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Title: ENAMEL FOR USE ON GLASS AND A METHOD OF
USING THE SAME

TECHNICAL FIELD
The present invention relates generally to an enamel
compositions which may be fired upon a glass substrate. More
particularly, the invention concerns a glass enamel composition
which contains a separate and distinct addition of silicon (Si)

metal.

BACKGR!

For many years, as discussed in Andrews, U.S. Patent No.
4,837,383 the autoﬁobile industry has manufactured automobiles
with back windows which include electrical heating elements to
remove frost formed on the window surface. The back windows are
printed by a silkscreen printing process with a grid of a
metallic material which is then fired on the glass window to form
the electrical heating element. In most instances, the grid
arrangement forming the heating element is comprised of a bus bar
extending along each side of the window, and a series of fine
lines extending horizontally across the window, with the fine
lines being connected fo the bus bars. The grid material from
which the heating element is formed typically comprises a mixture
containing a silver powder and a small amount of soft lead glass

dispersed in a printing vehicle, such as o0il, suitable for
_]__
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silkscreen printing. The grid material is applied to the glass
substrate in a silk-screen printing process.

Also frequently applied to the back window is a dark grey
or black enamel border extending about the periphery, or outer
edge, of the back window. The border is printed both for
aesthetic reasons, and, also, to protect an adhesive utilized to
seal the back window to the car body from»degradation due to
exposure to ultraviolet light.

In some instances, the bus bars are printed over the enamel
border, but, after firing, the bus bars are still visible, and
appear from the outside of the automobile, for example, as a dark
amber color.

In order to prevent the detection of the bus bars from
outside of the automobile some prior art patents disclose
altering the composition of the enamel utilized to form the
border. In particular, some prior art patents disclose the
addition of powdered zinc, tin, cadmium,.or manganese to the
enamel. Some prior art patents also suggest the addition of
powdered metals such as zinc, tin, cadmium or manganese to the
enamel, paint or die to facilitate the forming of the glass
substrate by helping to prevent the sticking of the forming head
or die to the paint or enamel.

More particularly, disclosed in U.S. Patent Nos. 4,684,388
and 4,684,389 are means to form a glass sheet having an oil base
paint fired thereupon wherein the paint contains a fine zinc
metal powder. U.S. Patent No. 4,684,388 further discloses the
inclusion of a fine stannous oxide powder in an ultraviolet

curable paint which, when applied to the glass sheet, is subject
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to ultraviolet radiation and heated to a temperature to soften
the glass sheet to allow bending thereof. The paint on the glass
engages with a fiberglass covering on a forming head or die. The
zinc and the stannous oxide powders serve to prevent the sticking
of the paint to the fiberglass forming die. U.S. Patent No.
4,684,389 discloses an oil base paint to which fine zinc powder
is added to the paint appliedAto the glass sheet. The painted
glass sheet is then heated to a forming temperature and engaged
with a fiberglass covering of a die to form a glass sheet of a
desired shape. The metal powder functions‘ to prevent the
sticking of the paint to the fiberglass of the forming head or
die during the forming process.

Boaz, U.S. Patent No. 4,596,590 discloses a method of
forming a glass sheet with a paint that minimizes sticking. The
paint includes a metal oxide powder having at least a low valence
oxidation state and a high valence oxidation state, the metal
oxide powder being in its low valence state when applied.
Examples of suitable metal oxide powders include stannous oxide,
iron oxide and cuprous oxide.

Stotka, U.S. Patent No. 4,983,196 also discloses an enamel
composition that minimizes sticking. The enamel includes an iron
metal powder to help prevent adhesion during the forming
operation. Andrews et al., U.S. Patent No. 4,975,301
discloses a glass enamel which serves to help hide the bus bars
of the heating element. The enamel disclosed by Andrews et al.
comprises powdered zinc, tin, cadmium, manganese, iron and
mixture and alloys thereof for use in conjunction with a soda-

free flux glass.
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Andrews, U.S. Patent No. 4,837,383 also discloses a glass
enamel which serves to help hide the bus bars of the heating

element. The enamel disclosed by Andrews includes aluminum or

lithium oxide.

SUMMARY OF INVENTION

The present invention provides a new‘and improved glass
enamel composition which provides various distinct advantages
over many prior art enamel compositions. More particularly, the
present invention provides an enamel composition that affords
improved opacity and is extremely effective in hiding the bus
bars of the heating element of a automobile back window. This
enamel composition may also be useful in situations where the
glass substrate or section is formed for it may be utilized to
reduce the tendency of the enamel to stick to the press head of
a glass forming apparatus. The enamel composition comprises
a vehicle and a solids portion. The solids portion may include
pigments and fillers. The solids portion includes at least one
glass frit and a separate and distinct addition of silicon. The
solids portion comprises from about 0.01 weight percent to about
20 weight percent silicon. Preferably, the solids portion
comprises from about .02 weight percent to about 15 weight
percent silicon. More preferably; the solids portion comprises
from about .04 weight percent to about 10 weight percent silicon.
Suitable frits for use in connection with the invention include,
for example, lead borosilicate frits, zinc borosilicate frits and
other lead-containing or lead-free frits whose properties make

them useful for the present application.
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The invention further provides a method of decorating a
glass substrate. The method includes the steps of applying to

a glass substrate an enamel composition comprising a vehicle and

a solids portion, drying or curing the applied enamel composition

and firing the glass substrate bearing of the enamel composition.
The enamel composition comprises a vehicle and a solids portion.
The solids portion comprises a.separate and distinct addition of
silicon metal.

The foregoing and other features of the invention are
hereinafter more fully described and particularly pointed out in
the claims. The following description setting forth in detail
certain illustrative embodiments of the invention, these being
indicative, however, of but a few of the various ways in which

the principles of the invention may be employed.

DETAILED DESCRIPTION

An enamel composition made in accordance with the principles
of the present invention, for use in producing a layer of enamel
or an enamel finish, band or border upon a section of glass
including a vehicle and a solids portion. The solids portion
comprises at least one glass frit and a separate and distinct
addition of silicon (Si) metal. This addition of silicon is in
the metallic nonoxidized state, not in the oxide form such as
silicon dioxide (SiO;). It is not known if the silicon remains
in the nonoxidized state during firing of the enamel or if it
reacts partially or completely with the enamel.

As used herein this specification and the claims below the

term "solids portion" means that portion or part of the enamel



WO 93/13027 PCT/US92/10725

composition prior to firing exclusive of vehicles or carriers.
As used herein this specification and the claims below the term
"geparate and distinct" means the addition of silicon (Si) metal
to the enamel composition through an addition exclusive of any
silicon that may be contained in any of the glass frits, pigments
or fillers that otherwise make up the enamel composition.

The solids portion comprises from about .01 weight percent
to about 20 weight percent silicon (Si) metal. Preferably, the
solids portion comprises from about .02 weight percent to about
15 weight percent silicon (Si) metal. More preferably, the
solids portion comprises from about .04 weight percent to about
10 weight percent silicon (Si) metal. The solids portion also
may include a zinc borosilicate glass frit, a lead borosilicate
glass frit or other types of commercially available frits.

To the best of applicants' knowledge the purity of the
silicon is not critical. Preferably the silicon is at least 97
percent by weight pure. To the best of applicants' knowledge the
particle size of the silicon is not critical. Applicants believe
finer sizes (e.g., 10 microns) are effective at levels of .05-10
percent or more in enamels containing lead-free frits, and larger
sizes (e.g., 20 or 45 microns) may be more effective when used
in connection with lead-containing frits, but at somewhat higher
concentrations (e.g., 1-15 percent). Applicants believe the
practical upper limit on the amount of silicon metal additive
depends on the characteristics of the enamel to which it is added
and on the requirements of the application. For example,
excessive amounts of silicon may increase the firing temperature

of the resulting system beyond what is appropriate in a given
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plant or may impart a coloration that is undesirable for a given
application.

The vehicle or carrier which is included in the enamel
composition must be one which allows the enamel composition to
take the form appropriate for application of the enamel composi-
tion to a section of glass such as, for example, a slurry, a
paste or a thermoplastic pellét.

The vehicle or carrier preferably comprises a solvent and
a resin. Optionally, the vehicle or carrier may also comprise
a thixotrope, wetting agents and/or other ingredients to effect
the application or printing, drying, curing and/or burnout
characteristics of the enamel.

Examples of potential suitable resins include ethyl
cellulose, ethyl hydroxy ethyl cellulose, wood rosin, mixtures
of ethyl cellulose and phenolic resins, polymethacrylates of
lower alcohols and monobutyl ether of ethylene glycol
monoacetate.

Examples of potential suitable solvents include terpenes
such as alpha- or beta-terpineol or mixtures thereof with other
solvents such as kerosene, dibutyl phthalate, butyl carbitol,
butyl carbitol acetate, hexylene glycol and high-boiling alcohols
and alcohol esters. Various combinations of these and other
solvents may be formulated to obtain the desired viscosity and
volatility requirements for each application.

Examples of potential suitable thixotropic agents include
organic based thixotropics such as, for example, hydrogenated

castor oil and derivatives thereof and ethyl cellulose.
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Examples of potential suitable wetting agents include fatty
acid esters, for example, N-tallow-1,3-diaminopropane di-oleate,
N-tallow trimethylene diamine diacetate, N-coco trimethylene
diamine, beta diamines, N-oleyl trimethylene diamine, N-tallow
trimethylene diamine, and/or N-tallow trimethylene diamine di-
oleate.

The enamel composition also may include one or more pigments
and one or more fillers. Examples of potential suitable pigments
include copper chromite black sold under the trade designation
K-384, cobalt aluminate blue sold under the trade designation V-
3285, zinc iron chromite brown sold under the trade designation
K-100, and iron cobalt chromite black sold under the trade
designation F-6340, all sold by the Ferro Corporation of
Cleveland, Ohio. A large number of coloring agents of widely
varying composition are known to those skilled in the art. The
pigment generally accounts for about 5 percent by weight to about
20 percent by weight of the solids portion of the enamel
composition.

Examples of potential suitable fillers include alumina
(Al,0;) and silicon dioxide (SiO,). Fillers generally comprise
less than about 10 percent, and preferably less than about 5
percent by weight of the enamel composition.

The invention further provides a method of decorating a
glass substrate to serve as an electrically heated window that
has a conductive metal coating applied thereto as an electrically
resistive heating element. The method includes the steps of
applying an enamel composition comprising a vehicle and a solids

portions, the solids portion comprising a separate and distinct
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addition of silicon, drying or curing the enamel composition
which step is generally only done if the section of glass is to
be stored prior to firing, applying the conductive metal coating,
drying or curing the applied conductive metal coating and firing
the glass substrate. The glass substrate is fired at a tempera-
ture of from about 950°F to about 1400°F. Preferably, the glass
substrate is fired at a temperature of from about 1050°'F to about
1300°F. More preferably, the glass substrate is fired at a
temperature of from about 1225°F to about 1275°F. Once the glass
substrate has been heated to temperature it may be subjected to
a forming operation.

The enamel composition is typically applied by silk-
screening
the enamel composition onto the glass substrate and drying the
glass enamel composition in an oven to set the enamel and remove
all or a portion of the solvent from the vehicle. Then the
conductive coating composition is applied by the silk-screen
process or other suitable application technique upon the glass
substrate abutting or overlapping the dried glass enamel composi-
tion. The conductive coating composition may or may not be dried
prior to firing. The substrate is then passed through a furnace
to fire both coatings to cause them to melt, mature and adhere
to the substrate. The glaSs substrate will typically pass
through the furnace in a matter of several minutes (e.g., 3 to
5 minutes) and at a temperature of from about 950°'F (570°C) to
about 1400°'F (760°C).

Once the glass substrate has been heated to temperature it

may be subjected to a forming operation. Such forming operation
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may be gravity forming or alternatively a press forming apparatus
or device may be employed. The press head of the forming device
may include a head covered with a refractory fiber material such
as FIBERFAX refractory fiber. FIBERFAX is a registered trademark
for refractory fiber owned by the Stemcor Corporation of
Cleveland, Ohio. Applicants believe that the addition of
sufficient quantities of silicon metal will reduce the tendency
of the enamel composition to stick to the refractory fiber of thg
press head.

The following examples will serve to further illustrate the
novel features and advantages of the invention. While these
examples will show one skilled in the art how to operate within
the scope of this invention, they are not to serve as a limita-~
tion on the scope of the invention for such scope is only defined
by the claims which appear below.

Example I

Enamel compositions A, B and C were prepared by combining
together in a conventional manner the following components. All

percentages shown below are in parts by weight.
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Component , Enamel A Enamel B ~ Enamel C
PF-97 frit' 33.33% 33.33% 0
PF-200 frit? 33.33% 33.33% 12.25%
PF-75 fritd 0 0 53.00%
K-398 CuCr pigment* 16.67% 15.92% 16.25%
Silicon éSi) metal

powder 0 .75% 1.90%
C-26 vehicle® 16.67% 16.67% 16.60%

Total 100% 100% 100%

'Lead borosilicate frit available from the Ferro Corporation of
Cleveland, Ohio, under the trade designation PF-97.

2zinc borosilicate frit available from the Ferro Corporation of
Cleveland, Ohio under the trade designation PF-200.

3Lead borosilicate frit available from the Ferro Corporation of
Cleveland, Ohio, under the trade designation PF-75.

dcucr pigment available from the Ferro Corporation of Cleveland,
Ohio, under the trade designation K-398.

510 micron 98.25% pure silicon (Si) metal powder available from
Elkem Materials, Inc. of Pittsburgh, Pennsylvania.

6c-26 screen printing vehicle is available from the Ferro
Corporation of Cleveland, Ohio, under the trade designation C-26.

The frits noted above are available in flake form. Thus,
they are ground in a conventional mill to an average particle
size of about 4 microns.

Once mixed the enamels are then applied to glass slides and
dried in an oven at about 250°'F for 5 minutes so as to substan-
tially remove the vehicle. A stripe of silver paste used to
create a bus bar is then applied over each of the enamels. Each
of the glass slides is then fired at about 1300°'F for about 3
minutes. Upon cooling the slides are examined in room light by

viewing through the glass of the slide. The silver bus bar does

- 11 -
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not show through the underlying fired enamel and is not visible
in room light through enamels B and C. However, the simulated
bus bar is clearly visible in room 1light through enamel A.
Enamels B and C also display improved opacity in room light as
compared to enamel A.

Tt will be appreciated that instead of silicon, the
invention contemplates the use of germanium (Ge) in the nonoxi-
dized state. Because of the molecular similarity that exists
between silicon and germanium, applicants believe it should be
possible to substitute the germanium for the silicon and obtain
substantially the same results.

Although the invention has been shown and described with
respect to certain preferred embodiments, it is obvious that
equivalent alterations and modifications will occur to others
skilled in the art upon their reading and understanding of the
specification. The present invention includes all such equiva-
lent alterations and modifications, and is limited only by the

scope of the following claims.
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In The Claims:

1. An enamel composition for use in decorating glass
comprising a vehicle and a solids portion, said solids portion
comprising at least one glass frit and a separate and distinct
addition of silicon (Si) metal.

2. An enamel composition as set forth in claim 1 wherein
said solids portion comprises from about .01 weight percent to
about 20 weight percent silicon (Si) metal.

3. An enamel composition as set forth in claim 1 wherein
said solids portion comprises from about .02 weight percent to
about 15 weight percent silicon (Si) metal.

4. An enamel composition as set forth in claim 1 wherein
said solidsrportion comprises from about .04 weight percent to
about 10 weight percent silicon (Si) metal.

5. An enamel composition as set forth in claim 1 wherein
said solids portion comprises a lead borosilicate frit.

6. An enamel composition as set forth in claim 1 wherein
said solids portion comprises a zinc borosilicate frit.

7. An enamel composition as set forth in claim 1 wherein
said solids portion includes a frit selected from a group
consisting of: (i) a zinc borosilicate glass frit; (ii) a lead
borosilicate glass frit; (iii) a lead containing frit; (iv) a
lead-free frit; and (v) two or more of said (i), (ii), (iii), and
(iv).

8. An enamel composition as set forth in claim 1 wherein

said vehicle comprises an organic printing vehicle.

- 13 -
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9. An enamel composition as set forth in claim 1 wherein
said solids portion includes a pigment.

10. A method of decorating a glass substrate to serve as
an electrically heated window that has a conductive metal coating

applied thereto as an electrically resistive heating element

comprising the steps of:

A. applying to such glass substrate an enamel
composition comprising a vehicle and a solids portion, such
solids portion comprising a separate and distinct addition
of silicon (Si) metal;

B. drying or curing such applied enamel composition;

C. applying the conductive metal coating;

D. optionally drying or curing such applied conduc-
tive metal coating; and

E. firing such glass substrate bearing such conduc-
tive metal coating and such enamel composition.

11. A method as set forth in claim 10 wherein such solids
portion includes at least one glass frit.

12. A method as set forth in claim 10 wherein during said
step E such glass substrate is fired at a temperature of from
about 950°F to about 1400°F.

13. A method as set forth in claim 10 including the step
of: |

F. forming such glass substrate bearing such conduc-
tive metal coating and such enamel compositions.

14. A method as set forth in claim 10 wherein during said
step E such glass substrate is fired at a temperature of from

about 1050°F to about 1300°F.

- 14 -
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15. A method as set forth in claim 10 wherein during said
step E such glass substrate is fired at a temperature of from
about 1225°F to about 1275°F.

16. A method as set forth in claim 13 wherein during said
step F a press apparatus having a press head including a
refractory fiber surface is employed to form such glass sub-
strate. |

17. A method as set forth in claim 10 wherein during said
step A such enamel composition is applied to such glass substrate
using a silk-screening technique.

18. A composite for use in producing an enameled section
of glass upon firing, said composite comprising:

A. a layer of glass;
B. a layer of an enamel composition for forming an
enamel coating on said layer of glass upon firing, said

enamel composition comprising:

i. a vehicle;
ii. a pigment; and
iii. a solids portion, said solids portion

comprising at least one glass frit and a separate and

distinct addition of silicon (Si).
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19. A composite as set forth in claim 18 wherein said

solids portion includes from about .01 weight percent to about

20 weight percent silicon (Si).

- 16 -
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