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Epoxysilane coating compositions.

This invention relates, generally, to a coating compo-
sition for forming an abrasion-resistant coating for solid
substrates such as ophthalmic lens or other optical arti-
cles, and more particularly to a monoepoxysilane composition
which is easily curable by radiation.

Synthetic plastic materials have come into wide use as
a lightweight, safe material for ophthalmic lens instead of
inorganic glass. However, most plastic materials scratch
easily, and are susceptible to chemical attack, when compa-
red to inorganic glass opticai products.

Thus, protective coatings for plastic substrates which
are abrasion resistant are in great demand and of great in-
terest to the art.

The broad application of protective coatings to a lens
substrate is Kknown. Typically, these protective coatings are
applied to the desired substrate by spin coating, dip coa-
ting, spray coating, and flow coating techniques. Vapor coa-
ting techniques are also well known, and to a limited ex-
tent, certain in-mold techniques have also been practiced.

Many of the prior art abrasion resistant coatings re-
sult from thermally activated initiators, which require ex-
posure to elevated temperature in order to fully develop the
physical properties of the coating. Unfortunately, these
thermally cured coatings do not become tack-free immediately
upon being subjected to the elevated temperatures needed for

curing. The tack-free state is achieved after the passage of

‘significant time, sometimes hours. This "lag-time" or delay

in achieving a tack-free state presents an opportunity for
the coating to be marred by various environmental factors,
e.g.,'airborne particulate matter.

In response, the art has utilized radiation-curable
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abrasion resistant coatings. The technique of radiation cu-
re does result in a coating composition which is tack-free
within seconds of irradiation. The current practice 1is to
use radiation for the cure and utilize a free radical poly-
merization mechanism with various acrylate monomers to
achieve the abrasion-resistant coating.

Radiation curable acrylate coatings have drawbacks.
Since the acrylate coatings result from free radical polyme-
rization, careful steps must be taken to exclude oxygen du-
ring the coating process. If not excluded, oxygen will inhi-
bit the reaction and the coating will have an inferior sur-
face hardness. An oxygen-free environment is expensive and
cumbersome to achieve and haintain during the coating pro-
cess.

It is therefore highly desirable to formulate a coating
composition which is radiation-curable and is formulated in
a normal environment including air or oxygen, i.e., expensi-
ve oxygen removal steps are avoided.

Abrasion resistant coatings resulting from cationic me-
chanisms are known. Unlike the free radical mechanisms, ca-
tionic polymerization is not inhibited by atmospheric oxy-
gen. However, to achieve satisfactory results, some coatings
achieved through cationic polymerization still require the
acrylate base. Acrylates are notoriously toxic and tend to
shrink. This relatively large shrinkage many times results
in poor adhesion of the coating to the substrate, and expen-
sive pretreatment of the substrate is required in order to
improve the adhesion.

The present invention obtains excellent clarity and
physical properties without the use of acrylate-functional
silanes or multifunctional acrylate monomers. In the present
invention, an abrasion resistant coating which is radiation
curable 1is obtained from a monoepoxysilane by utilizing a
cationic photoinitiator as the only required initiator.

In accordance with the present invention, a coating
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composition for imparting abrasion and scratch resistance to
solid substrates and in particular, a coating for imparting
such resistance to ophthalmic lens.

It is an object of the present invention to provide a
novel protective coating to solid substrates and other rela-
tively smooth solid surfaces.

It is another object of the present invention to pro-
vide a novel coating composition which imparts abrasion and
scratch resistance to ophthalmic lens.

A still further object of the present invention is to
provide a radiation-curable coating composition which im-
parts abrasion and scratch resistance to solid substrates
and other relatively smooth solid surfaces.

Still another object of the present invention is to
provide a radiation-curable coating composition for ophthal-
mic lens.

Another object of this invention is to provide an
ophthalmic lens coated with a radiation-curable coating com-
position which imparts abrasion and scratch resistance to
the coated lens.

It is a feature of this invention to have a UV curable
coating composition which rapidly yields a tack-free film
which is further cured to a substantially non-tintable,
abrasion resistant coating with excellent adhesion.

Other and further objects and features of the present
invention will be apparent from the description that fol-
lows:

In general, the present invention contemplates a radia-
tion-curable coating composition comprising a monoepoxy-
silane and an ultraviolet photoinitiator capable of initia-
ting a cationic cure of such composition. The photoinitiator
is a photosensitive aromatic onium salt or an iron arene
salt complex. The preferfed photoinitiator comprises an iron
arene salt complex.

Preferentially, the radiation-curable coating composi-
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The preferred radiation-curable coating compositions
contains also an alkoxysilane crosslinking agent.

More particularly, the present invention provides a
substantially non-tintable coating composition for an opti-
cal lens to render the lens resistant to abrasion comprising
S5 to 25 parts by weight of a hydrolyzable monoepoxysilane,
2.5 to 7 parts by weight of an alkoxysilane «crosslinking
agent, 2.5 to 50 parts by weight of colloidal silica, 0.1 to
3 parts by weight of an ultraviolet activated photoinitiator
sufficient to initiate a cationic cure of such composition,
and 50 to 90 parts by weight of solvent.

Also, in general, the . present invention contemplates
ophthalmic lens coated with the novel composition of this
invention.

The present invention relates to a coating composition
curable to a tack-free state upon irradiation with ultravio-
let radiation comprising preferentially a monoepoxysilane

having at least two alkoxy groups.
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More-particulary, the monoepoxysilane used according to

the present invention corresponds to the formula:

wherein E 1is a group containing a glycidoxX group or an
epoxycyclohexyl group, or a mixture of both; R is an alky-
lene group containing from 1 to 4 carbon atoms; R2 and R
are alkyl groups containing from 1 to 4 carbon atoms; and a
is an integer of 0 or 1: an aqueous, aqueous-alcoholic or
alcoholic dispersion of colloidal silica; a crosslinking
agent; and a photoinitiator for an ultraviolet activated ca-
tionic cure.

More specifically, the coating composition of the pre-
sent invention comprises

(a) a hydrolyzable monofunctional monoepoxvsilane con-
sisting of a compound of the general formula

2
(R )a

1 3
E-R - 8i -(OR )
3-a

wherein E is a group containing a glycidoxX group or an
epoxycyclohexyl group, or a mixture of both; R is ag alky-
lene group containing from 1 to 4 carbon atoms; R and R
are alkyl groups containing from 1 to 4 carbon atoms: and a

1s an integer of 0 or 1,
(b) an acidic dispersion of colloidal silica,
(c)}) an alkoxysilane crosslinking agent, and,

(d) an ultraviolet radiation activated photoinitiator.
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The alkoxysilane crosslinking agent is of the general
formula
7 8
R Si (OR )
5 3
wherein
7, .
10 R 1is alkyl group containing from 1 to 2
carbon atoms
or,
is an alkoxy group .containing 1 to 2
carbon atoms,
15 and,
8

20

25

30

35

R is an alkyl group containing from 1 to 2
carbon atoms,

7 7
with the proviso: if R 1s an alkoxy group, R and(m8 are

identical.

In other aspects, the present invention provides a
substantially non-tintable coating composition for ophthal-
mic lens to render the lens resistant to abrasion compri-

sing:

(1) 5 to 25% by weight of a hydrolyzable monofunc-
tional organcalkoxysilane selected from the group consisting

of a compound of the general formula

2
(R )a
& - (or’
E-R - Si -(OR )
3-a
wherein E 1is a group containing a glycidoxylgroup or an

epoxycyclohexyl group, or a mixture of both; R 1is an alky-
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lene group containing from 1 to 4 carbon atoms; R2 and R3
are alkyl groups containing from 1 to 4 carbon atoms; and
(a) is an integer of 0 or 1.

(2) 2.5 to 7% by weight of a crosslinking agent of the
general formula

7 8
R si (OR )3

wherein

7
R is an alkyl group or an alkoxy group containing

from 1 to 2 carbon atoms,
and,

8
R is an alkyl groug containing from 1 to 2 carbon

atoms with the proviso: if R is alkoxy, R and(m? are iden-
tical, :

(3) 2.5 to 50% by weight of colloidal silica disposed
in water, alcohol or alcohol-water mixtures,

(4) 0.1 to 3% by weight of an ultra-violet activated
photoinitiator capable of initiating a cationic cure and
which is a photosensitive aromatic onium salt or is an iron
arene salt complex,

| (5) 0.05 to 0.25% by weight of a surface active agent;
andg,

(6) 50 to 90% by weight solvent.

The monoepoxysilanes are commercially available and include,
for example, monoepoxysilanes available from the Specialty
Chemicals Division of Union Carbide Chemicals and Plastics
Corporation known as A-186 beta - (3,4-epoxycyclohexyl)-
ethyltrimethoxysilane, and A-~187 (gamma-glycidoxypropyl-tri-
methoxysilane). Another organoalkoxysilane may be obtained
from HULS America, Inc., i.e., (3-glycidoxypropyl)- methyl-
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diethoxysilane. 2nother example 1is gamma-glycidoxypropyl-
methyl-dimethoxy-silane. These ccmmercially available mono-
epoxysilanes are listed solely as examples, and are not me-
ant to limit the broad scope of this invention.

Specific examples of the alkoxvsilane crosslinking agent
of the present invention include methvltrimethoxvsilane,
ethyltrimethoxysilane, butvltrimethoxysilane, phenyltrime-
thoxysilane, methvltriethoxvsilane, ethvltriethoxvsilane,
phenyltriethoxysilane, tetramethoxysilane, tetraethoxysilane,
methyltriacetoxysilane, ethyltriacetoxysilane, isopropyl-
triacetoxysilane, phenyltriacetoxysilane, and ethyltripro-
pionyloxvsilane, aminomethyvltriethoxysilane, aminoethyl-
aminomethyltrimethoxysilane,‘ aminopropyltriethoxvsilane,
gamma-mercaptepropyvltrinethoxysilane, gamma-mercaptopropyl-
triethoxysilane, gamma-uredopropyltrisilane, ethylene bistri-
methoxysilane, precpvlenebistrimethoxysilane, and ethylene-
bistriethoxvsilane.

Colloidal silica as used in this invention mav have a
particle size of 1 nanometer to 1000 nanometers in diameter.
Preferred diameter is in the range of 4 to 100 nanometers,
more specifically, 10 to 60 nanometers. The silica mav be
dispersed in or have crystal-like particles in an agueous,
or polar solvent or the combination of both compounds.
Preferably, <the silica particles are dispersed in acidified
water, methenol, isopropanol,ethanol, butanol, polivethvlene,
glyvcol or combinations thereof.

The pH of the coating composition liquid is maintained
between 3 &and 5 <o prevent gelation. If necessarv, the pH
can be adjusted bv using hvdrochloric acid or scdium hydro-
xide.

The photoinitiators suitable for use in the coating
ccmpositicn ¢f the present inventicn are those that induce a
cationic cure when irradiazted with ultraviolet radiatiocn.

re the photosensitive arcmatic

-

cniun  salts which are described in U.S. =catent numbers

SUBSTITUTE SHEET
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3.981.897, 4.058.401, 4.138.255 and 4.161.471 the teachings
of which are incorporated herein by reference thereto.
Examples of suitable photosensitive aromatic onium salts
include triphenylselenonium, hexafluoroantimonate, triphe-
nylsulfonium hexafluoroantimonate, triphenylsulfonium, hexa-
fluorophosphate, and bis ( 4-dodecylphenyl ) - iodonium
hexafluoroantimonate. Other cationic photoinitiators may
also be wused in this invention. A preferred photoinitiator
is that produced by the Additives Division of Ciba-Geigy
Corp. under the tradename of Irgacure 261, also known as
(.ETA. 5-2,4-cyclopentadiene-1-v1) [(1, 2, 3, 4, 5, 6-.ETA)-
(1-1-methylethvl) benzene] ironYl+) hexafluorophosphate -,
and dgenerally referred to herein as an iron arene salt com-
plex. Coatings produced with onium salt photoinitiators tend
to vellow after irradiation due to the continuing presence
of the chromophore. The chromophore of the product Irgacure
261 is destroyed upon irradiation and initiation , resulting
in no yvellowing of the coating.

These cationic photoinitiators are particularly effec-
tive ‘for initiating a cross-linking reaction upon exposure
to ultraviolet radiation such as that provided by UV lamps.
The light source of the UV lamp may be mercury arc lamps,
middle pressure mercury lamps, high pressure mercury lamps,
metal halide lamps and the like. Exposure time to ultra-
violet light may range from 1 to 60 seconds, typically, 10
to 30 seconds of exposure is satisfactory.

When preparing a coating composition of the present in-
vention, the total solids content of the composition should,
preferably, be between 10% and 50% by weight, with one or a
mixture of solvents comprising the remainder of the formu-
lation. Solvents which are wuseful in the practice of this
invention include low molecular weight alcohols or alcohol-
water mixtures, such as methanol, butanol, isopropanol and
mixtures thereof; ketones, esters, glycol ethers, cellosolve,

organic halides, carboxylic acids, aromatic compounds, and
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mixtures thereof.

The organoalkoxysilane 1is relatively easily hydrolyzed
in water, or in an aqueous solution including hydrochloric
acid, sulfuric acid, acetic acid, phosphoric acid, and the

like. The hydrolysis may take place in the presence or ab-

sence of a solvent, and preferably, may take place utilizing

the excess acidic water in the colloidal silica.

In the practice of the present invention, it may be de-
sirable to add to the coating composition a surface active
agent. The surfactant may be non-ionic or ionic. Suitable
non-ionic surfactants include compounds from fluorochemicals
such as FC-430 manufactured by the 3M Company, fluorinated
alkyl alkoxylates, fluorinated alkyl sulfoamide, fluorinated
alkyl ester, monoglyceryl series, the sorbitan fatty acid
ester series, the cane sugar ester series, the polvoxyethy-
lene ethers of higher alcohol series, the polyoxyethylene
esters of higher fatty acids series, the polyoxyethylene
ethers of sorbitan esters series, the fatty acid alkanola-
mide series, the polypropylene and polyoxyvethylene series
and the like. Concentration of the surfactant should be
greater than 0.01 weight percent and preferably between 0.0l
weight percent and 5 weight percent. Other additives such as
leveling agents, and viscosity modifiers may be included in
the coating composition by simple mixing. Examples of
useful leveling agents are silicon surfactants such as a
copolymer of lower alkylene oxide and 1lower polyvdimethysi-
loxane.

The transparent substrate preferably used in the pre-
sent invention include acrylic resins, polycarbonates, die-
thylene glycol bisallyl carbonate polymers, (halogenated)
bisphenol A di(meth) acrylate homopolymers and copolymers,
and (halogenated) bisphenol A urethane-modified di(meth)
acrylate homopolymers and copolymers and polyurethane. The
substrate itself can be tinted, if desired, by means known

to the art; although the coating composition of the present

1
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invention is substantially non-tintable.

The thickness of the coating composition as applied to
the substrate can be selected within a broad range to meet
the predetermined purpose or objective; but, typically, the
range of 0.5 to 10 microns thick coating, preferably between
2 to 5 microns, offer excellent abrasion resistance to a
lens substrate coated therewith. The coating may be applied
by conventional methods such as brushing, rolling, spraving,
spinning, and dipping.

The physical properties tested in the examples given
below are Bayer Abrasion resistance, steel wool scratch re-
sistance, and cross-hatch adhesion.

Bayer Abrasion resistance 1is determined by measuring
the percent haze of a coated and uncoated lens, before and

after testing on an oscillating sand abrader as in ASTM # F

'735—81. The abrader is oscillated for 300 cycles with ap-

proximately 500g of sand, retained by #8 and #l14 size
mesh, used. The haze is measured with a Pacific Scientific
Hazemeter model XL-211. The ratio of the uncoated lens haze
(final- initial) to the coated lens haze (final-initial) is
a measure of the performance of the coating, with a higher
ratio signifying a higher abrasion resistance. The following
schedule is used for reporting Bayer Abrasion values for the
examples given below: A= ratio of 4.4 or higher; B= ratio of
3.0 to 4.4; C - ratio of 1.5 to 3.4; D = ratio of less than
1.5.

Steel wool scratch resistance was determined as follows:
the lens was mounted coated surface up with double sided
tape on the end of a one inch diameter pivoting rod. Steel
wool (000 grade) was then pressed against the coated surface
with a five pound weight as back-pressure. The lens was then
oscillated for 200 cycles against the steel wool (one inch
travel), and the haze measured. The difference in haze (fi-
nal-initial) as measured on a Pacific Scientific Hazemeter

model XL-211 is reported as the steel wool scratch resistan-
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ce value according to the following schedule: A= 0 -0.15; B=
0.16 - 0.30; C= 0.31 - 0.50; D= greater than 0.50.

Coating adhesion was measured by cutting through the
coating a series of 10 lines, spaced lmm apart, with a ra-
zor, followed by a second series of 10 lines, spaced 1lmm
apart, at right angles to the first series, forming a cros-
shatch pattern. After blowing off the crosshatch pattern
with an air stream to remove any dust formed during the
scribing, clear cellophane tape was then applied over the
crosshatch pattern, pressed down firmly, and then rapidly
pulled away from coating in a direction perpendicular to the
coating surface. Application and removal of fresh tape was
then repeated two additional times. The lens was then sub-
jected to tinting to determine the percentage adhesion,
with tinted areas signifving coating adhesion failure.

The following examples are set forth for illustrative
purposes and should not be construed as limiting the scope
of this invention. 1In the following examples, parts refers

to parts by weight.

EXAMPLE 1

Preparation of hvdrolvzed beta-(3,4-epoxvcvclohexvl) ethyvl-

trimethoxv-2-silane

With stirring, 219 parts of an aqueous solution of
0.10 HC1l was slowly added to 1000 parts of beta-(3,4 epoxy-
cvclohexyl)-ethyl-trimethoxysilane over the course of one
hour. After the addition of the aqueous solution was comple-
te, the resulting solution was stirred at room temperature
for 24 hours.

A composition was pfepared by mixing 52.70 parts hydro-
lyzed beta-(3,4-epoxycyclohexvl) ethyltrimethoxysilane with
10.41 parts methyltrimethoxysilane crosslinker, 15.74 parts
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aqueous colloidal silica (1034-A; Nalco Chemical Co.), 0.27
parts of a fluorosurfactant, 59.37 parts acetone, and 59.37
parts methanol. Next was added 2.13 parts General Electric
UV 9310C photoinitiator, and the resulting solution again
mixed. After filtering, the composition was applied to cured
diallyl diglycol carbonate lenses which were then passed
under two Fusion Systems "D" bulbs for an irradiation time
of 30 seconds, whereupon the coating was dry, aberration
free, and tackfree to the touch. The lenses were then post-
cured for 3 hours at 105°C. After cooling to room tempera-
ture, physical tests were performed, and are listed in Table
1.

EXAMPLE 2

Preparation of hvdrolyzed gamma-glvcidoxypropyltrimethoxvsi-

lane

With stirring, 228 parts of an aqueous solution of
0.10N HCl was slowly added to 1000 parts of gamma-glycidoxy-
propyltrimethoxy-silane over the course of one hour. After
the addition of the aqueous solution was complete, the re-
sulting solution was stirred at room temperature for 24
hours. A composition was prepared by mixing 25.34 parts
hydrolyzed gamma-glycidoxypropyltrimethoxvsilane with 15.36
parts methyltrimethoxy-silane crosslinker, 44.80 parts 1034-
A colloidal silica, 0.13 parts of a fluorosurfactant, and
212.84 parts acetone. After mixing the resulting solution,
1.54 parts General Electric UV9310C photoinitiator was ad-
ded, and the solution again mixed. After filtering, the com-
position was applied to cured diallyl diglycol carbonate
lenses, which were then irradiated and postcured in a manner
identical to that described in example 1. Physical testing

results are listed in Table 1.
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TABLE 1
Example Bayer Abrasion Steel Wool Adhesion
1 D B 100%
2 C B 100%
3 C A 100%
4 B B 100%
5 B B 100%
6 B A 100%
7 A A 100%
8 A A 100%
9 A A 100%
Baver wvalues Steel Wool values
A=) 4.4 A=0-0.15
B = - B=0.16 - 0.30
C = - 2.9 C =0.31 - 0.50
D=¢<1.5 D= > 0.50
EXAMPLE 3

A composition was prepared by mixing 47.05 parts hydro-
lyzed gamma-glycidoxypropyltrimethoxysilane with 14.68 parts
methyltrimethoxy~-silane crosslinker, 22.21 parts 1034-A col-
loidal silica, 0.02 parts of a fluorosurfactant, and 213.60
parts methanol. After the resulting solution was thoroughly
mixed, 1.88 parts General Electric UV9130C photoinitiator
was added, and the solution mixed and then filtered. The
composition was then applied to cured diallyl diglycol car-
bonate lenses, which were then irradiated and postcured in a
manner identical to that described in example 1. Physical

testing results are listed in Table 1.
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EXAMPLE 4

A composition was prepared by mixing 29.78 parts hydro-
lvzed gamma-glycidoxypropyltrimethoxysilane with 13.54 parts

tetraethoxysilane crosslinker, 90.74 parts colloidal silica

- in 40% isopropanol, 0.20 parts of an ionic surfactant, and

80.24 parts methanol. Next was added 1.50 parts Irgacure 261
(Ciba Geigy Corp.) photoinitiator, with the resulting solu-
tion being mixed again, followed by filtration. The com-
position was then applied to cured diallyl diglycol carbo-
nate lenses, which were then placed under a 375 watt infra-
red lamp (lamp distance, 1 1/2 inches) for 17 seconds, and
then irradiated in a manner identical to that described in
example 1. After UV irradiation, the coated 1lenses were
postcured for 1 1/2 minutes under a 375 watt infrared lamp
(lamp distance, 3 inches). Physical testing results are lis-
ted in Table 1.

EXAMPLE 5

A composition was prepared by mixing 30.66 parts hydro-
lyzed gamma-glycidoxypropyltrimethoxvsilane with 11.68 parts
methyltrimethoxy-silane crosslinker, 94.02 parts colloidal
silica in 40% isopropanol, 0.14 parts of a fluorosurfactant,
0.14 parts of a non-ionic surfactant, and 61.60 parts metha-
nol. Next was added 1.76 parts Irgacure 261 (Ciba Geigy
Corp.) photoinitiator, with the resulting solution being
mixed again, followed by filtration. The composition was
then applied to cured diallyl diglycol carbonate lenses,
which were then placed under a 375 watt infrared lamp (lamp

distance, 1 1/2 inches) 'for 17 seconds, and then irradiated

-and postcured in a manner identical to that described in

example 1. Physical testing results are listed in Table 1.
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EXAMPLE 6

A composition was prepared by mixing 23.70 parts hydro-
lyzed gamma-glycidoxypropyvltrimethoxysilane with 16.83 parts
methyltrimethoxy-silane crosslinker, 75.63 parts colloidal
silica in isopropanol (IPA-ST Nissan Chemical Co.), 0.18
parts of a fluorosurfactant, 0.18 parts of a non-ionic sur-
factant, and 171.90 parts methanol. After mixing the resul-
ting solution, 5.79 parts Irgacure 261 (Ciba- Geigy Corp.)
photoinitiator and 5.79 parts cumene hydroperoxide were ad-
ded, and the solution mixed and then filtered. The composi-
tion was then applied to cured diallyl diglycol carbonate
lenses, which were then passed under two Fusion Systems "D"
bulbs (200 watt bulbs) for a total irradiation time of 15
seconds, versus 30 seconds without the cumene hydroperoxide.
The lenses were then postcured for 3 hours at 105°C. After
cooling to room temperature, the lenses were subjected to

physical testing, with the results listed in Table 1.

EXAMPLE 7

A composition was prepared by mixing 16.41 parts hydro-
lyzed gamma-glycidoxypropyltrimethoxysilane with 11.65 parts
tetraethoxysilane, 52.60 parts colloidal silica in isopropa-
nol (IPA-ST; NISSAN CHEMICAL CO.), 0.38 parts of a fluoro-
surfactant, and 118.47 parts methanol. Next, 0.50 parts
Irgacure 261 photoinitiator (CIBA - GEIGY CORP.) was added,
and the resulting solution mixed and then filtered. The com-
position was then applied to cured diallyl diglycol carbona-
te lenses, which were then irradiated and postcured in a
manner identical to that described in Example 1. Physical

testing results are listed in Table 1.

EXAMPLE 8
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A composition was prepared by mixing 30.06 parts hy-
drolyzed gamma- glycidoxypropyltrimethoxysilane, 21.28 parts
tetraethoxysilane, 92.06 parts colloidal silica in 40%

isopropanol /60% water mixture, 54.82 parts methanol, 0.12
5 parts of a fluorosurfactant, 0.12 parts of non-ionic surfac-
tant, and 1.5 parts Irgacure 261 photo-initiator. The resul-
ting solution was then thoroughly mixed and then filtered.
The composition was then applied to cured diallyl diglycol
carbonate lenses, which were then irradiated and postcured
10 in a manner identical to that described in Example 1. Phy-
sical testing results are listed in Table 1.

EXAMPLE 9
15 .

A composition was prepared by mixing 44.37 parts hydro-
lyzed gamma-glycidoxypropyltrimethoxysilane, 20.28 parts
tetraethoxysilane, 136.05 parts colloidal silica in 40% iso-
propanol /60% water, 96.33 parts methanol, 2.52 parts Irga-

20 cure 261 photoinitiator, 0.21 parts of a fluorosurfactant
and 0.21 parts of a non-ionic surfactant. The resulting so-
lution was thoroughly mixed and then filtered. The composi-
tion was then applied to cured diallyl diglycol carbonate
lenses, which were then irradiated and postcured in a manner

25 identical to that described in Example 1. Physical testing
results are listed in Table 1.

This invention is clearly new and useful. Moreover, it
was not obvious to those of ordinary skill in the art at the
time it was made, in view of the prior art when considered

30 as a whole.

It will thus be seen that the advantages of the present
invention are efficiently attained and since certain changes
may be made in the above construction without departing from
the scope of the invention, it is intended that all matters

35 contained in the foregoing description shall be interpreted
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as illustrative and not in a limiting sense.

It is also to be wunderstood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described, and all state-

5 ments of the scope of the invention which, as a matter of
language, might be said to fall therebetween.

Now that the invention has been described,
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CLAIMS

1. Radiation - curable coating composition comprising a
monoepoxysilane and an ultraviolet activated photoinitiator

capable of initiating a cationic cure of such composition.

2. Composition according to claim 1, wherein the photoini-
tiator 1is a photosensitive aromatic onium salt or an iron

arene salt complex.

3. Composition according to claim 2, wherein the photoini-

tiator is an iron arene salt complex.

4. Composition according to claim 1, which further compri-
ses colloidal silica.

5. Composition according to claim 1, which further compri-

ses an alkoxysilane cross-linking agent.

6. Composition according to claim 1, wherein the mono-
epoxysilane contains at least two alkoxy groups.

7. Composition according to <claim 6, wherein the mono-

epoxysilane is of the formula

2
(R )a

1 é , 3
E-R-8i- (OR)
3-a

wherein E 1s a group cotaining a glycidoxy group or an

epoxycyclohexyl group, or a mixture of both; R is an alky-
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2
lene group containing from 1 to 4 carbon atoms; R and R
are alkyl groups containing from 1 to 4 carbon atoms; and a

is an integer of 0 or 1.

8. Radiation curable composition comprising:
(a) a hydrolyzable monoepoxyvsilane selected from the

group consisting of a compound of the general formula

wherein E 1is a group containing a glycidoxyv group or an
epoxycyclohexyl group, or a mixture of both; R iszan alkys
lene group containing from 1 to 4 carbon atoms; R and R
are alkyl groups containing from 1 to 4 carbon atoms; and a

is an integer of 0 or 1.
(b) an acidic dispersion of colloidal silica,
(c) an alkoxysilane crosslinking agent, and

(d) an ultraviolet activated photoinitiator initiating

a cationic cure.

9. Composition according to <claim 8, wherein the mono-
epoxysilane is gamma- glycidoxypropyltrimethoxysilane.

10. Composition according to claim 8, wherein the mono-
epoxysilane is beta-(3,4-epoxycyclohexyl)-ethyltrimethoxysi-

lane.

11. Composition according to claim 8, wherein the photoini-
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tiator is a photosensitive aromatic onium salt or an iron

arene salt complex.

12. Composition according to claim 8, wherein the alkoxysi-

lane crosslinking agent is of the general formula
7 . 8
R 8Si (OR )
3
wherein

R7 is alkyl group containing from 1 to 2 carbon
atoms,

or

an alkoxy group containing from 1 to 2 carbon
atoms, and

R 1is an alkyl group containing from 1 to 2 car-
bon atoms,
) . 7 7 8
with the proviso: of R 1is an alkoxy group, R and OR® are

identical.

13. Composition according to claim 12 wherein the alkoxysi-

lane crosslinking agent is methyltrimethoxysilane.

14. Composition according to claim 12 wherein the alkoxysi-
lane crosslinking agent is tetramethoxysilane.

15. Composition according to claim 12 wherein the photoini-
tiator is a triarylsulfonium salt, an alkylated diaryl iodo-
nium salt or mixtures thereof.
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16. Composition according to claim 12 wherein the photoini-

tiator is an iron arene salt complex.

17. A substantially non-tintable coating composition for
ophthalmic 1lens to render the lens resistant to abrasion
comprising from 10 to 50 weight percent solids, such solids
comprising from 20 to 64 percent of hydrolyzed monoepoxysi-
lane, from 15 to 40 percent alkoxysilane crosslinking agent,
and from 30 to 60 percent colloidal silica; with the remain-

der of such composition comprising solvent.

18. A substantially non-tintable coating composition for
optical lens to render the lens resistant to abrasion com-
prising 5 to 25 parts by weight of a monoepoxysilane, 2.5 to
7 parts by weight of an alkoxysilane crosslinking agent, 2.5
to 50 parts by weight of colloidal silica, 0.1 to 3 parts by
weight of an ultrviolet activated photoinitiator sufficient
to initiate a cationic cure of such composition, and 50 to

90 parts by weight of solvent.

19. Ophthalmic 1lens coated with the composition according

to claim 18.

20. Ophthalmic lens <coated with the composition according

to claim 1.

21. Ophthalmic lens coated with the composition according

to claim 8.

22. Ophthalmic lens coated with the composition according
to claim 17.

23. Ophthalmic lens coated with the composition according

to claim 18.



WO 94/10230 PCT/EP93/03102

10

15

20

25

30

35

23

24. A substantially non-tintable coating composition for
ophthalmic lens to render the lens resistant to abrasion
comprising:

(a) 5 to 25% by weight of a monoepoxysilane selected
from the group consisting of a compound of the general
formula

wherein E is a group containing a glycidoxy_ group or an
epoxycyclohexyl group, or a mixture of both; R 1is an alky-
lene group containing from 1 to 4 carbon atoms; R and R

are alkyl groups containing from 1 to 4 carbon atoms, and
(a) is an integer of 0 or 1.

(b) 2.5 to 7% by weight of a crosslinking agent of the
general formula

7 8
R Si (OR )3

wherein
7 . » .
R 1s an alkyl or alkoxy group containing from
l to 2 carbon atoms, and
8 . . . .
R 1s an alkyl group containing from 1 to 2 car-
bon atoms
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8 are identical;

7 7
with the proviso: if R is alkoxy, R and (R
(c) 2.5 to 50% by weight of colloidal silica dispersed
in water, alcohol, or alcohol-water mixtures;

(d) 0.1 to 3% by weight of an ultraviolet activated
photoinitiator capable of initiating a cationic cure and
which 1is a photosensitive aromatic onium salt or an iron

arene salt complex;

(e) 0.01 to 0.25% by weight of a surface active agent;

and,

(f) 50 to 90% by weight of solvent.

25. Composition according to claim 24, wherein the mono-

epoxysilane is gamma-glycidoxypropyl-trimethoxysilane; the
crosslinking agent is methyltrimethoxysilane; and the pho-
toinitiator is a triaryl sulfonium salt, an alkylated

diaryliodonium, or mixtures thereof.

26. Composition according to claim 24 wherein the mono-
epoxysilane is gamma-glycidoxypropyltrimethoxysilane; the
crosslinking agent is tetraethoxysilane; and, the photoini-

tiator is an iron arene salt complex.

27. Composition according to claim 24 wherein the monoepo-
xysilane is beta- (3,4-epoxycyclohexyl) ethyltrimethoxysi-
lane; the crosslinking agent is methyltrimethoxysilane; and
the photoinitiator is a trianyl sulfonium salt, an alkylated

diaryliodonium salt, or mixtures thereof.

28. Composition according to claim 24 wherein the mono-
epoxysilane is beta-(3,4-epoxycyclohexyl) ethyltrimethoxysi-
lane; the crosslinking agent is tetraethoxysilane; and the
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29,

to

30.

to

31.

to

32.

to

Ophthalmic lens
claim 25.

Ophthalmic lens
claim 26.

Ophthalmic lens
claim 27.

Ophthalmic lens
claim 28.
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