PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 0 :

CO09D 183/06, CO8G 59/32 Al

(11) International Publication Number:

(43) International Publication Date:

WO 98/46692

22 October 1998 (22.10.98)

(21) International Application Number: PCT/US98/08011

(22) International Filing Date: 16 April 1998 (16.04.98)

(30) Priority Data:

08/840,831 17 April 1997 (17.04.97) uUS

(71) Applicant: SDC COATINGS, INC. [US/US]; 1911 Wright
Circle, Anaheim, CA 92806 (US).

(72) Inventors: HAVEY, Janet, L.; 14363 Bora Drive, La Mirada,
CA 90638 (US). HO, Tuan, H.; 138 Tierra Montanosa,
Rancho Santa Maragarita, CA 92688 (US). GUEST, Allen,
M.; 3140 Hillview Drive, Chino, CA 91709 (US). TERRY,
Karl, W.; 20502 Pebble Lane, Huntington Beach, CA 92646
(US). SOLLBERGER, Mark, S.; 1781 Pitcairn, Costa Mesa,
CA 92626 (US).

(74) Agents: BERG, Richard, P. et al.; Ladas & Parry, Suite 2100,
5670 Wilshire Boulevard, Los Angeles, CA 90036-5679
(Us).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
GH, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX,
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ,
T™, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: COMPOSITION FOR PROVIDING AN ABRASION RESISTANT COATING ON A SUBSTRATE

(57) Abstract

Compositions having improved stability which, when applied to a variety of substrates and cured, form transparent coatings having
superior abrasion resistant properties. The coating compositions are aqueous—organic solvent mixtures containing a mixture of hydrolysis
products and partial condensates of an epoxy functional silane and tetrafunctional silane and a multifunctional compound selected from the
group consisting of multifunctional carboxylic acids, multifunctional anhydrides and combinations thereof.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
CZ
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR
T
UA
uG
us
UZ
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

35

WO 98/46692 PCT/US98/08011
1

COMPOSITION FOR PROVIDING
AN ABRASION RESISTANT COATING ON A SUBSTRATE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to coating compositions, and

more particularly but not by way of limitation, to coating

compositions which, when cured, provide substantially
transparent coatings having enhanced abrasion resistance. In
one aspect, the present invention relates to a coating

composition having improved stability wherein the coating
compositions are derived from aqueous-organic solvent mixtures
containing effective amounts of epoxy functional silanes,
tetrafunctional silanes and multifunctional compounds such as
multifunctional carboxylic acids, multifunctional anhydrides,
and mixtures thereof. .
2. Description of Prior Art

The prior art is replete with compositions which, when
applied to substrates and cured, provide transparent, abrasion
resistant coatings for the substrates. Such coatings are
especially useful for polymeric substrates where it is highly
desirable to provide substrates with abrasion resistant
surfaceg, with the ultimate goal to provide abrasion resistant
surfaces which are comparable to glass. While the compositions
of the prior art have provided transparent coating compositions
having improved abrasion resistant properties, such prior art
compositions are generally lacking when compared to glass.
Thus, a need has long existed for improved compositions having
improved stability and which, when applied to a substrate, such
as a polymeric substrate, and cured provide transparent, highly
abrasion resistant coatings. It is to such compositions and
processes by which such compositions are manufactured and
applied to substrates that the present invention is directed.

BRIEF SUMMARY OF THE INVENTION

The present invention provides compositions having improved
stability which, when applied to a variety of substrates and
cured, form transparent coatings having superior abrasion
resistant properties. Broadly, the coating compositions of the

present invention comprise an adgueocus-organic solvent mixture
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containing from about 10 to about 99.9 weight percent, based on
the total solids of the composition, of a mixture of hydrolysis
products and partial condensates of an epoxy functional silane
and a tetrafunctional silane and from about 0.1 to about 30
weight percent,ibased on the total solids of the composition, of
a multifunctional compound selected from the group consgisting of
multifunctional carboxylic acids, multifunctional anhydrides and
combinations thereof. The epoxy functional silane and the
tetrafunctional silane are present 1in the aqueous-organic
solvent mixture in a molar ratio of from about 0.1:1 to about
5:1. The coating compositions of the present invention may
further include from about 0.1 to about 50 weight percent of a
mixture of hydrolysis products and partial condensates of one or
more silane additives, based on the total solids of the
composgition, and/or an amount of colloidal silica or a metal
oxide or combinations thereof equivalent to from about 0.1 to
about 50 weight percent solids, based on the total solids of the
composition.

It is an object of the present invention to provide coating
compositions having improved stability which form transparent
coatings upon curing. It is a further object of the present
invention to provide stable coating compositions which form
transparent coatings wupon curing having improved abrasion
resistance.

Other objects, advantages and features of the present
invention will become  apparent upon reading the following
detailed description in conjunction with the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to coating compositions
having improved stability which, when applied to a variety of
substrates and cured, form substantially transparent abrasion
resistant coatings having a Bayer number of at least 5 when
tested in accordance with the variation of the Oscillating Sand
Test (ASTM F735-81) hereinafter described.

For testing abrasion resistance of coated substrates, any
of a number of quantitative test methods may be employed,
including the Taber Test (ASTM D-4060), the Tumble Test and the
Oscillating Sand Test (ASTM F735-81). 1In addition, there are

a number of qualitative test methods that may be used for
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measuring abrasion resistance, including the Steel Wool Test and
the Eraser Test. In the Steel Wool Test and the Eraser Test,
sample coated substrates are scratched under reproducible
conditions (constant load, frequency, etc.). The scratched test
samples are then compared and rated against standard samples.
A semi-quantitative application of these test methods involves
the use of an instrument, such as a Spectrophotometer or a
Colorimeter, for measuring the scratches on the coated substrate
as a haze gain.

The measured abrasion resistance of a cured coating on a
substrate, whether measured by the Bayer Test, Taber Test, Steel
Wool Test, Eraser Test, Tumble Test, etc. 1is a function, in
part, of the cure temperature and cure time. In general, higher
temperatures and longer cure times result in higher measured
abrasion resistance. Normally, the cure temperature and cure
time are selected for compatibility with the substrate;
although, sometimes less than optimum cure temperatures and cure
times are used due to process and/or egquipment limitations. It
will be recognized by those skilled in the art that other
variables, such as coating thickness and the nature of the
substrate, will also have an effect on the measured abrasion
resistance. In general, for each type of substrate and for each
coating composition there will be an optimum coating thickness.
The optimum cure temperature, cure time, coating thickness, and
the like, can be readily determined empirically by those skilled
in the art.

Within the Ophthalmic Industry, the Oscillating Sand Test
is presently the most widely used and accepted method for
measuring abrasion resistance. Since the original ASTM
application of the Oscillating Sand Test was for testing flat
polymeric sheets, the test method has necessarily been modified
for use with ophthalmic lenses. There is currently no ASTM
accepted standard (or other industry standard) for this test as
applied to ophthalmic lenses; therefore, there are a number of
basic variations of the Ogcillating Sand Test in practice.

In one particular variaticn of the Oscillating Sand Test,
a sand cradle is modified to accept coated sample lenses and
uncoated reference lenses. Typically, poly(diethylene glycol-

bis-allyl carbonate) lenses, hereinafter referred to as ADC
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lenses, are used as the reference lenses. The lenses are
positioned in the cradle to allow a bed of abrasive material,
either sand or a synthetically prepared metal oxide, to flow
back and forth across the lenses, as the cradle oscillates back
and forth at a fixed stroke, frequency and duration.

In the test method employed to determine the abrasion
resistance of the coating compositions of the present invention,
a commercially available sand sold by CGM, Inc., 1463 Ford Road,
Bensalem, PA, was used as the abrasive material. In this test,
877 grams of sifted sand (600 ml by volume) was loaded into a 9
5/16" x 6 3/4" cradle fitted with four lenses. The sand was
sifted through a #5 Mesh screen (A.S.T.M.E.-11 specification)
and collected on a #6 Mesh screen. Each set of four lenses,
typically two ADC lenses and two coated lenses, was subjected to
a 4 inch stroke (the direction of the stroke coinciding with the
9 5/16" length of the cradle) at a frequency of 300 strokes per
minute for a total of 3 minutes. The lens cradle was then
repositioned by turning 180 degrees and then subjected to
another 3 minutes of testing. Repositioning of the cradle was
used to reduce the impact of any inconsistencies in the
oscillating mechanism. The ADC reference lenses used were Silor
70 mm plano FSV lenses, purchased through Essilor of America,
Inc. of St. Petersburg, Florida.

The haze generated on the lenses was then measured on a
Gardner XL-835 Colorimeter. The haze gain for each lens was
determined as the difference between the initial haze on the
lenses and the haze after testing. The ratio of the haze gain
on the ADC reference lenses to the haze gain on the coated
sample lenses was then reported as the resultant abrasion
resistance of the coating material. A ratio of greater than 1
indicates a coating which provides greater abrasion resistance
than the uncoated ADC reference lenses. This ratio is commonly
referred to as the Bayer ratio, number or value; the higher the
Bayer number, the higher the abrasion resistance of the coating.
Coatings produced by curing the coating compositions of the
present invention, when tested using the Oscillating Sand Test
method as described above, coated on either polycarbonate or on
ADC lenses, have been shown to provide Bayer numbers which

exceed 5. For tegting coated samples, samples coated on ADC
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lenses were cured at a temperature of 120° C for a period of 3
hours. Samples coated on polycarbonate lenses were cured at a
temperature of 129° C for a period of 4 hours.

One who is skilled in the art will recognize that: (a) The
descriptions herein of coating systems which contain epoxy
functional gsilanes, tetrafunctional gilanes, silane additives
which do not contain an epoxy functional group, and the
multifunctional component refer to the incipient silanes and
multifunctional components from which the coating system is
formed, (b) when the epoxy functional silanes, tetrafunctional
silanes, and silane additives which do not contain an epoxy
functional group, are combined with the aqueous-solvent mixture,
partial or fully hydrolyzed species will result, (c¢) the
resultant fully or partially hydrolyzed species will combine to
form mixtures of multifunctional oligomeric siloxane species,
(d) these oligomers may or may not contain both pendant hydroxy
and pendant alkoxy moieties and will be comprised of a gilicon-
oxygen matrix which contains both silicon-oxygen siloxane
linkages and silicon-oxygen multifunctional component linkages,
(e) these are dynamic oligomeric suspensions that undergo
structural changes which are dependent upon a multitude of
factors including; temperature, pH, water content, catalyst
concentration, and the like.

The coating compositions of the present invention comprise
an agqueous-organic solvent mixture containing from about 10 to
about 99.9 weight percent, based on the total solids of the
composition, of a mixture of hydrolysis products and partial
condensates of an epoxy functional silane and a tetrafunctional
gsilane and from about 0.1 to about 30 weight percent, based on
the total solids of the composition, of a multifunctional
compound selected from the group consisting of multifunctional
carboxylic acids, multifunctional anhydrides, and combinations
thereof. It will be recognized by those sgkilled in the art
that the amount of epoxy functional silane and the amount of
tetrafunctional silane employed to provide the mixture of
hydrolysis products and partial condensates of the epoxy
functional silane and the tetrafunctional silane can vary widely
and will generally be dependent upon the properties desired in

the coating composition, the coating formed by curing the
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coating composition, as well as the end use of the substrate to
which the coating composition is applied. Generally, however,
desirable results can be obtained where the epoxy functional
silane and the tetrafunctional silane are present in the
aqueous-golvent mixture in a molar ratio of from about 0.1:1 to
about 5:1. More desirably, the epoxy functional silane and the
tetrafunctional silane are present 1in the aqueous-solvent
mixture in a molar ratio of from about 0.1:1 to about 3:1.

While the presence of water in the aqueous-organic solvent
mixture is necessary to form hydrolysis products of the sgilane
components of the mixture, the actual amount can vary widely.
Essentially enough water 1s needed to provide a substantially
homogeneous coating mixture of hydrolysis products and partial
condensates of the epoxy functional silane and the
tetrafunctional silane which, when applied and cured on an
article, provides a substantially transparent coating with a
Bayer number of at least 5 when using the method hereinbefore
described. It will be recognized by those skilled in the art
that this amount of water can be determined empirically.

The solvent constituent of the aqueous-organic solvent
mixture of the coating compositions of the present invention can
be any solvent or combination of solvents which is compatible
with the epoxy functional silane, the tetrafunctional silane and
the multi-functional component. For example, the solvent
constituent of the aqueous-organic solvent mixture may be an
alcohol, an ether, a glycol or a glycol ether, a ketone, an
ester, a glycolether acetate and mixtures thereof. Suitable
alcohols can be represented by the formula ROH where R is an
alkyl group containing from 1 to about 10 carbon atoms. Some
examples of alcohols useful in the application of this invention
are methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, secondary butanol, tertiary butancl, cyclohexanol,
pentanol, octanol, decanol, and mixtures thereof.

Suitable glycols, ethers, glycol ethers can be represented
by the formula R'-(OR?),-OR' where x is 0, 1, 2, 3 or 4, R' is
hydrogen or an alkyl group containing from 1 to about 10 carbon
atoms and R? is an alkylene group containing from 1 to about 10

carbon atoms and combinations thereof.
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Examples of glycols, ethers and glycol ethers having the
above-defined formula and which may be used as the solvent
constituent of the équeous—organic solvent mixture of the
coating compositions of the present invention are di-n-
butylether, ethylene glycol dimethyl ether, propylene glycol
dimethyl ether, propylene glycol methyl ether, dipropylene
glycol methyl ether, tripropylene glycol methyl ether,
dipropylene glycol dimethyl ether, tripropylene glycol dimethyl
ether, ethylene glycol butyl ether, diethylene glycol butyl
ether, ethylene glycol dibutyl ether, ethylene glycol methyl
ether, diethylene glycol ethyl ether, diethylene glycol dimethyl
ether, ethylene glycol ethyl ether, ethylene glycol diethyl
ether, ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, dipropylene glycol, tripropylene glycol,
butylene glycol, dibutylene glycol, tributylene glycol and
mixtures thereof. 1In addition to the above, cyclic ethers such
as tetrahydrofuran and dioxane are suitable ethers for the
agqueous-organic solvent mixture.

Examples of ketones suitable for the aqueous-organic
solvent mixture are acetone, diacetone alcohol, methyl ethyl
ketone, cyclohexanone, methyl isobutyl ketone and mixtures
thereof.

Examples of esters suitable for the agqueous-organic solvent
mixture are ethyl acetate, n-propyl acetate, n-butyl acetate and
combinations thereof.

Examples of glycolether acetates suitable for the aqueous-
organic solvent mixture are propylene glycol methyl ether
acetate, dipropylene glycol methyl ether acetate, ethyl 3-
ethoxypropionate, ethylene glycol ethyl ether acetate and
combinations thereof.

The epoxy functional silane useful in the formulation of
the coating compositions of the present invention can be any
epoxy functional silane which is compatible with the
tetrafunctional silane and the multifunctional component of the
coating composition and which provides a coating composition
which, upon curing, produces a substantially transparent,
abrasion resistant coating having a Bayer number of at least
about 5 when employing the test method hereinbefore described.

Generally, such epoxy functional silanes are represented by the
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formula R?®Si(OR*),, where x is an integer of 1, 2 or 3, R?® is H,
an alkyl group, a functionalized alkyl group, an alkylene group,
an aryl group, an alkyl ether, and combinations thereof
containing from 1 to about 10 carbon atoms and having at least
1 epoxy functional group, and R* is H, an alkyl group containing
from 1 to about 5 carbon atoms, an acetyl group, a —Si(OR%3ﬂR%
group where y is an integer of 0, 1, 2, or 3, and combinations
thereof where R® is H, an alkyl group containing from 1 to about
5 carbon atoms, an acetyl group, or another —Si(OR%3ﬁR% group
and combinations thereof, and R® is H, an alkyl group, a
functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether, and combinations thereof containing from 1 to about
10 carbon atoms which may also contain an epoxy functional
group.

Examples of such epoxy functional silanes are glycidoxy-

methyltrimethoxysilane, 3-glycidoxypropyltrihydroxysilane,

3-glycidoxypropyldimethylhydroxysilane, 3 -
glycidoxypropyltrimeth-oxysilane, 3 -
glycidoxypropyltriethoxysilane, 3-glycidoxypropyl-

dimethoxymethylsilane, 3-glycidoxypropyldimethylmethoxysilane,
3-glycidoxypropyltributoxysilane, 1,3-bis(glycidoxypropyl)tetra-
m e t h vy 1 4 i s 1 1 o x a n e , i, 3 -
bis (glycidoxypropyl) tetramethoxydisiloxane,

1,3-bis(glycidoxypropyl) -1,3-dimethyl-1, 3-dimethoxydisiloxane,
2,3 -epoxypropyltrimethoxysilane, 3,4-epoxybutyltrimethoxysilane,

6, 7-epoxyvyheptyltrimethoxysilane, 9,10 -
epoxydecyltrimethoxysilane, 1,3-bis(2,3-
epoxypropyl) tetramethoxydisiloxane, 1,3-bis(6,7-epoxy-
heptyl)tetramethoxydisiloxane, 2-(3, 4 -

epoxycyclohexyl)ethyltrimeth-oxysilane, and the like.

The tetrafunctional silanes useful in the formulation of
the coating compositions of the present invention are
represented by the formula Si(OR’), where R’ is H, an alkyl group
containing from 1 to about 5 carbon atoms and ethers thereof, an
(OR”) carboxylate, a -Si(OR?), group where R® is a H, an alkyl
group containing from 1 to about 5 carbon atoms and ethers
thereof, an (OR’) carboxylate, or another -Si(OR®), group and
combinations thereof. Examples of tetrafunctional silanes

represented by the formula Si (OR7), are tetramethyl
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orthosilicate, tetraethyl orthosilicate, tetrapropyl
orthosilicate, tetraisopropyl orthosilicate, tetrabutyl ortho-
silicate, tetraisobutyl orthosilicate, tetrakis (methoxyethoxy)
silane, tetrakis(methoxypropoxy)silane, tetrakis (ethoxyethoxy)
silane, tetrakis(methoxyethoxyethoxy)silane, trimethoxyethoxy-
gilane, dimethoxydiethoxysilane, triethoxymethoxysilane, poly-
(dimethoxysiloxane), poly(diethoxysiloxane), poly(dimethoxy-
diethoxysiloxane), tetrakis(trimethoxysiloxy)silane, tetrakis-
(triethoxysiloxy)silane, and the like. In addition to the R’ and
R® substituants described above for the tetrafunctional silane,
R? and R® taken with oxygen (OR’) and (OR®?) can be carboxylate
groups. Examples of tetrafunctional silanes with carboxylate
functionalities are silicon tetracetate, silicon tetrapropionate
and gilicon tetrabutyrate.

The multifunctional compounds which can be employed in the
formulation of the coating compositions of the present invention
can be any multifunctional carboxylic acid, multifunctional
anhydride and combinations thereof which is compatible with the
epoxy functional silane and the tetrafunctional silane of the
coating compositions and which is capable of interacting with
the hydrolysis products and partial condensates of the epoxy
functional silane and the tetrafunctional silane to provide a
coating composition which, upon curing, produces a substantially
transparent, abrasion registant coating having a Bayer number of
at least 5 when employing the test method hereinbefore
described.

Examples of multifunctional carboxylic acids which can be
employed as the multifunctional compound in the compositions of
the present invention include malic acid, aconitic acid
(cis,trans), itaconic acid, succinic acid, malonic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic
acid, sebacic acid, cyclohexyl succinic acid, 1,3,5 benzene
tricarboxylic acid, 1,2,4,5 benzene tetracarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
1,1-cyclohexanediacetic acid, 1,3-cyclohexanediacetic acid,
1,3,5-cyclohexanetricarboxylic acid and unsaturated dibasic
acids such as fumaric acid and maleic acid and combinations

thereof.
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Examples of multifunctional anhydrides which can be
employed as the multifunctional compound in the coating
compositions of the present invention include the cyclic
anhydrides of the above mentioned dibasic acids such as succinic
anhydride, itaconic anhydride, glutaric anhydride, trimellitic
anhydride, pyromellitic anhydride, phthalic anhydride and maleic
anhydride and combinations thereof.

The nature of the interaction between the epoxy functional
silane, the tetrafunctional silane and the multifunctional
compound, and the effect that such interaction has on the
abrasion resistance of the cured coating is not fully
understood. It is believed, however, that the multifunctional
compound acts as more than just a hydrolysis catalyst for the
silanes. In this regard, it can be proposed that the
multifunctional compound has specific activity towards the epoxy
functionality on the silane. The reaction of the epoxy groups
with carboxylic acids is well known and can occur under either
acidic or basic conditions. The carboxylate groups on the
multifunctional compound will also most likely have some
activity towards the silicon atoms in the matrix; and such
interaction may be through normal exchange reactions with
residual alkoxide and hydroxide groups or, alternatively,
through some hypervalent state on the silicon atoms. The actual
interaction involving the multifunctional compound may, in fact,
be a combination of all of the above possibilitiesg, the result
of which would be a highly crosslinked matrix. Thus, the matrix
is enhanced through extended linkages involving the
multifunctional compound.

As examples of the significance of these ©possible
interactions, coatings prepared with non-multifunctional
compounds, for example acetic acid, fail to show the same high
degree of stability and abrasion resistance as obtained through
the use of the multifunctional compounds. In this case, a non-
multifunctional acid would have the same utility in the coating
composition as a hydrolysis catalyst for the silanes, but could
not provide the extended linkages presumed to be possible with
the multifunctional compounds.

The coating compositions of the present invention are also

very stable with respect to aging, both in terms of performance
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and solution stability. The aging of the coating compositions
is characterized by a gradual increase in viscosity which
eventually renders the coating compositions unusable due to
processing constraints. Aging studies have shown that the
coating compositions of the present invention, when stored at
temperatures of 5° C or lower, have usable shelf liveg of 3-4
months. During this period, the abrasion resistance of the
cured coatings does not significantly decrease with time.
Further, such studies have shown that stability of the coating
compositions is dependent on the relative concentrations of the
epoxy functional silane, the tetrafunctional silane and the
multifunctional compound. In general, higher concentrations of
the epoxy functional silane and the multifunctional compound
contribute to increased stability of the coating mixture. Thus,
in addition to providing enhanced abrasion resistance to the
cured coatings, the multifunctional compound contributes to the
overall stability of the coating compositions.

While the coating compositions produced by the unique
combination of an epoxy functional silane, a tetrafunctional
silane and a multifunctional compound provide the primary basis
for the high abrasion resistance of coatings prepared by curing
such coating compositions, the coating compositions may
additionally include other materials to: (a) enhance the
stability of the coating compositions; (b) increase the abrasion
resistance of <cured <coatings produced by the coating
compositions; (c) enhance processing of the coating
compositions; and (d) provide other desirable properties of the
cured coating produced from the coating compositions.

The coating compositions of the present invention may
further include from about 0.1 to about 50 weight percent, based
on the weight of total solids of the coating compositions, of a
mixture of hydrolysis products and partial condensates of one or
more silane additives (i.e, trifunctional silanes, difunctional
silanes, monofunctional silanes, and mixtures thereof). The
gsilane additives which can be incorporated into the coating
compositions of the present invention have the formula
R°.Si (ORY), ., where x is a number of 1, 2 or 3; R’ is H, or an
alkyl group containing from 1 to about 10 carbon atoms, a

functionalized alkyl group, an alkylene group, an aryl group an
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alky ether group and combinations thereof; R is H, an alkyl

group containing from 1 to about 10 carbon atoms, an acetyl

group; and combinations therecf. Examples of silane additives

represented by the above-defined formula are
methyltrimethoxysilane, ethyl-trimethoxysilane,
propyltrimethoxysilane, butyltrimethoxysilane,
isobutyltrimethoxysilane, hexyltrimethoxysilane,
octyltrimethoxy-silane, decyltrimethoxysilane,

cyclohexyltrimethoxysilane, cyclo-hexylmethyltrimethoxysilane,
3-methacryloxypropyltrimethoxysilane, vinyltrimethoxysilane,
allyltrimethoxysilane, dimethyldimethoxy-silane, 2-(3-
cyclohexenyl)ethyltrimethoxysilane, 3-cyanopropyl-
trimethoxysilane, 3-chloropropyltrimethoxysilane, 2-chloroethyl-
trimethoxysilane, phenethyltrimethoxysilane, 3-mercaptopropyl-
trimethoxysilane, 3-aminopropyltrimethoxysilane, phenyltrimeth-
oxysilane, 3-isocyanopropyltrimethoxysilane, N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane, 4 - (2 -
aminoethylaminomethyl)phenethyl-trimethoxysilane,
chloromethyltriethoxysilane, 2-chloro-ethyltriethoxysilane, 3-
chloropropyltriethoxysilane, phenyl-triethoxysilane,
ethyltriethoxysilane, propyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane, hexyltriethoxy-
silane, octyltriethoxysilane, decyltriethoxysilane, cyclohexyl-
triethoxysilane, cyclohexylmethyltriethoxysilane, 3~
methacryloxy-propyltriethoxysilane, vinyltriethoxysilane,
allyltriethoxysilane, [2-(3-cyclohexenyl)ethyltriethoxysilane,
3-cyanopropyltriethoxy-silane, 3 -
methacrylamidopropyltriethoxysilane, 3-methoxypropyl-
trimethoxysilane, 3-ethoxypropyltrimethoxysilane, 3-propoxy-
propyltrimethoxysilane, 3-methoxyethyltrimethoxysilane, 3-
ethoxy-ethyltrimethoxysilane, 3-propoxyethyltrimethoxysilane, 2-
[methoxy- (polyethyleneoxy)propyl]l heptamethyltrisiloxane,
[methoxy (poly-ethyleneoxy)propylltrimethoxysilane,
[methoxy (polyethylene-oxy)ethyl]ltrimethoxysilane,
[methoxy(polyethyleneoxy)propyll-triethoxysilane,
[methoxy (polyethyleneoxy)ethyl] triethoxysilane.

The selection of the silane additive, as well as the amount
of such silane additive incorporated into the coating

compositions will depend upon the particular properties to be



10

15

20

25

30

35

WO 98/46692 PCT/US98/08011
13

enhanced or imparted to either the coating composition or the
cured coating composition. For example, when the difunctional
silane dimethyl-dimethoxysilane is utilized as the silane
additive and incorporated into the coating composition in an
amount of about 10% or less, based on the total solids of the
composition, the viscosity increase is greatly reduced during
aging of the coating composition, without greatly affecting the
resultant abrasion resistance of the cured coating.

In certain applications, it igs useful to add colloidal
silica to the coating composition. Colloidal silica 1is
commercially available under a number of different tradename
designations, including Nalcoag® (Nalco Chemical Co.,
Naperville, IL); Nyacol® (Nyacol Products, Inc., Ashland, MA);
Snowtex® (Nissan Chemical Industries, LTD., Tokyo, Japan);
Ludox® (DuPont Company, Wilmington, Delaware); and Highlink OG®
(Hoechst Celanese, Charlotte, NC). The colloidal silica is an
aqueous or organic solvent dispersion of particulate silica and
the various products differ principally by particle size, silica
concentration, pH, presence of stabilizing ions, solvent makeup,
and the like. It is understood by those skilled in the art that
substantially different product properties can be obtained
through the selection of different colloidal silicas.

Colloidal silica, when added to a coating composition, 1is
considered a reactive material. The surface of the gilica is
covered with gilicon bound hydroxyls, some of which are
deprotonated, which can interact with materials in the coating
composition. The extent of these interactions is dictated by a
variety of factors, including solvent system, pH, concentration,
and ionic strength. The manufacturing process further affects
these interactions. It is thus recognized by those skilled in
the art, that colloidal silica can be added into a ceating
formulation in different ways with different results.

In the coating compositions of the present invention,
colloidal silica can be added into the coating compositions in
a variety of different ways. In some instances, it is desirable
to add the colloidal silica in the last step of the reaction
sequence. In other instances, colloidal silica is added in the

first step of the reaction sequence. In yet other instances,



10

15

20

25

30

35

WO 98/46692 PCT/US98/08011
14

colloidal silica can be added in an intermediate step in the
sequence.

It has been observed that the addition of colloidal silica
to the coating compositions of the present invention can further
enhance the abrasion resistance of the cured coating
compositions and can further contribute to the overall stability
of the coating compositions. The most gignificant results have
been achieved with the use of aqueous basic colloidal silica,
that is, aqueous mixtures of colloidal silica having a pH
greater than 7. 1In such cases, the high pH is accompanied by a
higher concentration of a stabilizing counterion, such as the
sodium cation. Cured coatings formulated from the coating
compositions of the present invention which contain basic
colloidal silicas have shown abrasion resistance comparable to
those of a catalyzed coating composition of the present
invention (that is, a composition of hydrolysis products and
partial condensates of an epoxy functional silane, a
tetrafunctional silane, a multi-functional compound and a
catalyst such as sodium hydroxide), but the coating compositions
containing colloidal silica have enhanced stability with respect
to the catalyzed compositions which do not contain colloidal
silica.

In the same manner, it is also possible to add other metal
oxideg into the coating compositions of the present invention.
Such additions may be made instead of, or in addition to, any
colloidal silica additions. Metal oxides may be added to the
inventive coatings to provide or enhance specific properties of
the cured coating, such as abrasion resistance, refractive
index, anti-static, anti-reflectance, weatherability, etc. It
will be recognized by those skilled in the art that similar
types of considerations that apply to the colloidal gilica
additions will also apply more generally to the metal oxide
additions.

Examples of metal oxides which may be used in the coating
compositions of the present invention include silica, zirconia,
titania, ceria, tin oxide and mixtures thereof.

The amount of colloidal silica incorporated into the
coating compositions of the present invention can vary widely

and will generally depend on the desired properties of the cured
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coating produced from the coating compositions, as well as the
desired stability of the coating compositiong. Similarly, the
amount of metal oxides incorporated into the <coating
compositions of the present invention can vary widely and will
generally depend on the desired properties of the cured coating
produced from the coating compositions, as well as the desired
stability of the coating compositions.

When colloidal silica and/or metal oxides are added, it is
desirable to add from about 0.1 to about 50 weight percent of
solids of the colloidal silica and/or metal oxides, based on the
total solids of the composition, to the coating compositions of
the present invention. The colloidal silica and/or metal oxides
will generally have a particle size in the range of 2 to 150
millimicrons in diameter, and more desirably, a particle size in
the range of from about 2 to 50 millimicrons.

Although a catalyst is not an essential ingredient of the
present invention, the addition of a catalyst can affect
abrasion resistance and other properties of the coating
including stability, tinting capacity, porosity, cosmetics,
caustic resistance, water resistance and the like. The amount
of catalyst wused can vary widely, but when present will
generally be in an amount sufficient to provide from about 0.1
to about 10 weight percent, based on the total solids of the
composition.

Examples of catalysts which can be incorporated into the
coating compositions of the present invention are (i) metal
acetylacetonates, (ii) diamides, (iii) imidazoles, (iv) amines
and ammonium salts, (v) organic sulfonic acids and their amine
salts, (vi) alkali metal salts of carboxylic acids, (vii)
alkali metal hydroxides and (viii) fluoride salts. Thus,
examples of such catalysts include for group (i) such compounds
as aluminum, zinc, iron and cobalt acetylacetonates; group (ii)
dicyandiamide; for group (ii1) such compounds as 2-
methylimidazole, 2-ethyl-4-methylimidazole and 1l-cyanoethyl-2-
propylimidazole; for group (iv), such compounds as
benzyldimethylamine, and 1,2-diaminocyclohexane; for group (v),
such compounds as trifluoromethanesulfonic acid; for group (vi),

such compounds as sodium acetate, for group (vii), such
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compounds as sodium hydroxide, and potassium hydroxide; and for
group (viii), tetra n-butyl ammonium fluoride, and the like.

An effective amount of a leveling or flow control agent can
be incorporated into the composition to more evenly spread or
level the composition on the surface of the substrate and to
provide substantially uniform contact with the substrate. The
amount of the leveling or flow control agent can vary widely,
but generally is an amount sufficient to provide the coating
composition with from about 10 to about 5,000 ppm of the
leveling or flow control agent. Any conventional, commercially
available leveling or flow control agent which is compatible
with the coating composition and the substrate and which is
capable of leveling the coating composition on a substrate and
which enhances wetting between the coating composition and the
substrate can be employed. The use of leveling and flow control
agents is well known in the art and has been described in the
"Handbook of Coating Additives" (ed. Leonard J. Calbo, pub.
Marcel Dekker), pg 119-145.

Examples of such leveling or flow control agents which can
be incorporated into the coating compositions of the present
invention include organic polyethers such as TRITON X-100, X-
405, N-57 from Rohm and Haas, silicones such as Paint Additive
3, Paint Additive 29, Paint Additive 57 from Dow Corning, SILWET
L-77, and SILWET L,-7600 from 0Si Specialties, and
fluorosurfactants such as FLUORAD FC-171, FLUORAD FC-430 and
FLUORAD FC-431 from 3M Corporation.

In addition, other additives can be added to the coating
compositions of the present invention in order to enhance the
usefulness of the coating compositions or the coatings produced
by curing the coating compositions. For example, ultraviolet
absorbers, antioxidants, and the like can be incorporated into
the coating compositions of the present invention, if desired.

The coating compositions of the present invention can be
prepared by a variety of processes to provide stable coating
compogitions  which, upon curing, produce gubstantially
transparent coatings having enhanced abrasion resistance. For
example, the epoxy functional silane, the tetrafunctional silane
and the multifunctional compound can be added to the agueous-

organic solvent solution and stirred for a period of time
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effective to produce a coating composition having improved
stability. When cured, such coating compositions have Bayer
numbers ranging from about 6 to about 8 when employing the test
method hereinbefore described. However, by incorporating a
catalyst into the aqueous-organic solvent mixtures containing
the epoxy functional silane, the tetrafunctional silane and the
multifunctional compound, the Bayer numbers of the cured
coatings produced from such coating compositions are increased
so as to range from about 8 to about 15 when employing the test
method hereinbefore described.

When an aqueous hydrolyzate of the epoxy functional silane
is mixed with a solution of the multifunctional compound and
combined with the tetrafunctional silane a coating composition
is formed which when cured has a Bayer value of about 7 when
employing the test method herein before described.

When a tetrafunctional silane hydrolyzate is formed in the
presence of the multifunctional compound or other acid and the
aqueous-organic mixture, and the epoxy functional component is
added to this mixture, a coating composition is obtained which
when cured provides a Bayer value of about 7 when employing the
test method herein before described.

When a mixture of the tetrafunctional silane and the
multifunctional compound is hydrolyzed and treated with an
effective amount of sodium hydroxide and then admixed with an
aqueous hydrolyzate of the epoxy functional silane, the
resulting cured coating composition has a Bayer value of about
14 when employing the test method herein before described.

From the above, it becomes clear to those skilled in the
art that various methods can be employed for producing the
coating compositions of the present invention, and that such
compositions, when cured, provide coatings having improved
abrasion resistance. Further, the coating compositions have a
desired stability which enhances their usefulness. However, by
altering the method of preparing such compositions, product
properties, such as stability and abrasion resistance, i.e.,
Bayer number, can be affected.

The compositions of the invention can be applied to solid
substrates by conventional methods, such as flow coating, spray

coating, curtain coating, dip coating, spin coating, vroll
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coating, etc. to form a continuous surface film. Any substrate
compatible with the compositions can be coated with the
compositions, such as plastic materials, wood, paper, metal,
printed surfaces, leather, glass, ceramics, glass ceramics,
mineral based materials and textiles. The compositions are
egpecially useful as coatings for synthetic organic polymeric

substrates in sheet or film £form, such as acrylic polymers,

poly(ethyleneterephthalate), polycarbonates, polyamides,
polyimides, <copolymers of acrylonitrile-styrene, styrene-
acrylonitrile-butadiene copolymers, polyvinyl chloride,

butyrates, polyethylene and the 1like. Transparent polymeric
materials coated with these compositions are useful as flat or
curved enclosures, such as windows, skylights and windshields,
especially for transportation equipment. Plastic lenses, such
as acrylic or polycarbonate ophthalmic lenses, can also be
coated with the compositions of the invention.

By choice of proper formulation, application conditions and
pretreatment (including the use of primers) of the substrate,
the coating compositions of the present invention can be adhered
to substantially all solid surfaces. Abrasion resistant
coatings having Bayer numbers of at least 5 employing the test
method hereinbefore described can be obtained by heat curing at
temperatures in the range of 50° C to 200° C for a period of
from about 5 minutes to 18 hours. The coating thickness can be
varied by means of the particular application technique, but
coatings having a thickness of from about 0.5 to 20 microns, and
more desirably from about 1-10 microns, are generally utilized.

In order to further illustrate the present invention, the
following examples are given. However, it is to be understood
that the examples are for illustrative purposes only and are not
to be construed as limiting the scope of the subject invention.
The abrasion resistant properties of the coatings produced by
curing the coating compositions prepared in accordance with the
following examples were determined using the modification of the
Oscillating Sand Test method (ASTM F735-81) hereinbefore
described.

EXAMPILES

Procedures
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A. Etched poly(diethylene glycol-bis-allyl carbonate)
lenses (referred to as ADC lenses) were used for coating and
testing. The ADC lenses were etched by contact with a 10%
potassium hydroxide solution containing propylene glycol methyl
ether and water for a period of about 10 minutes. The propylene
glycol methyl ether and water were present in the potassium
hydroxide solution in a 1:1 volume ratio. The coating of the
lenses with the coating compositions was achieved by dip coating
the etched lenses at a withdrawal rate of 6 inches per minute.
The coated lenses were then cured at 120° C for 3 hours. The
lenses were tested using the variation of the Ogcillating Sand
Test method hereinbefore described and a Bayer number was
determined for each coating.

B. Primed polycarbonate lenses (referred to as PC lenses)
were used for coating and testing. The PC .lenses were primed
with SDC Primer XF-1107 (commercially available from SDC
Coatings, Inc., Anaheim, California) using a withdrawal rate of
2 inches per minute followed by a 30 minute air dry to provide
about a 0.5 micron prime coat. The coating of the lenses with
the coating compositions was achieved by dip coating the primed
lenses at a withdrawal rate of 18 inches per minute. The coated
lenses were then cured at 130° C for 4 hours. The lenses were
tested using the variation of the Oscillating Sand Test method
hereinbefore described and a Bayer number was determined for
each coating.

Example 1A

464 grams of 3-glycidoxypropyltrimethoxysilane were added
slowly to 767 grams of deionized water while stirring. The
aqueous 3-glycidoxypropyltrimethoxysilane mixture was stirred
for approxi-mately one hour. 69.6 grams of itaconic acid
dissolved in 767 grams of propylene glycol methyl ether were
then added streamwise to the aqueous 3-
glycidoxypropyltrimethoxysilane mixture. The mixture was then
stirred for 30 minutes, and then 1021 grams of tetraethyl
orthosilicate were slowly added to provide a resulting admixture
which was stirred overnight to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating

having a thickness of about 2.1 microns. The coated lenses were
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then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 6.7.

Example 1B

380 grams of the coating composition from Example 1A were
treated with 0.9 grams of benzyldimethylamine and stirred for
about 2 hours to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.3 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 8.3.

Example 1C

380 grams of the coating composition from Example 1A were
treated with 1.2 grams of a 19% aqueous solution of sodium
hydroxide to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.4 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 10.5.

Examples 1B-1C illustrate the optional use of a catalyst
with the coating composition of Example 1A wherein the abrasion
resistance is improved when a catalyst is incorporated into the
coating composition.

Example 2A

A) 496 grams of 3-glycidoxypropyltrimethoxysilane were
added to 820 grams of deionized water. The aqueous 3-
glycidoxypropyltri-methoxysilane mixture was stirred for

approximately one hour.
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B) 200 grams of propylene glycol methyl ether and 18.2
grams of glutaric acid were added to 319 grams of the aqueous 3-
glycid-oxypropyltrimethoxysilane mixture from step A above and
gstirred for approximately 15 minutes to produce an admixture.
264 .5 grams of tetraethyl orthosilicate were added to this
admixture and stirred approximately 17 hours to produce a
coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 micron. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 7.9.

Example 2B

400 gramg of the coating composition from Example 2A were
treated with 0.9 grams of benzyldimethylamine and stirred about
6 hours to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 12.2.

Example 3A

200 grams of propylene glycol methyl ether and 13.7 grams
of succinic anhydride were added to 319 grams of the aqueous 3-
glycid-oxypropyltrimethoxysilane mixture (Step A) of Example 2A
and allowed to stir for approximately 15 minutes to produce an
admixture. 264.5 grams of tetraethyl orthosilicate were added
to the admixture and stirred for approximately 17 hours to
produce a coating composition.

The coating composition was applied to the etched ADC

lenses according to Procedure A to provide a cured coating
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having a thickness of about 2.1 microng. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 6.2.

Example 3B

400 grams of the coating composition from Example 3A were
treated with 0.9 grams of benzyldimethylamine and stirred for
approximately 6 hours to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 14.4.

Example 4A (Comparative Example)

116 grams of 3-glycidoxypropyltrimethoxysilane were added
slowly to 191.8 grams of deionized water. The aqueous 3-
glycidoxy-propyltrimethoxysilane mixture was then stirred for
approximately one hour. 16 grams of acetic acid in 191.8 grams
of propylene glycol methyl ether were then added streamwise to
the aqueous 3-glycidoxypropyltrimethoxysilane mixture. The
mixture was then stirred for 15 minutes, and 255.3 grams of
tetraethyl orthosilicate were slowly added to provide a
resulting admixture which was stirred approximately 17 hours to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 4.4.

Example 4 in contrast with Examples 1A, 2A, and 3A shows

the importance of the multifunctional compound with respect to
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obtaining Bayer numbers of at least 5 when such coating
compositions are tested using the modified Oscillating Sand Test
method hereinbefore described.

Example 5

378 grams of 3-glycidoxypropyltrimethoxysilane were added
to 653 grams of deionized water and stirred for about 18 hours.
30.8 grams of a 12 weight percent solution of itaconic acid in
propylene glycol methyl ether were added to 98.5 grams of the
aqueous 3-glycidoxypropyltrimethoxysilane mixture with stirring.
100.8 grams of tetra-n-propyl orthosilicate were then added.
The mixture was stirred 12 hours and 19 grams of propylene
glycol methyl ether were added to produce a coating composition.
The coating composition was aged 7 days at 5° C.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured cecating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 8.6.

Example 5 illustrates the use of a tetrafunctional silane
other than tetraethyl orthosilicate and shows the generality of
the present invention with respect to the tetrafunctional
silane.

Example 6A (Comparative Example)

116 grams of 3-glycidoxypropyltrimethoxysilane were added
to 191.8 grams of deionized water. The aqueous 3-
glycidoxypropyl—trimethoxysilane mixture was stirred for
approximately 1 hour. 17.4 grams of itaconic acid in 191.8
grams of propylene glycol methyl ether were added streamwise and
stirred approximately 15 minutes to form an admixture. 216.6
grams of Nalco N-1042 colloidal silica were added and stirred
approximately 17 hours to form a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
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lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 3.0.

Example 6B (Comparative Example)

0.9 grams of benzyldimethylamine were added to 380 grams of
the coating composition of Example 6A and allowed to stir for
about 2 hours to form a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 2.4.

Examples 6A and 6B illustrate the importance of the
presence of the tetrafunctional silane in the coating
compositions of the present invention with respect to obtaining
Bayer numbers of at least 5 on the cured coating when such
coating compositions are tested using the modified Oscillating
Sand Test method hereinbefore described.

Example 7

118.5 grams of tetraethyl orthosilicate were added dropwise
to 9.1 grams of itaconic acid, 100.9 grams of water and 100.9
grams of propylene glycol methyl ether, which were being
stirred, to form an aqueous-organic solvent mixture. The
agqueous-organic solvent mixture was stirred for four hours.
67.2 grams of 3-glycidoxy-propyltrimethoxysilane were added
dropwise and stirred about 14 hours to form an admixture. 0.03
grams of a silicone leveling agent (PA-57 from Dow Corning,
Midland, Michigan) in 0.27 grams of propylene glycol methyl
ether were added to form a coating composition.

The coating composition was applied to primed PC lenses
according to Procedure B to provide a cured coating. The coated
lenses were then subjected to the modified Oscillating Sand Test
method hereinbefore described and it was determined that the
primed PC lenses coated with the coating compositions prepared
employing the procedures set forth in this Example had a Bayer

number of about 6.4.
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Example 8
86.1 grams of tetraethyl orthosilicate were added dropwise

to 10.6 grams of itaconic acid, 112.5 grams of water and 112.5
grams of propylene glycol methyl ether which were being stirred
to form an aqueous-organic solvent mixture. The agqueous-organic
solvent mixture was stirred for four hours. 78.3 grams of 3-
glycidoxy-propyltrimethoxysilane were added dropwige and stirred
about 14 hours to form an admixture. 0.03 grams of a silicon
leveling agent (PA-57) in 0.27 grams of propylene glycol methyl
ether were added to form a coating composition.

The coating composition was applied to the primed PC lenses
according to Procedure B to provide a coating having a thickness
of about 5.3 microns. The coated lenses were then subjected to
the modified Oscillating Sand Test method hereinbefore described
and it was determined that the primed PC lenses coated with the
coating compositions prepared employing the procedures set forth
in this Example had a Bayer number of about 5.3.

Example 9

74 .8 grams of tetraethyl orthosilicate were added dropwise
to 9.1 grams of itaconic acid, 114.6 grams of water and 114.6
grams of propylene glycol methyl ether which were being stirred
to form an aqueous-organic solvent mixture. The agqueous-organic
solvent mixture was stirred for four hours. 84.8 grams of 3-
glycidoxy-propyltrimethoxysilane were added dropwise and stirred
about 14 hours to form an admixture. 0.03 grams of a silicone
leveling agent (PA-57) in 0.27 grams of propylene glycol methyl
ether were added to form a coating composition.

The coating composition was applied to the primed PC lenses
according to Procedure B to provide a cured coating. The coated
lenses were then subjected to the modified Oscillating Sand Test
method hereinbefore described and it was determined that the
primed PC lenses coated with the coating compositions prepared
employing the procedures set forth in this Example had a Bayer
number of about 5.4.

The following Examples 10A - 12 E illustrate process
variations which can be employed in the formulation of the
compositions of the present invention having improved abrasion-
resistance.

Example 10A
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116.0 grams of 3-glycidoxypropyltrimethoxysilane, 255.3
grams of tetraethyl orthosilicate, 17.4 grams of itaconic acid
and 191.8 grams of propylene glycol methyl ether were combined
while being stirred into a single mix. 191.8 grams of water
were added to make a resulting mixture. The mixture was then
stirred for 17 hours to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 7.5.

Example 10B

0.9 grams of benzyldimethylamine were added to 380 grams of
the coating composition of Example 10A and stirred for about 6
hours.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 10.7.

Example 11

45.4 grams of itaconic acid, 723.1 grams of propylene
glycol methyl ether were combined with stirring to form a
resulting mixture. 375.4 grams of deionized water were then
added to form an aqueous-organic solvent admixture. 726.1 grams
of tetraethyl orthosilicate were added to the admixture and
stirred 24 hours. 329.6 grams of 3-
glycidoxypropyltrimethoxysilane were then added to produce a
coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 1.5 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
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hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 7.4.

Example 12A

A) 188.9 grams of tetraethyl orthosilicate were added to
a mixture of 212 grams of deionized water, 86.7 grams of
propylene glycol methyl ether and 11.8 grams of itaconic acid
and the resulting mixture was stirred for 18 hours and stored at
5° C.

B) 476.8 grams of 3-glycidoxypropyltrimethoxysilane were
added to 273.7 grams of deionized water and the resulting
mixture was stirred for 18 hours and stored at 5° C.

C) 67.4 grams of the mixture produced in step B above were
added to 250 grams of mixture produced in step A above to
produce a coating composition. The coating composition was
stirred for 24 hours.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 1.3 micron. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 9.3.

Example 12B

10.34 ml of an aqueous 0.105 molar sodium hydroxide

solution were added to 250 grams of mixture A from Example 12A
above to a final pH of 3.4. The mixture was stirred for 18
hours. 67.4 grams of mixture B (Example 12A) were then added to
this mixture to produce an admixture. The admixture was stirred
for 24 hours. A 163.9 gram aliquot of the admixture was then
diluted with 37.3 grams of propylene glycol methyl ether to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.4 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method

hereinbefore described and it was determined that the etched ADC
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lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 13.9.

Example 12C

1312.1 grams of tetraethyl orthosilicate were added to a
mixture of 82.1 grams of itaconic acid, 639.1 grams of water,
and 1005 grams of propylene glycol methyl ether to make an
agqueous-organic solvent mixture. This mixture was stirred for
18 hours. 115.4 grams of mixture B in example 12A above were
added to 364.6 grams of the aqueous-organic solvent mixture. The
mixture was stirred for 18 hours to produce a coating
composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating. The
coated lenses were then subjected to the modified Oscillating
Sand Test method hereinbefore described and it was determined
that the etched ADC lenses coated with the coating composition
prepared employing the procedures set forth in this Example had
a Bayer number of about 8.7.

Example 12D

Benzyldimethylamine was added dropwise to the coating
composition described in Example 12C to yield a coating
composition with a pH value of 4.2.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 1.8 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 10.1.

Example 12FE

1 molar aqueous sodium hydroxide solution was added
dropwise to the coating composition described in Example 12C to
yield a coating composition with a pH value of 3.6.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 1.7 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
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hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 10.3.

Examples 12D - 12E illustrate the use of a catalyst with
the fully formulated coating of Example 12C.

Example 13
Following the procedure described in Example 1, 61.4 grams

of 3-glycidoxypropyltrimethoxysilane, 96.4 grams of water, 88.7
grams of propylene glycol methyl ether, 9.2 grams of itaconic
acid and 128.3 grams of tetraethyl orthosilicate were combined
in an admixture. To this admixture, 13 grams of Nalco 1115
colloidal silica were added by pouring and stirred overnight to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 1.9 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 9.8.

Example 14

Following the procedure described in Example 1, 61.9 grams
of 3-glycidoxypropyltrimethoxysilane, 87.2 grams of water, 87.1
grams of propylene glycol methyl ether, 9.3 grams of itaconic
acid and 116.1 grams of tetraethyl orthosilicate were combined
in an admixture. To this admixture, 38.7 gramsg of Nalco 1115
colloidal silica were added by pouring and stirred overnight to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.0 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC

lenses coated with the coating composition prepared employing
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the procedures set forth in this Example had a Bayer number of
about 12.6.
Example 15

Following the procedure outlined in Example 1, 61.2 grams
of 3—glycidoxypropyltrimethoxysilane, 75.8 grams of water, 83.7
grams of propylene glycol methyl ether, 9.2 grams of itaconic
acid and 101 grams of tetraethyl orthogilicate were combined in
an admixture. To this admixture, 64.7 grams of Nalco 1115
colloidal silica were added by pouring and stirred overnight to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A toO provide a cured coating
having a thickness of about 2.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 11.

Example 16

17.4 grams of itaconic acid, 106 grams of water and 225.9
grams of propylene glycol methyl ether were combined to form a
mixture. 223.3 grams of tetraethyl orthosilicate were added
dropwise to the mixture while stirring to produce a first
admixture. The first admixture was then stirred for
approximately two hours. 61.4 grams of Nalco 1115 colloidal
silica were rapidly added by pouring to produce a second
admixture. The second admixture was then stirred for about 15
minutes and 116 grams of 3—glycidoxypropyltrimethoxysilane
were added dropwise to provide a resulting third admixture which
was stirred approximately 14 hours. 0.06 grams of a silicone
leveling agent (PA-57) in 0.5 grams of propylene glycol methyl
ether were added to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating. The
coated lenses were then subjected to the modified Oscillating
gand Test method hereinbefore described and it was determined
that the etched ADC lenses coated with the coating composition
prepared employing the procedures set forth in this Example had

a Bayer number of about 11.6.
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Example 17

153.1 grams of 3-glycidoxypropyltrimethoxysilane were added
slowly to 181.1 grams of Nalco 1115 colloidal silica, 100.5
grams of water and 5 grams of itaconic acid which were being
stirred constantly. The agqueous 3 -
glycidoxypropyltrimethoxysilane mixture wag then stirred for one
hour. 324.4 grams of propylene glycol methyl ether and an
additional 16 grams of itaconic acid were added. 220 grams of
tetraethyl orthosilicate were then added to the mixture,
followed by another 50 grams of propylene glycol methyl ether
and then stirred overnight to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.4 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 13.6.

Example 18

153.1 gramg of 3-glycidoxypropyltrimethoxysilane were added
slowly to a mixture of 90.5 grams of Ludox HS-30 colloidal
silica, (DuPont Company, Wilmington, Delaware) 190 grams of
water and 5 grams of itaconic acid which was being constantly
stirred. The 3-glycidoxypropyltrimethoxysilane mixture was then
stirred for approximately two hours. 325.4 grams of propylene
glycol methyl ether and an additional 16 grams of itaconic acid
were then added to the 3-glycidoxypropyltrimethoxysilane mixture
and stirred for an additional hour to produce an admixture. 110
grams of tetraethyl orthosilicate were slowly added to a 390
gram aliquot of the admixture while the admixture was being
constantly stirred. The resulting mixture was stirred overnight
to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.4 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC

lenses coated with the coating composition prepared employing



10

15

20

25

30

35

WO 98/46692 PCT/US98/08011
32

the procedures set forth in this Example had a Bayer number of
about 8.4.
Example 19

132.0 grams of tetraethyl orthosilicate were added to a
solution of 12.6 grams of itaconic acid in a mixture of 114.0
grams of isopropanol and 114 grams deionized water. The mixture
was stirred for 3 hours. 54.3 grams of Ludox HS-30 colloidal
silica were added followed by an additional 80 grams of
isopropanol. 91.8 grams of 3-glycidoxypropyltrimethoxysilane
were then added to this mixture and stirred for about 18 hours.
75 ppm of a silicon leveling agent (PA-57) were added to produce
a coating composition. )

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 3.0 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 7.9.

Examples 13 - 19 illustrate the addition of colloidal
silica to the compositions of the present invention formulated
from an epoxy functional silane, a tetrafunctional silane and a
multi-functional compound to produce compositions which, upon
curing, have improved abrasive resistance properties.

Examples 16 - 19 also illustrate the optional use of two
different types of Dbasic colloidal silica and possible
variations in mixing sequences.

Example 20

18.9 grams of methyltrimethoxysilane were added slowly to
56.3 grams of water which was being constantly stirred. 19.8
grams of 3-glycidoxypropyltrimethoxysilane were then added
slowly to this solution and stirred approximately one hour. 4.5
grams of itaconic acid pre-dissolved in 56.3 grams of propylene
glycol methyl ether were added to the mixture and stirred for an
additional hour. 81.3 grams of tetraethyl orthosilicate were
slowly added, stirred an additional two hours and the mixture

then allowed to sit at ambient temperature overnight. 1.4 grams
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of benzyldimethylamine were then added to the resultant product
to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 3.4 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 10.8.

Example 20 illustrates the addition of a silane additive to
the compositions of the present invention formulated from an
epoxy functional silane, a tetrafunctional silane, and a
multifunctional compound.

Example 21

18.9 grams of methyltrimethoxysilane were added slowly to
33.5 grams of Nalco 1042 colloidal silica which was being
constantly stirred. 19.8 grams of 3 -
glycidoxypropyltrimethoxysilane were then added slowly to this
solution and stirred approximately one hour. 4.5 grams of
itaconic acid pre-dissolved in 56.3 grams of propylene glycol
methyl ether were added to the mixture. This mixture was
allowed to stir for an additional hour before slowly adding 40.7
grams of tetraethyl orthosilicate to produce an admixture which
was stirred an additional two hours and then allowed to sit at
ambient temperature overnight. 1.4 grams of benzyldimethylamine
were added to the admixture to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 3.3 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 6.6.

Example 22

Following the procedure outlined in Example 21, 16.8 grams
of Nalco 1042 colloidal silica, 18.9 grams of
methyltrimethoxysilane, 19.8 grams of 3 -
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glycidoxypropyltrimethoxysilane, 4.5 grams of itaconic acid,
56.3 grams of propylene glycol methyl ether, 61.0 grams of
tetraethyl orthosilicate and 1.4 grams of benzyldimethylamine
were combined to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 3.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 9.9.

Example 23

37.7 grams of 3-glycidoxypropyltrimethoxysilane were added
slowly to 82.1 grams of water which was constantly stirred. The
aqueous 3-glycidoxypropyltrimethoxysilane wmixture was then
stirred for approximately one hour. 5.2 grams of itaconic acid
pre-dissolved in 96.6 grams of propylene methyl glycol ether
were added to the mixture. The solution was then stirred for an
additional two hours before adding 0.54 grams of
dimethyldimethoxysilane. This mixture was then stirred for 30
minutes and 77.4 grams of tetraethyl orthosilicate were added to
the mixture to produce an admixture, then stirred an additional
two hours and allowed to sit at ambient temperature overnight.
0.6 gramg of benzyldimethylamine were added to the admixture to
produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 3.1 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 11.5.

Example 24
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Following the procedure outlined in Example 23, 37.7 grams
of 3—glycidoxypropyltrimethoxysilane, 82.1 grams of water, 5.2
grams of itaconic acid, 96.6 grams of propylene glycol methyl
ether, 2.7 grams of dimethyldimethoxysilane, 77.4 grams of
tetraethyl ortho-silicate and 0.6 grams of benzyldimethylamine
were combined to produce a coating composition.

The coating composition was applied to the etched ADC
lenses according to Procedure A to provide a cured coating
having a thickness of about 2.6 microns. The coated lenses were
then subjected to the modified Oscillating Sand Test method
hereinbefore described and it was determined that the etched ADC
lenses coated with the coating composition prepared employing
the procedures set forth in this Example had a Bayer number of
about 8.6.

Changes may be made in the construction and the operation
of the various components, elements and assemblies described
herein and changes may be made in the steps or the sequence of
steps of the methods described herein without departing from the
spirit and scope of the invention as defined in the following

claims.
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CLATMS

1. A composition having improved stability and which,
when applied to a substrate and cured, provides an abrasion
resistant coating on the substrate, comprising:

an agqueous-organic solvent mixture containing
hydrolysis products and partial condensates of an
epoxy functional silane, a tetrafunctional silane
and a multifunctional compound wherein the
multifunctional compound is selected from the
group consisting of multifunctional carboxylic
acids, multifunctional anhydrides and
combinations thereof and wherein the epoxy
functional silane is present in a molar ratio to
the tetrafunctional silane of from about 0.1:1 to
about 5:1.

2. The composition of claim 1 wherein the hydrolysis
products and partial condensates of the epoxy functional silane
and the tetrafunctional silane are present in the agqueous-
organic solvent mixture in an amount of from about 10 to about
99.9 weight percent, based on the total solids of the coating
composition and wherein the multifunctional compound is present
in the aqueous-organic solvent mixture in an amount of from
about 0.1 to about 30 weight percent, based on the total solids

of the coating composition.

3. The composition of claim 1 or 2 wherein the solvent
constituent of the agqueous-organic solvent mixture is selected
from the group consisting of an alcohol, an ether, a glycol, a
glycol ether, an ester, a ketone, a glycolether acetate and

mixtures thereof.

4. The composition of any one of the preceding claims
wherein the solvent constituent of the agqueous-organic solvent
mixture is an alcohol having the general formula ROH where R is

an alkyl group containing from 1 to about 10 carbon atoms.
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5. The composition of claim 1 or 2 wherein the solvent
constituent of the aqueous-organic solvent mixture is selected
from the group consisting of a glycol, an ether, a glycol ether

and mixtures thereof having the formula R'-(OR?) -OR' where x is

an integer of 0, 1, 2, 3 or 4, R! is H or an alkyl group
containing from 1 to about 10 carbon atoms and R? is an alkylene
group containing from 1 to about 10 carbon atoms and

combinations thereof.

6. The composition of any one of the preceding claims
wherein the epoxy functional silane is present in a molar ratio

to the tetrafunctional silane of from about 0.1:1 to about 3:1.

7. The composition of any one of the preceding claims
wherein the epoxy functional silane is represented by the

formula R.3XSi(OR4)4__X where x is an integer of 1, 2 or 3, R3® is H,

an alkyl group, a functionalized alkyl group, an alkylene group,
an aryl group, an alkyl ether, and combinations thereof
containing from 1 to about 10 carbon atoms and having at least 1
epoxy functional group, and R* is H, an alkyl group containing
from 1 to about 5 carbon atoms, an acetyl group,

a —Si(OR5)3__yR6y group where y is an integer of 0, 1, 2, or 3, and

combinations thereof where R> is H, an alkyl group containing
from 1 to about 5 carbon atoms an acetyl group, another

—Si(ORS)}_yRGy group and combinations thereof, and R® is H, an

alkyl group, a functionalized alkyl group, an alkylene group, an
aryl group, an alkyl ether and combinations thereof containing

from 1 to about 10 carbon atoms.

8. The composition of any one of the preceding claims
wherein the tetrafunctional silane is represented by the formula

Si(OR.7)4 where R’ is H, an alkyl group containing from 1 to about

5 carbon atoms and ethers thereof, an (OR’7) carboxylate, a
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-51i (OR®), group where R® is a H, an alkyl group containing from 1

to about 5 carbon atoms and ethers thereof, an (ORS8)

carboxylate, another —Si(ORB)3 group and combinations thereof.

9. The composition of any one of the preceding claims
wherein the amount of water present in the agueous-organic
solvent mixture is an amount sufficient to provide a
substantially homogeneous mixture of hydrolysis products and
partial condensates of the epoxy functional silane and the

tetrafunctional silane.

10. The composition of any one of the preceding claims
wherein at least a portion of the solvent component of the
aqueous-organic solvent mixture is generated during hydrolysis

of the epoxy functional silane and the tetrafunctional silane.

11. The composition of any one of the preceding claims
further comprising an effective amount of a catalyst to provide
enhanced abrasion resistance to a coating produced by curing the

composition.

12. The composition of claim 11 wherein the effective
amount of the catalyst is from about 0.1 to about 10 weight

percent, based on the total solids of the composition.

13. The composition of any one of the preceding claims
wherein the aqueous-organic solvent mixture further comprises
from about 0.1 to about 50 weight percent, based on the total
solids of the composition, of a mixture of hydrolysis products
and partial condensates of a silane additive represented by the
formula

R Si(OR), .

where x is an integer of 1, 2 or 3, R? is H, an alkyl
group containing from 1 to about 10 carbon atoms, a

functionalized alkyl group, an alkylene group, an aryl group, an
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alkyl ether group and combinations thereof, R0 is H, an alkyl

group containing from 1 to about 10 carbon atoms, an acetyl

group and combinations thereof.

14. The composition of any one of the preceding claims

wherein the aqueous-organic solvent mixture further comprises:

an effective amount of a leveling agent to spread the

agqueous-organic solvent mixture on the substrate

and provide substantially uniform contact of the

agueous-organic solvent mixture with the

substrate.

15. The composition of any one of the preceding claims

wherein the agueous-organic solvent mixture further comprises:

an effective amount of colloidal silica to provide the

composition with from about 0.1 to about 50

weight percent silica,

based on the total of

solids present in the composition.

16. An article comprising:
a substrate; and
a substantially transparent
formed on at least one
wherein the coating is
composition comprising

mixture applied to the

abrasion-resistant coating
surface of the substrate

formed by curing a coating
an agueous-organic solvent

surface of the substrate

and wherein the agueous-organic solvent mixture

contains:

from about 10 to about

99.9 weight percent, based

on the total solids of the composition, of

hydrolysis products and partial condensates

of an epoxy functional silane and a

tetrafunctional silane wherein the epoxy

functional silane

is present in a molar

ratio to the tetrafunctional silane of from
about 0.1:1 to about 5:1 and the solvent
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component of the aqueous solvent dispersion
is compatible with the epoxy functional
silane and the tetrafunctional silane; and
from about 0.1 to about 30 weight percent of a
multifunctional compound, based on the
total solids of the composition, wherein
the multifunctional compound is selected
from the group consisting of
multifunctional carboxylic acids,
multifunctional anhydrides and mixtures

thereof.

17. The article of claim 16 wherein the epoxy functional
silane is present in a molar ratio to the tetrafunctional silane

of from about 0.1:1 to about 3:1.

18. The article of claim 16 or 17 wherein the solvent
constituent of the aqueous-organic solvent mixture is selected
from the group consisting of an alcohol, an ether, a glycol, a
glycol ether, an ester, a ketone, a glycolether acetate and

mixtures thereof.

19. The article of any one of claims 16-18 wherein the
solvent constituent of the aqueous-organic solvent mixture is an
alcohol having the general formula ROH where R is an alkyl group

containing from 1 to about 10 carbon atoms.

20. The article of claim 16 or 17 wherein the solvent
constituent of the aqueous-organic solvent mixture is selected
from the group consisting of a glycol, an ether, a glycol ether

and mixtures thereof having the formula R!-(OR?) -OR! where x is

an integer of 0, 1, 2, 3 or 4, Rl is H or an alkyl group
containing from 1 to about 10 carbon atoms and R? is an alkylene
group containing from 1 to about 10 carbon atoms and

combinations thereof.
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21. The article of any one of claims 16-20 wherein the
epoxy functional silane is represented by the formula

R3 Si(OR?%),_, where x is an integer of 1, 2 or 3, R?® is H, an

alkyl group, a functionalized alkyl group, an alkylene group, an
aryl group, an alkyl ether and combinations thereof containing
from 1 to about 10 carbon atoms and having at least 1 epoxy
functional group, and R? is H, an alkyl group containing from 1

to about 5 carbon atoms, an acetyl group, a —Si(OR5)3__yR.6y group

where y is an integer of 0, 1, 2, or 3, and combinations thereof

where R® is H, an alkyl group containing from 1 to about 5

carbon atoms, an acetyl group, another —Si(OR5)3__yR6y group and

combinations thereof, and R® is H, an alkyl group, a
functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether and combinations thereof containing from 1 to about

10 carbon atoms.

22. The article of any one of claims 16-21 wherein the

tetrafunctional silane 1s represented by the formula Si(OR7)4

where R7 is H, an alkyl group containing from 1 to about 5
carbon atoms and ethers thereof, an (OR7) carboxylate, a

—Si(ORB)3 group where R® is a H, an alkyl group containing from 1

to about 5 carbon atoms and ethers thereof, an (ORS8)

carboxylate, another —Si(ORB)3 group and combinations thereof.

23. The article of any one of claims 16-22 wherein the
amount of water present in the agueocus-organic solvent mixture
is an amount sufficient to provide a substantially homogeneous
mixture of hydrolysis products and partial condensates of the

epoxy functional silane and the tetrafunctional silane.

24. The article of any one of claims 16-23 wherein at
least a portion of the solvent component of the agueous-organic
solvent mixture is generated during hydrolysis of the epoxy

functional silane and the tetrafunctional silane.
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25. The article of any one of claims 16-24 wherein the
aqueous-organic solvent mixture further comprises an effective
amount of a catalyst to provide enhanced abrasion resistance to

a coating produced by curing the composition.

26. The article of claim 25 wherein the effective amount
of the catalyst is from about 0.1 to about 10 weight percent,

based on the total solids of the composition.

27. The article of any one of claims 16-26 wherein the
aqueous-organic solvent mixture further comprises from about 0.1
to about 50 weight percent, based on the total solids of the
composition, of a mixture of hydrolysis products and partial
condensates of a silane additive represented by the formula

R% Si(ORY?), .
where x is an integer of 1, 2 or 3, R? is H, an alkyl
group containing from 1 ﬁo about 10 carbon atoms, a
functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether group and combinations thereof, R0 is H, an alkyl

group containing from 1 to about 10 carbon atoms, an acetyl

group and combinations thereof.

28. The article of any one of claims 16-27 wherein the
aqueous-organic solvent mixture further comprises:
an effective amount of a leveling agent to spread the
aqueous-organic solvent mixture on the substrate
and provide substantially uniform contact of the
agqueous-organic solvent mixture with the

substrate.

29. The article of any one of claims 16-28 wherein the
aqueous-organic solvent mixture further comprises:
an effective amount of colloidal silica to provide the

composition with from about 0.1 to about 50
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weight percent silica, based on the total of

solids present in the composition.

30. The article of any one of claims 16-29 wherein the
substrate is formed of plastic, wood, ceramic, glass ceramic,
glass, mineral based, leather, paper, textile and metal

materials.

31. A process for providing a substantially transparent,
abrasion resistant coating on a substrate, comprising:
applying to at least one surface of a substrate an
effective amount of a coating composition
comprising an aqueous-organic solvent mixture to
provide a substantially uniform coating on the
substrate, the agqueous-organic solvent mixture
comprising hydrolysis products and partial
condensates of an epoxy functional silane, a
tetrafunctional silane and a multifunctional
compound wherein the multifunctional compound is
selected from the group consisting of
multifunctional carboxylic acids, multifunctional
anhydrides and combinations thereof and wherein
the epoxy functional silane is present in a molar
ratio to the tetrafunctional silane of from about
0.1:1 to about 5:1; and
curing the coating composition to produce a
substantially transparent, abrasion resistant

coating on the substrate.

32. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of claim 31 wherein
the hydrolysis products and partial condensates of the epoxy
functional silane and the tetrafunctional silane are present in
the aqueous-organic solvent mixture in an amount of from about
10 to about 99.9 weight percent, based on the total solids of
the coating composition and wherein the multifunctional compound

is present in the aqueous-organic solvent mixture in an amount
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of from about 0.1 to about 30 weight percent, based on the total

solids of the coating composition.

33. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of claim 31 or 32
wherein the solvent constituent of the agueous-organic solvent
mixture is an alcohol having the general formula ROH where R 1is

an alkyl group containing from 1 to about 10 carbon atoms.

34. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of claim 31 or 32
wherein the solvent constituent of the agueocus-organic solvent
mixture is selected from the group consisting of a glycol, an
ether, a glycol ether and mixtures thereof having the formula

R'- (OR?) -OR' where x is an integer of 0, 1, 2, 3 or 4, R! is H

or an alkyl group containing from 1 to about 10 carbon atoms and
R?2 is an alkylene group containing from 1 to about 10 carbon

atoms and combinations thereof.

35. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-34 wherein the epoxy functional silane is present in the
agqueous-organic solvent mixture in a molar ratio to the

tetrafunctional silane of from about 0.1:1 to about 3:1.

36. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-35 wherein the epoxy functional silane present in the
aqueous-organic mixture is represented by the formula

R3 Si(OR?), , where x is an integer of 1, 2 or 3, R® is H, an

-X
alkyl group, a functionalized alkyl group, an alkylene group, an
aryl group, an alkyl ether and combinations thereof containing
from 1 to about 10 carbon atoms and having at least 1 epoxy

functional group, and R4 is H, an alkyl group containing from 1
to about 5 carbon atoms, an acetyl group, a —Si(ORS)B__yR.Gy group

where y is an integer of 0, 1, 2, or 3, and combinations thereof
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where R5 is H, an alkyl group containing from 1 to about 5

carbon atoms an acetyl group, another —Si(OR5)yYR%,group and

combinations thereof, and R® is H, an alkyl group, a
functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether and combinations thereof containing from 1 to about

10 carbon atoms.

37. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-36 wherein the tetrafunctional silane present in the aqueous-

organic mixture is represented by the formula Si(OR7)4 where R’

is H, an alkyl group containing from 1 to about 5 carbon atoms

and ethers therecf, an (OR’) carboxylate, a -Si(OR®), group where

R® is a H, an alkyl group containing from 1 to about 5 carbon

atoms and ethers thereof, an (OR®) carboxylate, another —Si(ORs)3

group and combinations thereof.

38. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-37 wherein the amount of water present in the aqueous-organic
solvent mixture is an amount sufficient to provide a
substantially homogeneous mixture of hydrolysis products and
partial condensates of the epoxy functional silane and the

tetrafunctional silane.

39. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-38 wherein at least a portion of the solvent component of the
aqueous-organic solvent mixture is generated during hydrolysis

of the epoxy functional silane and the tetrafunctional silane.

40. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims

31-39 wherein the aqueous-organic solvent mixture further
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comprises an effective amount of a catalyst to provide enhanced
abrasion resistance to a coating produced by curing the

composition.

41. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of claim 40 wherein
the effective amount of the catalyst is from about 0.1 to about

10 weight percent, based on the total solids of the composition.

42. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-41 wherein the aqueous-organic solvent mixture further
comprises from about 0.1 to about 50 weight percent, based on
the total solids of the composition, of a mixture of hydrolysis
products and partial condensates of a silane additive
represented by the formula

R® Si(OR10), .

where x is an integer of 1, 2 or 3, R? is H, an alkyl
group containing from 1 to about 10 carbon atoms, a
functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether group and combinations thereof, R0 is H, an alkyl
group containing from 1 to about 10 carbon atoms, an acetyl

group and combinations thereof.

43. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-42 wherein the aqueous-organic solvent mixture further
comprises:

an effective amount of a leveling agent to sgspread the
agqueous-organic solvent mixture on the substrate
and provide substantially uniform contact of the
aqueous-organic solvent mixture with the

substrate.

44. The process for providing a substantially transparent,

abrasion resistant coating on a substrate of any one of claims
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31-43 wherein the aqueous-organic solvent mixture further

comprises:
an effective amount of colloidal silica to provide the
composition with from about 0.1 to about 50
weight percent silica, based on the total of
solids present in the composition.
45. The process for providing a substantially transparent,

abrasion resistant coating on a substrate of any one of claims
31-44 wherein the substrate is formed of plastic, wood, ceramic,
glass ceramic, glass, mineral based, leather, paper, textile and

metal materials.

46. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-45 further comprising:

treating the substrate to enhance adhesion of the
substantially transparent, abrasion resistant

coating to the substrate.

47. The process for providing a substantially transparent,
abrasion resistant coating on a substrate of any one of claims
31-46 wherein the curing of the aqueous-organic solvent mixture
coating to produce a substantially transparent, abrasion-
resistant coating on the substrate is achieved by heating the
substrate having the agueous-organic solvent mixture coating
applied thereto to a temperature of from about 50° C. to about
200° C. for a period of time effective to cure the coating and
provide the substrate with a substantially transparent,
substantially uniform abrasion resistant coating having a Bayer

number of at least 5.

48. A composition having improved stability and which,
when applied to a substrate and cured, provides an abrasion
resistant coating on the substrate, the composition comprising

an agqueous-organic solvent mixture.
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49. An article comprising:
a substrate; and
a substantially transparent
formed on at least one
wherein the coating is
composition comprising

mixture applied to the

PCT/US98/08011

abrasion-resistant coating
surface of the substrate

formed by curing a coating
an agueous-organic solvent

surface of the substrate.

50. A process for providing a substantially transparent,

abrasion resistant coating on a substrate, comprising:

applying to at least one surface of a substrate an

effective amount of a coating composition

comprising an aqueous-organic solvent mixture to

provide a coating on the substrate.

51. A process for providing a substantially transparent,

abrasion resistant coating on a substrate, comprising:

curing on at least one surface of a substrate an

effective amount of a coating composition comprising

an aqueous-organic solvent mixture to provide a

coating on the substrate.



INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 98/08011

CLASSIFICATION OF SUBJECT MATT

A. R
IPC 6 CO9D183/06  C08659/32

According to International Patent Classification (IPC) ot to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 C09D C08G

Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the retevant passages Relevant to claim No.

X EP 0 526 975 A (ITOH OPTICAL IND) 10 1-51

February 1993

claims; examples

see page 3, line 51 - page 4, line 5;

X CHEMICAL ABSTRACTS, vol. 126, no. 1, 1-51

1 January 1997
Columbus, Ohio, US:
abstract no. 9335,

materiats"
XP002075220
see abstract

KATO, H. , E.A.: "Siloxane coating
compositions with improved resistance to
abrasion, UV, and heat for plastic optical

& JP 08 239 627 A (ITO OPTICAL IND CO LTD)
-/

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular retevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priotity claim(s) or
which is cited to establish the publicationdats of another
citation or other spacial reason (as spacified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the internationai filing date but
later than the priority date claimed

‘T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underiying the
invention

X" document of particular relevance; the ctaimed invention
cannot be considerad novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

'&" document member of the same patent family

Date of the actual completion of theinternationai search

24 August 1998

Date of mailing of the international search raport

07/09/1998

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

Deraedt, G

Form PCT/ISA/210 (second sheat) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 98/08011

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Cltation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

DE 41 18 826 A (NIPPON ARC CO LTD) 12
December 1991
see claims

DE 40 20 316 A (FRAUNHOFER GES FORSCHUNG)
9 January 1992

see page 3, line 4-36; claims

see claims

US 5 013 788 A (NAGASHIMA TOSHIKAZU ET
AL) 7 May 1991
see claims

1-51

48-51

48-51

Form PCT/ISA/210

(continuation of second sheaet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Inter.. .«ionai Application No

PCT/US 98/08011

Patent document Publication Patent famity Publication

cited in search report date member(s) date

EP 0526975 A 10-02-1993 JP 2577670 B 05-02-1997
JP 7076671 A 20-03-1995
JP 2684127 B 03-12-1997
JP 5001258 A 08-01-1993
AU 653825 B 13-10-1994
AU 1831392 A 07-01-1993
CA 2071692 A 26-12-1992
DE 69203672 D 31-08-1995
DE 69203672 T 01-02-1996
us 5322888 A 21-06-1994

DE 4118826 A 12-12-1991 JP 4213338 A 04-08-1992
FR 2663036 A 13-12-1991
us 5367019 A 22-11-1994
us 5314947 A 24-05-1994

DE 4020316 A 09-01-1992 NONE

US 5013788 A 07-05-1991 JP 1813398 C 27-12-1993
JP 2175732 A 09-07-1990
JP 5020462 B 19-03-1993

Form PCT/ISA/210 (patent family annex) (July 1992)




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

