety that may be linear, branched, or cyclic. If Rf is 
divalent, both valent sites of such an Rf moiety preferably 
are linked to W directly as illustrated by the folloWing 
formula: 

(2) 

(Sy)r—W C Rf 

[0030] From Formula (2), it can be seen that each divalent 
Rf moiety bonds to tWo valent sites on W. Accordingly, s of 
Formula (1) is incremented by 2 for each such divalent 
moiety. 

[0031] Any of a Wide variety of nonionic per?uoro moi 
eties are suitable for use as Rf. Representative examples of 
suitable per?uoro moieties include per?uoroalkyl, per?uo 
roalkylene, per?uoroalkoxy, or oxyper?uoroalkylene moi 
eties having 1 to 20, preferably 3 to 20 carbon atoms. 
Per?uorinated aliphatic moieties are the most preferred 
per?uoro moieties. 

[0032] Preferably, each Sy moiety of Formula (1) indepen 
dently is a monovalent or divalent, nonionic hydrolyZable 
silane moiety that may be linear, branched, or cyclic. The 
term “hydrolyZable silane moiety” refers to a hydrolyZable 
moiety containing at least one Si atom bonded to at least one 
halogen atom or at least one oxygen atom in Which the 
oxygen atom preferably is a constituent of an acyloxy group 
or an alkoxy group. Thus, representative examples of pre 
ferred hydrolyZable silane moieties suitable for use as Sy 
may be represented by the folloWing formulae: 

(3) 
Z 

li—R1 
IL. 

(4) 
Z 

—li—-R1 
ta 
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-continued 
(5) 

(6) 

[0033] Generally, R1 and R2 independently may be any 
nonionic, monovalent substituent other than hydrogen. 
Additionally, R1 and R2 may be linear, branched, or cyclic. 
In embodiments according to Formula (4), R1 and R2 may be 
co-members of a ring structure. Thus, representative 
examples of moieties suitable for use as R1 and R2 include 
any alkyl, aryl, alkaryl, acyl, alkenyl, arylene or heterocyclic 
moieties, combinations thereof, or the like. Any of such 
moieties, if cyclic, may include a plurality of rings if desired. 
For example, aryl moieties may be aryl-aryl structures. In 
preferred embodiments, each of R1 and R2 is independently 
an alkyl group of 1 to 4 carbon atoms or an acyl group such 
as acetyl (CH3CO—) or substituted or unsubstituted benZoyl 
(C6H5CO—). Most preferably each of R1 and R 2indepen 
dently is a loWer alkyl group of 1 to 4 carbon atoms, more 
preferably CH3—. 

[0034] Z is preferably a halogen atom or —OR3. In 
embodiments in Which —OR3 is an alkoxy group, R3 
preferably is an alkyl group of 1 to 8, more preferably 1 to 
4, and most preferably 1 to 2 carbon atoms. In embodiments 
in Which —OR3is an acyloxy group, R3preferably has the 
formula —C(O)R4, Wherein R4 generally may be any non 
ionic, monovalent moiety other than hydrogen. Representa 
tive examples of moieties suitable as R4include any alkyl, 
aryl, or alkaryl moieties, and combinations thereof. Any of 
such R4 moieties, if cyclic, may include a plurality of rings 
if desired. In preferred embodiments, R4 is CH3—. 

[0035] Generally, W of Formula (1) may be any nonionic 
moiety capable of linking the at least one Sy moiety and the 
at least one Rf moiety together. Preferably, W contains a 
backbone of 4 to 30 atoms and may contain one or more 
moieties such as an alkylene moiety, an ether moiety, an 
ester moiety, a urethane moiety, a carbonate moiety, an 
imide moiety, an amide moiety, an aryl moiety, an alkaryl 
moiety, an alkoxyaryl moiety, sulfonyl, nitrogen, oxygen, 
combinations of these, and the like. 

[0036] A preferred class of compounds according to For 
mula (1) is represented by any of the formulae 

(7) 
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l 

| 
Z 

[0037] Wherein n is 1 to 20, preferably 3 to 20; R7 is a 
monovalent moiety, preferably an aryl, alkyl, or alkyaryl 
moiety, more preferably an alkyl moiety of 1 to 4 carbon 
atoms; X1 is an alkylene group of 1 to 10 carbon atoms, and 
Z, R1, R2 and R3 are as de?ned above. 

[0038] Representative speci?c examples of preferred com 
pounds according to Formula (1) include the folloWing 
compounds: 
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avl 

[0057] A particularly preferred embodiment of a ?uoro/ 
silane component according to Formula (1), for example, is 
represented by the formula 

(11) 
CZHS 

C3F17_S_N 

[0058] The compound according to Formula (11) is com 
mercially available from Minnesota Mining and Manufac 
turing Company, St. Paul, Minn. under the trade designation 
FC405. Methods of making such a compound and ?uoro/ 
silane compounds in general are described in US. Pat. No. 
3,787,467 to Lucking et al., the disclosure of Which is herein 
incorporated by reference. 

[0059] Useful ?uoro/silane components can be prepared, 
e.g., by reacting (a) at least one ?uorochemical compound 
having at least one reactive functional group With (b) a 
functionaliZed silane having from one to about three hydro 
lyZable groups and at least one alkyl, aryl, or alkoxyalkyl 
group that is substituted by at least one functional group that 
is capable of reacting With the functional group of the 
?uorochemical compound(s). Such methods are disclosed in 
US. Pat. No. 5,274,159 (Pellerite et al.). 

[0060] Crosslinkable silane components suitable for use in 
the ceramer composition of the present invention are com 
mercially available from numerous sources. Generally, suit 
able crosslinkable silane components contain at least one 
hydrolyZable silane moiety and at least one polymeriZable 
moiety other than a silane moiety. The polymeriZable moiety 
preferably contains either (meth)acrylate, allyl, styryl, 
amino, or epoxy functionalities, While the hydrolyZable 
silane group is usually an alkoxy silyl moiety (generally 
methoxy or ethoxy) Which serves as a binding site to 
hydroxy-functional inorganic substrates via displacement of 
the alkoxy groups. Additional information concerning 
crosslinkable silane components may be found in the book 
by E. P. Pleuddeman (“Silane coupling Agents”, Plenum 
Press, NeW York, 1982, pp. 20-23 and 97) as Well as in 
technical reports by S. Sterman and J. G. Marsden entitled 
“Theory of Mechanisms of Silane Coupling Agents in Glass 
Reinforced and Filled Thermoplastic and Thermosetting 
Resin Systems”, Union Carbide Corporation, NeW York, and 
“A Guide to DoW Coming Silane Coupling Agents”, DoW 
Corning Corporation, 1985, pp. 2-13, the disclosures of 
Which are incorporated by reference herein. 
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[0061] Crosslinkable silane components suitable for use in 
the ceramer compositions of the present invention may be 
polymers, oligomers, or monomers and may preferably be 
represented by the formula 

[0062] In Formula (12), Sy represents a hydrolyZable 
silane moiety as de?ned above With respect to Formulae (1) 
and (2); Rc is a moiety containing curable functionality, 
preferably free-radically-curable functionality; q is at least 
1, preferably 1 to 4, more preferably 1; p is at least 1, 
preferably 1 to 4, more preferably 1; and W0 is a linking 
group having a valency of q+p. Compounds according to 
Formula (12) and methods of making such compounds are 
described in US. Pat. No. 5,314,980, the disclosure of Which 
is incorporated by reference herein. 

[0063] Generally, W0 of Formula (12) may be any non 
ionic moiety capable of linking the at least one Sy moiety 
and the at least one Rc moiety together. Preferably, W0 has 
a backbone of 4 to 30 atoms and may contain one or more 
moieties such as an alkylene moiety, an ether moiety, an 
ester moiety, a urethane moiety, a carbonate moiety, an 
imide moiety, an amide moiety, an aryl moiety, an alkaryl 
moiety, an alkoxyaryl moiety, arylsulfonyl moiety, nitrogen, 
oxygen, combinations of these, and the like. 

[0064] Embodiments of compounds according to Formula 
(12) in the form of silane functional (meth)acrylates include, 
for example, 3-(methacryloxy)propyl trimethoxysilane, 
3-acryloxypropyl trimethoxysilane, 3-(methacryloxy)propy 
ltriethoxysilane, 3-(methacryloxy)propylmeth 
yldimethoxysilane, 3-(acryloxypropyl)meth 
yldimethoxysilane, 
3-(methacryloxy)propyldimethylethoxysilane, 3-(methacry 
loxy)methyltriethoxysilane, 3-(methacryloxy)methyltri 
methoxysilane, 3-(methacryloxy)propyldimethyl 
ethoxysilane, 3-methacryloxypropenyl trimethoxysilane, 
vinyldimethylethoxysilane, vinylmethyldiacetoxysilane, 
vinylmethyldiethoxysilane, vinyltriacetoxysilane, vinyltri 
ethoxysilane, vinyltriisopropoxysilane, vinyltrimethoxysi 
lane, vinyltriphenoxysilane, vinyltri-t-butoxysilane, vinyl 
tris-isobutoxysilane, vinyltriisopropenoxysilane, 
vinyltris(2-methoxyethoxy)silane, and mixtures thereof. Of 
these, 3-(methacryloxy)propyl trimethoxysilane, 3-acrylox 
ypropyl trimethoxysilane, 3-(methacryloxy)propylmeth 
yldimethoxysilane and 3-(methacryloxy)propyldimethyl 
ethoxysilane are preferred. Furthermore, embodiments of 
crosslinkable silane components according to Formula (18) 
in the form of silane functional polyole?ns can be produced 
from commercially available starting materials by any of 
several methods. 

[0065] Exemplary crosslinkable silane components are 
described in the above-mentioned Pleuddeman reference 
and in US. Pat. Nos. 4,491,508 and 4,455,205 to Olsen et 
al.; US. Pat. Nos. 4,478,876 and 4,486,504 to Chung; and 
US. Pat. No. 5,258,225 to Katsamberis, all of Which are 
incorporated herein by reference. 

[0066] In the practice of the present invention, free-radi 
cally-curable functionality refers to functional groups 
directly or indirectly pendant from a monomer, oligomer, or 
polymer backbone (as the case may be) that participate in 
crosslinking or polymeriZation reactions upon exposure to a 
suitable source of radiant (e.g., UV or thermal) curing 
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energy. Such functionality generally includes not only 
groups that crosslink via a cationic mechanism upon radia 
tion exposure but also groups that crosslink via a free radical 
mechanism. Representative examples of radiation polymer 
iZable moieties suitable in the practice of the present inven 
tion include epoxy groups, (meth)acrylate groups, ole?nic 
carbon-carbon double bonds, allylether groups, styrene 
groups, (meth)acrylamide groups, combinations of these, 
and the like. Representative examples of curing energy 
include electromagnetic energy (e. g., infrared energy, micro 
Wave energy, visible light, ultraviolet light, and the like), 
accelerated particles (e.g., electron beam energy), or energy 
from electrical discharges (e.g., coronas, plasmas, gloW 
discharge, or silent discharge). 

[0067] The colloidal inorganic oxides for use in the 
present invention include particles, poWders, and oxides in 
solution. The colloidal inorganic oxides are desirably sub 
stantially spherical in shape, and relatively uniform in siZe 
(e.g., they have a substantially monodisperse siZe distribu 
tion or a polymodal distribution obtained by blending tWo or 
more substantially monodisperse distributions). It is further 
preferred that the colloidal inorganic oxides be and remain 
substantially non-aggregated (substantially discrete), as col 
loidal aggregation can result in precipitation, gellation, or a 
dramatic increase in sol viscosity and can reduce both 
adhesion to the substrate and optical clarity. Finally, it is 
preferable that the colloidal inorganic oxides be character 
iZed by an average particle diameter of about 1 nanometer to 
about 200 nanometers, preferably from about 1 nanometer to 
about 100 nanometers, more preferably from about 2 
nanometers to about 75 nanometers. These siZe ranges 
facilitate ease of dispersion of the particles into coatable 
ceramer compositions and provide ceramer coatings that are 
smoothly surfaced and optically clear. Average particle siZe 
of the colloids can be measured using transmission electron 
microscopy to count the number of particles of a given 
diameter. 

[0068] A Wide range of colloidal inorganic oxides can be 
used in the present invention. Representative examples 
include colloidal titania, colloidal alumina, colloidal Zirco 
nia, colloidal vanadia, colloidal chromia, colloidal iron 
oxide, colloidal antimony oxide, colloidal tin oxide, and 
mixtures thereof. The colloidal inorganic oxide can be a 
single oxide such as silica, a combination of oxides such as 
silica and aluminum oxide, or a core of an oxide of one type 
(or a core of a material other than a metal oxide) on Which 
is deposited an oxide of another type. 

[0069] In one preferred embodiment, for example, the 
inorganic oxide may be a mixture containing a major amount 
of a ?rst or primary inorganic oxide, e.g., silica, and a minor 
amount of a second or additive oxide, preferably an alumi 
num oxide such as a sodium aluminate. As used herein, 
“major amount” means that the inorganic oxide includes a 
sufficient amount of the primary oxide (preferably at least 
about 80% by Weight, more preferably at least about 95% by 
Weight, and most preferably at least about 98% by Weight) 
such that the composite properties of the resultant ceramer 
are primarily due to such primary oxide. “Minor amount” 
means that the inorganic oxides include a suf?cient amount 
of the additive oxide to enhance at least one property of the 
resultant uncured or cured ceramer composition. 

[0070] It has noW been discovered that it is much easier 
homogeneously to disperse inorganic oxides in uncured 
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ceramer compositions or Within sols from Which the ceram 
ers are to be derived When the inorganic oxide includes both 
a primary inorganic oxide and at least one additive inorganic 
oxide. For example, cured ceramer coatings incorporating 
silica and aluminum oxide particles have shoWn better 
abrasion resistance and improved processability than other 
Wise identical ceramer coatings having no additive oxide. 

[0071] The optimum amount of an additive oxide to be 
incorporated into a ceramer composition Will depend upon a 
number of factors including the type(s) of additive oxide(s) 
being used, the desired end use of the ceramer composition, 
and the like. Generally, if too little of an additive oxide is 
used, little bene?t Will be observed. On the other hand, if too 
much of an additive oxide is used, then the resultant cured 
ceramer coating may be haZier than desired, and abrasion 
resistance may be reduced. As one suggested guideline for 
preferred embodiments in Which the corresponding cured 
ceramer coating is desired to be optically clear and abrasion 
resistant, the ceramer composition may include about 100 
parts by Weight of silica and about 0.01 to about 10, 
preferably about 1 to about 2 parts by Weight of an oxide 
other than silica, preferably an aluminum oxide. 

[0072] The colloidal inorganic oxide is desirably provided 
in the form of a sol (e.g., a colloidal dispersion of inorganic 
oxide particles in liquid media), especially sols of amor 
phous silica. Unlike other forms in Which the colloidal 
inorganic oxide particles may be supplied (e. g., fumed silica 
Which contains irregular aggregates of colloidal particles), 
colloids of such sols tend to be substantially monodisperse 
in siZe and shape and thus enable the preparation of ceramer 
compositions exhibiting good optical clarity, smoothness, 
and surprisingly good adhesion to substrates. Preferred sols 
generally contain from about 2 to about 50 Weight percent, 
preferably from about 25 to about 45 Weight percent, of 
colloidal inorganic oxide. 

[0073] Sols useful in the practice of the present invention 
may be prepared by methods Well knoWn in the art. For 
example, silica hydrosols containing from about 2 to about 
50 percent by Weight of silica in Water are generally useful 
and can be prepared, e.g., by partially neutraliZing an 
aqueous solution of an alkali metal silicate With base to a pH 
of about 8 or about 9 (such that the resulting sodium content 
of the solution is less than about 1 percent by Weight based 
on sodium oxide). Sols useful in the practice of the present 
invention may also be prepared in a variety of forms, 
including hydrosols (Where Water serves as the liquid 
medium), organosols (Where organic liquids are used as the 
liquid medium), and mixed sols (Where the liquid medium 
contains both Water and an organic liquid). See, e.g., the 
descriptions of the techniques and forms given in US. Pat. 
Nos. 2,801,185 (Iler) and 4,522,958 (Das et al.), Whose 
descriptions are incorporated herein by reference, as Well as 
those given by R. K. Iler in The Chemistry of Silica, John 
Wiley & Sons, NeW York (1979). 

[0074] Due to their loW cost, and environmental consid 
erations, silica hydrosols (also knoWn as aqueous silica sols) 
are preferred for use in preparing the ceramer compositions 
of the invention. The surface chemistry of hydrosols makes 
them particularly Well suited for use in the ceramer compo 
sitions of the present invention. For example, When colloidal 
inorganic oxide particles are dispersed in Water, the sol is 
stabiliZed to some degree due to common electrical charges 
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that develop on the surface of each particle. The common 
electrical charges tend to promote dispersion rather than 
agglomeration or ?occulation, because the similarly charged 
particles repel one another. 

[0075] Hydrosols are commercially available in both 
acidic and basic forms and With a variety of particle siZes 

and concentrations under such trademarks as “LUDOX” I. DuPont de Nemours and Co., Inc. Wilmington, Del.), 

“NYACOL” (Nyacol Co., Ashland, Mass.), and “NALCO” 
(Nalco Chemical Co., Oak Brook, 111.). Additional examples 
of suitable colloidal silicas are described in US. Pat. No. 
5,126,394, incorporated herein by reference. Although either 
acidic or basic sols are suitable for use in the ceramer 

compositions of the present invention, it is desirable to 
match the pH of the sol With that of the curable binder 
precursor in order to minimiZe the tendency of the colloids 
of the sol to ?occulate When the sol and the curable binder 
precursor are combined. For example, if the sol is acidic, the 
curable binder precursor also preferably is acidic. On the 
other hand, if the sol is basic, the curable binder precursor 
also preferably is basic. 

[0076] In one preferred ceramer embodiment of the 
present invention to be derived from an aqueous silica sol, 
it may be desirable to add a minor amount of a Water soluble 
compound such as sodium aluminate (NaAlO2) to the sol. 
Addition of a compound such as sodium aluminate provides 
a sol, and corresponding ceramer composition, that include 
both silica colloids and aluminum oxides. Use of an additive 
oxide such as aluminum oxide makes it easier to obtain 
homogeneous ceramer compositions, improved abrasion 
resistance, and improved adhesion in Wet or dry environ 
ments. This is believed to be attributable to the enhanced 
hydrolytic stability of ceramer composites including silica 
colloids and aluminum oxides. 

[0077] The sols may include counterions in order to 
counter the surface charge of the colloids. Depending upon 
pH and the kind of colloids being used, the surface charges 
on the colloids can be negative or positive. Thus, either 
cations or anions are used as counter ions. Examples of 
cations suitable for use as counter ions for negatively 
charged colloids include Na”, K", Li", a quaternary ammo 
nium cation such as NR‘4+, (Wherein each R‘ may be any 
monovalent moiety, but is preferably H or loWer alkyl such 
as CH3), combinations of these, and the like. Examples of 
counter anions suitable for use as counter ions for positively 
charged colloids include HSO3* and R—COO* Where R 
represents an alkyl carboxylate. 

[0078] As one option, suitable curable binder precursors 
can be selected from any curable thermoplastic or thermo 
setting polymer that contains moieties capable of crosslink 
ing With the Rc (refer to Formula (12)) moiety of the 
crosslinkable silane component. Examples of such polymers 
include polyurethane, polycarbonate, polyester, polyamide, 
polyimide, phenoxy, phenolic resin, cellulosic resin, poly 
styrene, styrene copolymer, poly(meth)acrylate, epoxy, sili 
cone resin, combination of these, and the like. As another 
option, the curable binder precursor can be in the form of 
prepolymeric materials Which can be copolymeriZed or 
homopolymeriZed in situ after the ceramer composition has 
been coated onto a substrate. 

[0079] As one example of an approach using prepolymeric 
materials, the curable binder precursor may contain one or 
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more free-radically-curable monomers, oligomers, poly 
mers, or combinations of these having pendant free-radi 
cally-curable functionality Which alloWs the materials to 
polymeriZe or crosslink using a source of curing energy such 
as electron beam radiation, ultraviolet radiation, visible 
light, and the like. Preferred free-radically-curable mono 
mers, oligomers, or polymers each include one or more 
free-radically-curable, carbon-carbon double bonds such 
that the average functionality of such materials is greater 
than one free-radically-curable carbon-carbon double bond 
per molecule. Materials having such moieties are capable of 
copolymeriZation or crosslinking With each other via such 
carbon-carbon double bond functionality. 

[0080] Generally, the term “monomer” as used herein 
refers to a single, one unit molecule capable of combination 
With itself or other monomers to form oligomers or poly 
mers. The term “oligomer” refers to a compound that is a 
combination of 2 to 20 monomers. The term “polymer” 
refers to a compound that is a combination of 21 or more 
monomers. 

[0081] Generally, ceramer compositions including oligo 
meric or polymeric free-radically-curable binder precursors 
tend to have higher viscosities than ceramer compositions 
including only monomeric free-radically-curable binder pre 
cursors. Accordingly, in applications involving techniques 
such as spin coating or the like in Which it is desirable for 
the ceramer composition to have a loW viscosity, e.g., a 
viscosity of less than 200 centipoise measured at 25° C. 
using a Brook?eld viscometer With any suitable spindle 
operated at a spindle speed in the range from 20 to 50 rpm, 
it is preferred that at least 50%, by Weight, more preferably 
substantially all, of any prepolymeric binder precursors are 
monomeric free-radically-curable binder precursors. 

[0082] Free-radically-curable monomers suitable in the 
practice of the present invention are preferably selected from 
combinations of mono, di, tri, tetra, penta, and hexafunc 
tional free-radically-curable monomers. Various amounts of 
the mono, di, tri, tetra, penta, and hexafunctional free 
radically-curable monomers may be incorporated into the 
present invention, depending upon the desired properties of 
the ?nal ceramer coating. 

[0083] For example, in order to provide ceramer coatings 
With higher levels of abrasion and impact resistance, it is 
desirable for the ceramer composition to include one or 
more multifunctional free-radically-curable monomers, and 
preferably at least both di- and tri-functional free-radically 
curable monomers, such that the free-radically-curable 
monomers incorporated into the ceramer composition have 
an average free-radically-curable functionality per molecule 
of greater than 1. Preferred ceramer compositions of the 
present invention may include about 1 to about 35 parts by 
Weight of monofunctional free-radically-curable monomers, 
0 to about 75 parts by Weight of difunctional free-radically 
curable monomers, about 1 to about 75 parts by Weight of 
trifunctional free-radically-curable monomers, 0 to about 75 
parts by Weight of tetrafunctional free-radically-curable 
monomers, 0 to about 75 parts by Weight of pentafunctional 
free-radically-curable monomers, and 0 to about 75 parts by 
Weight of hexafunctional free-radically-curable monomers, 
subject to the proviso that the free-radically-curable mono 
mers have an average functionality of greater than 1, pref 
erably 1.1 to 4, more preferably 1.5 to 3. 
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[0084] One representative class of monofunctional free 
radically-curable monomers suitable in the practice of the 
present invention includes compounds in Which a carbon 
carbon double bond is directly or indirectly linked to an 
aromatic ring. Examples of such compounds include sty 
rene, alkylated styrene, alkoxy styrene, free-radically-cur 
able naphthalene, alkylated vinyl naphthalene, alkoxy vinyl 
naphthalene, combinations of these, and the like. Another 
representative class of monofunctional, free-radically-cur 
able monomers includes compounds in Which a carbon 
carbon double bond is attached to an cycloaliphatic, hetero 
cyclic, or aliphatic moiety such as 5-vinyl-2-norbomene, 
4-vinyl pyridine, 2-vinyl pyridine, 1-vinyl-2-pyrrolidinone, 
1-vinyl caprolactam, 1-vinylimidaZole, N-vinyl formamide, 
and the like. 

[0085] Another representative class of such monofunc 
tional free-radically-curable monomers include (meth)acry 
late functional monomers that incorporate moieties of the 
formula: 

(13) 

[0086] Wherein R8 is a monovalent moiety, such as hydro 
gen, halogen, methyl, or the like. Representative examples 
of such monomers include, linear, branched, or 
cycloaliphatic esters of (meth)acrylic acid containing from 1 
to 20, preferably 1 to 8, carbon atoms, such as methyl 
(meth)acrylate, n-butyl (meth)acrylate, t-butyl (meth)acry 
late, ethyl (meth)acrylate, isopropyl (meth)acrylate, and 
2-ethylhexyl (meth)acrylate; vinyl esters of alkanoic acids 
Wherein the alkyl moiety of the alkanoic acids contain 2 to 
20, preferably 2 to 4, carbon atoms and may be linear, 
branched, or cyclic; isobomyl (meth)acrylate; vinyl acetate; 
allyl (meth)acrylate, and the like. 

[0087] Such (meth)acrylate functional monomers may 
also include other kinds of reactive functionality such as 
hydroxyl functionality, nitrile functionality, epoxy function 
ality, carboxylic functionality, thiol functionality, amine 
functionality, sulfonyl functionality, combinations of these, 
and the like. Representative examples of such free-radically 
curable compounds include glycidyl (meth)acrylate, (meth) 
acrylonitrile, [3-cyanoethyl-(meth)acrylate, 2-cyanoethoxy 
ethyl (meth)acrylate, p-cyanostyrene, p-(cyanomethyl)sty 
rene, an ester of an ot,[3-unsaturated carboxylic acid With a 
diol, e.g., 2-hydroxyethyl (meth)acrylate, or 2-hydroxypro 
pyl (meth)acrylate; 1,3-dihydroxypropyl-2-(meth)acrylate; 
2,3-dihydroxypropyl-1-(meth)acrylate; an adduct of an ot,[3 
unsaturated carboxylic acid With caprolactone; an alkanol 
vinyl ether such as 2-hydroxyethyl vinyl ether; 4-vinylben 
Zyl alcohol; allyl alcohol; p-methylol styrene, (meth)acry 
loyloxyethyl trimethyl ammonium chloride, (meth)acryla 
midopropyl trimethylammonium chloride, vinylbenZyl 
trimethylammonium chloride, 2-hydroxy-3-allyloxypropyl 
trimethylammonium chloride, (meth)acryloxypropyl dim 
ethylbenZylammonium chloride, dimethylaminoethyl 
(meth)acrylate, vinylbenZyl trimethylammonium chloride, 
N-(3-sulfopropyl)-N-(meth) acryloxyethyl-N,N-dimethy 
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lammonium betaine, 2-[(meth)acryloxy]ethyl trimethylam 
monium methosulfate, N-(3-sulfopropyl)-N-(meth)acryla 
midopropyl-N, N-dimethylammonium betaine, N,N 
dimethylamino (meth)acrylate, (meth)acryloyloxyethyl acid 
phosphate, (meth)acrylamidopropyl sodium sulfonate, 
sodium styrene sulfonate, styrene sulfonic acid, (meth) 
acrylic acid, maleic acid, fumaric acid, maleic anhydride, 
vinyl sulfonic acid, 2-(meth)acrylamide-2-methyl-1-pro 
panesulfonic acid, maleic anhydride, mixtures thereof, and 
the like. 

[0088] Another class of monofunctional, free-radically 
curable monomers that may optionally be used in the 
practice of the present invention, but is in no Way required, 
includes one or more N,N-disubstituted (meth)acrylamides. 
Use of an N,N-disubstituted (meth)acrylamide provides 
numerous advantages. For example, the use of this kind of 
monomer provides ceramer coatings Which shoW improved 
adhesion to polycarbonate substrates. Further, use of this 
kind of monomer also provides ceramer coatings With 
improved Weatherability and toughness. Preferably, the 
N,N-disubstituted (meth)acrylamide has a molecular Weight 
in the range from about 99 to about 500, preferably from 
about 99 to about 200, in order to minimiZe the tendency, if 
any, of the colloidal inorganic oxide to ?occulate and 
precipitate out of the ceramer composition. 

[0089] The N,N-disubstituted (meth)acrylamide mono 
mers generally have the formula: 

(14) 
R11 0 R9 

R10 

[0090] Wherein R9 and R10 are each independently hydro 
gen, a (C1-C8)alkyl group (linear, branched, or cyclic) 
optionally having hydroxy, halide, carbonyl, and amido 
functionalities, a (C1-C8)alkylene group optionally having 
carbonyl and amido functionalities, a (C1-C4)alkoxymethyl 
group, a (C4-C18)aryl or heteroaryl group, a (C1-C3)alk(C4 
C18)aryl group, or a (C4-C18)heteroaryl group; With the 
proviso that only one of R9 and R10 is hydrogen; and R11 is 
hydrogen, a halogen, or a methyl group. Preferably, R9 is a 
(C1-C4)alkyl group; R10 is a (C1-C4)alkyl group; and R11 is 
hydrogen, or a methyl group. R9 and R10 can be the same or 
different. More preferably, each of R9 and R10 is CH3, and 
R11 is hydrogen. 

[0091] Examples of such suitable (meth)acrylamides are 
N-(3-bromopropion-amidomethyl) acrylamide, N-tert-buty 
lacrylamide, N,N-dimethylacrylamide, N,N-diethylacryla 
mide, N-(S,5-dimethylhexyl)acrylamide, N-(1,1-dimethyl 
3-oxobutyl)acrylamide, N-(hydroxymethyl)acrylamide, 
N-(isobutoxymethyl)acrylamide, N-isopropylacrylamide, 
N-methylacrylamide, N-ethylacrylamide, N-methyl-N-ethy 
lacrylamide, N-(?uoren-Z-yl)acrylamide, N-(2-?uorenyl)-2 
methylacrylamide, 2,3-bis(2-furyl)acrylamide, N,N‘-meth 
ylene-bis acrylamide. A particularly preferred 
(meth)acrylamide is N,N-dimethyl (meth)acrylamide. 
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[0092] Other examples of free-radically-curable mono 
mers include alkenes such as ethene, 1-propene, 1-butene, 
2-butene (cis or trans), compounds including an allyloxy 
moiety, and the like. 

[0093] Multifunctional (meth)acrylate compounds suit 
able for use in the curable binder precursor are commercially 
available from a number of different suppliers. Alternatively, 
such compounds can be prepared using a variety of Well 
knoWn reaction schemes. For example, according to one 
approach, a (meth)acrylic acid or acyl halide or the like is 
reacted With a polyol having at least tWo, preferably 2 to 6, 
hydroxyl groups. This approach can be represented by the 
folloWing schematic reaction scheme Which, for purposes of 
illustration, shoWs the reaction betWeen acrylic acid and a 
triol: 

(15) 
OH 

3CH2: CHCOH + HO OH —> 

0 

mar: cH2 

CH2=CHCO occH=cH2 

[0094] This reaction scheme as illustrated provides a tri 
functional acrylate. To obtain di, tetra, penta, or hexa func 
tional compounds, corresponding diol, tetrols, pentols, and 
hexols could be used in place of the triol, respectively. 

[0095] According to another approach, a hydroxy or 
amine functional (meth)acrylate compound or the like is 
reacted With a polyisocyanate, or isocyanurate, or the like 
having 2 to 6 NCO groups or the equivalent. This approach 
can be represented by the folloWing schematic reaction 
scheme Which, for purposes of illustration, shoWs the reac 
tion betWeen hydroxyethyl acrylate and a triisocyanate: 

(16) 
NCO 

3on2: CHCOCHZCHZOH + 
OCN NCO 

[0096] Wherein each W is 

O 

[0097] This reaction scheme as illustrated provides a tri 
functional (meth)acrylate. To obtain di, tetra, penta, or hexa 
functional compounds, corresponding multifunctional iso 
cyanates could be used in place of the triisocyanate, respec 
tively. 
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[0098] A preferred class of multifunctional (meth)acryl 
functional compounds includes one or more multifunctional, 
ethylenically unsaturated esters of (meth)acrylic acid and 
may be represented by the folloWing formula: 

(17) 

R12 

[0099] Wherein R12 is hydrogen, halogen or a (C1-C4)alkyl 
group; R13 is a polyvalent organic group having m valencies 
and can be cyclic, branched, or linear, aliphatic, aromatic, or 
heterocyclic, having carbon, hydrogen, nitrogen, nonperox 
idic oxygen, sulfur, or phosphorus atoms; and Z is an integer 
designating the number of acrylic or methacrylic groups in 
the ester and has a value of 2 to 7. Preferably, R12 is 
hydrogen, methyl, or ethyl, R13 has a molecular Weight of 
about 14 to 100, and m has a value of 2 to 6. More 
preferably, Z has a value of 2 to 5, most preferably 3 to 4. 
Where a mixture of multifunctional acrylates or methacry 
lates are used, Z preferably has an average value of about 
1.05 to 3. 

[0100] Speci?c examples of suitable multifunctional eth 
ylenically unsaturated esters of (meth)acrylic acid are the 
polyacrylic acid or polymethacrylic acid esters of polyhydric 
alcohols including, for example, the diacrylic acid and 
dimethylacrylic acid ester of aliphatic diols such as ethyl 
eneglycol, triethyleneglycol, 2,2-dimethyl-1,3-propanediol, 
1,3-cyclopentanediol, 1-ethoxy-2,3-propanediol, 2-methyl 
2,4-pentanediol, 1,4-cyclohexanediol, 1,6-hexamethylene 
diol, 1,2-cyclohexanediol, 1,6-cyclohexanedimethanol; the 
triacrylic acid and trimethacrylic acid esters of aliphatic 
triols such as glycerin, 1,2,3-propanetrimethanol, 1,2,4-bu 
tanetriol, 1,2,5-pentanetriol, 1,3,6-hexanetriol, and 1,5,10 
decanetriol; the triacrylic acid and trimethacrylic acid esters 
of tris(hydroxyethyl) isocyanurate; the tetraacrylic and tet 
ramethacrylic acid esters of aliphatic tetraols, such as 1,2, 
3,4-butanetetraol, 1,1,2,2,-tetramethylolethane, 1,1,3,3-tet 
ramethylolpropane, and pentaerythritol triacrylate; the 
pentaacrylic acid and pentamethacrylic acid esters of ali 
phatic pentols such as adonitol; the hexaacrylic acid and 
hexamethacrylic acid esters of hexanols such as sorbitol and 
dipentaerythritol; the diacrylic acid and dimethacrylic acid 
esters of aromatic diols such as resorcinol, pyrocatechol, 
bisphenol A, and bis(2-hydroxyethyl) phthalate; the tri 
methacrylic acid ester of aromatic triols such as pyrogallol, 
phloroglucinol, and 2-phenyl-2,2-dimethylolethanol; and 
the hexaacrylic acid and hexamethacrylic acid esters of 
dihydroxy ethyl hydantoin; and mixtures thereof. 

[0101] In addition to the ?uoro/silane component, the 
crosslinkable silane component, the curable binder precur 
sor, and the colloidal inorganic oxide, the ceramer compo 
sition may further include a solvent and other optional 
additives. For example, if desired, the ceramer composition 
may include a solvent to reduce the viscosity of the ceramer 
composition in order to enhance the ceramer coating char 
acteristics. The appropriate viscosity level depends upon 
various factors such as the coating thickness, application 
technique, and the type of substrate material onto Which the 
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ceramer composition is applied. In general, the viscosity of 
the ceramer composition at 25° C. is about 1 to about 200 
centipoise, preferably about 3 to about 75 centipoise, more 
preferably about 4 to about 50 centipoise, and most prefer 
ably about 5 to about 20 centipoise When measured using a 
Brook?eld viscometer With a No. 2 cv spindle at a spindle 
speed of 20 rpm. In general, suf?cient solvent is used such 
that the solids content of the ceramer composition is about 
5 to about 95%, preferably about 10 to about 50%, more 
preferably about 15 to about 30%, by Weight solids. 

[0102] The solvent is selected to be compatible With the 
other components included in the ceramer composition. As 
used in this context, “compatible” means that there is 
minimal phase separation betWeen the solvent and the other 
components. Additionally, the solvent should be selected 
such that the solvent does not adversely affect the curing 
properties of the ceramer composition or attack the material 
of the substrate. Furthermore, the solvent should be selected 
such that it has an appropriate drying rate. That is, the 
solvent should not dry too sloWly, Which Would sloW doWn 
the process of making a coated substrate. It should also not 
dry too quickly, Which could cause defects such as pin holes 
or craters in the resultant ceramer coating. The solvent can 
be an organic solvent, Water, or combinations thereof. Rep 
resentative examples of suitable solvents include loWer 
alcohols such as ethanol, methanol, isopropyl alcohol, and 
n-butanol; ketones such as methyl ethyl ketone and methyl 
isobutyl ketone; glycols; glycol ethers; combinations 
thereof, and the like. Most preferably, the solvent is isopro 
panol. Using the procedure described beloW for making a 
ceramer composition, the solvent may also include a small 
amount, eg about 2% by Weight, of Water. 

[0103] The ceramer compositions of the present invention 
also may include a leveling agent to improve the flow or 
Wetting of the ceramer composition onto the substrate. If the 
ceramer composition does not properly Wet the substrate, 
this can lead to visual imperfections (e.g., pin holes or 
ridges) in the ceramer coating. Examples of leveling agents 
include, but are not limited to, alkylene oxide terminated 
polysiloxanes such as that available under the trade desig 
nation “DOW 57” (a mixture of dimethyl-, methyl-, and 
(polyethylene oxide acetate-capped) siloxane) from DoW 
Coming, Midland, Mich., and ?uorochemical surfactants 
such as those available under the trade designations 
“FC430” and “FC43 1 ” from Minnesota Mining and 
Manufacturing Company Co., St. Paul, Minn.. The ceramer 
composition can include an amount of a leveling agent 
effective to impart the desired result. Preferably, the leveling 
agent is present in an amount up to about 3% by Weight, and 
more preferably about 0.5 to about 1%, based on the total 
Weight of the ceramer composition solids. It should be 
understood that combinations of different leveling agents 
can be used if desired. 

[0104] During the manufacture of an abrasion resistant, 
ceramer coating of the type including a free-radically 
curable binder precursor, the coated ceramer composition 
preferably is exposed to an energy source, e.g., radiation, 
Which initiates the curing process of the ceramer coating. 
This curing process typically occurs via a free radical 
mechanism, Which can require the use of a free radical 
initiator (simply referred to herein as an initiator, e.g., a 
photoinitiator or a thermal initiator) depending upon the 
energy source used. If the energy source is an electron beam, 
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the electron beam generates free radicals and no initiator is 
typically required. If the energy source is ultraviolet light, or 
visible light, an initiator is often required. When the initiator 
is exposed to one of these energy sources, the initiator 
generates free radicals, Which then initiates the polymeriZa 
tion and crosslinking. 

[0105] Examples of suitable free radical initiators that 
generate a free radical source When exposed to thermal 
energy include, but are not limited to, peroxides such as 
benZoyl peroxide, aZo compounds, benZophenones, and 
quinones. Examples of photoinitiators that generate a free 
radical source When exposed to visible light radiation 
include, but are not limited to, camphorquinones/alkyl 
amino benZoate mixtures. Examples of photoinitiators that 
generate a free radical source When exposed to ultraviolet 
light include, but are not limited to, organic peroxides, aZo 
compounds, quinones, benZophenones, nitroso compounds, 
acryl halides, hydroZones, mercapto compounds, pyrylium 
compounds, triacrylimidaZoles, bisimidaZoles, chloroalky 
triaZines, benZoin, benZoin methyl ether, benZoin ethyl ether, 
benZoin isopropyl ether, benZoin isobutyl ethers and meth 
ylbenZoin, diketones such as benZil and diacetyl, phenones 
such as acetophenone, 2,2,2-tri-bromo-1-phenylethanone, 
2,2-diethoxyacetophenone, 2,2-dimethoxy-2-phenylac 
etophenone, 2,2,2,-tribromo-1(2-nitrophenyl)ethanone, ben 
Zophenone, 4,4-bis(dimethyamino)benZophenone, and acyl 
phosphates. Examples of commercially available ultraviolet 
photoinitiators include those available under the trade des 
ignations “IRGACURETM 184” (1-hydroxycyclohexyl phe 
nyl ketone), “IRGACURETM 361” and “DAROCURTM 
1173” (2-hydroxy-2-methyl-1-phenyl-propan-1-one) from 
Ciba-Geigy. Typically, if used, an amount of an initiator is 
included in the ceramer composition to effect the desired 
level and rate of cure. Preferably, the initiator is used in an 
amount of about 0.1 to about 10%, and more preferably 
about 2 to about 4% by Weight, based on the total Weight of 
the ceramer composition Without solvent. It should be under 
stood that combinations of different initiators can be used if 
desired. 

[0106] In addition to the initiator, the ceramer composition 
of the present invention can include a photosensitiZer. The 
photosensitiZer aids in the formation of free radicals that 
initiate curing of the curable binder precursors, especially in 
an air atmosphere. Suitable photosensitiZers include, but are 
not limited to, aromatic ketones and tertiary amines. Suitable 
aromatic ketones include, but are not limited to, benZophe 
none, acetophenone, benZil, benZaldehyde, and o-chloroben 
Zaldehyde, xanthone, thioxanthone, 9,10-anthraquinone, and 
many other aromatic ketones. Suitable tertiary amines 
include, but are not limited to, methyldiethanolamine, eth 
yldiethanolamine, triethanolamine, phenylmethyl-ethanola 
mine, dimethylaminoethylbenZoate, and the like. Typically, 
if used, an amount of photosensitiZer is included in the 
ceramer compositions to effect the desired level and rate of 
cure. Preferably, the amount of photosensitiZer used in the 
ceramer compositions of the present invention is about 0.01 
to about 10%, more preferably about 0.05 to about 5%, and 
most preferably about 0.25 to about 3% by Weight, based on 
the total Weight of the ceramer composition Without solvent. 
It should be understood that combinations of different pho 
tosensitiZers can be used if desired. 

[0107] Polymeric materials are knoWn to degrade by a 
variety of mechanisms. Common additives that can offset 
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this are known as stabilizers, absorbers, antioxidants, and 
the like. The ceramer compositions of the present invention 
can include one or more of the following: ultraviolet stabi 
liZer, ultraviolet absorber, oZone stabiliZer, and thermal 
stabilizer/antioxidant. 

[0108] An ultraviolet stabiliZer or ultraviolet absorber 
improves weatherability and reduces the “yellowing” of the 
abrasion resistant, ceramer coating with time. An example of 
an ultraviolet stabiliZer includes that available under the 
trade designation “TINUVINTM 292” (bis(1,2,2,6,6-pentam 
ethyl-4-piperidinyl)sebacate) and an example of an ultravio 
let absorber includes that available under the trade designa 
tion “TTNUVINTM 1130” (hydroxyphenyl benZotriaZole), 
both of which are available from Ciba-Geigy. The ceramer 
composition can include an amount of either an ultraviolet 
stabiliZer or an ultraviolet absorber to impart the desired 
result. Preferably, the ultraviolet stabiliZer or absorber is 
present in an amount up to about 10% by weight, and more 
preferably about 1 to about 5%, based on the total weight of 
the ceramer composition without solvent. It should be under 
stood that combinations of different ultraviolet stabiliZers 
and absorbers can be used if desired. 

[0109] An oZone stabiliZer protects against degradation 
resulting from reaction with oZone. Examples of oZone 
stabiliZers include, but are not limited to, hindered amines 
such as that available under the trade designation “IRGA 
NOXTM 1010” available from Ciba-Geigy and phenoltriaZ 
ine commercially available from Aldrich. The ceramer com 
position can include an amount of an oZone stabiliZer to 
impart the desired result. Preferably, the oZone stabiliZer is 
present in an amount up to about 1% by weight, more 
preferably about 0.1 to about 1.0%, and most preferably 
about 0.3 to about 0.5%, based on the total weight of the 
ceramer composition without solvent. It should be under 
stood that combinations of different oZone stabiliZers can be 
used if desired. 

[0110] A thermal stabiliZer/antioxidant reduces the 
amount of yellowing as a result of weathering. Examples of 
such materials include, but are not limited to, low melting 
hindered phenols and triesters. Speci?c examples include 
2,6-di-tert-butyl-4-methylphenol commercially available 
under the trade designation “ULTRANOXTM 226” antioxi 
dant from Borg Warner Chemicals, Inc., Parkersburg, N.Y.; 
octadecyl 3,5-di-tert-butyl-4-hydroxycinnamate commer 
cially available under the trade designations “ISONOXTM 
132” antioxidant (Schenectady Chemicals, Inc., 
Schenectady, NY.) or “VAN OXTM 1320” antioxidant 
(Vanderbilt Co., Inc., Norwalk, Conn.). The ceramer com 
position can include suf?cient thermal stabiliZer/antioxidant 
to impart the desired result. Preferably, the thermal stabi 
liZer/antioxidant is present in an amount up to about 3% by 
weight, and more preferably about 0.5 to about 1%, based on 
the total weight of the ceramer composition without solvent. 
It should be understood that combinations of different ther 
mal stabiliZers/antioxidants can be used if desired. 

[0111] According to one approach, a ceramer composition 
of the present invention is prepared by combining ingredi 
ents including a ?uoro/silane component, a crosslinkable 
silane component, a curable binder precursor, and a colloidal 
inorganic oxide. The ?uoro/silane component may be com 
bined with a ?rst admixture containing a colloidal inorganic 
oxide and a curable binder precursor in the presence of a 
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crosslinkable silane component. The ?uoro/silane compo 
nent may be premixed with the crosslinkable silane com 
ponent to form a second admixture, which second admixture 
is then combined with the ?rst admixture to form a third 
admixture, namely the ceramer composition. The crosslink 
able silane component may also be premixed with the ?rst 
admixture to provide a fourth admixture which can then be 
combined with the ?uoro/silane component to form the 
ceramer composition. 

[0112] The ?uoro/silane component, ?rst admixture and 
crosslinkable silane component are combined under condi 
tions such that at least a portion of the colloidal inorganic 
oxides is surface treated by the ?uoro/silane component. 
Preferably, once so combined, the hydrolyZable silane moi 
eties of the ?uoro/silane component and the crosslinkable 
silane component are allowed to react with and thereby 
functionaliZe (surface treat) the colloidal inorganic oxides 
with pendant R, and Rf functionality. By incorporating the 
?uoro/silane component into the ceramer composition in this 
manner, the resultant ceramer composition remains optically 
clear and, therefore, is especially useful for forming opti 
cally clear ceramer coatings. 

[0113] The ceramer composition is then stripped, e.g., 
heated under vacuum to remove substantially all of the 
water. For example, removing about 98% of the water, thus 
leaving about 2% water in the ceramer composition, has 
been found to be suitable. When the curable binder precursor 
contains free-radically-curable prepolymers, the resultant 
dried ceramer composition is a clear liquid. As soon as 
substantially all of the water is removed, an organic solvent 
of the type described above is added, if desired, in an amount 
such that the ceramer composition preferably includes from 
about 5% to about 95% by weight solids, more preferably 
from about 10% to about 50% by weight solids and most 
preferably from about 15% to about 30% by weight solids. 

[0114] The resultant ceramer composition is then coated 
onto any substrate for which it is desired to improve one or 
more of abrasion resistance, impact resistance or stain 
resistance. Examples of such substrates include any and all 
thermosetting or thermoplastic items such as camera lenses, 
eyeglass lenses, binocular lenses, automobile windows and 
body panels as an automotive topcoat, building windows, 
bakeware, train windows, boat windows, aircraft windows, 
vehicle headlamps and taillights, display cases, eyeglasses, 
watercraft hulls, overhead projectors, stereo cabinet doors, 
stereo covers, furniture, bus station plastic, television 
screens, computer screens, watch covers, instrument gauge 
covers, optical and magneto-optical recording disks, graphic 
displays, and the like. Adhesion of the ceramer coating to the 
substrate may vary depending on the particular substrate and 
on other factors such as whether the substrate is primed, 
oriented during manufacture (unoriented or oriented axially 
or biaxially) or otherwise modi?ed. 

[0115] The ceramer compositions of the present invention 
may also be applied to animal skin products such as leather, 
and to synthetic leather products to protect such products 
from stains, abrasion, scuffing, cracking, and wear. Typi 
cally, the ceramer composition is applied to these products 
using spray, brush, roll, or transfer coating methods. 

[0116] Any suitable coating technique can be used for 
applying the ceramer composition to the substrate, depend 
ing upon the nature of the substrate, the viscosity of the 
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ceramer composition, and the like. Examples of suitable 
coating techniques include spin coating, gravure coating, 
?oW coating, spray coating, coating With a brush or roller, 
screen printing, knife coating, curtain coating, slide curtain 
coating, extrusion, squeegee coating, and the like. Typical 
protective ceramer coatings of the present invention have a 
thickness in the range from about 1 micron to about 100 
microns, preferably about 2 to about 50 microns, more 
preferably about 4 to about 9 microns. Generally, ceramer 
coatings that are too thin may not have sufficient abrasion or 
impact resistance, and tend to run, thereby causing a Waste 
of material. Ceramer ?lms that are too thick may have a 
greater tendency to crack. 

[0117] After coating, the solvent can be ?ashed off With 
heat or alloWed to evaporate under ambient conditions. If 
radiation curable, the coated ceramer composition is then 
cured by irradiation With a suitable form of energy, such as 
visible light, ultraviolet light or electron beam radiation. 
Irradiating With ultraviolet light in ambient conditions is 
presently preferred due to the relative loW cost and speed of 
this curing technique. Irradiation causes the curable binder 
precursor and the surface treated, colloidal inorganic oxides 
to crosslink together to form a ceramer coating containing a 
polymer matrix having the colloidal inorganic oxides, and 
any optional additives, interspersed in the polymer matrix. 
The resultant ceramer-coated substrate is thereby protected 
against stains, abrasion, and impact. 

[0118] The present invention Will noW be further described 
With reference to the folloWing examples. 

EXAMPLES 

[0119] Test Methods 

[0120] Test Procedure I: Taber Abrasion Test on Plastic 

[0121] This test measures the Taber abrasion of the cer 
amer composition When coated on a substrate and Was 

performed according to ASTM D1044 (Standard Method for 
Resistance of Transparent Plastics to Surface Abrasion), the 
disclosure of Which is incorporated herein by reference. 
Brie?y, the test method involved abrading a sample on a 
TABER ABRASERTM tester for 100, 300 and 500 cycles 
using a 500 gram load With a CS-10F Wheel at room 
temperature. After each cycle of exposure to the abrasive 
Wheels the percent change in haZe Was measured. 

[0122] Test Procedure II: Warm Water Adhesion Test 

[0123] This test Was designed to test the ceramer compo 
sition’s durability When coated on a substrate and submersed 
in Water at elevated temperatures. The sample Was com 
pletely submerged in Water at the stated temperature for the 
stated time period. Speci?cally, the samples Were submerged 
in Water baths at about 60° C. for 11 and 13 days, at about 
71° C. for 6 and 8 days and at about 82° C. for 3 and 5 days. 
At the end of the stated time period, the samples Were 
removed, examined for any delamination and subjected to a 
Cross Hatch Adhesion Test (Test Procedure IV described 
beloW) and to a Tape Snap Test (Test Procedure V described 
beloW). 
[0124] Test Procedure III: Weatherability 

[0125] This test assesses the ability of the ceramer com 
position, When coated on a substrate, to Withstand Weather 
ing conditions (e.g., sunlight). The test Was conducted 
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according to ASTM Test Standard G-26-88, Type B, BH 
(Standard Practice for Operating Light Exposure Apparatus 
(Xenon-Arc Type) With and Without Water for Exposure of 
Nonmetallic Materials), the disclosure of Which is incorpo 
rated by reference herein. 

[0126] Brie?y, a sample Was exposed to a 6500 Joule/ 
second xenon burner ?lter through borosilicate inner and 
outer ?lters at 0.35W/m2 in a Water Cooled Xenon Arc 
Model 65XWWR Weathering Chamber, available from 
Atlas Electric Devices Co. (Chicago, Ill.) for repetitive 
cycles of 102 minutes at about 63° C. folloWed by 18 
minutes With a Water spray. To provide a ceramer coating 
passing this test for a particular substrate, the ceramer 
coating must be capable of Withstanding at least 1000 hours 
of exposure under these conditions With no signi?cant 
yelloWing, Whitening, or other discoloration. 

[0127] Undesirable results obtained from this Weathering 
test include, in particular, Whitening, delamination, and 
“checks”, Which are imperfections in the form of slight 
inclusions in the coating. 

[0128] Test Procedure IV: Cross Hatch Adhesion Test 

[0129] The test method assesses the adhesion of coating 
?lms to substrates by applying and removing pressure 
sensitive adhesive tape over cuts made in a ?lm of the 
coating composition. A crosshatch pattern With 3 cuts in 
each direction Was made in the coating on the substrate. 
Then a pressure-sensitive adhesive tape Was applied over the 
crosshatch and removed. Adhesion Was evaluated by com 
paring descriptions and illustrations. The cutting tool Was a 
sharp raZor blade, scalpel, knife or other cutting device 
Which had a cutting edge in good condition. Acutting guide 
Was used to ensure straight cuts. The tape Was 1 inch (25 
mm) Wide semi-transparent pressure-sensitive adhesive tape 
With an adhesion strength of 36 plus or minus 2.5 oZ/in. (40 
plus or minus 2.8 g/mm) When tested in accordance With 
ASTM Test Method B 1000 incorporated by reference 
herein in its entirety. 

[0130] An area free of blemishes and minor surface imper 
fections on the coating Was selected. Care Was taken to 
ensure that the surface Was clean and dry. Extremes in 
temperature or relative humidity Which may affect the 
adhesion of the tape or the coating Were avoided. TWo sets 
of three parallel 20 mm long cuts Were made in the coating, 
With one set oriented at 90° to cuts in the other set and the 
sets intersecting near the middle of the test panel. The cuts 
Were made in one steady motion to penetrate through the 
coating to the substrate, leaving the substrate visible through 
the coating. After cutting, the ?lm Was lightly brushed to 
remove detached ?akes or ribbons of coatings. A piece of 
tape 75 mm long Was removed from the roll and placed With 
the center of tape at the intersection of the cuts With the tape 
running in the same direction as one set of the cuts. The tape 
Was smoothed in place With ?nger in the area of the cuts and 
then rubbed ?rmly With an eraser on the end of a pencil. 
Within 90 seconds (plus or minus 30 seconds) of application, 
the tape Was removed by creasing a free end and pulling it 
off rapidly at about 180°, Without jerking the tape back upon 
itself. The cut area Was then inspected for removal of coating 
from the substrate and rated for adhesion according to the 
folloWing scale: 
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[0131] A coating Was designated “pass” if: 

[0132] the edges of the cuts are completely smooth; 
none of the squares of the lattice is detached; or 

[0133] small ?akes of the coating are detached at 
intersections; (less than 5% of the area is affected); 
or 

[0134] small ?akes of the coating are detached along 
edges and at intersections of cuts; (the area affected 
is 5 to 15% of the lattice). 

[0135] The coating Was designated “fail” if: 

[0136] the coating has ?aked along the edges and on 
parts of the squares; (the area affected is 15 to 35% 
of the lattice); or 

[0137] the coating has ?aked along the edges of cuts 
in large ribbons and Whole squares have detached; 
(the area affected is 35 to 65% of the lattice). 

[0138] Test Procedure V: Tape Snap Test 

[0139] A section of adhesive tape Was af?xed to the 
surface of the coating With the end of the tape overlapping 
the edge of the sheet. The tape Was then “snapped” off by 
pulling it rapidly at 90° to the surface of the coating, and the 
coating visually inspected for evidence of delamination. A 
coating Was designated “pass” if minor or no evidence of 
delamination Was found. 

[0140] Test Procedure VI: Taber Abrasion Test on Leather 

[0141] This test measures the Taber abrasion of the cer 
amer composition When coated on a leather substrate and 
Was performed according to ASTM D3884, the disclosure of 
Which is incorporated herein by reference. This test method 
measures the abrasion resistance of the surface coating on 
leather and synthetic leathers using a rotary rubbing action 
under controlled pressure. The Taber abrasion machine used 
Was Model number 5130 available from Taber Industries, 
Tonawanda, NY. The samples Were cut to about 10313 
millimeters With a 7:1 millimeter hole punched in the center 
of the test sample. The samples Were attached to the Taber 
disc With S-36 cardboard backer (available from Taber 
Industries). The testing Was conducted using conditioned 
H-22 abrasive Wheels With 1000 gram Weights. A sample 
failed When a Wear area of about 2 millimeters depth Was 
observed. 

Example 1 

[0142] 56.2 Parts by Weight of the curable binder precur 
sor PETA (pentaerythritol triacrylate) Was heated to about 
49° C. in a one liter ?ask. 35.2 Parts by Weight silica (88 
parts of 40% solids, 20 nanometers average particle siZe, 
commercially available from Nalco Corp., Naperville, Ill., 
under the trade designation “Nalco 2327”) Were added to the 
PETA to form a ?rst admixture. In a separate ?ask, 7.7 parts 
by Weight of the crosslinkable silane component 3-meth 
acryloxypropyl-trimethoxysilane, (commercially available 
from Union Carbide under the trade designation “A-174”) 
Were mixed With 0.8 parts by Weight of ?uoro/silane com 
ponent of Formula (11) (commercially available from Min 
nesota Mining and Manufacturing Company, St. Paul, Minn. 
under the trade designation “FC-405”) to form a second 
admixture. The ?rst and second admixtures Were then mixed 
together to form a third admixture. In a Weighing tray, 0.15 
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parts by Weight BHT (butylated hydroxytoluene) and 0.02 
parts by Weight phenothiaZine (both based on the 56.2 parts 
by Weight PETA) Were mixed together and then added to the 
third admixture to form a fourth admixture. 

[0143] The fourth admixture Was then “stripped” by sub 
jecting it to a gentle vacuum distillation (100120 mm Hg) at 
5212° C. until most of the Water/methanol Was removed. A 
residual amount (a feW Weight-percent) of Water remained in 
the dried product. At the end of the stripping process, the 
admixture Was diluted to 50% solids With a 14:1 Weight 
ratio solvent of isopropyl alcoholzdistilled Water. This 50% 
solids admixture Was further diluted to 25% solids With the 
same solvent mixture. About 0.7 parts by Weight photoini 
tiator (commercially available from Ciba Geigy Corp., HaW 
thorne, N.Y., under the trade designation “IRGACURE 
184”) Was also added. 

[0144] The ceramer composition Was then coated onto 
PMMA (polymethylmethacrylate) and polycarbonate sub 
strates at a thickness of about 4 to about 5 micrometers using 
conventional ?oW coating techniques. Each coated substrate 
Was then ?ash dried at about 60° C. for 2.5 minutes in an air 
circulating oven to ensure that the majority of the isopro 
panol Was driven off. Finally, the coating Was cured on a 
conveyor belt of a UV light processor using a high pressure 
mercury lamp (Model QC 1202, available from PPG Indus 
tries, Plain?eld, Ill.). The process conditions Were 16.5 
meters/minute, 410 volts, energy 90 mJ/cm2, and an air 
atmosphere. 
[0145] The resulting ceramer coatings Were perfectly clear 
and adhered to the PMMA and polycarbonate substrates. 
Furthermore, the coatings passed Test Procedures I, II and 
III and had excellent shelf stability. After 6 months, sols 
prepared in accordance With the above procedure Were clear, 
With no apparent ?occulation. 

Example 2 

[0146] Example 2 Was carried out as in Example 1 except 
that the crosslinkable silane component Was added to the 
?rst admixture of PETA and silica, folloWed by addition of 
the ?uoro/silane component. These steps Were performed by 
heating 56.2 parts by Weight of PETA to about 49° C. in a 
one liter ?ask. 35.2 Parts by Weight silica (88 parts by Weight 
of 40% solids NALCOTM 2327) Was added to the ?ask. 7.7 
Parts by Weight of 3-methacryloxypropyl-trimethoxysilane 
Were then added to the ?ask, folloWed by addition of 0.8 
parts by Weight of a ?uoro/silane component of Formula 
(11). In a Weighing tray, 0. 15 part by Weight BHT and 0.02 
parts by Weight phenothiaZine (both based on the 56.2 parts 
by Weight PETA) Were mixed together and then added to the 
?ask. The resulting admixture Was then stripped, diluted 
With solvent, coated onto PMMA and polycarbonate sub 
strates and cured as in Example 1. The resulting ceramer 
coatings Were perfectly clear and adhered to the PMMA and 
polycarbonate substrates. Furthermore, the resulting cer 
amer coatings passed Test Procedures I, II and III. 

Example 3 

[0147] Example 3 Was carried out as in Example 1 except 
that the ?uoro/silane component Was ?rst added individually 
to the ?rst admixture of PETA and silica, folloWed by 
addition of the crosslinkable silane component. These steps 
Were performed by heating 56.2 parts by Weight of PETA to 
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about 49° C. in a one liter ?ask. 35 .2 Parts by Weight silica 
(88 parts by Weight of 40% solids NALCO 2327) Were 
added to the ?ask. 0.8 Parts by Weight of the ?uoro/silane 
component Were then added to the ?ask, followed by addi 
tion of 7.7 parts by Weight of 3-methacryloxypropyl-tri 
methoxysilane. In a Weighing tray, 0.15 parts by Weight 
BHT and 0.02 parts by Weight phenothiaZine (both based on 
the 56.2 parts by Weight PETA) Were mixed together and 
then added to the ?ask. The ?nal mixture precipitated. Thus, 
the composition Was not coatable and the experiment Was 
not completed. 

Example 4 

[0148] Example 4 Was carried out as in Example 1 except 
that 15.6 parts by Weight (based on 56.2 parts by Weight 
PETA) of dimethylacrylamide (DMA) Was added to the 
third admixture of Example 1 before addition of the mixture 
of BHT and phenothiaZine. The resulting admixture Was 
then stripped, diluted With solvent, coated onto PMMA and 
polycarbonate substrates and cured as in Example 1. The 
resulting ceramer coatings Were perfectly clear and adhered 
to the PMMA and polycarbonate substrates. Furthermore, 
the resulting ceramer coatings passed Test Procedures I, II 
and III and performed as Well as the coatings of Example 1. 
This example thus shoWs that DMA may be used in the 
ceramer compositions of the present invention, if desired, 
but is not required. 

Example 5 

[0149] Example 5 Was prepared as described in Example 
1, except a silica/alumina mixture Was substituted for the 
silica. Thus, 56.2 parts by Weight of PETA Were preheated 
to about 49° C. and then combined With 35.3 parts by Weight 
of silica (88 parts by Weight of 40% solids NALCOTM 2327, 
20nm) and 1 part by Weight sodium aluminate (NaAlO2) to 
form a ?rst admixture. A second admixture of 7.8 parts by 
Weight of A-174 and 0.8 parts by Weight of the compound 
of Formula (11) Was prepared and added to the ?rst admix 
ture With stirring to form a third admixture. In a Weighing 
tray, 0.15 parts by Weight BHT and 0.02 parts by Weight 
phenothiaZine (both based on the 56.2 parts by Weight 
PETA) Were mixed together and then added to the third 
admixture to form a fourth admixture. 

[0150] The fourth admixture Was then stripped, diluted 
With solvent, coated onto PMMA and polycarbonate sub 
strates and cured as in Example 1. 

Example 6 

[0151] Example 6 Was carried out as described in Example 
5, except dimethylacrylamide Was added to the other ingre 
dients in the second admixture. The second admixture 
contained about 0.7 parts by Weight of A-174, 0.8 parts by 
Weight of the compound of Formula (11) and 8.0 parts by 
Weight of dimethylacrylamide. The ceramer composition 
Was stripped, diluted With solvent, coated onto PMMA and 
polycarbonate substrates and cured as in Example 1. 

Comparative Example A 

[0152] This ceramer composition contained dimethylacry 
lamide (DMA) as a component of the binder precursor, but 
no ?uoro/silane component. Speci?cally, 51.5 parts by 
Weight of PETA Were heated to about 49° C. 32.4 Parts by 
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Weight silica (88 parts by Weight of 40% solids NALCO 
2327) Were added to the PETA to form a ?rst admixture. In 
a separate ?ask, 8.1 parts by Weight of 3-methacryloxypro 
pyl-trimethoxysilane Were mixed With 8.0 parts by Weight 
DMA to form a DMA-altered second admixture. The ?rst 
admixture Was mixed With the DMA-altered second admix 
ture to form a third admixture. In a Weighing tray, 0.15 parts 
by Weight BHT and 0.02 parts by Weight phenothiaZine 
(both based on the 51.5 parts by Weight PETA) Were mixed 
together and then added to the third admixture to form a 
fourth admixture. 

[0153] The fourth admixture Was then stripped, diluted 
With solvent, coated onto PMMA and polycarbonate sub 
strates and cured as in Example 1. Like the ceramer coating 
of Example 1, the ceramer coatings of this comparative 
example Were perfectly clear, adhered to the PMMA and 
polycarbonate substrates, and passed Test Procedures I, II 
and III. Thus in these tested respects, a composition of the 
invention performed comparably to a ceramer made using 
DMA but no ?uoro/silane component. 

Comparative Example B 

[0154] Comparative Example B Was prepared as described 
in Example 2 except that no ?uoro/silane component Was 
added. 56.2 Parts by Weight of PETA Were heated to about 
49° C. (120° in a one liter ?ask. 35.2 Parts by Weight 
silica (88 parts by Weight of 40% solids NALCO 2327) Were 
added to the PETA to form a ?rst admixture. 7.7 Parts by 
Weight of 3-methacryloxypropyl-trimethoxysilane Were 
then added to the ?ask, followed by the addition of 15.6 
parts by Weight DMA (based on 56.2 parts by Weight PETA). 
In a Weighing tray, 0.15 parts by Weight BHT and 0.02 parts 
by Weight phenothiaZine (both based on the 56.2 parts by 
Weight PETA) Were mixed together and then added to the 
?ask. 

[0155] The resulting admixture Was then stripped, diluted 
With solvent, coated onto PMMA and polycarbonate sub 
strates and cured as in Example 2. Like the ceramer coating 
of Example 2, the ceramer coatings of this comparative 
example Were perfectly clear, adhered to the PMMA and 
polycarbonate substrates, and passed Test Procedures I, II 
and III. Thus in these tested respects, a composition of the 
invention performed comparably to a ceramer made using 
DMA but no ?uoro/silane component. 

Comparative Example C 

[0156] Comparative Example C Was a hardcoating pre 
pared using commercially available coating material from 
Cyro Corp., RockaWay, N.J., under the trade designation 
“CYRO AR”. 

Comparative Example D 

[0157] A mixture Was prepared as described in Compara 
tive Examples A and B, omitting DMA. The resulting 
mixture coagulated on stripping. 

Summary of Results 

[0158] The ceramer coatings described above Were evalu 
ated using a variety of test methods. As is illustrated in the 
folloWing Tables 3 through 10 and in Examples 1-2 and 4, 
a nonionic ?uorochemical containing both a ?uorinated 
moiety and a silane moiety (the ?uoro/silane component) 
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can be successfully incorporated into a ceramer sol, Without 
causing colloid ?occulation. Ceramer coatings containing 
such a ?uoro/silane component, Whether prepared With or 
Without DMA, have surprisingly long shelf lives and excel 
lent stain resistant characteristics (See Examples 1 and 4). 
Additionally, ceramer compositions of the present invention 
can be used to prepare ceramer coatings that exhibit a high 

level of abrasion resistance, durability and hardness (See 
Tables 3-10). Some of the coatings shoWn in Tables 3-10 
employed additives Whose formulations are set out in Table 
1 and Whose ingredients are further identi?ed in Table 2. The 
amounts of such additives are expressed based on the Weight 
of ceramer solids. 

TABLE 1 

Additive Components 

I 0.9 parts by Weight “TINUVINl 123” 
1.6 parts by Weight “SANDUVOR2 3058” 
2.8 parts by Weight “TINUVIN 1130” 
2.8 parts by Weight “TINUVIN 400” 

II “TINUVIN 292” 

III 2 parts by Weight “TINUVIN 292” 
2 parts by Weight “TINUVIN 384” 

IV 1.2 parts by Weight “TINUVIN 123” 

0.7 parts by Weight “SANDUVOR 3058” 
2.07 parts by Weight “TINUVIN 384” 
2.07 parts by Weight “TINUVIN 400” 
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TABLE 3-continued 

Taber Abrasion Test — Coated on PMMA 

% HAZE 

Sample 100 cycles 300 cycles 500 cycles 

Example 1** 1.6 3.3 4.1 
Example 4** 1.3 2.9 3.5 

Samples denoted With “*” included 4 Wt—% of additive III on ceramer 
Weight basis. 
Samples denoted With “**” included 2 Wt—% of additive II. 

[0161] 

TABLE 4 

Taber Abrasion Test — Coated on Polycarbonate 

% HAZE 

Sample 100 cycles 300 cycles 500 cycles 

Example 1 1.7 3.3 4.1 
Example 4 1.3 2.8 3.5 
Comp. A* 3.1 3.2 3.8 
Example 4* 2.8 2.7 3.1 
Comp. B 1.3 2.3 3.2 
Example 1 1.0 2.5 3.2 
Example 4 1.0 2.3 3.1 
Comp. A** 2.5 2.9 4.4 
Comp. B** 3.0 2.5 3.5 
Example 1** 3.0 2.6 3.3 
Example 4** 2.7 2.2 3.1 
Comp. C. 2.5 3.0 3.8 

1TINUVIN, all grades, is commercially available from Ciba-Geigy Corpo 
ration, Hawthorne, NY 
2SANDUVOR, all grades, is commercially available from Clariant Corp, 
Charlotte, NC 

[0159] 

TABLE 2 

Trade Name Chemical Name 

TINUVIN 123 bis—(1—octyloxy-2,2,6,6, tetramethyl-4 
piperidinyl) sebacate 

SANDUVOR 3058 N-acrylated HALs compound 
TINUVIN 400 1,3-benzenediol, 4—[4,6—bis(2,4—dimethyl)—1,3,5— 

triaZin—2-yl] 
CG TINUVIN 292 bis-(1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate 
CG TINUVIN 1130 hydroxyphenyl benzotriazole 
TINUVIN 384 3—(2H-benZotriaZol-2-YL)—5-(tert—butyl)—4— 

hydroxybenzenepropanoic acid 

[0160] 

TABLE 3 

Taber Abrasion Test — Coated on PMMA 

% HAZE 

Sample 100 cycles 300 cycles 500 cycles 

Comp. A* 2.6 3.1 4.1 
Example 4* 2.0 3.0 3.6 
Comp. B 1.4 3.0 3.9 
Example 1 1.3 3.1 3.9 
Example 4 0.9 2.4 3.2 
Comp. A** 1.9 3.6 4.2 
Comp. B** 1.5 2.8 3.7 

Samples denoted With “*” included 6 Wt—% of additive IV on a ceramer 
Weight basis. 
Samples denoted With “**” included 8 Wt—% of additive I. 

[0162] 

TABLE 5 

Warm Water Adhesion Test — Coated on PMMA 

Sample 11 days @ 60° C. 8 days @ 71° C. 3 days @ 82° C. 

Example 1 pass Pass pass 
Example 4 pass Pass pass 
Comp. A* pass Pass pass 
Example 4* pass Pass pass 

Samples denoted With “*” included 4 Wt—% of additive III on a ceramer 

Weight basis. 

[0163] 

TABLE 6 

Warm Water Adhesion Test — Coated on PMMA 

Sample 13 days @ 60° C. 6 days @ 71° C. 5 days @ 82° C. 

Comp. B pass pass pass 
Example 1 pass pass pass 
Example 4 pass pass pass 
Comp. A* pass pass pass 
Comp. B* pass pass pass 
Example 1* pass pass pass 
Example 4* pass pass pass 
Comp. C. pass pass pass 

Samples denoted With “*” included 2 Wt—% of additive II on a ceramer 
Weight basis. 
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[0164] 
TABLE 10-continued 

TABLE 7 
Weathering Test — Coated on Polycarbonate 

Warm Water Adhesion Test — Coated on Polycarbonate 
Sample Hours 

S l 11 d 600 C. 8 d 710 C. 3 d 820 C. amp 6 ays @ ays @ ays @ Example 1* 2400 — slight delamination 

Comp. A pass pass pass Example 4* not done 
Example 1 pass pass pass COmP- A* 2200 
Example 4 pass pass pass Example 1 N750 
Comp. A* pass pass pass Example 4 "750 
Example 4* pass pass pass COmP- A "800 

Comp. B ~900 
Samples denoted With “*” included 6 Wt—% of additive IV on a ceramer Example 1** 2425 ' sllght delamlnatlon & Very Small Checks 
Weight basis_ Example 4** 2425 — slight delamination & very small checks 

Comp. A** ~2500 
Comp. B** 2425 — slight delamination 

[0165] 
Samples denoted With “*” included 6 Wt—% of additive IV. 

TABLE 8 Samples denoted With “**” included 8 Wt—% of additive I. 

Warm Water Adhesion Test ' Coated On Polvcarbonate [0168] In the following Examples, coating formulations 

Sample 13 days @ 600 C_ 6 days @ 710 C_ 5 days @ 820 C_ were prepared as in Example 1 using various inorganic 
oxides. The coating compositions Were coated onto either 

gC’mP-‘g Pass Pass Pass acrylic (Cyro-FFTM, available from Cyro Inc.) or polycar 
Eomp' pass pass pass bonate (Cyro-ZXTM, available from Cyro Inc.) substrates 
xample 1 pass pass pass _ _ _ 

Example 4 pass pass pass and cured as previously described. The cured coatings Were 
Comp. A* pass pass delaminated then sub]ected to the Taber Abrasion Test on Plastic. As a 

Comp-113* * Pass Pass jeiammtej comparative test, acrylic and polycarbonate sheets coated 
Examp e 1* pass pass 6 amlnate With a proprietary abrasion-resistant coating (Cyro-ARTM, 
Example 4 pass pass delaminated .1 b1 f C I 1 d Th . . 
Comp C_ pass pass pass avai a e rom yro nc.) Were a so teste . e inorganic 

oxides used and the results of the abrasion tests are shoWn 
Samples denoted With “*” included 8 Wt—% of additive I on a ceramer in Tables 11 and 12. 

Weight basis. TABLE 11 

[0166] % HAZE on Acr lic 

Inorganic 
TABLE 9 Sample Oxide 100 cycles 300 cycles 500 cycles 

Weathering Test — Coated on PMMA Comp. E Cyro-AR 2.2 4.3 5.7 
Example 7 SiOZ/NaAlO2 1.3 3.2 4.2 

Sample Hours 99:1 
Example 8 SiOZ/NaAlO2 1.0 2.5 3.4 

Example 1 1400 — feW small checks 98;; 

Example 4 1400 - few small checks Example 9 sioz/zroz 23 4_6 7_6 
Comp. A 1400+ 95:5 
Example 1* 3700 — feW long checks Example 10 $iO2/ZrO2 3Q 65 95 
Example 4* not done 90;10 
COmp- A* 3515+ Example 11 SiO2/SnO2 1.2 3.2 4.2 
Example 1 1800 — checks, slight Whitening 955 
Example 4 1800 — checks, slight Whitening 
Comp. B 1800 — checks, slight Whitening 
Example 1** 2425+ 

Example 4** 2525+ Comp. A** 3515+ 

Comp. B** 2425+ TABLE 12 

+denotes that the test is on going % HAZE On P01 Carbonate 

Samples denoted With “*” included 4 Wt—% of additive III. Inorganic 
- “W” - _ - - 

Samples denoted With included 2 Wt % of additive II. Sample Oxide 100 Cycles 300 Cycles 500 Cycles 

[0167] Comp. F Cyro-AR 2.2 2.9 3.5 
Example 12 SiOZ/NaAlO2 1.0 2.4 3.4 

99:1 

TABLE 10 Example 13 SiOZ/NaAlO2 0.6 1.7 2.5 
98:2 

Weathering Test — Coated on Polycarbonate EXample 14 SiO2/ZTO2 1-8 3-6 5-2 
95:5 

Sample Hours Example 15 SiO2/ZrO2 2.1 4.8 7.1 
90:10 

Example 1 1000 — 20% delamination Example 16 SiO2/SnO2 0.7 2.0 3.0 
Example 4 1000 — total delamination 95:5 
Comp. A ~800 
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[0170] As can be seen from the data, all the samples 
provide good abrasion resistance on both acrylic and poly 
carbonate substrates. In particular, the coatings containing 
NaAlO2 or mixed oxides of SiO2 and SnO2 provide improved 
abrasion resistance relative to commercially available coat 
1ngs. 

Examples 17 to 26 

[0171] In the folloWing Examples, coating formulations 
Were prepared as in Example 1 using various inorganic 
oxides. The coating compositions Were coated onto either 
acrylic (Cyro-ACRYLITETM, available from Cyro Inc.) or 
polycarbonate substrates (Cyro-CYROLONTM, available 
from Cyro Inc.) and cured as previously described. The 
cured coatings Were then subjected to the Warm Water 
Adhesion Test. The results are set out beloW in Tables 13 and 
14. 

TABLE 13 

Warm Water Adhesion Test on Acrylic 

10 days 5 days 5 days Cross 
Sample Inorganic oxide @ 57° C. @ 68° C. @ 78° C. Hatch test 

Exam- SiO2/NaAlO2 pass pass pass pass 
ple 17 99:1 
Exam- SiO2/NaAlO2 pass pass pass pass 
ple 18 98:2 
Exam- SiOZ/ZrO2 pass pass pass pass 
ple 19 95 :5 
Exam- SiOZ/ZrO2 pass pass pass pass 
ple 20 90:10 
Exam- SiOZ/SnO2 pass pass pass pass 
ple 21 95:5 

[0172] 

TABLE 14 

Warm Water Adhesion Test on Polycarbonate 

10 days 5 days 5 days Cross 
Sample Inorganic oxide @ 57° C. @ 68° C. @ 78° C. Hatch test 

Exam- SiO2/NaAlO2 pass pass pass pass 
ple 22 99:1 
Exam- SiO2/NaAlO2 pass pass pass pass 
ple 23 98:2 
Exam- SiOZ/ZrO2 pass pass pass pass 
ple 24 95:5 
Exam- SiOZ/ZrO2 pass pass pass pass 
ple 25 90:10 
Exam- SiOZ/SnO2 pass pass pass pass 
ple 26 95:5 

Examples 27 to 30 

[0173] In the folloWing Examples the effect of the ?uo 
rochemical on graf?ti resistance Was evaluated. Several 
compositions Were coated onto either acrylic or polycarbon 
ate substrates and cured as previously described. In the ?rst 
of tWo tests the coated substrate Was Written upon With a 
SHARPIETM marker and the ink Was alloWed to dry. Then 
removal of the ink Was attempted by rubbing With a paper 
tissue. If all of the ink Was removed, the coating Was 
acceptable and rated as “pass”. 

[0174] In the second test, Rust-OleumTM spray paint Was 
applied to the coated substrate. The spray can Was held about 
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20 to 25 from the sample and a one-second burst Was applied 
to form a spot of paint. Next the spray can Was held the same 
distance from the sample and a line of paint Was applied With 
a three-second burst. Then the paint Was alloWed to dry and 
removal of the paint Was attempted by rubbing With a paper 
tissue. If all of the paint Was removed, the coating Was rated 
as a “pass”. The coating composition of Comparative 
Example A Was similarly evaluated. 

[0175] The results of the tests are shoWn beloW in Table 
15. 

TABLE 15 

Coating 
Sample Composition Substrate Ink Paint 

Example 27 Example 1 Polycarbonate pass pass 
Example 28 Example 4 Polycarbonate pass pass 
Comp. E Comp. A Polycarbonate fail fail 
Example 29 Example 1 Acrylic pass pass 
Example 30 Example 4 Acrylic pass pass 
Comp. F Comp. A Acrylic fail fail 

[0176] The above results shoW that coating compositions 
of the present invention bene?t from the incorporation of a 
?uorochemical and are useful as anti-graf?ti coatings. In 
contrast, coating lacking the ?uorochemical remained soiled 
by ink and paint. 

Example 31 

[0177] TWo White full grain leathers (available from 
Sadesa, Buenos Aires, Argentina) designated #2040 and 
#2059 Were spray coated With the ceramer composition of 
Example 1, using a commercial sprayer and holding the 
leather 2 sample in a horiZontal position. The coating Weight 
Was 11 grams/meters2. The samples Were then oven dried for 
about 10 minutes at 70° C. The samples Were then cured 
using a UV chamber With mercury vapor lamps (poWer 
setting—300 Joules/seconds/meters2 ) at a speed of 6 
meters/minute. 

[0178] The samples Were tested according to the Taber 
Abrasion Test on Leather. The results are set out beloW in 
Table 16. 

TABLE 16 

Sample Uncoated Coated With Ceramer 

#2040 75 cycles 225 cycles 
#2059 125 cycles 600 cycles 

[0179] Other embodiments of this invention Will be appar 
ent to those skilled in the art upon consideration of this 
speci?cation or from practice of the invention disclosed 
herein. Various omissions, modi?cations, and changes to the 
principles and embodiments described herein may be made 
by one skilled in the art Without departing from the true 
scope and spirit of the invention Which is indicated by the 
folloWing claims. 

We claim: 
1. A method of making a curable ceramer composition, 

comprising the step of combining a ?uoro/silane component 
With an admixture comprising colloidal inorganic oxide and 
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curable binder precursor, said combining step occurring in 
the presence of a crosslinkable silane component; Wherein 
the ?uoro/silane component comprises a hydrolyZable silane 
moiety and a ?uorinated moiety, the crosslinkable silane 
component comprises a hydrolyZable silane moiety and a 
polymeriZable moiety other than a silane moiety, and the 
curable binder precursor comprises a polymeriZable moiety 
copolymeriZable With the polymeriZable moiety of the 
crosslinkable silane component; said combining step further 
occurring under conditions such that at least a portion of the 
colloidal inorganic oxide is surface treated by the ?uoro/ 
silane component. 

2. The method of claim 1, Wherein the admixture com 
prises a sol of colloidal inorganic oxides. 

3. The method of claim 2, further comprising the step of 
stripping the composition to remove Water. 

4. The method of claim 3, further comprising the step of 
adding an organic solvent to the stripped composition to 
form a coatable composition containing from about 5% to 
about 95% solids by Weight. 

5. The method of claim 1, Wherein the Weight ratio of the 
crosslinkable silane to the ?uoro/silane is betWeen 4:1 and 
20:1. 

6. The method of claim 1, Wherein the crosslinkable silane 
component is represented by the formula: 

Wherein Sy represents a hydrolyZable silane moiety; Rc is 
a moiety comprising free-radically polymeriZable func 
tionality; q is at least 1; p is at least 1; and W0 is a 
linking group having a valency of q+p. 

7. The method of claim 1, Wherein the ?uoro/silane 
component is represented by the formula: 

Wherein Sy represents a hydrolyZable silane moiety; Rf 
represents a ?uorinated moiety; r is at least 1; s is at 
least 1; and W is a linking group having a valency of 
r+s. 

8. The method of claim 1, Wherein the curable binder 
precursor comprises one or more (meth)acrylate or (meth 
)acrylamide monomers. 

9. The method of claim 1, Wherein the inorganic oxide 
comprises a mixture of a major amount of silica and a minor 
amount of at least one other inorganic oxide. 

10. The method of claim 9, Wherein the other inorganic 
oxide comprises alumina. 

11. A curable ceramer composition, comprising: 

(a) curable binder precursor; and 

(b) colloidal inorganic oxide surface treated With a surface 
treatment agent that comprised: 

(i) ?uoro/silane component that comprised a hydrolyZ 
able silane moiety and a ?uorinated moiety, and 

(ii) crosslinkable silane component that comprised a 
hydrolyZable silane moiety and a free-radically 
crosslinkable moiety. 
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12. The curable ceramer composition of claim 11, Wherein 
the Weight ratio of the crosslinkable silane component to the 
?uoro/silane component Was from about 4:1 to about 20:1. 

13. The curable ceramer composition of claim 11, Wherein 
the crosslinkable silane component had the formula: 

Wherein Sy represents a hydrolyZable silane moiety; Rc is 
a moiety comprising free-radically polymeriZable func 
tionality; q is at least 1; p is at least 1; and W0 is a 
linking group having a valency of q+p. 

14. The curable ceramer composition of claim 11, Wherein 
the ?uoro/silane component had the formula: 

Wherein Sy represents a hydrolyZable silane moiety; Rf 
represents a ?uorinated moiety; r is at least 1; s is at 
least 1; and W is a linking group having a valency of 
r+s. 

15. The curable ceramer composition of claim 11, Wherein 
the curable binder precursor comprises one or more (meth 
)acrylate or (meth)acrylamide monomers. 

16. The curable ceramer composition of claim 11, Wherein 
the curable binder precursor comprises pentaerythritol tria 
crylate. 

17. The curable ceramer composition of claim 16, 
Wherein the curable binder precursor also comprises N,N 
dimethyl (meth) acrylamide. 

18. The curable ceramer composition of claim 11, Wherein 
the colloidal inorganic oxide comprises colloidal silica par 
ticles. 

19. The curable ceramer composition of claim 11, Wherein 
the inorganic oxide comprises a mixture of a major amount 
of silica and a minor amount of at least one other inorganic 
oxide. 

20. The curable ceramer composition of claim 19, 
Wherein the other inorganic oxide comprises alumina. 

21. A composite structure, comprising a polymeric or 
leather substrate having a surface at least partially coated 
With a cured ceramer composite composition of claim 11. 

22. A method of making an abrasion resistant ceramer 
coating, comprising the steps of: 

(a) coating at least a portion of a substrate surface With the 
curable ceramer composition of claim 11; 

(b) irradiating the coated substrate With an amount of 
curing energy under conditions effective to at least 
partially cure the composition, Whereby an abrasion 
resistant cured ceramer coating is formed on the sub 
strate. 

23. The method of claim 22, further comprising the step 
of heating the coating prior to irradiating. 


