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This Invention relates to a lead-free glass coating made by firing a lead-free glass composition comprising in weight percent from
about 35% to about 77% of bismuth oxide, from about 10% to about 33% of boron oxide, and from about 10% to about 32% of
Zzinc oxide at a temperature sufficient to fuse and cure the glass composition. The invention also relates to lead-free glazes and
enamels that exhibit excellent acid resistance, possess low coefficients of linear or thermal expansion, and moderate maturation

temperatures.
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Abstract of the Disclosure

This invention relates to a lead-free glass coating made by
firing a lead-free glass composition comprising 1in weight percent
f-om about 35% to aboubt 77% of hismuth oxide, from about 10% to
about 33% ~f boron oxide, and from about 10% to about 32% of zinc
oxide at a temperature suf-fici‘ent to fuse and cure the glass
composition. The invention also relates to lead-free glazes and

enamels that exhibit e2xcellent acid resistance, possess low coeffi-

cients of linear or thermal expansion, and moderate maturation

temperatures.
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Title: BISMUTH-CONTAINING LEAD-FREE GLASS ENAMELS AND GLAZES
OF LOW SILICA CONTENT

Field of the Invention

This invention relates to lead-free glass enamels and glazes.
More particularly, this invention relates to a method of decorating
or coating glass structures, such as automotive glass, glass
spandrels, appliance glassware and other glass objects.

Background of the Invention

Lead containing glazes and enamels for glass substrates are,

well-known in the ceramic art. A glaze 1s typically thought of as
a clear coating material, whereas an enamel 1s a glaze which
contains a pigment or other particles in suspension. Such glazes
and enamels are generally applied to glass surfaces in the form of

a paste, the paste containing finely ground particles of glassy

/

material, commonly called "frit," and a vehicle. After application

of the glaze or enamel to the glass surface by silk screening oOr

other techniques, the glass is fired to volatilize the wvehicle,

fuse the frit and bond the glaze or enamel to the glass surface.

The use of lead oxide as a frit ingredient serves to lower the

melting point of the frit. Recent efforts have been made at

retaining the low melt temperature of these glazes and enamels but

with the removal of the lead oxide.
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U.S. Patent 4,892,847, 1ssued to Reinherz, relates to lead-

free glass frit compositions. The compositions include from 25-35%

O

silicon oxide, 25-4%% of bismuth oxide, 10-25% boron oxide, 4-19%

alkali metal oxide, and 0.3-8% of Zr0,/Ti10,. Reinherz teaches that
coatings which significantly exceed the 45 weight percent bismuth
oxide concentration exhibit neither excellent color stability when

blended with certain pigments 1n a glaze or enamel nor resistance

to scratching.

European Patent. Application 370,683, naming Murkens et al. as

inventors, relates to a glass flux composition consisting essen-

tially by weight of 45-65% bismuth oxide, 25-36% silicon oxide,

o\°

4-6% boron oxide, 3-6% titanium oxide, 1-3% sodium oxide, 0.5-2
potassium oxide, 2-6% lithium oxide, 0-3% aluminum oxide, O0-1%
zirconium (IV) oxide, 0-1% barium oxide, 0-1% calcium oxide, O-l%r
magnesium oxide, 0-1% =zinc oxide, 0-3% lead oxide, and 0-0.5%
cadmium oxide.

The article "Unusual Properties and Structure of Glasses 1n

the System Bi,0,-B,0,-Sr0O; Bi,0,-B,0,-Ba0O; B1,0,-B,0,-Zn0; and B1,0,-
B,0,-PbO", by Janakirama-Rao, describes wvarious curious Dbismuth
borate-based glasses. Bi,0,-Zn0-B,0, glass compositions are

described and illustrated in Figure 1 of this article.

Summary of the Invention

This invention relates to a lead-free glass-coating made by

firing a lead-free glass composition comprising 1n weight percent
from about 35% to about 77% of bismuth oxide (B1,0,), from about 10%

to about 33% of boron oxide, less than about 10% silicon dioxide

{
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5 (Si0,) and from about 10% to about 32% of zinc -oxide (Zn0O) at a

temperature sufficient to fuse the glass composition.

This invention also relates to a lead-free glass composition

comprising from about 35% to about 77% by weight bismuth oxide,

from about 10% to about 33% by weight boron oxide, from about 10%

10 to about 32% by weicht zinc oxide, and from about 0.5% to about 5%

silicon oxide. The compositions may also contain from about 1% to

about 15% of zirconium oxide (Z2r0,).

Another aspect of the invention relates to a lead-free

glass-coating made by firing the composition described herein at a

15 temperature of from about 925°F to about 1300°F until said CoOmpoOsS1-

tion is fused.

The invention further concerns a method of decorating glass

used in appliances or other glass objects comprising coating saidr

glass with the composition described above, and firing said

20 composition at a temperature of from about 1000°F to about 1200°F

until said composition 1s fused.

These lead-free glass frits exhibit unexpectedly excellent

acid resistance, possess low coefficients of linear thermal

expansion, and maturation temperatures that make them suitable for

25 glass enamels and g.lazes.

Glass enamels and glazes made in accordance with the present

invention find commercial utility in such applications as coatings
for automotive glass, appliance glass, architectural spandrels,

beverage containers, lighting bulbs and fixtures and other glass

30 objects.
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In a broad aspect, then, the present invention relatés
to a glass enamel or glaze 1ncluding a glass frit, said
glass frit comprising in weight percent from 35% to 77% of
bismuth oXide, from greater than 10% to 33% of boron oxide,
from 10% to 32% of zinc oxilide, up to 10% silica, and less
than 0.75% PboO. |
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5 The foregoing and other features of the 1nvention are
hereinafter more fully described and particularly pointed out 1in
the claims.. The following description sets forth in detail certailn

illustrative embodiments of the invention, those being indicative,

however, of but a few of the various ways 1n which the principles

10 of the invention may be employed.

Detailed Description of the Preferred Embodiments

- -

This invention relates to a lead-free glass frit possessing

not only a moderately low coefficient of thermal expansion but also

possessing an excellent resistance to acid environments. Further-

15 more, the maturation temperature for the glass systems herein
described is moderate and much lower than prior art bismuth
containing enamels that include much higher silica (S10,) levels.
Such glasses find utility as glazes or enamels for systemsr
requiring excellent chemical and thermal stability. Examples of

20 such applications include glazes or enamels for glass panels used
in automobiles, appliances and architectural spandrels.

This invention also provides for a method of decorating glass

substrates by the application of a glass enamel made according to

this invention to a glass substrate and subsequent firing resulting

25 in a lead-free glass coating.

The glass enamel or glaze made in accordance with the present
invention contains less than about 1% by weight lead oxide (PbO),

preferably less than about .75% by weight lead oxide and more

preferably less than about .5% by weight lead oxide. Even further

oferred, the glass enamel or glaze contains less than about .05%

ol
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5 by weight lead oxide. As used 1in this specification and the claims
below the term "lead-free" means no intentional addition of lead or

lead oxide and less than .5% by weight lead oxide.

For use 1n cornjunction with glass substrates, the glaze or

P
ey
—

P,

enamel of the present invention preferably matures and 1s compatil-
10 ble with a relatively fast fire of approximately 925°F to about
1300°F, preferably from about 950°F to about 1250°F, and more
preferably from about 975°F to about 1200°F for a relatively braef
period, that is from about 1 to about 20 minutes, preferably from

about 2 to about 15 minutes, and more preferably from about 3 to

15 about 7 minutes. Unless otherwise 1ndicated, temperatures referred

to herein are firing temperatures, that 1s to say the temperature

of the oven.

1"
A glass frit wade in accordance with the pranciples of the

present invention can be melted in sintered fused silica crucibles
20 at 1830°F to about 2010°F with 1ittle attack on the crucible,
though melting time must be controlled somewhat closely'because of
silica pickup and will vary according to the size of the batch. A

preferred time for a 500 gm batch may be about 25 to about 30

minutes, while a preferred time for 1 kg batch of the same
25 composition may be about 45 to about 55 minutes. The melt may Dbe
handled by any suitable means though typically 1t 1s quenched by
steel rolls into flake or frit, using techniques well-known to
those skilled in the art.
This invention relates to a lead-free glass enamel or gla:ze

30 comprising a glass frit including the following components:
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More Preferred

Preferred Range Range
Component (WE. %) (WE . %)
Bi,O, - 35-77 39-74
B,0, 10-33 | | 12-31
Zno ’ . 10-32 15-30
ZrQ0, 0-10 0-8
sio, - 0-9 0-5
K,0 0-6 ' 0-4
BaO ' 0-15 0-12
A1,0, 0-4 0-2
Sb,0, 0-15 0-10
PO, . 0-T 0-5
CeQ, 0-15 0-12
SrO 0-9 0-7
v,os - 0-9 _ | 0-7

In another embodiment, bismuth oxide is present in an amount
by weight from about 45-60%, zinc oxide 1s present in an amount

from about 17-25%, and boron oxide is present in an amount of from

about 14-20% of the glass frit composition. More preferably, the

glass frit composition comprises from about 47 weight percent to

about 57 weight percent bismuth oxide.
The glass enamels are made according to the following

technique. Glass frits, in flake or granular form, are ball-milled

to an average particle size of about 3 to about 4 microns as

measured on a Microtrac™ at the 50% level, with either a water ot a
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5 water and an alcohol solution (e.g., 50% water and 50% 1i1sopropyl
alcohol), dried, and blended with inorganic filler, pigments, other
materials and a screen printing vehicle (e.g., a glycol ether

acetate-based system). The resulting 1nk composition 1S screen-

printed on glass substrates by methods known 1n the art, dried and

10 then fired.

It will be appreciated that the present invention contemplates

the use of various vehicles, the particular vehicle generally being

a function of the particular application technique employed. Such

vehicles include, for example, UV curable vehicles, water miscible

!

15 vehicles, thermoplastic vehicles, hot melt vehicles, spray vehicles

and roll coat wvehic..es.

Pigments, other glass frits, fillers and other additives may
be included in the glass enamel. The glass enamel comprises by’

weight from about 30% to about 90% glass frit as set forth above,

20 from about 3% to abcut 40% vehicle and up to about 40% pigment and

other glass frits and faillers. Preferably, the glass enamel

comprises by weight from about 35% to about 85% glass frit as set

forth above, from about 4% to about 35% vehicle and up to about 35%

pigment and other glass frits and fillers. More preferably, the
25 glass enamel comprises by weight from about 40% to about 80% glass

frit as set forth akove, from about 5% to about 35% vehicle and up

to about 30% pigment and other glass frits and fillers.

An enamel finish produced in accordance with the principles of
the present invention exhibits good acid resistance. Specifically,

30 utilizing the procecdures set forth in ASTM test procedure (C724-88,
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the enamel finish exhibits better than a Grade 7 degree o0of attack
(1.e., complete removal of enamel 1n exposed area). Preferably,
the enamel finish displays at least a Grade 6 degree of attack
(i.e., significant removal of enamel with pin holing) pursuant to
ASTM test procedure C724-88 and more preferably at least a Grade 5
degree of attack (i.e., surface dull or matte with chalking

possible). Most preferably, the enamel finish displays at least a

Grade 4 degree of attack (i.e., a definite stain with a gross color
change or strongly iridescent surface visible at angles less than

30° and which may blur reflected 1mages) .

Utilizing the grading procedures set forth 1i1n ASTM test

procedure C724-88, Dbut immersing the glass enamel 1n a 4% acetic

acid solution for a period of one minute, the enamel finish

exhibits at least a Grade 5 degree of attack (1.e., surface dull or

matte with chalking possible). Preferably, the enamel finish

utilizing the 4% acz2tic acid solution and a one minute immersion

displays at least a Grade 4 degree of attack (i.e., definite stain

with a gross color change or strongly iridescent surface visible at

angles less than 30° and which may blur reflected images). More

preferably, the enamel finish utilizing the 4% acetic acid solution
and a one minute immersion displays at least a Grade 3 degree ot

attack (i.e., a definite stain which does not blur reflected 1mages

and is visible at angles less than 30°).

By way of illustration and not by any limitation, the

following example will describe specific enamel compositions within

the scope of the present invention. Unless otherwilise indicated,
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all parts and percentages are by weight, and all - temperatures are

firing temperatures, that is to say oven temperatures, 1n degrees

Fahrenheit.

Example 1

b —rest————— rerafy——

Glass enamel compositions indicated below 1in Table I as
Formulations A, B arnd C are prepared by ball milling the indicated
materials in an alcohol solution until a particle size of about 3
microns to about 4 microns, as determined by a Microtrac at a 50%
level, is achieved. The particles are dried. The dried particles

are blended into the screen printing vehicle, and applied to glass

substrates to a thickness of about .5 to about 2 mils, and then

fired at the indicated temperatures for a period of 4 minutes.

."
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5 TABLE (Weight Percent)
Frit Composition A B C
Bi,O, 72.57 60 .68 55.16
A® 14 .78 21.189 19 .27
B,0, 12.65 18.13 16.48
10 2r0, - - - - 6.09
Sio, - - - - 3.0
Enamel Composit.ion
Frit 66.0 66 .0 66 .0
Pigment? 16.2 16 .2 16.2
15 Vehicle? 17.8 17.8 17 .8
Fi;ing Temperature 1000°F 1050°F 1050°F
1K-393-2 CuCrMn pigment available from Ferro Corporation
of Cleveland, Ohio. 4
20_.67 vehicle available from Ferro Corporation.

20 Although the invention has been shown and described with
respect to preferred embodiments, 1t 1s obvious that equivalent
alterations and modifications will occur to others skilled in the
art upon reading and understanding the specification. The present
invention includes all such equivalent alterations and modifica-

25 tions, and is limited only by the scope of the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEG

L+

IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A glass enamel or glaze including a glass frit, saild
glass frit comprising in weight percent from 35% to /7% ot
bismuth oxide, from greater than 10% to 33% of boron oxide, from
10% to 32% of zinc oxide, up to 10% silica, and less than 0.75%
PbO.

2. The glaze or enamel of claim 1 wherein said glass frit
further comprises from 0.5% to 9% silica and from 1% to 15% of
zirconium oxide.

3. The glaze or enamel of claim 1 further comprising from
1% to 15% by weight of zirconium oxide.

4. The glaze or enamel composition of claim 1 comprising a

vehicle, pigment or filler of said glass frit, said glaze or

enamel composition comprising from 3% to 40% by weilght said
vehicle, up to 40% by weight said pigment or fillers, and from
30% to 90% by weight of said glass frit.

5. The glaze or enamel of claim 1 wherein said glass frit
comprises from 35% to 77% by weight bismuth oxide, from greater
than 10% to 33% by weight boron oxide, from 10% to 32% by weight
zinc oxide, from 0.5% to 9% by weight silicon oxide, from 1% to
15% by weight of zirconium'oxide, up to 4% by weight of aluminum
oxide, up to 15% by weight of cerium oxide, up to 7% by weight
of strontium oxide, up to 12% by weight of barium oxide, and up
to 15% by weight of antimony oxide. .

6. A method of decorating a section of glass comprising the
steps of coating a section of glass with the enamel or glaze ot
claim 1 and firing the glaze or enamel at a temperature of 1000°F
to 1200°F to fuse and cure the glaze or enamel.

7. A coating composition made by firing the glaze or glass

enamel of claim 1 at a temperature of 925°F to 1300°F.



|
CA 02105207 2003-02-20

8. The glaze or glass enamel of claim 1 wherein said glass

frit includes up to 9% by weight V,0..
9. The glaze or glass enamel of claim 1 wherein said glass
frit includes up to 7% by weight P,0..

10. A section of glass decorated with the glaze or glass

enamel of claim 1.
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