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TITLE OF THE INVENTION
SILICON OXYCARBIDE COATINGS HAVING
DURABLE HYDROPHILIC PROPERTIES

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
The present invention relates to hydrophilic coatings. In particular, the present
invention relates to silicon oxycarbide coatings that remain hydrophilic for long periods of

time.

DISCUSSION OF THE BACKGROUND

A hydrophilic coating can facilitate the removal of contaminants (e.g., "dirt") from
an article by enhancing the ability of water to spread over the surface of the article, and
slip between the article and the contaminants, so that the contaminants become separated
from the article.

Hydrophilic properties are often associated with coatings of semiconductive
materials based on various metal oxides, in particular titanium oxides. Such coatings
typically require "activation" by exposure to ultraviolet ("UV") radiation. UV activation
enhances the ability of a metal oxide coating to break the chemical bonds joining
contaminants to the coating.

UV activation also enhances the hydrophilic properties of metal oxides. The
contact angle of water with inorganic materials, such as glass, is generally 20-40 degrees.
The contact angle of water with typical organic materials, such as resins, is 70-90 degrees.

The contact angle of water with hydrophobic resins, such as silicone resin and

- fluorocarbon polymers, is more than 90 degrees. In contrast, the contact angle of UV

activated metal oxide coatings is less than 20 degrees, and often less than 10 degrees,

indicative of the propensity of water to spread out over an activated metal oxide coating.

UV irradiation of a metal oxide coating can cause the water contact angle to approach zero.
Hydrophilic properties have also been observed in silicon oxide coatings, silicon

oxycarbide coatings and silicon oxynitride coatings. These coatings have been deposited
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using sol-gel methods and by vapor deposition methods including chemical vapor
deposition and sputtering.

WO 01/32578 Al discloses silicon oxycarbide coatings with enhanced hydrophilic
properties. WO 01/32578 A1 discloses that water droplets are not visible on a Si0C

' coating having an index of refraction of 1.68 and a thickness of 50 nm that has been

exposed to a 30°C, 95% relative humidity, laboratory atmosphere for as long as 14 days.

Hydrophilic coatings lose their hydrophilic properties over time. Upon outdoor
exposure, conventional silicon oxycarbide coatings typically remain hydrophilic for only
about one to two weeks.

To regain hydrophilic properties, coatings must be processed in various ways.
Metal oxide coatings must be "re-activated" by exposure to UV radiation to regain their
enhanced hydrophilic properties. Silicon-based coatings must be chemically cleaned to
restore hydrophilicity. Sunlight can often provide sufficient UV exposure for re-activation.
However, exposure to sunlight is not practical in many applications. Chemical cleaning to
restore hydrophilicity can often be expensive and time consuming.

Prior studies of hydrophilic coatings have searched for coatings with small water

contact angles, but have not focused on increasing the length of time that a hydrophilic

coating with a small water contact angle remains hydrophilic.

There is a need for hydrophilic coatings that exhibit enhanced hydrophilic

durability and thus require less maintenance to preserve hydrophilic properties.

SUMMARY OF THE INVENTION
The present invention provides a silicon oxycarbide coating that remains

hydrophilic even after prolonged outdoor exposure to the elements (i.e., to wind, rain,
snow, sun, etc.) for periods of time on the order of several months. The silicon oxycarbide
coating of the present invention has both (i) an index of refraction of 1.70 or more and (ii)
a thickness of 350 A or more. The silicon oxycarbide coating does not need to be exposed
to UV radiation to become hydrophilic. When the silicon oxycarbide coating loses its
hydrophilic properties, these properties can be easily restored by rinsing the coating with a

glass cleaner, e.g., a mixture of water with soap or vinegar.

BRIEF DESCRIPTION OF THE DRAWINGS
The preferred embodiments of the present invention will be described in detail,

with reference to the following figures, wherein:

-
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FIG. 1 is a cross-sectional view of a coated article including a substrate and a
silicon oxycarbide coating.

FIG. 2 is a cross-sectional view of a coated article including a substrate, a silicon
oxycarbide coating, and an optical stack sandwiched between the substrate and the silicon
oxycarbide coating.

FIG. 3 is a cross-sectional view of a coated article supported in a frame.

FIG. 4 compares schematically the water contact angle of a silicon oxycarbide

coating having a refractive index of 1.70 and a thickness of 550A with the water contact

angle of a silicon oxycarbide coating having a refractive index of 1.58 and a thickness of

250A after exposure outdoors for 3 days, 12 days and 200 days.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The silicon oxycarbide coating of the present invention exhibits durable
hydrophilic properties when exposed to environments containing contaminants, such as
the outdoors. The hydrophilic surface of the coating is much easier to clean than standard
coated surfaces and remains clean for much longer than standard coated surfaces when
exposed to, and washed by, precipitation such as rain.

FIG. 1 shows an embodiment of the present invention in which a coated article 10
includes a substrate 1 coated with a silicon oxycarbide coating 2. The silicon oxycarbide
coating 2 has two opposing surfaces 2a and 2b. The surface 2a is in contact with substrate

1. The surface 2b is in contact with and exposed to air at atmospheric pressure and a

‘ temperature of less than 100°C, the boiling point of water. Because the silicon oxycarbide

coating 2 is not sandwiched between a solid layer and the substrate 1, the surface 2b of the
silicon oxycarbide coating 2 is not in contact with a solid layer.

FIG. 2 shows an embodiment in which a coated article 20 includes an optical stack
3 sandwiched between a substrate 1 and a silicon oxycarbide coating 2. The optical stack
3 can include one or more layers. The optical stack 3 can be, e.g., a low-emissivity stack
including one or more layers of infrared radiation reflective metal (e.g. Ag).

Suitable substrates include materials used in architectural and transportation
applications. Such materials include glass, metal, glass-ceramic, ceramic, cement, brick,
wood, polymers, etc. Preferably, the substrate comprises a glass. More preferably, the
substrate is a glass that is transparent to visible radiation.

The durable hydrophilic coating of the present invention comprises a silicon

oxycarbide. Suitable silicon oxycarbides include SiOxCy, where 0 <x<1.8and 0<y<

3.
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1.5. An example of a silicon oxycarbide is SiOC. In embodiments, the silicon oxycarbide
contains O atomic % < Si < 25 atomic %, 0 atomic % < O < 45 atomic %, and 0 atomic %
<C< 40 atomic %. In other embodiments, the silicon oxycarbide contains 0 atomic % <
Si< 35 atomic %, 0 atomic % < O < 55 atomic %, and 0 atomic % <C< 30 atomic %.
In embodiments, in the silicon oxycarbide coating the ratio Si/(C + O) is in a range of
from 0.20 to 0.45, more preferably 0.25 to 0.40. In other embodiments, in the silicon
oxycarbide coating the ratio Si/(C + O) is in a range of from 0.30 to 0.55, more preferably
0.35 to 0.50.

The hydrophilicity of a silicon oxycarbide coating tends to decrease (i.e., the
contact angle of water increases) with increase in index of refraction. In contrast, the

durability of the hydrophilicity of a silicon oxycarbide coating increases with increase in

- index of refraction.

The silicon oxycarbide coatings of the present invention have an index of
refraction ("n") of 1.70 or more, such as 1.75 or more, or 1.80 or more. The index of
refraction of a silicon oxycarbide coating is a complex function of the relative amounts of,
and chemical bonding between, Si, O and C present in the coating. If the index of
refraction is less than 1.70, then the durability of the hydrophilic properties of the silicon
oxycarbide decreases. For hydrophilic coatings on optical glass, preferably the index of
refraction is no more than 2.0, more preferably no more than 1.90, to ensure that the
coated optical glass has desirable cosmetic properties. In optical glass applications, if the
index of refraction of the silicon oxycarbide coating is greater than 1.90, then the coating
tends to produce too much reflection of light, which leads to undesirable cosmetic changes
in the coated optical glass.

The silicon oxycarbide coating of the present invention has a thickness in a range

- 0f 350 A or more, preferably 380 A or more, more preferably 400 A or more. If the

thickness of the coating is less than 350 A, then the durability of the hydrophilic properties
of the silicon oxycarbide decreases.

For a hydrophilic coating on optical glass, preferably the coating is also 800 A or
less thick, more preferably 600 A or less thick. If the coating is more than 800 A thick
then the coating tends to reflect too much light.

The silicon oxycarbide can be crystalline or amorphous. Preferably, the silicon
oxycarbide is amorphous. Preferably the silicon oxycarbide coating is homogenous in

composition.
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The silicon oxycarbide coating of the present invention can be formed by various

. processes known in the art, including vapor deposition processes such as sputtering and

chemical vapor deposition.

For example, the coating of the present invention can be made by depositing
silicon oxycarbide by a chemical vapor deposition process onto a solid substrate.
Chemical vapor deposition processes are well known in the art and will not be described in
detail here. Silicon oxycarbide can be formed by chemical vapor deposition using gaseous
mixtures of silanes, organic compounds, inert carrier gases, and other additive gases.
Suitable silanes include monosilane, SiHy; disilane Si;Hg, and halogenated silanes such as
dichorosilane SiH,Cl,. Preferably, the organic compounds are gaseous at room
temperature. Such organic compounds include olefinic and acetylenic compounds
containing 2 to 5 carbon atoms. Organic compounds containing more than 5 carbon atoms
can also be used provided they are gaseous below the decomposition temperature of the

silane(s) used. Examples of suitable organic compounds include olefins, e.g., ethylene,

. butadiene, pentene, and halogenated olefins such as difluoroethylene; acetylenic

hydrocarbons, e.g. acetylene; and aromatic hydrocarbons, e.g., benzene, toluene, and
xylene. The inert gas (carrier gas) can be, e.g., a noble gas or nitrogen (N). Other
additive gases include ammonia (NH; and hydrogen (Hy).

Tn embodiments, the silicon oxycarbide coating can be formed by chemical vapor
deposition using a mixture of silane, ethylene, carbon dioxide, and nitrogen. The molar
concentration for each gas in the reactive atmosphere can be in a range of
5% < silane < 20%, 5% < ethylene < 20%, 20% < carbon dioxide < 80%, and
5% < nitrogen < 20%. The maximum and minimum amounts of each gas are driven by
the target range for the refractive index.

The silicon oxycarbide coating is preferably deposited in a temperature range of
about 400°C to 800°C, more preferably about 550°C to 700°C. The deposition rate is
preferably in a range of 200 A/sec to 600 A/sec.

In embodiments, the silicon oxycarbide coating can be deposited onto float glass
formed on a molten tin bath.

The silicon oxycarbide coating of the present invention is hydrophilic. The term
"hydrophilic" as used herein means that the contact angle of water with the coating is less
than 20 degrees. Preferably, the silicon oxycarbide coating is "superhydrophilic", with a

water contact angle of less than 10 degrees, more preferably less than 5 degrees.



10

15

20

25

30

WO 2006/019995 PCT/US2005/025117

Typically, a freshly deposited silicon oxycarbide coating is covered with surface
contaminants (carbon, greasy dust, etc.) that prevent the coating from exhibiting
hydrophilic behavior. The surface contaminants can collect on the coating when the
coating and substrate are cooled following coating deposition.

The freshly deposited silicon oxycarbide coating is made hydrophilic by removing

the surface contaminants from the coating. This can be accomplished by rinsing the

coating with a glass cleaner and washing away the surface contaminants. Glass cleaners
generally include soap and water, or vinegar and water.

Even uncoated glass can become hydrophilic when washed with vinegar. However,
the uncoated glass loses its hydrophilic properties within 1 or 2 days, in contrast to the
silicon oxycarbide of the present invention with durable hydrophilic properties.

The silicon oxycarbide coating of the present invention exhibits hydrophilic
properties of significantly longer duration than a conventional silicon oxycarbide coating
having n < 1.70 and a thickness < 350A. The silicon oxycarbide coating of the present
invention remains hydrophilic in an environment at least twice as long, preferably at least
five times as long, more preferably, at least ten times as long, as a silicon oxycarbide layer

having n < 1.70 and a thickness < 350A in the same environment. Under exposure

conditions that can cause a conventional silicon oxycarbide coating to lose its hydrophilic

properties within 1 to 2 weeks, the silicon oxycarbide coating of the present invention can
remain hydrophilic for several months.

FIG. 3 shows an embodiment of the present invention in which a coated article 10,
including a substrate 1 coated with a silicon oxycarbide coating 2, is mounted in a frame 4
so that the frame 4 is in contact with the perimeter of the coated article 10. Preferably, the
frame 4 is in contact with the entire perimeter of the coated article 10. The frame 4
provides mechanical support to the coated article 10 and silicon oxycarbide coating 2, and
allows the coated article 10 to be positioned relative to other objects. For example, in
embodiments the frame 4 can serve as a window frame for positioning a coated glass
window 10 on an automotive vehicle or a building.

Tn use, the coated article of the present invention can be placed between an interior

region, which is relatively free of contaminants, and an exterior region containing

contaminants. Preferably, the coated article is positioned so that the silicon oxycarbide

coating faces the exterior region containing contaminants. For example, the coated article
can be positioned to separate the interior of a vehicle or building from the outdoors, with

the silicon oxycarbide coating facing the contaminated environment of the outdoors. The

-6-
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hydrophilic properties of the silicon oxycarbide coating facilitate the removal by rinsing
with water of any contaminants that accumulate on the coated surface of the article.

Although the silicon oxycarbide coating of the present invention retains its
hydrophilic properties significantly longer than conventional hydrophilic coatings,
eventually the hydrophilic properties of the coating begin to degrade. When this occurs,
the hydrophilic properties can be restored by rinsing the silicon oxycarbide coating again
with a glass cleaner, such as soap and water, or vinegar and water.

The invention having been generally described, reference is now made to the

" following examples, which are provided for purposes of illustration only, and are not

intended to be limiting unless otherwise specified.
EXAMPLES

Examples 1-3

Silicon oxycarbide coatings with n > 1.70 and thickness > 350 A were deposited
by chemical vapor deposition onto ribbons of hot soda lime glass produced by a float glass
process under non-oxidizing conditions. The coatings were deposited from a reactive gas
mixture containing about 8.8 weight% silane, 9.8 weight% ethylene, 73.9 weight% carbon
dioxide and 7.4 weight% nitrogen blown across the glass ribbon at a temperature of 680°C
and at a pressure slightly above the float bath pressure.

Comparative coatings with n < 1.70 and thickness <350 A were also deposited

“under the same conditions on identical substrates.

The coatings were rinsed using a glass cleaner of water and vinegar.

The composition of each of the coatings was determined by x-ray photoelectron
spectroscopy (ESCA). The index of refraction and thickness of each of the coatings was
determined by spectrophotomeiry.

The coatings were exposed to the outdoors side-by-side in a horizontal position.

The hydrophilic properties were estimated by observing how sprayed water on
each coating surface sheeted away in comparison with the water sheeting from a standard
piece of clear float glass.

The hydrophilic properties of silicon oxycarbide coatings are shown in Table 1.

TABLE 1

Example Index of refraction | Coating thickness Duration of
(n) (A) hydrophilic
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properties™
(days)
1 1.75 550 > 200
2 1.60 350 10 1020
3 1.58 300 21010

On the first day of exposure, Examples 1, 2 and 3 exhibited the same behavior of
sheeting away water while the standard piece of clear float glass did not. However, after 2
to 10 days Example 3 no longer sheeted away water and instead behaved like the standard
piece of clear float glass. After 10 to 20 days, Example 2 no longer sheeted away water
and instead behaved like the standard piece of clear float glass. Example 1 continued to
sheet away water even after 200 days.

The duration of hydrophilic properties in Examples 2 and 3 varied within the range

" shown in Table 1 depending upon the outdoor exposure conditions (e.g., rain, sum,

temperature).
Table 1 shows that a silicon oxycarbide coating exhibits hydrophilic properties for
a significantly longer period of time when the silicon oxycarbide coating has an index of

refraction of 1.70 or more and a thickness of 350A or more.

Example 4

FIG. 4 schematically represents water droplets on a silicon oxycarbide coating,
which has a refractive index of 1.70 and a thickness of 5504, after the coating has been
exposed to the outdoors for 3 day, 12 days and 200 days. FIG. 4 also schematically
represents water droplets on a comparative silicon oxycarbide coating, which has a
refractive index of 1.58 and a thickness of 2504, after the comparative coating has been
exposed to the outdoors for 3 days, 12 days and 200 days under the same conditions.

FIG. 4 shows that after 3 days both silicon oxycarbide coatings are hydrophilic.
However, after 12 days, while the silicon oxycarbide coating having a refractive index of
1.70 and a thickness of 5504 remains hydrophilic, the comparative silicon oxycarbide
coating has lost its hydrophilic properties. After 200 days, the silicon oxycarbide coating

of the present invention continues to exhibit hydrophilic properties.

The disclosure herein of a numerical range of values is a disclosure of every

numerical value within that range.



WO 2006/019995 PCT/US2005/025117

While the present invention has been described with respect to specific
_embodiments, it is not confined to the specific details set forth, but includes various
changes and modifications that may suggest themselves to those skilled in the art, all

falling within the scope of the invention as defined by the following claims.
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WHAT IS CLAIMED IS:

1. A coating having opposing first and second surfaces, where the first surface
is in contact with a solid substrate and the second surface is in contact with essentially
only air at atmospheric pressure and a temperature of less than 100°C, wherein

the coating has

a homogeneous composition comprising a silicon oxycarbide,
an index of refraction of 1.70 or more, and
a thickness of 350A or more; and
the second surface of the coating is hydrophilic with a contact angle with

water of less than 20 degrees.

2. The coating according to Claim 1, wherein the silicon oxycarbide
comprises

35 atomic % or less Si, but more than 0 atomic % Si;

55 atomic % or less O, but more than 0 atomic % O; and

30 atomic % or less C, but more than 0 atomic % C.

3. The coating according to Claim 1, wherein the silicon oxycarbide

comprises SiOC.

4. The coating according to Claim 1, wherein the index of refraction is in a

range of 1.70 to 2.0.

5. The coating according to Claim 1, wherein the thickness is in a range of

350A to 800A.

6. The coating according to Claim 1, wherein the coating was produced by a

chemical vapor deposition process.

7. The coating according to Claim 6, wherein the chemical vapor deposition
process comprised exposing the solid substrate at a temperature in a range of from
400°C to 800°C to an atmosphere containing silane, ethylene, carbon dioxide and

nitrogen.

-10-
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8. The coating according to Claim 1, wherein the first surface of the coating is

in contact with a solid substrate comprising a glass.

9. The coating according to Claim 8, wherein the first surface of the coating 1s

in contact with an optical stack between the coating and the glass.

10. The coating according to Claim 1, wherein the second surface of the

coating is hydrophilic with a contact angle with water of less than 10 degrees.

" 11. The coating according to Claim 1, wherein the second surface of the

coating is hydrophilic with a contact angle with water of less than 5 degrees.

12. A method of making a coating, the method comprising
depositing on a solid substrate by a chemical vapor deposition process a
silicon oxycarbide composition; and

producing the coating of Claim 1.

13. The method according to Claim 12, wherein the chemical vapor
deposition process comprises exposing the solid substrate at a temperature in a range
of from 400°C to 800°C to an atmosphere containing silane, ethylene, carbon dioxide

and nitrogen.

14. A method of using a coating, the method comprising supporting the

coating of Claim 1 in a window frame.

15. A method of using a coating, the method comprising placing the coating

of Claim 1 between an interior region and an exterior region containing contaminants.

16. A method of using a coating to keep a substrate free of contamination, the
method comprising
exposing the coating of Claim 1 to the outdoors; and

washing the second surface of the coating with a glass cleaner.

-11-
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17. The method according to Claim 16, wherein the glass cleaner comprises

water and at least one member of the group consisting of soap and vinegar.

18. The method according to Claim 16, wherein after the washing the second
surface of the coating remains hydrophilic, with a contact angle with water of less
than 20 degrees, in an environment longer than a silicon oxycarbide layer having an
index of refraction of less than 1.70 and a thickness of less than 350A in the same

environment.

19. The method according to Claim 18, wherein after the washing the second
surface of the coating remains hydrophilic, with a contact angle with water of less
than 20 degrees, in an environment at least twice as long as the silicon oxycarbide
layer having an index of refraction of less than 1.70 and a thickness of less than 350A

in the same environment.

20. The method according to Claim 18, wherein after the washing the second
surface of the coating remains hydrophilic, with a contact angle with water of less
than 20 degrees, in an environment at least five times as long as the silicon oxycarbide
Jayer having an index of refraction of less than 1.70 and a thickness of less than 350A

in the same environment.

-12-
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