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Broadly, the coatlng conpgositions of the - present_ 1 nvention Tonprise
an %ﬁeru%SB@QéﬂléYsBF?EHi Fort madymeric substrates where it is highly

desirable to provide substrates with abrasion resistant

surfaces, 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

25 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

30 abrasion resistant coatings. It is to such compositions and

processes by which such compositions are wmanufactured and
applied to substrates that the present invention is directed.

BRIEF SUMMARY OF THE INVENTION

The present invention provides compositions having improved

35 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 aqueous-organic solvent mixture
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transparent coatings upon curing having improved abrasion
resistance.

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

DETATILED DESCRIPTION OF THE INVENTION
The present invention relates to coating compositions

30 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.

35 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). In addition, there are
a number of qualitative test methods that may be used for
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coating compos1tlon there will be an optimum coatlng thickness.
The optimum cure temperature, cure time, coating thickness, and

25 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

30 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

35 basic variations of the Oscillating Sand Test in practice.

In one particular variation 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) 1lenses, hereinafter referred to as ADC
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The haze generated on the lenses was then measured on a
25 Gardner XL-835 Colorimeter. The haze géin 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 i'eported as the resultant abrasion
30 resistance of the coating material. A ratio of greater than 1
indicates a coating which provides greater abrasion resistance
than the uncoated ADC reference le_.nses. 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.
35 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 testing coated samples, samples coated on ADC
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N The coating compositions of the present invention comprise

25 an aqueous-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
condensateg of an epoxy functional silane and a tetrafunctiomal
silane and from about 0.1 to about 30 weight percent, based on

30 the . total solids of the composition, of a wmultifunctional
compound selected from the group consisting of multifunctional
carboxylic acids, multifunctional anhydrides, and combinations
thereof. It will be recognized by those skilled in the art
that the amount of epoxy functional silane and the amount of

35 tetrafunctional silane employed to provide the mixture of
hydrolysis products and partial condensates of the epoxy
functional gilane 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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WO 98/ 46642h the epoxy functional silane, the teP€afuwsegiosalisilane and
/ the wmulti-functional component. For example, the solvent
25 constituent of the aqueous-ofganic 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
30 example's of alcohols useful in the application of this invention
are methanol, ethanol, propanol, isopropanol, ‘butanol,
isobutanol, secondary butanol, tertiary -_butanol, cyclohexanol,
pentanol, octanol, decanol,_ and mixtures' thereof.
Suitable glycols, ethers, glycol ethers can be represented
35 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 esters suitable for the agqueous-organic solvent

mixture are ethyl -acetate, n-propyl acetate, n-butyl acetate and
25 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

30 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

35 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



formula Rlerr]Si(ORerr])[err] where x is an integer of 1, 2 or 3, Rerr]
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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

35 (OR7) 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 (OR"), are tetramethyl
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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

30 (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,

35 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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present 1nvention are als very stable with respect {o agin both in

t @hs Ofaqféwnd;ymﬁeyards the silhgron Afme in the matrlx, and such
PCT/ US98/i¥elction may be ‘through normal exchbhge rea&ﬂdoﬁQIUWiﬁh

stability. . Th of thec oSitli ed by

a gr aduﬁesﬁéf’%a gd]ﬁ%) ot WO&Q% S'Fo E jal ?y ren %?s %ﬁ%‘?%%gt i ng

conposi tihyoughn i é:ymgg'\naient state on the s:.llcon atoms. The actual
interaction involving the multifunctional compound may, in fact,

ot

25 be a combination of all of the above possibilities, the result
of which would be a highly crosslinked matrix. Thus, the matrix _
is enhanced through extended 1linkages involving the é

multifunctional compound. '
 as examples of the significance of these possible
30 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
35 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 reépéct to aging, both in terms of performance
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compositions; and {(d) provide other desirable properties of the
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The coating compositions of the present invention wmay

30 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

35 silane additives which can be incorporated into the coating

compositions of the present invention have the £formula

R?’ Si (OR*?), . 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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trimethoxysilane, - 3-ethoxypropyltrimethoxysilane, 3-propoxy-
30 propyltrimethoxysilane, 3-methoxyethyltrimethoxysilane, 3-
ethoxy-ethyltrimethoxysilane, 3-propoxyethyltrimethoxysilane, 2-
[methoxy-(polyethyleneoky)propyl]heptamethyltrisiloxane,

[methoxy (poly-ethyleneoxy)propylltrimethoxysilane,
[methoxy(polyethylene—oxy)ethyl]trimethoxysilane,
35 [methoxy(polyethyleneoxy)propyl}—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
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conpgsi ti gBverdBe WREh Sk¥NibbhaNbohASY! h9alB¥G1s, 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
30 ‘these interactions. It is thus recognized by those skilled in
the art, that colloidal silica can be added into a cpating
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
35 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. 1In yet other instances,
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conposi tPoneca: When col | oi dal si lica and/or netal oxides are
added, it is In the same manner, it is also possible to add other metal
oxides into the coating compositions of the present invention.
25 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
30 will be recognized by those skilled in the art that similar
types of considerations that apply to the colloidal silica

additions will alsd apply more generally to the metal oxide

additions.
Examples of metal oxides which may be used in the coating
35  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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25 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)

30 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 (iii) such compounds as 2-
methylimidazole, 2-ethyl-4-methylimidazole and l-cyanoethyl-2-

35 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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coating conposition and the substrate and which is evel i.ng
O s ¢ hafCLSoort

the coati ition on a substrate and whi ch enh I'ng
bet ween the coating conposition and thesl5 substrate can be enpl oyed.
The use of leveling and fl ow control agents is well known in the art
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PCT/ US98 0 ct to
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about 8 when ggp giéggofhg_néﬁsievel ?r@mm%ﬁ@m Rr#eSWhikedcan -
However, by incorporating a talyst into the ueqﬁé-Fgganlc solvent

n1&9uresb%oHF§PﬁPﬁ§ated 14WRBEB%X9°PEHEQ(59$PQ§H r REGSENFonal
sil ane. apgvéheion inclubel bitehiendolyemimysl, sudle HayERITONDEF200] ®he

co a5 t APSinghProRTalolelE B, HaHE" 18LIRCR SR P IO ot Fe byo PR RiveaRaC
her ei nbe3 prizgailes ckddiddive 29, Palntmhddlgnvgqﬁggggomme@Kygaué@bfSﬂﬁ@E@boxy
functiongl,§ilang,qy sTLWET 1-7600 from O0Si Specialties, and
25 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
30 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
35 compositions which, upon curing, produce substantially
transparent coatings having enhanced abrasion resistance. - For
example, the epoxy functional silane, the tetrafunctional silane
and the multifunctional compound can be added to the aqueous-
organic solvent solution and stirred for a period of time
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effective amount of sodium hydroxide and then admixed with an
25 - 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
30 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
35 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, roll
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be construe s, limti tg scope of e subj ect invention. The
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coati ng barpeaiteisonpglepeiylbns) andothanceike ! h Tiansparentolgdiymisgric
exarrples r er t I;on of _the 3 Qscids atin
Sand Tes e%lg ﬁ' c@(a %%%M%IE?%EF }%%en%%ﬁ) |%qt5‘ 51rse are %se}&t egc} at ‘o
"EXAM pu(gvgdsenclosures, such as windows, skylhighted@mnst windshields WO

98/ 46692espec1ally for anslporé:atlon equlpme%g/ U%&%[s@ﬁ%“lens s, such
Etch e I et hyl ene g cal - bIS aIIyI carbonat e
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| ehSes (PREf é%‘F’é)lee% 3 AIEE cachayater @ LaRsRg, afdn alseedig ng.
.. The ADC Leagsed wertd ehehedmipbsaeﬁb@et o h:heaﬂ;%tlon pot assi um hydr oxi.de

o oo SRR S el ¥ER TR e, o PLOSEI BN LA 08 g
wat er weptepressmentn (imelyctizgsithe use of deuineesiobft tbe |smh,st1ra1:e/.o| unme

o ratio. I e C,
i achi evedIES EIQQE gteémﬁggltmrﬁse ﬁ%ﬁ%d%%ﬁggg éﬁggﬁaﬂgn (?éam\;va rate of 6
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: ?EB hoiJlrs codfi@ngs hav@ngeBayere nufbeed of B¢ (leastas anpldydng fthe test
Cl at I n

oo Wy podFoberEh RS LR S dGERLA Y L HOBKE e
' lenses (tehmperstiuresasnPCheersange of 50° C to 200° C for a Perlod of
from about 5 minutes to 18 hours. The coating thickness can be
25 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
30 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
35 Oscillating Sand Test method (ASTM F735-81) hereinbefore
described.
EXAMPLES
Procedures
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hereinbefore described and a Bayer number was determined for
25 - 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
30 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 agueous 3-
glycidoxypropyltrimethoxysilane mixture. The mixture was then
stirred for 30 minutes, and then 1021 grams of tetraethyl
35 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



the procedures set forth in this Exanple had a Bayer nunber of about
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% 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

25 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. S

30 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
35 A) 496 grams of 3-glycidoxypropyltrimethoxysilane were
added to 820 grams of deionized water. The agueous 3-

- glycidoxypropyltri-methoxysilane mixture was stirred for
approximately one hour.

U
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Coat ed | onges Her 200 Same, o€ HrBRYIghE, SRS PP FRRL oebHN I FAY SBnf

Tes':1 get lxtims of kdntiandtief alcé.ddwerm dédedntio | 31 9veaghrate t@:ﬁnum?qmmgwe-
e g;];qu:p%?{.

gﬁn(::)l oyi n?ciy%i t pr ocedur es se(%’tkfé:tf%ﬁl n tﬁeufgx@%‘{" bﬁ@é R Eg’g(e’(r?e Sunbe

of ropred Hor approximately 15 minutes to p@@.ﬁgﬁa ean Aadmlxture

200 gyr ans g@f , 1 gp%mBNE L xee&a@%wl @f@ﬁésﬁnﬂcatad vl Badded Ao S¥RGigni C
anhydride were added to 319

G yor - oGRS | ABHoRFLFPaNe FRRITFIASR LY A7 oPoRKSpFe FEoduce 4

al | oned tdbﬁiJ%crIg fcﬂ:ﬁmptmﬁtoi@mmel y 15 minutes to produce an ) adm xture.
264.5 granms o etr Leahe t X
and stirred forﬁ app "Fé&ﬁ%%oﬁ&é t")g%{?;Sasgg?(%8uce a{:RSateﬁ-'rfgjhégl all®

conposi t ilenses accordlmbe ttrDa’PrngeduﬂrposAt ton meevids| redcuxed heoatdmen

CADGy  ndAiRES AGANEdEE (0 RIRRRIW A Mildkdi OVidie Roaiedd 160k Yere
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Exgpl e 3Bout 7 400 grams of the coating conposition from Exanple 3A
were treated with 0.9 grans of benzyl di nethylam ne and stirred for 10
approximately 6 hours to produce a coating conposition. The

coating conposition was applied to the etched ADC | enses according to

Procedure A to provide a cured coat hng le havi ng a thickness of about
2.1 nicrons. The coated | enses wer e22dmRle, 2B, subjected to the nodified
Gscil |l ati ng Sagao T@:samsrebflotlhéScoatimgecotnpbscntéodeftrpmbEetampdei R2avaere

det erm net%éah?éd tvlfiet]:?t(f; @%01‘% of benz‘?ﬁﬁ Q:Q'g;&ee\‘jnl‘ﬂet Qntdf'] Q:Q'te'd"%ﬁ)out
conpositions prepared enpl ures set ort t
Exanpl e Hadienimayke m%qzeoa coatlng composmtlon
20 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

25 lenses coated with the coating compositions prepared employing
the procedures set forth in this Example had a Bayer number of
about 12.2.
Example 334

200 grams of propylene glycol methyl ether and 13.7 grams
30 of succinic anhydride were added to 319 grams of the agqueous 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

35 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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approximately one hour. 16 grams of acetic acid in 191.8 grams
of propylene glycol methyl ether were then added streamwise to

25 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.

30 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

35 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

e



| enses coated with the coating conpositions prepared enploying 20 the
procédur eswpessMbemzt h in this Exanple had a Bayer nunber of PCT/US9SéBDIE 8. 6.
Exanple 5 illustrates the use of a tetrafunctional silane ot her t han
tetraethyl orthosilicate and shows the &@nerality of -the present

I nvention pe othetetraf ctlon I Si |
Exanpl e 63%%&'% at % Lo SHpTRS S of “ar’ 'l f@i ﬁen such coating

3-glyci dog9progikirnseahe xyss tadasiore t&!didﬁddlfled osc:.l}BétBnggsaﬁﬂ T&st
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t he proceglyeslsmethypl téther twdrse Bddad eohpﬂoduBé}@rccmmﬁj dlfmpos:.tlcﬂfpogt

3.0. e rative rgpl e)
grans of 'Benzy?gtlnghcf’aﬁ?%%%eg%‘ewggd gqu Y rggég t he coating
conposi tion of TEQarﬁQaitm anémablseﬁeént VRS | rappdn.ed to aiheuteBchedr SAUCD

formga copbhBgsCPRUMIHRY: to Procedur Thg goat %nggag’g\§ Eh?ng\%Zo |ed

to the etched ADC |I"enses according to Pro e I OVi

coating 1RRVIRG\R ifPicknees Ris shoutaBodt micxpaEensThe wRa t]@lswmewer e
t hen subjehkérd stubjtehﬂ:eﬂ)dtd‘;l t&e@tﬁd:diﬁédlgo&ﬂdlie&hg”@émﬂ Test method

ADC
ences coltEataBERbPR cadRiribed Sl Gy WA S5 aRRt B derBRE, Fiy Stohed AR
pr ocedur ekergesf emhednwnhhs tEeampht ingd comBapdt iomsh preglarkd engdl@ytinzy 4.
Exappl es €he 3pHobBalikbESLEat ?o%@ﬁ hﬂpﬁhﬁﬁnﬁﬁaﬁbltehﬁag a B gzee @f.nn?nbeq; of Ne

tetrafunctjional silane in coat1 ng 0 e present
i nvent i orfRPEH ?eépect to obtaining Bayer nunbers of at least 5 on the

cured coating BRamptdch illustrates the use of a tetrafunctional silane
other than tetraethyl orthosilicate and shows the generality of

the present invention with respect to the tetrafunctional
25 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
30 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.

35 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



20 coati ng corrposi tions are tested using the nodified Gscillating
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WO 98/ 46 92 PCT/ US98/ 08011 .
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was stir g odilird®Wer fc?:@cl'g X B P Edsmple had adBa er number of
gl yci doxy-praopyl trinethoxysilane were added dropw se an ¥| rre

abdwt 14 5'2# form an” adni xture. 0.03 grans of a silicon “leveling

agent (PA-57) Ex‘ancppa?s greasaafl pePpYylENesigtaes| ﬂna hikan;Qtancet hef Vehe
added to _form.a coat &gﬁrrp S coati n conposition was
ens t

applied €6 THe pring eestraoéqum:tlcogba}']dl nﬁl}%n‘fbr o&@duré‘eB P de a
coati ng leompesitidnsiofeshe presept ibyentiod withonsspate toakthimings

ver e thempdy egh ﬁseig of attmeaaedla‘léﬂ enel lé@émgcéaeﬂnae%e%tm
her ei nbefore described 15 ~ and it was determ ed t Je“ng rimed PC

| ertles cGREHERT (gPmRRSitions are |"®s ‘é‘g‘aﬁ e‘ﬁiﬁ "i‘n"g“?ﬂﬁe
procedur SarkeiTd« tethod hen‘ejtrmad?oeirdﬂsa:ﬁ‘mcia. Bayer nunber of about 5. 3.

Exanpl e 9 74.8 grianms of hyl orthosilicate were added
e, EeLLASLNY .
118.5 grams of tetraethyl orthosilicate were added dropwise

~ to 9.1 grams of itaconic acid, 100.9 grams of water and 100.9

25 grams of propylene glycol methyl ether, which were being

stirred, to form an aqueous-organic solvent mixture. The

aqueous-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

30 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

35 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. '

N
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Exampl e Wther were addedRIFHMOY coating compos1t'2160n
PCT/ US98/ 0801 116.0
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ort hosi | iacatording 4oy Paveediret BCODisraeide a coatﬁ.ﬂ@ h%gvlgxggbaﬁﬁlef:ness '

I I ng, stirr d into
D o hgl o OF B, B M MY, 8 EBTRLA Henasy whe, EhaReauns eChPt: 16
m xture. thmmonfﬁlitlsdeOmslﬂ.abmng Sand Stesty oethod hérkdnbeforepdeduetbead
coati N GRPAY Wa@'determined thgtﬁetﬁ%agggggggﬂgoiéhbgg @gatéa%iég LRet NE

etched ADC | enses according to € a cured coating

havi ng a “CRtA%k SOMpPrsitdenePreRaErd rRMP PRl oG Lhe Hmﬁﬁ@r setoforthen

subj ect ednt aHilze B¥Raiglice thddb & |Batd N thundst s tapaihos, 3 her ei nbef ore
described and it was determ ned tha ghe et ched ADC | enses coat ed
with the coating conposition preparé&—@?ﬁ?ﬁ% ng t he procedures set

forthin this 7ExMmﬂtﬂa@fataayeethyﬁberthbsﬂ:Lcatebwate?a&dedl5dropw1se

Exagpl e B9.1 grams of- 9t96@ﬁ§coéc98nz3i di_ %BQ} §d15_2
A an Irr

rans of t he coati_ng conposition for out
g hgFA%s of Pr°PY13%I?egé-Bﬁ:PlaneEBN‘Eyo§Fh?§nwhé§ha}§9r¢ehet‘ngt ﬁ'elz;rgded

ADC 20 thefioem anCaiibogsiOrdinieBEBrént miktAitede @heUsigies@8lbPganic
solvent mixture was stirred for four hours. 84.8 grams of 3-
glycidoxy-propyltrimethoxysilane were added dropwise and stirred

25 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

30 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.

35 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



havi ng a thickness of about 2.1 mcrons. The coated | enses were t hen
subj ect ed ‘gﬁ&w ﬁgﬁdi fied Gscillating Sand Test nethod Pdi‘%sg fore .

descri bed s determ ned that the etched ADC | enses coated with
the coating conposition prepared enpl oypgg 25 the procedures set forth in
this Exanple had a Bayer nunber of about 10.7.
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aqueous- A Solgxans fiprepEerealyephmethyl efhertwamns hyombined
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Osci 'l at |1|¢gxsg@1dacrggrdmgh¢@ Procedure WO ©8/ p86¥dde a cured coating

PCT/ US98 @8R4 a thickness of about 2.1 micron TI?;Z tedf
descrl bed an(ltlﬁllt was determ ned that the et co ésd' coa ? ns%lgé%%g%%égw h

t hé 9% oat TR T SFYRBEFEFBH ;‘}Pep%ﬂ%dmeﬁﬁfbﬁfiné)s‘nllﬂbdél%r%%’é@uFré§tsél‘e‘ﬂ%f?‘ih in
t hi s Exatjelreihde forBadiesciiibed anl it waéilmalﬁer?nﬂ}ed that the etched ADC

Exarrple grams.of tetraeth orth05| | icate nere added
105en mortsd Wt she SRR ARG, Skt it

pr opyl ené'»hgl mcemﬂaﬁ sstthefortld i thigy Sanydled thm.’ora Bagex numberamﬂ t he

resul ting ?;was stirred for 18 hours and stored at 10 = 5 C.

B) 476. 8 grams of 3-glycidoxypropyltrinmet hOXéSI | ane were added to
27357 grams of dei oni zed water andE I ng m xture was stirred
ford18 gours ang gﬁ:ﬁhﬁdoﬂtb&ﬁﬁldlltﬁét}aylaamlne wede a?idédgtansaof F4iRs (rjafd gre
produce n ste bove were 15 e tod@%b ure uce
St ep ReBndrabing Sonnatind ol of, Miany's 3 e o e, o i) d
conposi t honraeas stirred for 24 hours. The coatl ng

conposi tion- V‘%eap@é%éfﬁné uc‘rdei{a?)o%t taemh A@Qs a}Pgl:L'e‘a‘B@é Ei:‘ﬂeorgwﬂ?ﬁo ADC

Procedure A to provi coatl ng kness of about 1.3
ni éPon. ?ﬁt?ec?oa&‘é‘EP’F‘é’n%%s tRerRroce u’fﬁheﬁ‘ sk E'EPEéIdFo & heuxsdi fqaFing
Gsci | | at hagihand thétkABEBOSE 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

25 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 gtirring to form a
30 resulting mixture.: 375.4 grams of deionized water were then

added to form an agueous-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
35 coating composition.

The coating ¢Qmposition 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 wmethod

T



herei nbef ore described and it was determ ned that the et ched ADC

| ensés coa@g@mm the coating conposition prepared enpl oyi pgr/uses/esoie
procedures set forth in this Exanple had a Bayer nunber of 25 about 9. 3.
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to a finalsh gg g°ﬁe d?ﬁ‘érg}ir’ﬁ‘gfﬂ'é‘;vﬁswﬁﬁ ﬁPE&rf“&PeliBtget thGLﬁ%Che@ﬂDF
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2.4 mcrons. cgﬁfsea PEAVEs Ofictetraet $hssddicqtieo wake msiied aep
Csci |l 1 atiag xﬁamhfresbfrrenmd grams heﬁeldbﬁénﬂﬁéddaﬁalfé:bed 839G | r¥R8 of
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with t he andtting oespbsing oniynemmad egilraogididor 18 hohespand esitvrsd sat

forip in £bi g Exanple had a Bayer nunber of about 13.9.
Exanpl e 12C 5 grans of tetraethyl orthosilicate were added
to a ni xtBl e 6{‘768§ gré}Flarr@foB glycdfoxyRrioPy 1e3dme thaxus idfanamtwere

and 1005 ﬂddéﬂ afo DQOB)('?en@rﬂhQ'CQJf n&éﬂ&hlﬁéaerwa&ﬁaléﬁdanthe resulting
xture was stirred fo 18

|
haure. - 178ERE Y e Ragr BhiTFRRoERY; fBchalbPe noaREEss8 RS 8°16- added to
364.6 grans of C} hesaguegmmmocfathe mdkvere pirstuced Thestep Bradws &Jé/:@é
t d f r o] Qsiti
contsng claach W 25h 0 JERM CGe R sIIAY prqaufRBPYL ' BERe 2 akevE: P 1o
Pr ocedur ePRCRBCHr Gvi eRabingr compesition -TheThs caakingl Feompositépw tvam

subj ect edgt pri-b8 gBdi ﬁ;;eplo@gl I | ati ng Sand Test nethod herei nbef gre ]
descri bed and that the etched ADC | enses coated wt
the coating coh%%sﬁq ng °°BP8ﬁaFé8nerffﬂ%ylaﬁ’§ RE pFRcdds estsbeds ARG i n

thi s Exanhéeséad accordirdayeo Ruduedufe ahowo 8p¥ov28e a cured coating :

Cofrépraels?t llon ﬁ%scrt]%lﬁl@g éf”ﬁ}&ﬂ ag]é]q?woﬁ?gldgﬂl drodgaoa?‘f t%stehse Vgeolaetl "
then subjected to the modified Osc1llat1ng 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

25 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

30 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 composgition.

35 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



conposition wth a pH val ue of 4.2. The coating conposition was
applied tﬁhg&‘&whed ADC 25 | enses according to Procedur §99/0W1?V' de' a

cured coa havi ng a thi ckness of about 1.8 mcrons. e coated

| enses were then subjected to the padified Oscillating Sand Test

met hod her ei nbefore described and it was determ ned that the etched
ADC langes coated with ithe cumtimg commossition ppeepaeddeembmyyaggw

the procodi 5rS6LabPil sl £8ktn Efﬁlr@ﬁfs hﬁgi\g%@é‘yﬁéd Y ”Bgie aquggm

10. 1. ous
sodi um hyRRKE 63 sBt uti on was added dropW| se to the coati ng

conposi tion descri bed I n Exanpl e 136G aw@»135 12¢Yield a coating conposition

with a pH valu osition was ied to
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procedures é forth in th (I)E% L_g% had a Bayer :nunber
T

1019 t%?éﬁpﬁegriee .eqq?a%ﬁoer&eﬁe%eelaﬁn& ea%c‘apyet- W‘?h
‘the ful I it atvedls costivged! fowmnple IRéurs to produce a coating
Exanpl e. s Fol |l owi ng the procedure described in Exanple 1, 61.4
gr ams RS JSFg? yci doxypropyl tri met hoxysil ane, 96.4 grans of vvater 88.7
10 grans of Thepygratdng yeotposition ewasr amlzugdamo ofhe t &tohied ADc
aci d and 1Je%§sé’s %rcﬁ‘:@%ﬂngt el @%B)éhueétﬂoéé'ﬁfcﬁ}ﬁé/"%r %u&%ﬁbbeﬁﬂl ThE an

adm xture. his adm xture %r ans n?m da
si lika \A&%‘%ﬂjejoe’%‘f/e%oﬂ??ﬁgtaﬁﬂ sppdeegegy &onitd “éthfled ‘B‘P%w%%%thng
coa:1 | gg @uﬁwsréstonmeﬂﬁod hereilbefepat d&@g&QEEQSIaHd)Flﬁ/\/aﬁad @p@éteﬂgiﬂe&he '
etched A n rdin o Proocedur rov1 e a cure coatlng
havi ng a |cktr¥’eess""‘et gﬁf@ éJrﬁ"scr(E)on‘—’lste @Eﬁf RsHRT (EPRPOSitiogq
subj ect edneparead rﬁmplfqmthd Paoicegugesd Sﬁ@sfomhhmj this Examplebe#dre

descri beg, a,dA m&et@f rgmg: tdrat. the et.ched ADC 20 |enses coated with

the coating co 03|t|on repared enpl oyin
20 9 P p P rTPcaméleglzD

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 'cemposition was applied to the etched ADC
25 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 compositidn prepared employing
30 the procedures set forth in this Example had a Bayer number.of
about 10.1. |
Example 12E

1 molar aqueous sodium hydroxide solution was added

dropwise to the coating composition described in Example 12C to
35 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 t-e the modified Oscillating Sand Test method
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t he procedures set forth in this Exarrpl e had a Bayer nunber of _ about
9. 8. WO 98/46692 " Exanpl e 14 POT/US94/6801X he
procedure described in Exanple 1, 61.9 _%ram; 25 of
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20 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
25 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 grams of Nalco 1115
colloidal silica were added by pouring and stirred overnight to

30 produce a coating composgition.

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

35 hereinbefore described and it was determwmined that the etched ADC

lenses coated with the coating composition prepared employing
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met hod i nbef ore described and it was determ ned that the etched
ADC apg ngg' coated with the coating conposition prepared enpl oyi ng
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3 gl yol CRRPBVORSI (1 ﬁ&ﬁ%iﬁmﬁét Wi eShaETiRgn to produce a first
admixture. The first . admixture was then stirred for
25 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
30 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
35 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 11.6.
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water and 5 grams of itaconic acid which was being constantly
25 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
30 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
35 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
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25 curing, have improved'abrasive resistance properties.

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

Example 20
30 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
35 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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t he adm xture to d coating c ositi e coating
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grams of tetraethyl orthosilicate to produce an admixture which
25 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
30 - 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
35 about 6.6.

Example 22
Following the procedure outlined in Example 21, 16.8 grams
of Nalco 1042 colloidal gilica, 18.9 grams of

methyltrimethoxysilane, 19.8 grams of 3-
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her ei nbef ibed and it was determ ned that the etch
3&@ 39@?5% Wmsalh
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PCT/ US98/aigoaiidoxypropyltrimethoxysilane, 4.5 grands of itaconid-ohtodi ng

3ol ot dady £§H“?P?§ \BTCEPTENE Zycth ImBEAJY ethedd) 63.0 graps, of
i taconic "% sbbﬁ?%ﬁyﬁéﬁe hayaﬂamﬁbtqﬁbenzyl@;mthy amgngr ans

of ddl met hydxk rm?dmwb :tz@epr?]‘ilzcél redee g %omﬁ@éi@ﬁﬂldyl ort hg silicate

an 6 grans en i_met am ne ined to pro

coat| ng conpos!ti o ‘Z’)élng coxch:‘%t:C%t ﬁﬁ %‘ﬁ%]g’s‘%) 57 vike a F?’@gi t8PFhe
et ched All@nses BGQQEdlangICdI Ryotedirecddute /pxtow:,ta}eovad@ua:ewredatmgl ng
havi ng a r aik at I en
subj ect eé{ ﬁ@?%ﬁ%@%ﬁé&%l ?Pg]fl?n? déﬁm?% %ﬂﬁ ggﬁgad\l\ﬁ&?’a&%b %?e
descri bedﬂlﬁd pubjastadt & Hoe medified Qatidlatimg SandeMsst coethadwit h
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be nmade i steps or the sequence of steps of the nethods
descri be erein wthout departing fromthe spirit and scope of the
i nvention as defined in the fol | owil#pmple 23| ai ns.

36 37.7 grams of 3-glycidoxypropyltrimethoxysilane were added

15 slowly to 82.1 grams of water which was constantly stirred. The

aqueous 3-glycidoxypropyltrimethoxysilane mixture was then

gstirred 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

20 additional. two hours Dbefore ' adding 0.54 grams of

. dimethyldimethoxysilane.. This mixture was then stirred for 30

minutes and 77.4 grams of tetraethyl orthés_ilicate were added to

the mixture to produce an admixture, then stirred an additional

two hours and allowed to sit at ambient temperature overnight.

25 0.6 grams of benzyldimethylamine were added to the admixture to
produce a coating composition.

The coating composition was appl:.ed 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

30 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.

35 Example 24
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t et riaf undisormetlsyl southo-sidbhcabeuang, 9.6 grams of benzyldjmgidyflapine 5,y

an anount, ofe V\@&%lﬁééft@ Pédﬁeehadéalaﬂﬁgt bemppexYion.
functi onavf silane and the tetrafunctional

The conpositi oFR®f CAakiRgL GREPEFHELRE KRS oPPBLIeS: oﬁ%ctt}eanagﬁgﬁil aﬁ‘Dc
condensatpsn@ést hecep@ihd Ubst iFvtaediiteand amdl phevider & uaurednatoatiinge
are pres

n th eo - oI I xturg,.Ln
about 10%‘?3 :ld%%Lﬁ' i rﬁ%r %%r cen? I'HLtcaE"r(&:)l)rél ?h'gh%o?&?tsol | g % J%Pén
coaté ng ctdmmssmibgrecmmﬁ V\tlereihle tmmdriid-edf Oscildpsingonprdd Testpreatdhedi n

the a ueog! o) t f a t ampdout
L Weﬁght %égilgﬁgtsgé é%ﬁon xtq%]a e 1|enw%.:@ g@%@&m%d EREL2ERY efched

e total  soli the coati sjtipn.
3. The tenpesi crateds Wiitd rkhe oFo3tiRg, EPHPPﬁété-BPvWP@g?%q n’? YHIIt he
aqueous- %Hén?ﬁoée&ugab gext gbeths igelcedise Exfampdd haadyrad Bayan siwibery of an
al cohol , ether,_ a glycol, a glycol ether, an ester, a ketone, a
gl ycol et h °‘:}Ee§af;e and m xtures thereof. 4.  The conposition of
any one of thechaagedi mgycbai madehdmeitinet rstimusitiaroend thkatopgration

agueous- o gsan &l s NaNENQ RIS Aed OFIHEE
ROH vvhereé ?’gl%afl‘pélﬁ&ltlsgkéh Egght gl ning . rom 1to %bout 10 carb eon at ons.
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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5. The apHBGIdcor On of claim sol vent uent
of the aqueouﬁs)?doﬁ?igani c sol vent Hmmm“nﬁuu"mfed 5 from HTé'fs%F’@#Pai
consisting of a glycol, an ether* & gltyc8l #&ther . er eof
having the formula Rerr]- (CR[err])[err% OR[err] where x is an
integer of O, 1, 2, 3 or 4, RLis Hor & al Kyl O'TRiS'Sheet Has B&RREy .fycéal ng from
1 to about 10 carbon atons and R2 is an al kyl ene - |n|ng from
1 to abo&LAIMScarbon atoms and 10 conbinations th m" mnuﬂlmlt
The conposition of any one of the precedi ng clalns e epoxy

' ratio 0, the tetrafunctional

functional silane 4; esent ganplar
si | ane of froﬂ1abod¥ Hﬁ&oab yingimgroved Stabll%ty anthahdsiosi tion
of any owhenf app2ipdetedangubbtaiate and whered,n grivyideex unf ebehk9Bal silane

= 190 esealsURY Liheing 18" PUL oSS pptiilprr] vhere 1 ar

I nt eger p, a functionalized

‘al kyl group, an al @A @mlegpﬁuprgéolcaﬂo%ﬁf?mtqnvsmlr%lrcqaitlaﬂnlﬂgher and

conbi nati ons t her eof hyd%31 hQ'Bﬂo&ﬁEEblaﬁé ﬁﬁf&&aﬂihdﬁﬂéﬁgé '3% %5?
an a

having at least 1 epox unct 1, onal g i , d Rerr
group contai ni ng fﬁﬁﬁpé ﬁ&nssaapa% ) ﬁBﬂfd%dH%Fr%§FQRRiQH 1gﬁ@d§ne
35'- Si (?S[ err])[err ]hR[ er ][ahcnraomnlﬁ/ﬁlﬁﬁﬁcylbﬁa}incdnﬁ,?c?ﬂlﬁi wer®inlthe or 3, and
i nati ons thereo ere Rlerr an.al ky nt ai i ng
R%lggé}yFoﬂP%ﬁ%d §é§(£é%(%%om dﬁ

fro to about 5 carboff
-Si(CR[err])[err]R[err]ggp@ppcanelsbnbgnaﬁ|mm&mifunenﬁqnaiuidﬂbamynlns H, an

al kyl group, a functlonalala@.d ALkYE FEhOHPonA] VSR, an

comblnatlons thereof and wherein the epoxy

functional silane is present in a molar ratio to
.15 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 silané
20 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
comp051tlon and whereln the multlfunctlonal compound is present
- in the aqgueous-organic solvent mixture in an amount of from
25 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
30 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
35 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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t he preceding clains wherei n the etrafungtional silane is represent ed
by the-formul a Si (ORlerr])[err] where Rerr] is H an-alkyl group
containing from1l to about 35 5 carborB&Atons and ethers thereof, an
(OR[err]) carboxylate, a ' WO 98/ 46692

PCT/ US98/ 08011 : .. 38

-Si(ORerr])[err] group where Rerr] is a H, an al kyl group containing from

1 to about 5 carbon atons and ethers thereof, an (OR8)

gar bo%I ate, apot het['hesbbfﬁbgiti&ifl%fh ]cmmlpld agiel z:lama'ﬁ&tri (Hh\j\e}h IdeARRRI: 5
: e conposition o ny one of the pr.ecedi.n ai, .\Wherein the

amount ofg%n%é}t‘ﬁ?rége%% ?‘ﬁgt"’hoeueaodife'o‘ff& . carﬁ°&V%n% %?‘\%EHF ﬁFxFEiEcF?qan

anmountd suffémi time gooyp ovomeisting ofilss tgiMdadl,| yohetrbgeneauglytslueehef

hydr ol ysi r f’:ﬁ!ﬁﬁ s d fi_ epaxy functional

si | ane an%r“?hxg f?%%%%%?%%ﬂgsﬁ%ngaﬁhﬁg R wﬁz)m. h‘gﬂcb pdst®i on

of any on r i ai ekl P l,on of the

sol vent c%ln%rrl\%%?egfgfﬁéej' 2% ?q'uejg&%r- c?r'g\gr%i ggsgl é%ntgﬁ?néytc‘ﬂ% eé)}lgéﬁ%ener at ed

duri ng hyeeRtsining frem 1 Heo eyt fith@axhen agiomgnendnB?the an alkylene

tetraf Uncgiong! cshting from 1 to abbut!i® CATRN hiBRsCLpdny one of the
precedi ng clajns |, further_conprising an effective anount of a catal yst

to prdvi deODRLRARLPRS B8%eRE on resistance to a coating produced by curing

t he conposi tion. 12. The conposition of claim 1l wherein the
effective  gmouniof LhS,S8L8by0e S ' AP b d QDY 1! Ot
"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.

15
7. The composition of any one of the preceding claims
wherein the epoxy functional silane is represented by the
formula R3 Si(OR%),_ . where x is an integer of 1, 2 or 3, R3 is H

’

an alkyl group, a functionalized alkyl group, an alkylene group,

20 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(OR5)3_YR5y group where y is an integer of 0, 1, 2, or 3, and

25 combinations thereof where R’ is H, an alkyl group containing
from 1 to about 5 carbon atoms an acetyl group, another
-Si(OR5)3_yR5Y group and combinations thereof, and RS is H, an

alkyl group, a functionalized alkyl group, an alkylene group, an
aryl group, an alkyl ether and combinations thereof containing
30 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 (OR7) 4 Where R’ is H, an alkyl group containing from 1 to about

35 5 carbon atoms and ethers thereof, an (OR7) carboxylate, a



25 percent, based on the total lids of the conp05|t|on 13.
The conposwbiosiaesk any one of ':J T U :HﬂLms whergi '
aqueous-organi ¢ sol vent m xtur ﬂuj mj'u l fromg%{)}ué g)s%lto
about 50 wei ght percent, based on the total 30 sol i ds of t he conposition,

of a mxture of hydrolysis products 3%nd partial condensates of a silane
additive represented by the formul a [err]
where x is an teger of 1, 2 of 3, err] is H an al kyl 35 group

cont ai ni ngSi FeRY); BzouBowhers Ririod d.omn adkyl groupt containtog afkym 1

group, an aIkerne gr an ar 46692
39 - aFRyab ‘Eﬁﬁ!‘zﬁ?@“t%rﬂﬁ%nﬁt?l@ﬁ§ therest, H_"eﬁ?@é)l s H, an al kyl

group cor@armﬁmé&@ma&ﬁ&@bmsl (b@z%gr P L HED ,comuaﬁetmhs thefb8EP and
conbi nati ons thereof. corrp05|t|on of any one of the

preced| ng cl ai ns wherein the aqueous organi c solvent m xture further
conprigses: an effective anount of a leveling agent to spread
t he aqueous-organi ¢ sol vent m xture on _the substrate 10
and provi de sudst anThel Fgmeesibion htarst age ofe the preceding claims °

aqueous- Gflga n SHe MoudtX Idf wade pirB8ent in the aqueous-o:?égiﬁté ate.
15. The co 03|t|on of any one of the ﬁfgcedl ng cl ai ns wherein the
%ﬁ 5 e :

aqueous- of JHHRIAE SR &MeRPth SfipPREete prov1 a an
effecti vesmaitﬁll;olﬂmownwda adxtarpr ofi Hedtrbkysis products and

COITDQ_BI tlsllg) It‘ﬁ.aﬁ" c];cggi&% tt}% %28%1 ?.gnctlonal silane a}n éﬁ%' ght

per cént ca bast resent in
t he conp0%¢¢¢¢ﬁunQH1°na1 s;lan@@ An article conprising: a
substrate; and a substantially transparent abrasion-resistant
coating

10. The composition of any one of the preceding claims
wherein at least a portidn'of the solvent component of the
15 aqueous-organic solvent mixture is generated during hydrolysis
of the epoxy functional silane and the tetrafunctional silane.

11. The compbsition of any one of the preceding claims
further comprising an effective amount of a catalyst to provide
20 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
25 percent, based on the total solids of the composition.

13. The composition of any one of the preceding claims
wherein the agueous-organic solvent mixture further comprises
from about 0.1 to about 50 weight percent, based on the total

30 solids of the composition, of a mixture of hydrolysis products
and partial condensates of a gilane additive represented by the
formula _

R® Si (OR'?),
where x is an integér of 1, 2 or 3, R? is H, an alkyl

35 group containing from 1 to about 10 carbon atoms, a
functionalized alkyl group, an alkylene group, an aryl group, an
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conpri sing an aqueous-organi c sol vent m xture applied to
the surface of the substrate.. and wherein the
aqueous-organi ¢ solvent m xture 39 ~-contains:. 30
fromabout 10 to about 99.9 meight percent based

on the total, $0

hydr ol ysé %}’%déé ér "ﬁr aﬁislé%néss thereof, R is H, an alkyk an
epoxy fung:pgpacogtaamgngnﬂrqm 1 to about 10 carbon atomet, r ahuacetghal
si | ane whgtghp aﬁg SHESYnaPions thereof. functional silane is
present in a nolar ratio to the tetrafunctional
silane of from about 0.1:1 to about 5:1 and the
sol vers 40

conponent of t?g ous solveg di spersi £ th S
conpatible with the So??mPBﬁ% 1Pt any “he of the preceding cdaimge and
t he t et r afhereinnthe sadeemys-soxfganic solvent mixture fhrﬁheabaumpeléege

about 30 wei ght perggnLs@ : . tlfunctl aI
conpound, based on %ﬁe &ctive amount of a level%%ﬁ & H E%; ep%

conposi tion, wherein aqueous-organic S°1V9nttm&$¢an|dnuﬁhe(auhstamnﬁound

i's saloect ed and provide suﬁé@&ﬁhﬁi@lﬂ?%%'c%ﬂﬂ% fof the
mul tifunctional carboxylic acids, 10 tlfunctlonal

anhydrides and ni xtures 2dueous-organic solvent ml%?ﬂﬁ%ﬂwlth the 17.

The article of claim 16 whbstratéhe epoxy functional silane is present
in.a nolar ratio to the tetrafunctional silane 15 of fromabout 0.1:1 to
about 3:1. 18. The article of claim16 or 17 wherein the

sol vent coh3t i t TeAt compesbt e <ot Any e ©f dihee mradedinge cilaims| ect ed

f romishe @herdis onsé Sddnidbif - A= ic0 l1vedt ﬁ\tlﬁ%ﬁreafg.!rifﬁ@;: is é ycol

ether, an ester, a ketoggectlglygﬁgéﬁgmgfé%ztfgf%éT151llcav%é ggov1deegﬁgf
composition with from about 0.1 to about 50
weight percent silica, based on the total of
solids present in the composition.

20

16. An article comprising:
a substrate; and
a substantially transparent abrasion-resistant coating
formed on at least one surface of the substrate

25 wherein the coating is formed by curing a coating

- composition comprising an aqueous-organic solvent
mixture applied to the surface of the substrate
and wherein the aqueous-organic solvent mixture
contains:

30 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

35 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



19. The article of any one of in the sol vent
const i t uenyo®8/4ég9e aqueous- orggr"mm F 'mﬁre s an Zq,qﬁf%g)ﬂ?d&&having
y

the general fornmula ROH where R4 s canta s gr<up cont ai lto
about 10 carbon atons. - 20. The article of claim 16 or 17 wherein
t he sol vent constituent of the aq-uegps organi c solvent m xture is
selected 30 fromthe group consisting a glycol, an ether, a glycol

et her and m xtures thereof having the formula
Rlerr]-(ORerr])[err]-OR[ err]comeonent jof the agmeonsegelventOdidpelsidnor

4, RLis Hor an alkyl group is cafUaiBNd&tiomhE EBoRhORndDsatpon at o

and R2 is an al kyl ene grou cont aldﬂ %%‘rom L t o about pon at ons
and 35 conbinations thereof. sfiane an tefrafyygtional silane; and
PCT/ US98/ 08011 from about 0.1 to about 30 welgHH.percent of 21. The

articke of any one of clains po. nct i naI si | ane
S rekpresent ed by the formula RMSI %fgg&@?mppf?ﬁér$¥ V\ﬁe?% $s an
integer of 1, 2 or 3, Rerr]. tt%tarl apiids ofaithel cgmpapition undiereini zed
al kyl group, an al kyl ene grcnﬁhe‘ﬂhlﬁif@ﬂﬂtl&bﬁﬁpcoﬁﬂoﬁﬁ&yi%egéfgcfgﬁl

conbi nati ons thereof containin from1l to about carbon atons and
“having at |east 1 epoxy f e grUBLFongRgtRREreF is H an al kyl
group containing from1 tmmmm&lmhoea@beﬂ?h@na@wéyl group, a
-Si ( err])[err]Rerr] group r.e i nte , or 3,
and tonbi nations thereof 10 “ﬁf@ﬁ 1 ygﬁlé?g ‘8 ’B’c?fyt‘bliﬁﬁ ai ni ng
from1l to about 5 car bon tzhempf .an acetyl group anot her
-Si(CR[err])[err]R[err] group and conbi nati ons thereof, and Rlerr] is
H, an al kyl group, f.unctiaonalized al kyl group, an alkylene group, an

aryl group, af’- '13% K Artdecder odngladnnt farhersin ndre spasontfametigonpdom 1

to about siian&olgapbéﬁeﬁtoﬁlﬁ a molar ratio2d tHe t¥tkhaEuficehiondy 80EaRé

claiys 16 r@ﬁer BhietB81.1 to about 3:1.

18. The article of claim 16 or 17 wherein the solvent
constltuent of the agueous-organic solvent mixture is selected
from the group consisting of an alcohol, an ether, a glycol, a

20 glycol ether, an éster, 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—érganic solvent mixture is an
25 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 agueous-organic solvent mixture is selected
30 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 6r 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

35 combinations thereof. |



tetrafunctional silane is rep formula Si(ORerr])[err]
where R[ eMYQ 9846692 an al kyI !m Em ﬂlﬁ@! rom1l to abolRCTUSIS/O8MAr bon
atonms and et hers thereof, | ate, a - Si
(OR[err])[err] group where R[err] is a H an alkyl group containing froml
to about 5 carbon atons and ethers therenf, an (OR8) car boxyl ate,
another -Si(ORerr])[err] group and conbi nati ons thereof.

The article obqany @ne o 1¢hal B& %ﬁgzgn SEeL‘ﬂaiﬁg 16- 2§W&e€ﬂ &?%, ci ent

present in thé dqueous-or gani ¢ so mi xtur I's an anoun
to provi GPOKYsEsackirnall §1%ﬁ@geﬁeseeresenm@tw ethg fgrmbiaysi s product s

and part W'Sﬂtﬁ!@"?nsatvﬁfefg + K& an %l&%?)érf BiEChi Oopabrssl ag® jandy t he,
tetrafunct¥onal si‘ne. The article of any one of claims
16- 23 wherl&iyl atroup, he&&hcalpnalizédoélkinb gobwentar alloristie @frduts an
aqueogis- Qrgani ¢ al r r ol 5|s .0f the
epoxyéj %zgr nCrCoRAl %? %2%’1 gf‘% étg‘gr R%i?:b%rg éh a/td a:m:.ng WO
08/ 46692 from 1 to about 10 caﬁbﬁnLgpgmgggqg having at least 1 epoxy

42 a cke P gny. r e
agqueous- 5#‘5‘5&18"5%3 9r§tn§m )%%lgrié furt erargg%pqlsegﬁu? c#:?ﬁt%ﬁn‘i’ﬂ% 2Bn 20
of a cat &loysbous pr carbeneahomeedanbrestvh gle@m,t amcé;:t(@R %q,l?épagm@

produced by curing the conposition. The, article of claim

25 wher eioHfe YefiFe @ty JBt8EELNPT 0. 3¢ %he°’6a*?al§‘§,‘ftl Gamipingh ignsthereaty
?8OU10 10 wiRr@hRSPEECERNt an alkPRSEEY dditcditiitlg FHonla @b ikeueorposi tion.

27. The article of any one of clai ms516 2@ wherein the
aqueous- GPERePc a5EMFen B nRLEEYE ﬁﬁ?‘ﬁﬁera‘%%ﬁb?lf seil QR affout 9oup andt o

about 50 gt gL RSLCR . 035°0,20 6% d U2 as U Lokl

functionalized alkyl group, an alkylene group, an aryl group, an

unt

-alkyl ether and combinations thereof containing from 1 to about
15 10 carbon atoms.

22. The article of any one of claims 16-21 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
20 carbon atoms and ethers thereof, an (OR?7) 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 (OR?)

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

25 23. The article of any one of claims 16-22 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.

30

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.



15 conposition, of a m xturﬂlm” @Hmi ml roducts and parti al
condensat |Iane addi by the fornul :
[err] OWoBa/ades Nl rs) or QWﬁqu?NHl an
al kyl group contalnlng frontl to about 10 carbon atons a 20
functionalized al kyl group, an al kyl ene group, an aryl group, an al kyl
et her group and conbi nati ons t hereof, rr] is H an al kyl group
containing from1l to about 10 carbon atons, an acetyl group and

conbi nati ons thereof. The article of any one of clains

16- 27 wherein 4die %ﬂHﬁ%ﬁﬁ | wen ure_fur 0 | ses:
an effective aé%unt 0 eve ?ﬁg eﬁ?gto%sElgh %@ &'&ﬂé%e{hfgﬂ
agueous- IBRASSATRHC Folvers B % §eS§%§§he§Epompr1ses an effectiveand
provide saxhﬁtraﬂtdtalat )éalt'allﬁz@tmt@zob_kaﬁidéfeﬁm'xé’éh abrasion resistance to

aqueous-organi.c _sol ve g§ WL th %%e ce _ substrate.

29. The &t (?Itémgf Py u&ﬁ EHELAE £8S PTRRFLE IR he aqueous- or gani c
solvent m xture further conprises: 35 : an effective anount of
col |l oidal sili t Wlyral) nwith. from
about 0.1 to & OutOqgg%\gﬂ%leh%fv\ﬁlsé}%%ggghereln th& ééélxp amount
PCT/ US9g/ds¢he catalyst is from about 0.1 to about 10 sgight percent,

vei ght  pP@iaeRet ol ltheatolaaiedommdgthtet@Ic osition. sol i ds
present in the conposition. 30. The article of any one of

cl ai 16-29 wherein the 5 substrate is forned of plastic, wood, ceranic,
gl ass ceramc, gl ass, mneral based, |eather, paper, textile and netal

materials. oy e YRl 86C8RyT 85Fp59thﬁ953:bs”atvgt‘t'a”

tr anspar ent, abrasi on reésistan on a s I Ng:
appl yi ng amws%@atgan@qesgauvea‘éembxttar%ufzmtttmre comprises from about 0.1

to about 50 weight percent, based on the total solids of the
15 composition, of a mixture of hydrolysis products and partial
condensates of a silane additive represented by the formula
9 a4 10
R? Si(OR10),

where x is an integer.of 1, 2 or 3,' R? is H, an alkyl
._group containing from 1 Eo about 10 carbon atoms, a
20 functionalized alkyl group; an alkyiene group, an aryl group, an
alkyl ether group and combinations thereof, R1C is H, an alkyl
group containing from 1 to about 10 carbon atoms, an acetyl

group and combinations thereof.

25 28. The article of any one of claims 16-27 wherein the
agqueous-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
30 aqueous-organic solvent mixture with the
substrate.

29. The article of any one of claims 16-28 wherein the
agqueous-organic solvent mixture further comprises:.
35 an effective amount of colloidal silica to provide the
composition with from about 0.1 to about 50



effective.anount of a coating conposition conprising an
aqueous- oryPBHE6693| vent i xt §1ﬂ’unﬁ Il "III " IIII Pr OV P&/ UR98/08011
substantially uniformcoatin s AL R substrate, the
aqueous-organi ¢ solvent m xture ~.conprising hydrolysis
products and parti al a3condensat’es of an epoxy functi onal
silane, a tetrafunctional silane and a nultifunctiona

conmpound wherein the multifunctional conmpound i.s 20 :

sel ected fromthe group Wﬁﬁgﬁgt??ﬁfﬁﬁt sifics, 'based on theyiotady Rt i onal
carboxylic acids, nmultifaotidematesent in the compositimmhydri des and
conbi nati ons thereof and wherein t he epoxy functional
silane is present in a nolar _ratio to the
tetrafunctionatOsi | Bae artielenebany one of claims 16-29 ghereinothbout

5:1;, gnd substrate is fd%ﬂédﬂbﬁi@ﬂa@@&bhﬂ%a@ﬁUDE§Ehh98,thQéQdHéfhﬁic,t_
coating

substantial ly transparent, rasi on resistant .

on the SlHaJ}Squ/%I‘t guinergl base 32CaLRRT,  PFPEL: FEXEHLIBVRRE etk ubstantial |y
t ranspar amiterialsabr asi on 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 t he
aqueous- or gani 31 sol aprogess (fexr iprafidimsum sobstentiaddyt t88nspérent about
99. 910l HhrHGENMes AL %att&ﬁfaf ehdh $0bk¥$all, combPEsHRgd | NY

conposition and wherein the nmultifunctional conpound 'S present in the
aqueous- or gani ¢ sol YIRG kR &% neast Mg surface of a ppbsbraseoan

44 of from about OefféetibeHimdthtvedfid duaItderRt cobpsedtebnt he total
solids of the coating co i{éﬂ@

B3t ¢ an aqueous-—orsainie g{oc ss.for
providing a substantial |l § transpar ent ,>TE A SHBH-FeSCVERE BIXTPRG 6R a
substrate of claim 31 orpBovide ajrukstantialdat waitforonsbatiagt onf thee

aqueggs-or gani ¢ sol vent gupsfiate i R ERIGRAW 381 tgfi‘&g&a{m
formula ROH where R is an.ajﬁ;l group containing fromI to about 10
carbon at ons. comprising hydrolysis products and partial

condensates of an epoxy functional silane, a
tetrafunctional silane and a multifunctional
compound wherein the multifunctional compound is
20 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
25 0.1:1 to about 5:1; and
curing the coating composition to produce a
substantially transparent, abrasion resistant
coating on the substrate.

30 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

35 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



10 34. The process for providing a substantially transparent,

abr asi on rn@&iogs coating o claim31l or 3 wher ein the
sol vent co‘zgtgiﬁltkfjug%t of the aammmnlmmllm | vent m x't?PlﬁréU§9§’°§‘EF ect ed
fromthe group consisting of & glfycbl ,"ar® * ether, a glycol ether and

m xtures thereof having the fornmula 15 Rerr]-(ORer])[err] -ORerr] where
X is an integer of 0, 1, 2, 3 or 4, R[e??] is H or an al kyl group
containing from1l to about 10 carbon atons-and R2 is an al kyl ene group

cont ai ni v ffrom abbutabolit téOabeubhoid weightn permehtcobaised: oanghtheoseal.

20 s%iidsTB§ Eﬁ@cééétiﬂ% g&@% S g, substantially transparent,

abrasion resistant coating o strate of any one of clains 31-34
wherein the epoxy functional silane is present in the aqueous-organi c

sol vent mi xtuBg.i N ThdTRrdcekdt £6rt Préviding 4 ebulsdeHiti0Nsd tTianaparehtlrom
about_0.21:1 to about.3:1. 25 _, .36, he progess for_providing a
substant PRFPFLPRaRERAF EARE c°at%Hﬁgﬁﬂ(ﬁ1§HQﬁ N o&iﬁﬁﬂ 3h 9¥s?Bstrate of
any one wherkannthe soltefft ctmsizitudnie cfpdhe faguepbusrakganiangopresent in
t he. eauUs- OLOANI ] M tedqb oLRul .
R[err]Si?géfggéa?%egﬁ]g%ﬁ%ﬁ%#;%?gﬁg%q?%fég%%ﬁgg %F&gﬁéé §§Hd?8§$T ?slit an
al kyl gr 8ppaliyiugrevpnapntaining fram duo aboitklegarhenuptons. aryl
group, an al kyl ether and conbi nations thereof containing from1l to
aboyt, 10 carbqn atops and havi at least 1 epo functional group, and
Rert) s H af-al EPe BRGGESEoREE RFRELAINh A Spstay sreaFBBReRE oS,
an acet yhbgasiipn aBesistalf crod iy rdrRleemubstratte of claimr®1yot S3ZAN i nt eger
of 0, 1, 3 n | nat | 6692

wBepHin *en8"So FORDL "BAMIUY &Y tne aqueondpBbdfdforvent .\

PCT/ US98
i s H anmiXkyregiaupelested nfrqp fthemarouy Soogissing ofaa bahyveebisaman

acetyl QeeHEr, aROhPPECT kR d Inib@hurdd Yhele8OHRvERY the f&ﬁF&Ei ations

t her_eof , H, an al kyl group, functionali zed

ereof, and errLlls | a ed al ky
an akyl Brie(QR dupORawhexe ¥ risyfn dntegen) pf| Oct her2andl Brbi it i6nE
t her eof SQ”QQiQiﬂ§1f§£EG§-ééhéﬁ%ﬁﬂhg fro&pic%%bgﬂogkoﬂﬁ'carbon atoms and
R? is an alkylene group containing from 1 to about 10 carbon
atoms and combinations thereof. -

20 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
aqueous-organic solvent mixture in a molar ratio to the
tetrafunctional silane of from about 0.1:1 to about 3:1.

25 |

- 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
agueous-organic mixture is represented.by the formula

30 R3 Si(OR?Y), where x is an integer.of_l; 2 or 3, R? is H, an
alkyl group, a functionalizéd_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 1east.1 epoxy
functional group, and R4 is H, an alkyl group containing from 1

35 to about 5 carbon atoms, an acetyl group, a -Si(ORF)&yR%,group

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

gr oup,



37. The process for providing e ransparent, abr asi on
resi st ant WOa8/Mé692 on a subst rammﬁﬁm&mmmcl ainms 10 3peffssdnson n t he
tetrafunctional silane present eL agquesus+ organic mxture is
represented by the formula Si(ORerr])[err] where Rerr] - is H an

al kyl group containing from1 to about 3scarbon atons and et hers

thereof, an (ORerr]) carboxylate a -Si (OR8)3 group where Rerr] is a

“H, an al kyl gp. cont aj ni ﬂB?'t bon .1 nd et hers
t her eof Wx r% 12]? c%?b%ﬁﬂ %}&aéocf' éhrggtgb%:o ]l)?' ra%’ ut 5 group and
conbi nat |cambonhartemfs an acetyl grougBsg. aﬁdn'ehq:nt 0t EOR> 05_ vgﬂmmjg and
substantially transparent, 20 abraS| on resistant coating on a substrate of

any one sPmbimagions therepfuhandi R®tim I“émﬁ}'hta]dﬁijmrmuppresent in the
aqueous- %%@,} I e d
I a l%nallzgﬁ ‘é@.i&&l}’!‘?&&ﬁb af g 5| S pr océjct S atha}lo drdl pﬁrtl%'rf1

subst ant onogeneous m xture of
condehsaa¥ydi etheTcgady CPE‘PéPFBFﬁPSsF ﬁﬁ@°énﬂ°¥¥ﬁe’-%‘g tfgrom iyt iadmit
silane. 10 carbon atdths.The process for providing a substantially

t ransparent, abrasion resistant coating on a substrate of any one of

cl ai s 31-38 wherein at |east a portion of the solvent conponent of the
30 aqueous- or3Jani (Thew|prmness fom priovidangr at sdbdtantiahlyr etarsssarent pf

t he epox)éé;é:’é% G0l i Ltlaﬁ%ec?)QQ:Lﬁg oﬁe% QUHQE{"é.Qé'ath séﬂ)?rlﬁie 9f Slaims

The £I‘ oC I‘OVI a subst trans arent,
resi 50 anBlcaét whgr@ﬁfna tbebfrﬁﬁ:aﬁéuaﬁtaﬁya @W%lmemeras uam am:eaoexsrr t he

aqueous X r 9 R7
aqueous- ghggdiie sahotatle HkXtbepebbhtbs by the formuldP sgl%‘l@fy‘ 2‘8%%{)?' R?

ef fecti Vé._saIBDUIaIn aﬂk&lcgh:@hpst':ohﬁaﬁmﬁmgdﬁraﬂh:anlﬁ@chbout RIDHA dtRsSt ance
to a Coaghgpe% %Q%C%%eg%o%urlng(bﬁﬁ) carb q&&§lt|OQ31(OR3)3 group where

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

15 atoms and ethers thereof, an (ORS®) carboxylate, another —Si(OR")3

group and combinations thereof.

38. The process for providing a substantially transparent,
20 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
25 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

30 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
35 31-39 wherein the agueous-organic solvent mixture further
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5 41. The process for LAl stantially transparent,
abrasi on rggi coati ng ﬂlﬂmm' mﬁml[ cl ai m 40 wherein the = *
ef fective Vgngﬁlxr‘l?@%f t he cat aly - ut 0.1 to aboutPCT/USIRE8AUL; ght

percent, based on the total solids of the composition. 10 42. The
process for providing a substantially transparent, abrasi on resistant
coating on a substrate of any one of cl#4fns 31-41 wherein the
aqueous-organi ¢ solvent mxture further - conprises fromabout 0.1 to

about 50 comipilsegchncaffeb8iod @fount dheatcitdlyr itds galoviie ealBaskl On,
of a mxta%rre Qf hédrol )é(_si S 1? groducts and : artéeg condens%iles of a silane
addi ti ve 2PTaS O EESACEATET FRe?t SPALTEY Produced by curing the [err]
where x icompeosifioeger of 1, 2 or 3, Rerr] is H an alkyl - group
containing from11 to about 10 carbon atons, a 20 functionalized al kyl
group, an al kyl ene group, an aryl grou al kyl et her group and

p..an )
conbidati ons @ler ede Rrocess op, Pﬁﬁ"&a’kﬁw a subsEARF ks itHaRsoRTemtl to

Zlgout T%O ab%hb@.&nakéﬁﬁ.staﬁtgéﬁéﬂing _%n%%i_ibsftlrﬁhﬂ‘é)fﬂﬁ R3kEiaNaot .hﬁéﬁgin .23

: e _process for providjng_.a_substanti Y. transparent aby asj on
resi stan o&?‘%ﬁﬁgﬂiﬁeaa@ﬂﬁg{:rafet%? ‘é?ﬁp‘% 0’%/3 rﬁ“}n?%°ut §1J4§°\Aﬂ%PEFn t he
~aqueous- d0gweiightopberaéntr xbasedfom tthee totalcaginidee®f the compositioAal
effective anmount of a leveling agent to spread the 30

aqueous-organi ¢ solvent m xture on the substrate . and
provile subst 4Rt afhe paCcesm Eont BEPVHEingea substantially transparent,
agueous- abetaBh ens PbYeBtaft XebA€iNg téh I Gubstrate of any one ofUBShLiALE.

2gr asi on332‘&%@%1“%’32%%g;%raegﬁé){%%i(qﬁﬁcg‘_ stsﬁtit%rseﬁtﬁ:ntghgltl e‘(": irfg?r_ls arent, o

98/ 46692comprises from about 0.1 to about 50 weidEE/ P8e8eA801based on
47 the?8othe" £511 80 PR USB S or5 010 bt L ok UhiBEb1ysis
15 products and partial condensates of a silane additive
represented by the formula
R, Si(OR1Y), .

where x is an intégér of 1, ‘2 or 3, R? is H, an alkyl
group containing from 1 to about 10 carbon atoms, a
20 functionalized alkyl group, an alkylene group, an aryl group, an
alkyl ether group énd combinations thereof, R10 is H, an alkyl
group containing from 1 to about 10 carbon atoms, an acetyl
group and combinations thereof. ' '

25 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 spread the
30 aqueous-organic solvent mixture on the substrate
and provide'substantially uniform contact of the
aqueous—organié solvent mixture with the
substrate.

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



conpr,i ses: f e t of colloidal silicato

provi de t WO 98/46692 TI"ﬂi, ,mw;,!ﬂmCW th from about pBriiségpssiiout 50
5 wei ght percent . I"Cet, sed on the total of

solids present in the conposition. , 45. The process for providing
a substantially transparent, abrasi gp resistant. coating on a substrate
of any one of clains 10 31-44 wherein the substrate is forned of plastic,
wood, cer ni%, | ass ceram c, glass, mineral based, |eather, paper,
textile éﬁd4 Whﬁﬁé%n pryegus-drganic sokgentpixkwre skurthepr ovi ding a
subst ant ictmprilgedsparent, 15 abrasion resistant coating on a substrate of
any one of clains 3d=45 further co | Sl,aQ:, o treati t he
substrate to enhanct éﬁ#&%ﬁ@ﬁ%ﬁ Q%ﬁi Ot ca1ididal SlllcasEBsPﬁﬂY+§F|€§e
transparent, abrasion recompesition with from about Ocdatbngbbott 56
substgate. 20 Adeidie IEQRERS Jidli ¥ OWadeB0oR EHOSERRRLALEY
transparent, abrasi on resistant coating on a substrate or any one of

cl ai ns 31- 46 wher ei ST RYSREF 1Th&he GOBRESaEeR: ¢ sol vent nixture
coating to produce a substantially transparent, abrasion- 25 resistant

coating on the subsirate is achi eved by heatin h . bstrate having
t he aqueous-or%i‘ni (ﬁ:fté%l%%esrﬁ Fr é’r@?féﬁlﬁg a %ugﬁgf‘?’éﬂaiﬁlérEF%“?Baﬁent'
t enper at whragfidr mesdlstants@o8ting aboat subst280¢ esf |ay dms &F pEXa sk of
ti meqgf f eGtiue e e ' ak oV} . Suhstrate wth a
subs%gnt ?'21 I4$ twtrh %r% %glr é-'trilltIé sglg’grts%gggt g%t .f‘éﬁ“gau# ?ﬁjr'ém&g’bér’asf%%@'r ST Mt
coati ng KEA#STy CRTBASH glasgunBipesplabasedstleather, paper, 4g:xtile and
conposi t inftahaviat@rikRiesQved stability and which, when applied to a
substrate and cured, provides an abrasion 35 resistant coating on the
substrate, the conposition conprising an aqueous- organi ¢ sol vent

m xt ure. 46. ThOIMRIBBOFor providing a substantially transparent,

PCT/H§98@@§%£3on resistant coating on a substrate ofzg%y one of claims
31-45 further comprising:

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

20

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 agqueous-organic solvent mixture
coating to produce a substantially transparent, abrasion-

25 resistant coating on the substrate is achieved by heating the
substrate having the aqueous-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,

30 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
35 resistant coating on the substrate, the composition comprising
an agueous-organic solvent mixture.



49. An article conprising: a substrate; and
a subst antyyglokMedos anspar ent abrasi on-resi stant coating
formed on at |east one surface of the substrate 5

- .

PCI‘IUS98IG8% erein

the coating is formed by curing a coating conposition
conpri sing an aqueous-organi ¢ sol vent m xture applied
to the surface of the substrate. 48 50. A prrlﬁmmlﬂnmm ﬁﬂng a
substantially transparent, 10 abrasion resistant coa

conprising: 49. An articappkympgisingt | east one surfaée of "a substrate
an effe t|v nmount of a coating conposition

conprising an aque@U?‘%’F&gﬁl SPéen't m xture to
provi de a coating ensubstenbialiyetragsparent abissioniyesictssit! coating

providing a substanti al Iﬁbﬁ!{eanggaggnieast oRQ' 85+ Bid &5 HiRhts ¢ on a

substrate, conprising: curing on at Ieast ong surface of a
subst¥ate an wherggine hpy goakbid: 181 Lorned ithn FudAsos Gosting
conprising 20 coRipoad ¢ eHs compPRis £ng Ohn Cidudbus HrRydrd 0 s véa ta

coating on the substrat ?nn.xture applied to the surface of the substrate.

50. A process for providing a substantially transparent,
10 abrasion resistant coating on a substrate, comprising:
applyving to at least one surface of a substrate an
effective amount of a coating composition
comprising an agueous-organic solvent mixture to
provide a coating on the substrate.

15
51. A process for providing a substantially transparent,
abrasion resistant coating on a substrate, comprising:
curing on at least one surface of a subsﬁrate an
effectiv_é amount' of a coating composition comprising
20 an aqueous-organic solvent mixture to provide a

coating on the substrate.

BB



