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(54) Title: INFRARED AND ULTRAVIOLET RADIATION ABSORBING BLUE GLASS COMPOSITION
(57) Abstract

The present invention provides a blue colored glass using a standard soda-lime-silica glass base eomposition and additionatly iron
and cobalt, and optionally chromium, as solar radiation absorbing materials and colorants. In particular, the blue colored glass includes
about 0.40 to 1.0 wt.% total iron, preferably about 0,50 to 0.75 wi.%, about 4 to 40 PPM CoQ, preferably about 4 to 20 PPM, and 0 to 100
PPM Cr203. The redox ratio for the glass of the present invention is greater than 0.35 up to about 0.60, and preferably between about 0.36
to 0.50. In one particular embodiment of the invention, the giass has a luminous transmittance of at least 55 % and a color characterized
by a dominant wavelength of 485 to 489 nanometers and an excitation purity of about 3 to {8 per cent. In another embodiment of the
invention, the glass has a luminous transmittance of at least 65 % at a thickness of about 0.154 inches (3.9 mm) and a color characterized
by a dominant wavelength of 485 to 492 nanometers and an excitation purity of about 3 to 18 percent.
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INFRARED AND ULTRAVIOLET RADIATION
ABSORBING BLUE GLASS COMPOSITION

CROSS REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of U.S. Application Serial
No. 08/954,722 filed October 20, 1997,

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an infrared and ultraviolet radiation absorbing
blue colored soda-lime-silica glass composition suitable for architectura and
automotive glazing applications. The glass should have a deminant
wavelength of about 485 to 492 nanometers (nm) and an excitation purity of
about 3 to 18 percent. The glass is also compatible with flat glass
manufacturing metheds.

2A. Technical Considerations

Infrared and ultraviolet radiation absorbing colored glass substrates
have a variety of different applications. in particular, such glasses may be
used by architects to glaze buildings and by vehicle designers as automotive
windows. Besides providing an aesthetically pleasing coler, these glasses
may also provide enhanced solar performance as compared to sonventional
clear glass.

Different materials may be added to the glass in order to provide the
desired color and spectral performance. For example, iron, cobalt, nickel,
selenium and titanium, to name a few, are typically added to provide the
desired color composition. As materials are added to change color and
enhance solar performance, care must be taken to maintain the visible light
tfransmittance and color required for that particular application. It should also
be remembered that changing the thickness of the glass will affect these

spectral properties so that a particular composition which has acceptable
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color and performance at a particular thickness ray not be acceptabie at a
different thickness.

One particular blue composition that provides superior spectral
performance is disclosed in U.S. Patent No. 4,792,536 to Pecoraro, et al.
Commercial products which incorporate this patent are sold by PPG
Industries, Inc. under the frademarks SOLEXTRA® and AZURLITE®. This
glass incorporates a moderate amount of iron in the compaosition and has a
relatively large portion of the glass in the ferrous state, expressed as FeQ. In
particular, the giass composition includes a basic soda-lime-silica compaosition
and further includes 0.45 to 1 weight percent total iron (expressed as Fe,0,).
At least 35 percent of the total iron is in the ferrous state. The dominant
wavelength of these glasses range from about 486 to 489 nm and excitation
purity ranges from about 8 to 14 percent. From a processing standpoint,
preducing the glass disclosed in the patent with a high ratic of ferrous iron to
total iron may require additional processing considerations not typically
associated with conventional glass melting operations, as are well known in
the art. However, due to the favorable acceptance of this product, it would be
advantageous to be able to preduce a glass having a similar color and
enhanced spectral performance using conventional glass melting processing
techniques. |
2B. Patents of Interest

U.S. Patent No, 3,652,303 to Janakirama Rao discloses a blue, heat
absorbing glass which incorporates low amounts of iren and uses tin to
convert and retain a significant porfion of the iron in the ferrous state, and in
particular more than 80% of the iron is retained in the ferrous state.

U.S. Patent Nos. 4,866,010 and 5,070,048 to Boulos, et al. disclose
blue glass compositions with a colorant portion consisting essentially of iron

and cobalt and further including nickel and/or selenium. The glasses have a
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dominant wavelength of 482 nanometers (nm} £1 nm and a color purity of
13% +1%.

U.S. Paient Nos. 5,013,487 and 5,069,826 to Cheng disclose blue
colored glass compositions which inciude iron, fitanium, tin and zinc as
coloranis. The glasses have a dominant wavelength ranging from 485 to 494
nm and a color purity of 5 to 9%.

U.S. Patent No. 5,344,798 to Morimoto, et al. discloses a blue glass
composition which includes iron, cerium, titanium, zinc, cobalt and
manganese. These glasses have a dominant wavelength of 495 to 505 nm

and a color purity of 5 to §%.

SUMMARY OF THE INVENTION

The present invention provides a biue colared glass using a standard

soda-lime-silica glass base compaosition and additionally iron and cobalt, and
optionally chromium, as solar radiation absorbing materials and colorants. In
particular, the blue colored glass includes about 0.40 to 1.0 wt.% total iron,
preferably about 0.50 to 0.75 wt.%, about 4 to 40 PPM CoO, preferably about
4 to 20 PPM, and 0 to 100 PPM Cr,0;. The redox ratio for the glass of the
present invention is greater than 0.35 up to about 0.80, and preferably
between about 0.36 to 0.50. In one particular embodiment of the invention,
the glass has a luminous transmittance of at least 55 percent and a color
characterized by a dominant wavelength of 485 to 489 nanometers and an
excitation purity of about 3 to 18 percent. in another embodiment of the
invention, the giass has a iuminous transmittance of at lsast 65 percent at a
thickness of about 0.154 inches (3.9 mm) and a color characterized by a
dominant wavelength of 485 to 482 nanometers and an exitation purity of

about 3 to 18 percent.
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DETAILED DESCRIPTION OF THE INVENTION
The base glass composition of the present invention is commercial

soda-lime-silica glass characterized as follows:

Weight Percent

Si0, 661075
Na,©C 101020
Ca0 5t015
MgO Oto5
AlLO, O0to5
K0 0to5

As used herein, all “weight percent (wt.%)"” values are based on the total
weight of the final glass composition.

To this base glass, the present invention adds infrared and ultraviolet
radiation absorbing materials and colorants in the form of iron and cobalt,
and, optionally, chromium. "As disclosed herein, iron is expressad in terms of
Fe 0, and FeO, cobalt is expressed in terms of CoO, and chromium is
expressed in terms of Cr,O,. It should be appreciated that the glass
compositions disclosed herein may include small amounts of other materials,
for example melting and ieﬂning aidé, tramp materials or impurities. It should
be further appreciated that in one embodiment of the invention, smal
amounts of additional materials may be included to color the glass and/or
improve its solar performance, as will be discussed later in more detail.

The iron oxides in a glass composition parform several functions.
Ferric oxide, Fe, 04, is a good ultraviolet radiation absorber and operates as a
yellow colorant in the glass. Ferrous oxide, FeO, is a good infrared radiation
absorber and operates as a blue colorant. The totai amount of iron present in
the glasses disclosed herein is expressed in terms of Fe,0, in accordance

with standard analytical practice, but that does not imply that all of the iron is
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actually in the form of Fe,0;. Likewise, the amount of iron in the ferrous state
is reported as FeQ, even though it may not actually be presentin the glass as
FeQ. In order to reflect the relative amounts of ferrous and ferric iron in the
glass compositions disclosed herein, the term “redox” shall mean the amount
of iron in the ferrous state (expressed as FeQ) divided by the amount of total
iron (expressed as Fe,0,). Furthermore, unless stated otherwise, the term
“total iron” in this specification shall mean total iron expressed in terms of
Fe,C,, the term “Fe,05" shall mean iron in the ferric state expressed in terms
of Fe,0O, and the term “FeQ" shall mean iron in the ferrous state expressed in
terms of FeQ.

CoO operates as a biue colorant and a weak infrared radiation
absorber in the glass. Cr,04 may be added to impart a green color
component to the Qlass compositidn. In addition, it is believed that the
chromium may also provide some ultraviolet radiation absorption. A proper
balance between the iran, i.e. ferric and ferrous oxides, and cobatt, and
optionally chromium, content is required to obtain a glass with the desired
blue color and spectral properties.

The glass of the present invention may be melted and refined in a
continuous, large-scale, commercial'glass melting operation and formed into
flat glass sheets of varying thickness by the float method in which the molten
glass is supported on a poo! of molten metal, usually tin, as it assumes a
ribbon shape and is cooled in a manner well known in the art.

Although it is preferred that the glass disclosed herein be made using a
conventional, overhead fired continuous melting operation, as is well known in
the art, the glass may also be produced using a multi-stage melting operation,
as disclosed in U.S. Patent Nos. 4,381,934 to Kunkle, et al.; 4,792,536 to
Pecoraro, et al. and 4,886,539 to Cerutti, et al. If required, a sfirring

arrangement may be employed within the melting and/or forming stages of
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the glass production operation to homogenize the glass in order to produce
glass of the highest optical quality.

Depending on the type of melting operation, sulfur may be added to
the batch materials of a sada-lime-silica glass as a melting and refining aid.
Commercially produced float glass may include up to about 0.3 wt.% SO,. In
a glass composition that includes iron and sulfur, providing reducing
conditions may create amber coloration which lowers luminous transmittance
as discussed in U.S. Patent No. 4,792,536 to Pecoraro, et al. However, it is
believed that the reducing conditions required to produce this soloration in
float glass compaesitions of the type disclosed herein are limited to
approximately the first 20 microns of the lower glass surface contacting the
molten tin during the float forming operation, and to a lesser extent, to the
exposed upper glass surface. Because of the low sulfur content and the
limited region of the glass in which any coloration could occur, depending on
the particular soda-lime-silica-glass composition, sulfur in these surfaces has
no material effect on the glass color or spectral properties.

It should be appreciated that as a result of forming the giass on molten
tin as discussed above, measurable amounts of tin oxide may migrate into
surface portions of the glass on the side contacting the molten tin. Typically,
a piece of float glass has an SnO, concentration of at least 0.05 to 2 wt.% in
the first 25 microns below the surface of the glass that was in contact with the
tin. Typical background levels of Sn0, may be as high as 30 parts per million
(PPM). 1t is believed that high tin concentrations in about the first 10
angstroms of the glass surface supported by the molten tin may slightly
increase the reflectivity of that glass surface; however, the overall impact on
the glass properties is minimal.

Table 1 illustrates experimental glass melts which embody the

principles of the present invention. Similarly, Table 2 illustrates a series of
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computer modeled giass compositions embodying the principles of the
present invention. The modeled compositions were generated by a glass
color and spectral performance computer model developed by PPG
tndustries, Inc. Table 3 illustrates the composition of several glass samples
incorporating the principles of the present invention, which were fabricated on
a commercial, conventional, overhead fired continuous glass melter of the
type disclosed earlier. Only the iron and cobalt portions of the compositions
are listed in Tables 1 and 3 while Table 2 includes the iron, cobalt and
chromium porttions of the compbsitions. Tables 4-6 list the spectral properties
of the compositions shown in Tables 1, 2 and 3 at reference thicknesses of
0.084 inches (2.13 mm), 0.154 inches (3.9 mm) and 0.223 inches (5.66 mm),
respectively.

With respect to the data provided in Tables 4-6 for Exampies 1-16 of
Table 1 and Examples 30-34 of Table 3, the luminous transmittance (LTA) is
measured using C.LE. standard illuminant "A” with a C.1.E. 2° observer over
the wavelength range of 380 to 770 nanometers. The solar transmittance
(LTS) is measured over the wavelength range of 380 to 770 nm using the
C.|.E. 2° observer and the weighting factors specified in ASTM 891-87. Glass
color, in terms of dominant wavelength (DW) and excitation purity (Pe), is
measured using C.|.E. standard illuminant "C" with a 2° observer, foliowing
the procedures established in ASTM E 308-90. The total solar ultraviolat
transmittance (TSUV) is measured over the wavelength range of 300 to 400
nanometers, total solar infrared transmittance (TSIR) is measured over the
wavelength range of 720 to 2000 nanometers, and total solar energy
transmittance (TSET) is measured over the wavelength range of 300 to 2000
nanometers. The TSUV, TSIR and TSET transmittance data is calculated
using Parry Moon air mass 2.0 direct solar irradiance data and integrated

using the Trapezoidal Rule, as is known in the art. The shading coefficient
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(SC), which is the ratio of the total solar heat gain for a sample to the total
solar heat gain of a nominal 3 mm thick (1/8 inch) clear glass reference, is
calculated using the Window 4.1 computer program available from Lawrence
Berkeley Laboratory. The spectral properties presented in Tables 4-6 for
Examples 17-20 of Table 2 are based on the same wavelength ranges and
calculation procedures.
Sample Preparation

The information provided in Table 1 is based on experimental

laboratory melts having approximately the following basic batch components:

sand 500 gm
soda ash 162.8 gm
limestone 42 gm
dolomite 121 gm
salt cake 2.5gm
rouge as required
Co30, as required

Coal was added to each melt to control redox. In preparing the melts, the
ingredients were weighed out and blended in a mixer. Half of the material
was then placed in a refractory silica crucible and heated to 2650°F (1454°C)
for 30 minutes. The remaining material was then added to the crucible and
heated to 2650°F (1454°C) for 1.5 hours. Next, the molten glass was fritted
in water, dried and reheated at 2650°F (1454°C) for one hour. The molten
glass was then fritted a second time in water, dried and reheated to 2650°F
(1454°C) for two hours. The molten glass was then poured out of the crucible
and annealed. Samples were cut from the stab and ground and polished for
analysis,

The chemical analysis of the glass compaositions was determined using

a RIGAKU 3370 X-ray fluorescence spectrophotometer. The FeQ content for
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Examples 1-16 was determined using wet chemistry technigues, as are well
known in the art. The FeQ content for Examples 30-34 was calculated using
the glass color and spectral performance computer model discussed earlier.
The spectral characteristics of the glass were determined on annealed
samples using a Perkin-Eimer Lambda 9 UV/VIS/NIR spectrophotometer prior
to tempering the glass or prolonged exposure to ultraviolet radiation, which
will affect the spectral properties as will be discussed later.

The following is representative of the basic oxides of the glasses
disclosed in Tables 1 and 3:

Ex. 1-16 of Table 1 Ex. 30-34 of Table 3

Sio, 73.3t0 73.9 wt.% ~72.5 Wt.%
Na,O 132t0 136 W% ~13.8 wt.%
K.O 0.031 to 0.034 wt.% ~0.046 wt.%
ca0 8.5 to 8.8 wt.% ~9 wt.%
MgO 3510 3.8 wt.% ~3.2 Wt.%
ALO, 0.1210 0.16 W% ~0.24 Wt.%

It is expected that the basic oxide constituents of commercial soda-lime-silica
glass compositions based on the experimental melts disclosed in Table 1 and
the modeled compositions disclosed in Table 2 would be simifar to those
discussed earlier.

Although not included in Table 1, analysis of Examples 1-16 indicated
up to about 8 PPM Cr,0,, up to about 30 PPM MnO, and up te about 0.013
weight percent TiO,. These materials were most likely introduced into the
glass composition from the batch raw materials or glass processing
equipment. Similariy, although not included in Table 3, analysis of Examples
30-34 indicated up to about 9 PPM Cr,O;, up to about 26 PPM MnO, and up
to about 0.021 weight percent TiO,. These materials were also most likely
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intrecuced into the glass composition from the bateh raw materials or
glass processing equipment as welt as from residual materials in the glass
melter. All of the computer modeled compositions in Table 2 were
modeled to include 38 PPM MnO, {not shown in Table 2} and Examples
17-20 were modelad to include 7 PPM Cr,0,, which are typical detectable
levels of ghromium and manganese. The chromium and manganese at
these levels wers included in the modeled compositions to provide a more
sccurate representation of the glass using the model. It is believed that
these amounts of ehromium, manganese and titanium in Examples 1-26 of
Tables 1 and 2 and the chromium and manganese in Examples 30-34 of
Tabie 3 are tramp and/or residual levels which will not materially affect
the color and spectral properties of the glass. The Ti0, level in Examples
30-34, which is believed to be due to residuat titanium still in the glass
melter, should have only a minimal, if any, affect on the glass color and
spectrat properties of the glass compositions of the instant invention.
Furthermore, it is believed that glass compositions embodying the features

of the instant invention may be produced with no or trace levels cf TiO,.

AMENDED SHEET
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Referring to Tables 1-5, the present invention provides a blue coiored
glass using a standard soda-lime-silica glass base composition and
additionally iron and cobalt, and opticnally chromium, as infrared and
ultraviolet radiation absorbing materials and colorants. In particular, the
infrared and ultraviolet radiation absarbing and colorant portion of the glass
includes about 0.40 to 1.0 wt.% total iron, preferably about 0.50 to 0.75 wt. %
total iron, and about 4 to 40 PPM CoO, preferably about 4 to 20 PPM CoO.

In addition, the compaosition may include up to 100 PPM Cr,0,, preferably 25
to 50 PPM. The glass has a redox of greater than 0.35 up to 0.60, preferably
from about 0.356 10 0.50. In one embodiment of the invention, the glass has a
luminous transmittance (LTA) of at least 55%, a dominant wavelength of
between about 485 to 489 nm, preferably 487 to 489 nm. in another
embodiment of the invention, glass has a lumincus transmittance of at least
65% at a thickness of 0.154 inches and a dominant wavelength of about 485
1o 492 nm, preferably about 487 to 489 nm. The glass has an excitation
purity of about 3 to 18%. However, it shouid be appreciated that excitation
purity depends on the glass thickness. As a result, itis preferred that glass of
th%mHWWMnmeawmm%dameW1mQQHMMﬂLB
to 3.2 mm) have a Pe of about 3 to 8%; a thickness of about 0.126 to 0.189
inches (3.2 1o 4.9 mm) have a Pe of about 5 to 12%,; and a thickness of about
0.189 to 0.315 inches (4.9 to 8 mm) have a Pe of about 10 to 18%.

In another embodiment of the instant, the infrared and ultraviolet
radiation absorbing materials and colorants of the glass include about 0.50 to
0.60 wt.% total, about 4 ta 12 PPM CoQ, 0 to about 100 PPM Cr,05, and 0 to
about 0.50 wt.% Ti0,, and a redox of about 0.45 to 0.50. In one particular
embodiment, the glass includes only trace amounts of Cr,C; and up to about
0.021 wt.% TiO,. In addition, the glass ﬁas a luminous fransmittance (LTA) of
at least 70%, a TSUV of no greater than 60%, a TSIR of no greater than
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about 30%, andfor a TSET of no greater than 50% at a thickness of about
0.154 inches. The color of the glass is characterized by a dominant
wavelength of between about 487 to 488 nm and an excitation purity of about
7-10%.

Glass compositions as disclosed herein and made by the float process
typically range from a sheet thickness of about 1 millimeter to 10 millimeters.

For the vehicle glazing applications, it is preferred that the glass sheets
having a composition as disclosed herein have a thickness within the range of
0.071 to 0.197 inches (1.8 to 5 mmy). It is anticipated that when using a single
glass ply, the glass will be tempered, .. for an automotive side or rear
window, and when multiple plies are used, the glass will be annealed and
iaminated together using a thermoplastic adhesive, e.g. an automobile
windshield which laminates two annealed glass plies together using a
polyvinyl butyral interiayer, wherein at least one of the glass plies is a glass
sheet having a composition as disclosed herein. In addition, when the glass
is used in selected areas of a motor vehicle, e.g. the windshield and front
door windows and in some instances the rear window, it is required that the
glass have an LTA of at least 70%. In addition, the glass compositions
disclosed in the present invention shbuld have a TSUV of no greater than
60%, preferably no greater than 57%, a TSIR of no greater than about 35%,
preferably no greater than about 30%, and/or a TSET of no greater than
about 55%, preferably, no greater than about $50% at a thickness of about
0.154 inches.

In architectural glazing applications, there is generally no legal
requirement with respect to solar transmittance (LTS) of the glass; however,
in the present invention, it is preferred that the glass have an LTS of about 60
to 70%, preferably about 63 to 67% and a shading coefficient of no greater
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than about 0.70, and preferably no greater than about 0.65 at a thickness of
about 0.223 inches. _

it is expected that the spectral properties of the glass will change after
tempering the glass and further upon prolonged exposure to ultraviolet
radiation, commonly referred to as solarization. In particular, it is estimated
that tempering and solarization of the glass compositions disclosed herein will
reduce LTA, LTS and TSIR by about 0.5 to 1%, reduce the TSUV by about 1
to 2%, and TSET by about 110 1.5%. As aresult, in one embodiment of the
invention, the glass composition has selected spectral properties that initially
fall outside the desired ranges previously discussed but fall within the desired
ranges after tempering and/or solarization.

It should also be appreciated that since the luminous and solar
transmittance (LTA and LTS) is reduced by these conditions, in order to
maintain the transmittance above a desired minimum level, the initial LTA or
LTS of the glass after production should be sufficiently high so that any losses
attributable to tempering and solarization will not reduce the transmittance to
an unacceptable level.

Vanadium may be used as a partial or complete replacement for the
chromium in the glass compositions -of the present invention. More
specifically, vanadium, which is expressed herein in terms of V,05, imparis a
yellow-green color to the glass and absorbs both ultraviolet and infrared
radiation at different valence states. It is believed that the 100 PPM Cr,0, as
discussed above may be completely replaced by about 400 PPM V,0s.

As discussed earlier, other materials may also be added to the glass
compositions disclosed herein to further reduce infrared and ultraviolet
radiation transmission and/or control glass color, Inclusion of chromium and

manganese has been discussed earlier. 1t is contemplated that the foliowing
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materials may also be added to the iron and cobatt containing seda-lime-silica
glass disclosed herein:

SnO, 0 to about 2.0 wt.%
Ce0, 0 to about 1.0 wt.%
TiO, 0 to about 0.5 wt.%
Zn0O 0 to about 0.5 wt.%
Nd,O5 0 to about 0.5 wt.%
MoO, 0 to about 100 PPM
NiO 0 to about 10 PPM
Se ¢ to about 3 PPM

As should be appreciated, adjustment may have to be made to the basic
constituents of the glass to account for any coloring and/or redox affecting
power of these additional materials.

QOther variations as are known to those of skill in the art may be
resorted to without departing from the scope of the invention as defined by

the claims that follow.
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WE CLAIM:

1. A blue colored, infrared and ultraviclet radietion abscrbing

fioat glass composition having a base glass portion comprising:

Si0, about 66 to 75 percent by weight
Na,0 abeut 10 to 20 percent by weight
CaC about & to 15 percent by weight
MgO 0 to about 5 percent by weight
Al,O, 0 to about 5 percent by weight
KO 0 to sbout 5 percent by weight

and a solar radiation absorbing and cclorant portion consisting essentially
of:

total iron  about 0.40 to 1.0 percent by weight

Co0 about 4 to 40 PPM

Cr,0, 0 to about 100 PPM,.
the glass having a redox of greater than 0,35 up to about 0.860, 2
luminous transmittance of at least 55 percent, and a color characterized
by a dominant wavelength of 486 to 489 nanometers and an excitation

purity of about 3 to 18 percent.
2. The float glass composition as in claim 1 wherein the total
iron concentration is from about 0.50 to 0.75 weight percent and the '

redox is from about Q.36 10 0.50.

3. The float giass composition as in claim 2 wherein ths Co0

" concentration is from about 4 to 20 PPM.

AMENDED SHEET
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4. The float giass composition as in claim 3 wherein the color
of the glass is characterized by @ dominant wavelength in the range of
shout 487 1o 489 nanometers and an excitation purity of about 3to 8
percent at at least one thickness ranging from about 0,071 to 0.126
inches, an excitation purity of about & to 12 percent at at least one
thickness ranging from about 0.126 t0 0.189 inches, and an excitation
purity of about 10 to 1B percent at at least one thickness ranging from
about 0.189 to 0.315 inches.

5. The float glass composition as in claim 4 wherein the glass

has a luminous transmittance of about 70 percent of greater.

B. The float glass composition as in claim 4 wherein the glass
has a solar transmittance of about 55 to 70 percent and a shading

coefficient of about (.70 or less.

7. The float glass composition as in claim 1 wherein the Co0

concentration is from about 4 to 20 PPM.

8.  The fioat glass composition as in claim 1 wherein the Cr, 0y

concentration is from about 25 to 50 PPM.

9. The float glass composition as in chaim 1 wherein the glass

has a luminous transmittance of about 70 percent or greater.

10. The float glass composition es in claim 3 wherein the glass
has a total solar ultraviolet transmittance of about 60 percent or less, a

total solar infrared transmittance of about 35 percent or léss and a total

AMENDED SHEET
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solar energy transmittance of about 55 percent or lese at a thickness of
about 0.154 inches.

11. The float glass composition as in claim 10 wherein the glass
has 8 total solar uitraviolet transmittance of about 57 percent or less, a
total solar infrared transmittance of about 30 percent or less and a total
solar energy transmittance of about 50 percent or less at a thickness of

about 0.154 inches.

12.  The float glass compesition as in claim 1 wherein the glass
has a solar transmittance of about 55 to 70 percent and a shading

cpefiicient of about 0.70 or less at a thickness of aboyt ©,223 inches.

13. The float glass composition as in claim 12 wherein the glass
has a solar transmittance of about 63 to 67 percent and a shading

coefficient of about .65 or less at a thickness of about 0.223 inches.

14, The float glass composition as in claim 1 wherein the ¢olor
of the glass is characterized by a dominant wavelength in the range of

sbout 487 10 489 nanometers.

15. The float glass composition as in claim 1 wherein the color
of the glass is characterized by an excitation putity of about 3to B
percent at at least one thickness ranging from about 0.071 10 0.126
inches, an excitation purity of about & to 12 percent at at least one
thickness ranging from about 0.126 to 0.189 inches, and an excitation
purity of about 10 to 18 percent at at least one thickness ranging from
about 0.189 to 0.315 inches,

AMENDED SHEET
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16. An automobile windshield made from at least one glass sheet

of claim 1.

5 17. The glass sheet as in claim 16 wherein the sheet has a

thickness between 1.8 to 10 mim,

18. A sheet blue colored, infrared and ultraviolet radiation

gbsorbing float glass composition having a base glass portion comprising:

10 8io, about 86 to 75 percent by weight
Na,0 about 10 to 20 percent by weight
Cal about B to 15 percent by weight
MgQ 0 to about 5 percent by weight
Al,0, 0 to about 5 percent by weight

15 K0 0 to about 5 percent by weight

and a solar radiation absorbing and colorant portion consisting essentially

of;

total iron about 0.40 to 1.0 percent by weight
Col about 4 to 40 PPM

20 5n0Q, 0 to about 2.0 percent by weight
Ce0, C 1o sbout 1.0 percent by weight
Tio, Q to about 0.5 percent by weight
Zn0 0 to about 0.5 percent by weight
Nd,0, 0 to about 0.5 percent by weight

25 MnQ, 0 to about 0.1 percent by weight
MoQ, 0 to about 100 PPM
Cr,0, 0 to about 100 PPM,
V,0;- 0 to about 400 PPM

AMENDED SHEET
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NiO 0 to about 10 PPM

Se Q to about 3 PPM
the glass having a redox greater than 0.35 up to about 0.80, a luminous
transmittance of at least 55 percent, and a coler characterized by a
dominant wavelength of 435 1o 488 napometers and an excitation purity

of about 3 to 18 percent.

19. The float glass composition es in claim 18 wherein the color
of the glass is characterized by a dominant wavelangth in the range of
about 487 to 489 nanometers and an excitation purity of about 3 to 8
percent at at least one thickness in the range from about 0.071 10 0.126
inches, an excitation purity of about 5 10 12 percent at at least che
thickness in the range from about 0.126 to 0.189 inches, and an
excitation purity of about >10 to 18 percent at at least one thickness in the
range from about 0.18% to 0.315 inches.

20. A sheet blue colored, infrared and ultraviclet radiation

absarbing float glass composition having a base glass partion comprising:

8i0, about 66 to 75 percent by weight
Na,0 about 10 10 20 percent by weight
Ca0 about £ to 15 percent by weight
‘MgO 0 to about 5 percent by weight
ALO, 0 to about B percent by weight
K,0 0 to about 5 percent by weight

and a solar rediation sbsorbing and colarant portion consisting essentially
of:

total iron  about 0.40 to 1.0 percent by weight

Co0 about 4 to 40 PPM

AMENDED SHEET
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Cr,0,4 0 to about 100 PPM,
the glass having a redox of greater than 0.35 up to about 0.60, a

luminous transmittance of at least 85% at a thickness af about 0.154

_inches, and a color characterized by & dominant waveiength of about 485

10 492 nanometers and an excitation purity of about 3 10 18 percent.

21. The fioat glass composition as in claim 20 wherein the total
iron concentration is fram about 0.50 to 0.76 weight percent, the Co0
concentration is from about 4 to 20 PPM, and the recox is from sbout
0.36 to 0.50, and the color of the glass is characterized by a dominant
wavelength in the range of about 487 to 489 nanometers and an
excitation purity of about 3 to 8 percent at at least one thickness ranging
fromn about 0.071 to 0.126 inches, an excitation purity of about 5to 12
percent at at least one thickness ranging from about 0.12610 0,189
inches, and an excitation purity of about 1C to 18 percent at at least cne

thickness raﬁging from about 0.188 16 0.315 inches.

22. The float glass composition as in claim 21 wherein the glass
has a iotal solar ultraviolet transmittance of about B0 percent or l2ss, a
total solar infrared transmittance of about 35 percent or less and 2 total
solar energy transmittance of about 55 percent or less at a thicknese of
about 0.154 inches.

23. A sheet blue colored, infrared and ultraviolet radiation

absorbing float glass composition having a base glass portion comprising:

SiQ, about 66 to 75 percent by weight

Na,0 about 10 to 20 percent by weight

Cal about 5 to 15 percent by weight
AMENDED SHEET

IPEAEP




25

L1 oLnr LSkl

- 96 -

Mgl 0 to about b percent by weight
Al O, 0 to about b percent by weight
K.,C 0 to about 5 percent by weight
and 2 solar radiation abserbing and celorant portion consisting essentially
of
total iron about 0.40 to 1.0 percent by weight
CoQ about 4 to 40 PPM
5n0, 0 to about 2.0 percent by weight
Cel, Qto ébout 1.0 percent by weight
TiO, 0 to about 0.5 percent by weight
Zn0 0 10 about 0.5 percent by weight
Nd,O, 0 to about 0.5 percent by weight
MnQ, D 10 about 0.1 percent by weight
MoQ, 0 to about 100 PPM
cr.0 0 'to about 100 PPM,
V,0; 0 to about 400 PPM
NiO 0 to about 10 PPM
Se 0 to about 3 FPM

the glass having a redeox of greater than 0.35 up t¢ about 0.60, a
lumincus transmittance of at least 65% at a thickness of about 0.154
inches, and a color characterized by a dominant wavelength of about 485

10 492 nanometers and an excitation purity of about 3 to 18 percem.‘

24. The float glass composition as in claim 23 wherein the color
of the glass is characterized by a dominant wavelength in the range of
about 487 to 489 nanometers end an excitation purlty of about Sto 8
percent at at least one thickness ranging from abiout 0.071 t0 0.126

inches, an excitation purity of about 5 to 12 petcent at at least one

AMENDED SHEET
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thickness ranging from about 0.126 to 0.189 inches, and an excitation
purity of about 10 to 18 percent at at least one thickness ranging from
about 0.18%9 to 0.315 inches.

L] 25. A sheet blue colared, infrared and ultraviolet radiation

absorbing float glass composition having a base glass portion comprising:

810, about 86 to 75 percent by weight
Nz,0 about 10 to 20 percent by weight
Cca0 about 5 to 15 percent by weight
10 MgO 0 1o about b percent by weight
A1LO, 0 to about § percent by weight
K,O O to sbout B percent by weight
and a solar radiation absorbing and colorant portion consisting essentially
of:
15 total iron  about 0.50 to 0.60 percent by weight
Col about 4 to0 12 PPM
Cr,0, 0 to about 100 PPM
TiO, 0 o about 0.50 percent by weight,

the glass having a redox of about 0.45 to 0.50, a luminous transmittance
20 of at least 70 % at a thickness of about 0.154 inches, and a color
characterized by a dominant wavelength of about 487 to 489 nanometers

and an excitation purity of about 7 1o 10 percent.

26. The float glass composition as in claim 25 wherein the glass
25 hasa total solar Ultraviolet transmittance of aboﬁt 60 percent or less, a
total solar infrared transmittance of about 30 percent or less and & total
solar energy transmittance of about 50 percent or less at & thickness of
about 0.154 inches.
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27. The float glass composition as in any of the claims 1 - 26 which includes
melting and refining aids.

28. The float glass composition as in any of the claims 1 - 27 which includes
up to about 0.3 wt. S0, from the addition of sulfur to the batch material of a soda-
lime glass.

29. The fioat glass composition as in any of the claims 1 - 28 in the fom of a
sheet wherein the glass of the sheet has SnQ, concentration ranging from about
0.05 to 2 wt. % in the first 25 microns below the surface of the glass sheet.

30. The float glass compasition as in any of the claims 1-7,8-17,20 - 22
having an additional component of the composition selected from 25 to 100 PPM
C,,0, and O to about 400 PPM V,0, where when V,0, is present it replaces

C,,0, on the basis of about 400 PPM V,0,for 100 PPM C,0, (pg 18 lines 18-
23).

Dated this 6th day of March 2000

PPG INDUSTRIES OHIO, INC.
By their Patent Attorneys
COLLISON & CO
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