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the introduction of alkali earth oxides such as BaO, ZnO and/or SrO in the amount of from about 1-4 wt % in total. These oxides
replace part or all of the MgO in the base glass composition thereby decreasing the overall MgO content in the glass composition to
about 2 wt % or less. The glass can realize a lower viscosity at high temperatures so that refining of the melt may occur faster.
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GLASS COMPOSITION FOR IMPROVED REFINING AND METHOD

This invention relates to a soda-lime-silica based glass composition for
manutacturing on a float line that has a faster refining rate due to the introduction of
alkali earth oxades such as BaO, ZnO and/or SrO in the amount of from about 1-4% in
total. These oxides replace part or all of the MgO in the base glass composition thereby
decreasing the overall MgO content in the glass composition to about 2% or less. The -
glass 18 able to realize a lower viscosity at high temperatures so that refining of the melt
occurs faster in the float line manufacturing process. Such glass compositions are
useful, for example and without limitation, in architectural, vehicular and/or residential

glass window applications.

BACKGROUND OF THE INVENTION

[0001] This invention relates to glass compositions having improved refining
and/or melting characteristics. In a conventional float line process, glass batch :
materials are heated in a furnace or melter to form a glass melt. The glass melt is
poured onto a bath of molten tin (tin Eath), where the glass melt 1s formed and
continuously cooled to form a float glass ribbon. The float glass ribbon is cooled and
cut to form solid glass articles, such as flat glass sheets. For float glass, the glass batch

often includes soda, line and silica to form soda-lime-silica based flat glass.

[0002] Glass composition properties can be def_ined based on their temperatme
and viscosity characteristics. For example, the melting temperature of a glass is often
defined as the temperature at which the glass has a viscosity of 100 poises, which is

often referred to as the temperature of the log 2 viscosity.

10003} There 1s a tradeotff between glass production and the cost of manufacture.
In particular, it is desirable to increase the rate of glass production but at the same time
it 1s also desirable to reduce production costs. Certain glass manufacturers are

. operating their glass furnaces at higher and higher throughput and temperatures to meet
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the increased demand for glass. However, as more glass batch is processed, more fuel

1s required to melt the increased amounts of glass batch thereby increasing production

costs and decreasing thermal efficiency.

[0004] Certain prior art has attempted to solve these problems. For example,
UJ.S. Patent No. 6,797,658

discloses decreasing the amount of MgO in the glass composition and
increasing the amount of two or more of CaG, R,0 (Na,0 and X,0), Al,O5, and SiO
by the same amount. The ‘658 Patent contends that the melting and/or forming
temperature of the glass can be reduced in such a manner. See also U.S. Patent Nos.
6,878,652 (decreasing MgO and increasing CaO by the same amount), and 5,071,796,

However, these

compositions are problematic for numerous reasons and do not provide for the best
results.

[0005] In view of the above, it will be apparent that there exists a need in the art

for a soda-lime-silica based glass composition which may realize a lower melting point

and/or lower temperature(s) of forming, and/or a lower liqudus temperature. In certain

example 1nstances it would be desirable to provide a glass composition that is able to
realize a lower viscosity at high temperatures so that refining of the melt occurs faster

in the float line manufacturing process, and./or a method of making such glass.

SUMMARY OF EXAMPLE EMBODIMENTS OF THE INVENTION

[0006] Certain exarmple embodiments of this invention relate to a soda-lime-

silica based glass composition for manufacturing on a float line that has a faster refining

rate due to the 1nroduction of alkali earth oxides such as BaO, ZnO and/or SrO in the
amount of from about 1-4% 1a total. These oxides replace part or all of the MgO in the
base glass composition thereby decreasing the overall MgO content in the glass

composition to about 2% or less. The glass is able to realize a lower viscosity at high

temperatures so that refining of the melt occurs faster in the float line manufacturing
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process. Such glass compositions are useful, for example and without limitation, in

architectural, vehicular and/or residential glass window applications.

[0007] In certain example embodiments, each of SrO, BaO and ZnO is provided
1n the glass batch in an amount of at least about 0.5% each (more preferably at least
about 0.75% each and most preferably at least about 1% each) and in the final resulting
glass product, with the total of all these materials not exceeding about 4% by weight in
the glass batch and/or final glass product. In other example embodiments of this
invention, only two of these mateﬁals may be used in the glass batch and final glass

product, in the same quantities mentioned above.

DETAILED DESCRIPTION OF CERTAIN EXAMPLE
EMBODIMENTS OF THIS INVENTION

[0008] Grey glasses according to different embodiments of this invention may be
used, for example, as windows in the automotive industry (e.g., windshields, backlites.

sidelites, etc.), in architectural applications, and/or in other suitable applications.

[0009] Certain glasses according to this invention utilize soda-lime-silica glass as
their base composition/glass, to which are added certain ingredients that are provided 1n
order to cause the glass to have a lower viscosity at high temperatures so that refining
of the melt occurs faster. In particular, it has surprisingly been found that the addition
of BaO, ZnO and SrO to the glass batch (and in the final glass product) 1in an amount
totaling no more than about 4% by weight in the batch and/or glass, while
simultaneously reducing the amount of MgO in the glass batch and/or glass by a similar
amount causes the glass to realize a lower viscosity at high temperatures so that re':fining:,;r

of the melt occurs faster in the float line manufacturing process.

[10010] In certain example embodiments of this invention, the targeted properties

are Jower viscosity and higher thermal expansion compared to regular float glass, that

is, a linear thermal expansion coefficient range, 0. = (9.6 to 10.4) x 10° K.

10011] In certain example embodiments, each of SrO, BaO and ZnO is provided

in the glass batch and/or final glass in an amount of at least about 0.5% each (more
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preferably at least about 0.75% each'and most preferably at least about 1% each), with
the total of all these materials not exceeding about 4% by weight in the glass batch
and/or final glass. In other example embodiments of this invention, only two of these
materials may be used in the glass batch and final glass product, in the same quantities
mentioned above. For instance, in an example of such another embodiment, SrO and
/n0O may be provided in the batch and/or final glass, in amounts of at least about 0.5%
each (more preferably at least about 0.75% each and most preferably at least about 1%
each), with the total of all these two materials not exceeding about 4% by weight in the
glass batch and/or final glass. As another example of such another embodiment, SrO
and BaO may be used as the two alkali earth oxide materialé. It 1s also possible that
only one of these alkali earth oxides is provided in an amount of from about 1-4% in

!

certain alternative embodiments of this invention.

[0012] This patent refers to BaO, ZnO and SrO. However, the use of these terms
does not mean that the stoichiocmetries of these materials are limited to the same
amount of each element. Instead, there terms are meant to include herein any suitable
stoichiometry of these materials. As an example, “SrO” is not limited to a one to one
ratio of Sr (strontium) to O (oxygen). As another example, “BaO” is not limited to a

one to one ratio of Ba (barium) to O (oxygen). Likewise, “ZnO” is not limited to a one

to one ratio of Zn (zinc) to O (oxygen).

10013] - An example soda-lime-silica base glass according to certain embodiments

of this invention, on a weight percentage basis, includes the following basic ingredients:

lable 1: Example Basé Glass
Ingredient Wt. %

Si0, 67 — 75 %
Na,O 10-20 %
CaO 5-15 %
MgO 0-3%

A1,0, 0-7 %
K,0 0-7 %
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[0014] Other minor ingredients, including various refining aids, such as salt
cake, crystalline water and/or the like may also be included in the base glass. In certain
embodiments, for example, glass herein may be made from batch raw materials sﬂica
sand, soda ash, dolomite, limestbne, with the use of salt cake (SO3) as a refining agent.
Reducing agent(s) such as Si (metallic) (Si), silicon monoxide (SiO), sucrose, and/or
carbon may also be used. In certain instances, soda-lime-silica base glasses herein

include by weight from about 10-15% Na,O and from about 6-12% CaO. While a

soda-lime-silica base glass set forth above is preferred in certain embodiments of this

invention, this invention is not so limited.

[0015] In certain example embodiments of this 1nvention, in addition to the base
glass materials listed above, one, two or all three of BaO, ZnO and/or SrO are included
in the base glass in order to lower the viscosity of the glass at high temperatures so that
- refining of the meot occurs faster. While there material(s) are added to the base glass,

the amount of MgO in the base glass is simultaneously reduced. In particular, it has h
been found that the best results are achieved when the total amounf of MgO 1n the final
glass (and in the glass batch) 1s no more than about 3% (by weight), more preferably no

greater than about 2%. In other words, the BaO, ZnO and/or SrO replaces MgO in the

glass.

[0016] For purposes of example only, the below-listed ranges in hypothetical
examples are provided for the aforesaid materials BaO, ZnO and SrO in the glass batch

and resulting glass (in addition to the base materials listed in Table 1 above).

Table 2: Example Ranges

SrO Zn0O BaO
Example 1 1% 1% 1%
Example 2 1.25% 125%  1.25%
Example 3 1-4% 0 0

Example 4 0 1-4% 0
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Example 5 0 0 1-4%
Example 6 1-2% 1-2% 0
Example 7 0.5-3% 05-3% 0
Example 8 ' 1-2% o - 1-2%
Example 9 0.5% 0.5% 1%
Example 10 0.75% 2% 0 |
10017} In addition to the base glass materials discussed above (which includes

the alkali earth oxides listed above), the glasé batch and/or final glass may include a
colorant portion including material(s) such as iron, erbium, cobalt, selenium and/or the
like. In certain example embodiments of this invention, the amount of total iron in the
glass may be from about 0.2 to 1.2%, more preferably from about 0.3 to 0.8%. The
total amount of iron present in the glass, and thus in the colorant portion thereof, is
expressed herein in terms of Fe,Os5 in accordance with standard practice. This.
however, does not imply that all iron is actually in the form of Fe,O5. Likewise, the
amount of 1ron 1n the ferrous state is reported herein as FeO, even though all ferrous
state 1ron in the glass may not be in the form of FeO. The proportion of the total iron in
the ferrous state (i.e., FeO) is used to determine the redox state of the glass G.e., olass
redox), which is expressed as the ratio FeO/ Fe,Os, which is the weight percentage (%)
of 1ron in the ferrous state (expressed as FeO) divided by the weight percentage (%) of
total 1iron (expressed as Fe,O3). Thus, Fe,Os herein means total iron and FeO means
iron 1n the ferrous state. Iron in the ferrous state (Fe**; FeQ)is a blue-green colorant,

* while iron in the ferric state (Fe’) is a yellow-green colorant. According to certain
embodiments of this invention, the colorant portion of the glass composition herein is

characterized by a glass redox value (i.e., FeO/Fe,Os) of from about 0.15 to 0.35.

[0018] In certain example embodiments herein, glasses may be characterized by
one or more of the optical characteristics set forth below when measured at a nominal
thickness of from 1-6 mm, more preferably from about 3-4 mm (about 3 or 4 mm may

be used for a reference thickness in certain example non-limiting embodiments, or



CA 02615841 2008-01-17
WO 2007/018981 | PCT/US2006/027830

7

about 0.219 inch thickness of glass may be used). The color values are transmissive, in

accordance with the known x/y CIE color diagram.

Table 3: Example Optical Characteristics

Characteristic Preferred More Preferred Most Preferred
Lta (visible transmittance): 8-90% 60-90% 70-85%
Dominant Wavelength (A): 400-600 nm n/a n/a
10019] Once given the above disclosure many other features, modifications and

improvements will become apparent to the skilled artisan. Such features, modifications
and improvements are therefore considered to be a part of this invention, the scope of

- which 1s to be determined by the following claims:
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WHAT IS CLAIMED [S:

. A glass compnising:
a basc glass portion of the glass comprising:

Ingredient wt. %

S10; 67-75%
NaO 10 - 20 %
CaO 5—-15%
A150; 0-7%
K20 0-7%

and wherein the glass is a float glass, and further comprises ZnO, BaO, and

from | to 4% SrO and no more than 2.0% MgO, and the glass contains no more
than 1.25% BaO, so as to lower viscosity at high temperatures so that refining

oceurs taster.

2. The glass of claim 1, wherein the glass comprises from 2-4% SrO.

3. The glass of claim I, wherein the glass compnises at least 0.5% ZnO

and/or at least 0.5 % BaO, and wherein the total sum of SrQ, ZnO and BaQ in the

glass 1s no more than 4.0% by weight.

4. A glass comprising:

a base glass portion of the glass comprising:
Ingredient  wt. %
Si0; 67 - 75 %
NaO 10 - 20 %
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CaO 5-15%
Al,0; O0~7%
K-O 0-7%

&

and wherein the glass is a float glass, and furthcr comprises each of SrQ,
ZnO and BaO, wherein the sum total of the SrO, ZnO and BaO 1n the glass i1s trom
1-4% by weight and the glass contains no more than 1.25% BaO, and wherein the
glass contains no more than 2.0% MgO, so as to lower viscosity at high

tempcratures so that refining occurs faster.

5. The glass of claim 4, wherein the glass comprises at least §% SrQ.

6. The glass of claim 4, wherein the glass comprises at least 0.5% ZnO

and/ot at least (.5 % BaO.
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