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CORROSION AND ABRASION RESISTANT COATING

BACKGROUND OF THE INVENTION

This invention relates generally to the field of surface modifiers and coatings for
various substrates, and in particular to such treatments and coatings that minimize or
eliminate the degradation effects of corrosion and abrasion on the substrate, thereby greatly
increasing the useful life of the substrate.

Applying, adhering or bonding surface modifiers or coatings to various substrates and
surfaces, such as for example metal, plastics, ceramics, concrete, wood, laminates and the
like, is well known. The term surface modifier is generally applied to coatings that are less
than 0.5 microns, and for purposes herein this disclosure, the term “coating” shall be used to
cover any generally accepted thicknesses of surface modifiers and coatings. A basic example
is the application of paint to a surface exposed to sun, rain, wind, etc. Another example of
circumstances wherein coatings are frequently used is for surfaces that encounter degrad_ation
from continuous or frequent contact with moving objects or particles entrained in liquid or
gas flows. |

One critical factor in the effectiveness and useful life of a coating is the degree of
adhesion between the surface modifier or coating and the substrate or surface. Increasing the
degree of adhesion is accomplished by proper matching of coating composition to substrate
composition, and/or by advance surface preparation of the substrate, and/or by applying an
intermediate layer between the substrate and the coating. Another critical factor in the

effectiveness and useful life of a coating is the hardness, corrosion resistance and abrasion
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resistance of the coating itself. Increasing these desirable qualities is a result of properly
choosing the composition of the coating to enhance these characteristics. For example, it is
well known to increase the hardness, corrosion and scratch resistance of polyurethane or ﬁaint
coatings by mixing in small amounts, usually well below 2 wt%, of coupling or cross-linking
agents, such as for example alkoxy siloxanes. Larger amounts of these additives are not
utilized as they will result in excessive cross-linking that renders the paint unusable.

Contrary to the wisdom of the current state of the coating art as to the well-accepted
limitations for the utilization of alkoxy siloxanes as cross-linking additives in coating
applications, coatings having highly beneficial properties relative to corrosion resistance and
abrasion resistance have been formulated that instead utilize large percentages of alkoxy
siloxanes. It is an object of this invention to provide coatings having significantly large
percentages of alkoxy siloxanes, preferably having at least two alkoxy siloxanes in the
composition, that result in hard, durable, corrosion resistant and abrasion resistant coatings
that can be applied to various types of substrates and surfaces. This object and additional

objects not expressly stated will be apparent upon examination of the disclosure herein.
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SUMMARY OF THE INVENTION

In general, the invention is a coating composition for various substrates or surfaces

that is hard, durable, corrosion resistant and abrasive resistant, as well as methods for

applying the coating to the substrate to' maximize the beneficial effects.

In one embodiment, the coating composition consists essentially of:

at least two alkoxy siloxanes, wherein said total amount of said alkoxy siloxanes in
said composition is greater than approximately 70 wt%, and wherein said alkoxy siloxanes
are chosen from the group of alkoxy siloxanes consisting of methyltrimethoxysilane,
methyltriethoxysilane, methyltrimethoxysilane, ethyltriethoxysilane, isopropyl
trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl
trimethoxysilane, phenyl trimethoxysilane, n-phenylaminopropyl trimethoxysilaﬁe, 3-(meth)
acryloxypropyl triethoxysilane, 3-aminopropyl triethoxysilane,  3-mercaptopropyl
trimethoxysilane, polydiethoxysilane, and fluoropropyl triethoxysilane;

a hydrolysable catalyst, wherein said catalyst is chosen from the group of catalysts
consisting of titanium alcoholates, titanium alkanols, titanium tetraisopropoxide, titanium
tetrabutoxide, aluminum titanate, aluminum zirconate, magnesium aluminate, magnesium
titanate, magnesium zirconate, tetrabutoxytitanate, and titanium isopropoxide;

an adhesion promoter, wherein said adhesion promoter is chosen from the group of
adhesion promoters consisting of gamma—glycidolg(ylpropylsilane and gamma-
methacryloxypropyltrimethoxysilane; and

a flow/leveling agent, wherein said flow/leveling agent is a dimethyl siloxane.

Preferably, the total amount of said catalyst in said composition is less than

approximately 5.0 wt%; and wherein the total amount of said adhesion promoter in said

3-



10

15

20

WO 2009/055055 PCT/US2008/012152

composition is less than approximately 2.5 wt%; and wherein the total amount of said flow-
leveling agent in said composition is less than approximately 1 wt%.

In another embodiment, the coating composition consists essentially of:

at least two alkoxy siloxanes, wherein said total amount of said alkoxy siloxanes in

said composition is greater than approximately 70 wt%, and wherein said alkoxy siloxanes

-are chosen from the group of alkoxy siloxanes consisting of methyltrimethoxysilane,

methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, isopropyl
trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl
trimethoxysilane, phenyl trimethoxysilane, phenyl triethoxysilane, n-phenylaminopropyl
trimethoxysilane, 3-(meth) acryloxypropyl triethoxysilane, 3-aminopropyl triethoxysilane, 3-
mercaptopropyl trimethoxysilane, polydiethoxysilane, and fluoropropyl triethoxysilane;

an alcohol chosen from the group of alcohols consisting of isopropyl and ethyl
alcohol;

a hydrolysable catalyst, wherein said catalyst is chosen from the group of catalysts
consisting of the combination of deionized water, an acid chosen from the group of acids
consisting of phosphoric acid, boric acid and glacial acetic acid; and a metal oxide chosen
from the group of metal oxides consisting of zinc oxide, magnesium oxide and calcium
oxide;

an adhesion promoter, wherein said adhesion promoter is chosen from the group of
adhesion promoters consisting of gamma-glycidolxylpropylsilane and gamma-
methacryloxypropyltrimethoxysilane; and

a flow/leveling agent, wherein said flow/leveling agent is a dimethyl siloxane.

Also disclosed is a coating method comprising the steps of:
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providing a surface cleaner and activation composition consisting essentially of
deionized water, an acid, an alcohol and an adhesion promoter consisting of an
aminofunctional silane;

applying said surface cleaner and activation composition to said substrate;

rinsing said substrate and allowing said substrate to dry;

providing a coating composition consisting essentially of at least one alkoxy siloxane,
wherein said total amount of alkoxy siloxane in said coating composition is greater than
approximately 70 wt%, a hydrolysable catalyst, an adhesion promoter, and a flow/leveling
agent; and

applying said coating composition to said substrate.
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DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in detail with regard for the best mode and the
preferred embodiments. In general, the invention is a coating composition for various
substrates or surfaces that is hard, durable, corrosion resistant and abrasive resistant, as well
as methods for applying the coating to the substrate to maximize the beneficial effects. In
general, the invention is a coating that consists essentially of relatively large amounts by wt%
of alkoxy siloxanes, along with a catalyst and minor amounts of adhesion promoting and
flow/leveling additives. The coating may be applied to various substrates or surfaces,
including but not limited to metals, plastics, ceramics, wood, composites, laminates and
similar surfaces or substrates.

The coating composition consists essentially of at least one alkoxy siloxane, a
hydrolysable catalysi, an adhesion promoter, and a flow/leveling agent, wherein the total
amount of the alkoxy siloxane component in coating composition is greater than
approximately 70 wt%. Preferably, the coating composition consists essentially of at least
two alkoxy siloxanes, wherein the at least two alkoxy siloxanes are chosen not only on the
basis of imparting desirable propert_ie's to the coating relative to hardness, appearance,
corrosion resistance and abrasion resistance, but also on the basis of mixing and curing
compatibility. For example, certain alkoxy siloxanes may dramatically increase hardness,
water resistance, penetration or the like, but will severely slow the crdss-linking and curing
time of the composition, and therefore must be used in relatively small amounts when
reasonable curing times are desired. Preferably, the alkoxy siloxanes are alkyl alkoxy or aryl
alkoxy siloxanes. For example, the alkoxy siloxanes may consist of one or more of

methyltrimethoxysilane, methyltriethoxysilane, methyltrimethoxysilane, ethyltriethoxysilane,

-6-
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isopropyl trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl
trimethoxysilane, phenyl trimethoxysilane, n-phenylaminopropyl trimethoxysilane, 3-(meth)
acryloxypropyl triethoxysilane, 3-aminopropyl triethoxysilane, 3-mercaptopropyl
trimethoxysilane, polydiethoxysilane, and fluoropropyl triethoxysilane. More preferably, the
total amount of alkoxy siloxanes in the coating composition is approximately 95 wt%

The coating composition further includes a hydrolysable catalyst. In one
embodiment, the catalyst is a titanate or zirconate, such as for example titanium alcoholates,
titanium alkanols, titanium tetraisopropoxide, titanium tetrabutoxide, aluminum titanate,
aluminum zirconate, magnesium aiuminate, magnesium titanate, magnesium zirconate,
tetrabutoxytitanate, and titanium isopropoxide, alone or in combination. The total amount of
this catalyst in the coating composition is less than approximately 5 wt%. In a second
embodiment, the coating composition further consists of an alcohol, such as for example
isopropyl or ethyl alcohol, and the catalyst consists essentially of the combination of
deionized water, an acid, such as for example phosphoric acid, boric acid and glacial acetic
acid, alone or in combination, and a metal oxide, such as for example zinc oxide, magnesium
oxide and calcium oxide, alone or in combination, such that in combination the water, acid
and metal oxide form an acidic aqueous dispersion containing a minor amount of a divalent
metal cation. "I;he total amount of this catalyst in the coating composition is less than
approximately 30 wt%.

The coating composition further includes an adhesion promoter aciditive to increase -
adhesion of the coating to the substrate. Preferably, the adhesion promoter is chosen from the
group of adhesion promoters consisting of gamma-glycidolxylpropylsilane and gamma-
methacryloxypropyltrimethoxysilane, and .preferably the total amount of said adhesion

promoter in the coating composition is less than approximately 2.5 wt%.

-7-
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The coating composition further includes a flow/leveling agent additive. Preferably,
the flow/leveling agent is a dimethyl siloxane, wherein the total amount of said flow-leveling
agent in said composition is less than approximately 1 wt%.

Preferably the coating composition is formulated and mixed in two parts for storage
and transportation purposes, such that cross-linking and curing is precluded until the two
parts are mixed. For example, the alkoxy siloxanes are first mixed together and then the
adhesion promoter and flow/leveling agents are mixed in, with the catalyst component added
in only when the substrate coating application process is begun. Most preferably, the
components are stored and the coating process is performed in an inert or non-reactive gas,
such as nitrogen. To increase penetration of the coating composition into the substrate and to
reduce cross-linking and curing time, the substrate, the coating composition or both may be
heated such as in the range of from approximately 120 to 170 degrees F. The coating
composition may be applied in various known ways, including but not limited to brushing,
spraying, rolling, wiping, and immersing.

Preferably, the substrate surface is prepared prior to coating by applying a cleaning or
etching solution and primer. Most preferably, the coating is applied by providing a surface
cleaner and activation composition that leaves functional acid sites on the substrate, such as
for example a compoéition consisting essentially of deionized water, an acid, such as for
example glacial acetic acid or phosphoric acid, an alcohol, such as for example isopropyl
alcohol, and an adhesion promoter consisting of an aminofunctional silane, such as for
example aminopropylaminoethylsilane or aminoethylaminopropyltrimethoxy, applying the
surface cleaner and activation éomposition to the substrate, rinsing the substrate and allowing

the substrate to dry, then applying the coating composition to the substrate.
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The coating composition has been found to result in very deep penetration into the
substrate and has significantly increased the life of substrates in high abrasion, high corrosion
applications.

Itis contémplated that equivalents and substitutions for certain elements and steps set
forth above may be obvious to thosé of ordinary skill in the art, and therefore the true scope

and definition of the invention is to be as set forth in the following claims.
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. CLAIMS
I claim:

5 L A coating composition consisting essentially of:
at least one alkoxy siloxane, wherein said total amount of alkoxy siloxane in said
composition is greater than approximately 70 wt%o;
a hydrolysable catalyst;
an adhesion promoter; and

10 a flow/leveling agent.

2. The composition of claim 1, wherein said at least one alkoxy siloxane is chosen from

the group of alkoxy siloxanes consisting of alkyl alkoxy siloxanes and aryl alkoxy siloxanes.

15 3. The composition of claim 2, wherein said at least one alkoxy siloxane is chosen from
the group of alkoxy siloxanes consisting of methyltrimgthoxysilane,' methyltriethoxyéilane,
ethyltrimethoxysilane, ethyltriethoxysilane, isopropyl trimethoxysilane, isoproﬁyl
triethoxysilane, n-butyl trimethoxysilane, isobutyl trimethoxysilane, phenyl trimethoxysilane,
phenyl triethoxysilane, n-phenylaminopropyl trimethoxysilane, 3-(meth) acryloxypropyl

20  triethoxysilane, 3-aminopropyl triethoxysilane, 3-mercaptopropyl trimethoxysilane,

polydiethoxysilane, and fluoropropyl triethoxysilane.

4, The composition of claim 1, comprising at least two alkoxy siloxanes.

-10-
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5. The composition of claim 4, wherein said at least two alkoxy siloxanes are chosen
from the group of alkoxy siloxanes consisting of alkyl alkoxy siloxanes and aryl alkoxy

siloxanes.

6. The composition of claim 5, wherein said at least two alkoxy siloxanes are chosen
from the group of alkoxy siloxanes consisting of -methyltrimethoxysilane,
methyltriethoxysilane, mthyltrimethoxysilane, ethyltriethoxysilane, isopropyl
trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl
trimethoxysilane, phenyl trimethoxysilane, phenyl triethoxysilane, n-phenylaminopropyl
trimethoxysilane, 3-(meth) acryloxypropyl triethoxysilane, 3-aminopropy! triethoxysilane, 3-

mercaptopropyl trimethoxysilane, polydiethoxysilane, and fluoropropyl tn'ethoxysilané.

7. The composition of claim 1, wherein said catalyst is chosen from the group of
catalysts consisting of titanium alcoholates, titanium alkanols, titanium tetraisopropoxide,
titanium tetrabutoxide, aluminum titanate, aluminum zirconate, magnesium aluminate,

magnesium titanate, magnesium zirconate, tetrabutoxytitanate, and titanium isopropoxide.

8. The composition of claim 7, wherein the total amount of said catalyst in said

composition is less than approximately 5.0 wt%.

9. The composition of claim 1, wherein said composition further consists essentially of
an alcohol and wherein said catalyst consists essentially of the combination of deionized
water, an acid, and a metal oxide that in combination form an acidic aqueous dispersion

containing a minor amount of a divalent metal cation.

-11-
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10.  The composition of claim 9, wherein said alcohol is chosen from the group of
alcohols consisting of isopropyl and ethyl alcohol;

wherein said acid is an acid chosen from the group of acids consisting of phosphoric
acid, boric acid and glacial acetic acid; and

wherein said metal oxide is chosen from the group of metal oxides consisting of zinc

oxide, magnesium oxide and calcium oxide.

11. - The composition of claim 1, wherein said adhesion promoter is chosen from the group
of adhesion promoters consisting of gamma-glycidolxylpropylsilane and gamma-
methacryloxypropyltrimethoxysilane, and wherein the total amount of said adhesion

promoter in said composition is less than approximately 2.5 wt%.

12.  The composition of claim 1, wherein said flow/leveling agent is a dimethyl siloxane,
wherein the total amount of said flow-leveling agent in said composition is less than

approximately 1 wt%.

13. A coating composition consisting essentially of:

at least two alkoxy siloxanes, wherein said total amount of said alkoxy siloxanes in
said composition is greater than approximately 70 wt%, and wherein said alkoxy siloxanes
are chosen from the group of alkoxy siloxanes consisting of methyltrimethoxysilane,
methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, isopropyl

trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl

-12-
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trimethoxysilane, phenyl trimethoxysilane, phenyl triethoxysilane, n-phenylaminopropyl
trimethoxysilane, 3-(meth) acryloxypropy! triethoxysilane, 3-aminopropyl triethoxysilane, 3-
mercaptopropy! trimethoxysilane, polydiethoxysilane, and fluoropropyl triethoxysilane;

a hydrolysable catalyst, wherein said catalyst is chosen from the group of catalysts
consisting of titanium alcoholates, titanium alkanols, titanium tetraisopropoxide, titanium
tetrabutoxide, aluminum titanate, aluminum zirconate, magnesium aluminate, magnesium
titanate, magnesium zirconate, tetrabutoxytitanate, and titanium isopropoxide;

an adhesion promoter, wherein said adhesion promoter is chosen from the group of
adhesion promoters consisting of gamma-glycidolxylpropylsilane and gamma-
methacryloxypfopyltrimethoxysilane; and

a flow/leveling agent, wherein said flow/leveling agent is a dimethyl siloxane.

14.  The composition of claim 13, wherein the total amount of said catalyst in said
composition is less than approximately 5.0 wt%; and wherein the total amount of said
adhesion promoter in said composition is less than approximately 2.5 wt%; and wherein the
total amount of said flow-leveling agent in said composition is less than approximately 1

wt%.

15.  The composition of claim 14, wherein said at least two alkoxy silanes consist of
methyltriethoxysilane, phenyl triethoxysilane and polydiethoxysilane; wherein said catalyst
consists of tetrabutoxytitanate, and said adhesion promoter consists of gamma-

glycidolxylpropylsilane.

-13-
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16.  The composition of claim 15, wherein the total amount of said methylriethoxysilane
in said composition is approximately from 69 to 89 wt%, the total amount of said phenyl
triethoxysilane in said composition is approximately from 12 to 15 wt%, and the total amount

of said polydiethoxysilane is approximately from 5 to 15 wt%.

17. A coating composition consisting essentially of:
at least two alkoxy siloxanes, wherein said total amount of said alkoxy siloxanes in -
said composition is greater than approximately 70 wt%, and wherein said alkoxy siloxanes
are chosen from the group of alkoxy siloxanes 'consist-ing of methyltrimethoxysilane,
methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, isopropyl
trimethoxysilane, isopropyl triethoxysilane, n-butyl trimethoxysilane, isobutyl
trimethoxysilane, | phenyl trimethoxysilane, phenyl triethoxysilane, n-phenylaminopropyl
trimethoxysilane, 3-(meth) acryloxypropyl triethoxysilane, 3-aminopropyl triethoxysilane, 3-
mercaptopropyl trimethoxysilane, polydiethoxysilane, and ﬂuoropropyl triethoxysilane;

an alcohol chosen from the group of alcohols consisting of isopropyl and ethyl
alcohol;

a hydrolysable catalyst, wherein said catalyst is chosen from the group of catalysts
consisting of the combination of deionized water, an acid chosen from the group of acids
consisting of phosphoric acid, boric acid and glacial acetic acid; and a metal oxide chosen
from the group of metal oxides consisting of zinc oxide, magnesium oxide and calcium
oxide;

an adhesion promoter, wherein said adhesion promoter is chosen from the group of
adhesion promoters consisting of gamma-glycidolxylpropylsilane and gamma-

methacryloxypropyltrimethoxysilane; and

-14-
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a flow/leveling agent, wherein said flow/leveling agent is a dimethyl siloxane.

18. A method of coating a substrate comprising the steps of:

providing a surface cleaner and activation composition consisting essentially of
deionized water, an acid, an alcohol and an adhesion promoter consisting of an
aminofunctional silane;

applying said surface cleaner and activation composition to said substrate;

rinsing said substrate and allowing said substrate to dry;

providing a coating composition consisting essentially of at least one alkoxy siloxane,
wherein said total amount of alkoxy siloxane in said coating composition is greater than
approximately 70 wt%, a hydrolysable catalyst, an adhesion promoter, and a flow/leveling
agent; and

applying said coating composition to said substrate.

19.  The method of claim 18, further comprising the step of heating at least one of said

substrate or said coating composition prior to applying said coating composition.

20.  The method of claim 19, further comprising the step of applying said coating substrate

in a controlled atmosphere of non-reactive or inert gas.

-15-
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