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SODA LIME SILICA GLASS WITH HIGH VISIBLE LIGHT TRANSMITTANCE

BACKGROUND OF THE INVENTION

Field of the Invention

i8881] The present invention describes a soda-lime-silica glass with a high visible light
transmittance, mainly for its use in the architectural industry in any presentation (for interiors,
exteriors and glazing, with or without coating), but is not to limited to other applications such as
the awtomotive industry or appliance, which has a visible light transmittance of at least 89%,
dominant wavelength (DW) from about 490 to 505 nanometers and purity (Pe) of no more than

1% for control thickness of 5.66 mm.

Description of Related Art

{8062} Clear glass has great importance in the architectural industry, due to its main
characteristics, such as its high purity, and high-fidelity to the colors seen through the glass. Tt is
commonly used in furniture, store windows, exteriors and interiors, Even when thick glass is used,
it retains its high visible light transmittance.

{6803] A clear glass with a high visible light transmittance is desired in order to achieve a more
accurate appearance of the obiects seen through the glass, at lower cost than current conmmercial
glasses.

18004) Clear glass composition can be made in various ways. In certain circumstances, clear
glass is made by using raw materials with low iron oxide. Some glasses use tin oxide, sodium
nitrate and/or cerium oxide as reducing or oxidizing agents to achieve the particular redox ratio,
and cobalt and chromium as colorants. Other clear glasses have no sodium sulfate in the batch
composition to avoid the formation of polysulfide and their yellowish coloration, and others use
cerium oxide as decolorizer.

{80651 Dolomite is an anhydrous carbonate mineral composed of calcium magnesium
carbonate. This mineral crystallizes in a trigonal-rhombohedral system, forming colored crystals.
In solid form, iron-dominant ankerite and manganese-dominant kutnohorite can exist, where smail

amount iron in the structure creates a yellow to brown tint in the crystal.
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[0866]  Iron can be found in glass (silica-sodium-calcium) in two different oxidation states: Fe?*,
as ferrous oxide (Fe(O) and Fe®*, as ferric oxide (Fe20s). Each ion confers different properties. The
ferrous ion has a broad and strong absorption band centered at 1050 nm, which translates into a
decrease in infrared radiation. In addition, this band extends to the visible region decreasing the
transmission of light and imparting a bluish coloration on the glass. The ferric ion has a strong
absorption band located in the ultraviclet region, which avoids its transmission through the glass
and, in addition, it has two weak bands in the visible region located between 420 and 440 nm,
which cause a slight decrease in light transmission and a yellowish coloration in the glass.

{0867] The balance between ferrous and ferric oxide has a direct effect on the characteristics of

the color and transmiitance of the glass.

. . ¥et {as wt.% FeQ
Tron Redox Ratio = —— ( e )
Total Fe {as wt. % rezOg)

iB088] The term iron redox ratio means the amount of iron in the ferrous state (expressed as
Fe(d) divided by the amount of total iron {(expressed as FeyO3). This means that the greater the
amount of ferric ion (Fe®*) presented in the glass, the greater the absorption of ultraviolet radiation
and the transmission of light will increase; as well as the yellowish hue; but, if the content of the
ferrous ion (Fe?') increases as a result of the chemical reduction of FexOs, the absorption of the
infrared radiation will increase, but the uliraviolet radiation will decrease as well as the light
transmission.

Fe¥* (Yellow) Fe™ (Blue) [ Yellow + Blue = Green]

2Fer(;  E—mmy 4Fe0+ ()

[80¢9] The variation of the concentration of Fe(Q in relation to Fe)(s, gives rise to a change of
color in the glass. The displacement of the color can be modified from yellow through green, and
blue until reaching amber. From blue, the amber coloration in the glass is given by the formation
of iron polysulfide under high redox conditions. The color changes in the following way (according
to experimental resulis):

Yellow - Low redox (0.12) - High light transmission (High ferric ion)

Yellow - Green (0.16)

Green - Yellowish (0.20)

Green (0.25 typical green glass value)

Bluish Green (0.29)

Greenish Blue (0.35)
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Blue (0.50)
Olive Green (0.60)
Champagne (0.65)
Amber - High redox (0.75) - Low light transmission (low ferric ion)
i8818} In order to control the balance between ferrous oxide and ferric oxide, it is necessary to
establish the batch conditions and melting atmosphere. For the first case, the concentration of
reducing agents, such as carbon and tin oxide, and oxidizing agents, such as sodium sulfate, is
adjusted. Regarding melting conditions, it is necessary to adjust the furnace atmosphere with
varying oxygen excess and adjusting the flame alignment during combustion; depending on the
thermal performance and the desired glass hue.
[8011] Sodiom sulfate (NaxSO4) is added as a raw roaterial to the batch. It is used principally as
an agent for bubble elimination as a high teroperature refining agent, promotes mass transpott,
dissolves free silica at the surface of the glass and lessens the number of solid inclusions.
{6012] On the other hand, the sodium sulfate has oxidizing properties, which is the reason why
small amounts of carbon are usually added to the mixture in order to prevent unwanted oxidation
and at the same time lower the termperature of reaction.
{80137 During the manufacture of the glass, the NaSO4, which is the main contributor of sulfur
in the glass, is converted into SOs, which controls the conversion of the FeyGs into FeO. However,
the 80; present in the final glass does not affect the ability of the glass to transmit visible light.
The amount of 8Os dissolved in the glass decreases if it bas:
1. A lower guantity (proportionally) of sodium sulfate.
2. Greater melting properties
3. Greater melting times,
4. A furnace environment that has greater oxidation action.
5. Greater reduction of iron to ferrous oxide (greater Fe®*; lesser Fe*) arriving at a
minimum of 70-75% of the Fe*",
{8014} Therefore, the quantity and effects of the 8Os in the glass batch must be balanced in
accordance with the amount of carbon present in the glass batch.
{8015} Furthermore, it is common knowledge that SO; in the glass batch must be within certain
critical quantities due to lower amounts of SO; in the glass batch will affect the refining properties,

i.e. the ability to eliminate bubbles in the melting furnace.
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i3016] The first reducing agent is tin oxide (Sn02) as mentioned by D. Benne ef ¢/, in the paper,
“The effect of alumina on the Sn?7/Sn*" redox equilibrium and the incorporation of tin in
NazO/ALz03/810: melts” Journal of Non-Crystalline Solids. 337, 2004, 232-240. The tin in contact
with the melted glass diffuses into the glass in the oxidized form, and also has an interaction with
other polyvalent elements such as iron or chromium, which at high temperature, tin is presented in
the reduced state Sn®*, and an oxidized state, Sn*', finding them in the equilibrium with the
dissolved oxygen of the melt,
Sntt+ OF e ST Oy

18017} The previous mentioned is related to the capacity of the tin to transfer 2 electrons to the
iron, The reaction occurs at initially when the tin is beated during the glass melting and is reduced:

Sty St 2e
[6618] Then the ion 8" + 2¢ during the cooling phase reduce two ferric iron Fe®' ions to two
ferrous iron Fe?' jons.

Sn?* + 2Fe* + 2em €I S+ 2Fe?
[861%] Part of the equilibrium of the redox ratio is reached using a reducing material such as
carbon. This material is present as regular coal or low iron graphite and has an interaction between
iron and sulfur. In high quantities carbon interacts with the iron, reducing it to the form Fe?' that
can form iron sulfides, conferring an amber coloration to the glass.
[6028] Titanium oxide also acts as a colorant and when used in combination with Fe0s. The
most stable form of titanium in glasses is tetravalent (Ti*"). Tn the paper M. D. Beals, "Effects of
Titanium Dioxide in Glass”, The glass industry, September 1963, pp 495 - 531, the author
describes the interest that has been shown for titanium dioxide as a constituent of glasses. The
effects produced using titanium dioxide included the comments that Ti(O; greatly increases the
refractive index, increases the absorption of light in the ultraviolet region, and that it lowers the
viscosity and surface tension. From the data on the use of titanium dioxide in enamels, they noted
that TiO2 increased the chemical durability and acted as a flux. Clear glasses containing titanium
dioxide may be found in all the common glass-forming systems (borates, silicates, and
phosphates). The various regions of glass formation for systems containing titanium dioxide are
not grouped in any one place, since the organization of the discussion is based more on the

properties than use of glasses containing titanium dioxide than on their constitution alone.
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{3021} There is literature on colored glass compositions with infrared and ultraviolet radiation
absorbing characteristics. W. A, Weyl in the book “Coloured Glasses, Society of Glass
Technology”, reprinted 1992, describes diverse theories of color in glasses related to the current
views of the structure and constitution of glass. The use of chromium and its compounds for
coloring glasses is described in this book. In the glass industry the chromium is added to the raw
materials to obtain a color emerald green, which is typical of Cr**. The chromium can be present
as C1% or Cr0O4* to obtain a lightly yellow color and as Cr** through which the emerald green is
obtained.

i6822] C. R. Bamford, describes in the book “Colour Generation and Control in Glass, Glass
Science and Technology ”, Fisevier Science Publishing Co., Amsterdam, 1977; the principles, the
methods and applications regarding the coloration of glass. In this book the author considers that
three elements govern the color of the light transmitted by a glass, namely: the color of the incident
light, the interaction of the glass with that light and the mteraction of the transmitted hight with the
eye of the observer. The procedures require the spectral transmission data of the glass at the
relevant glass thickness and the relevant angle of viewing.

{3823} In the paper Gordon F. Brewster, ef af, “The color of tron containing glasses of varying
composition”, Journal of the Society of Glass Technology, New York, USA, April 1950, pp 332 -
406, the author discusses color changes caused by sysiematic composition variations in iron-
containing silicate and silica-free glasses evaluated in terms of visual color, spectral transmission
and chromaticity.

j8024] Other papers also describe the importance of the equilibrium between ferrous and ferric
oxides in glasses such as the one written by N. E. Densemy; “The equilibrium between ferrous and
ferric oxides in glasses”; Journal of the Society of Glass Technology, Glasgow, England, May
1937, pp. 374 - 389; 1. C. Hostetter and H. S. Roberts, “Note on the dissociation of Ferric Oxide
dissolved in glass and its relation to the color of iron-bearing glasses”; Journaf of the American
Ceramic Society, USA, September, 1921, pp. 927 - 938.

{8025 US Pat. No. 4,792,536 (Pecoraro et al.), which is hereby incorporated by reference, is
directed to a blue glass composition that uses reducing conditions to enhance the ferrous state of
iron oxide is presented; having a non-transparent blue tint glass, a composition of at least 0.45 wt.
% iron expressed as FexOs, having at least 35 percent of the iron in the ferrous state expressed as

Fe( and visible light transmittance preferably of at least 70 percent. This patent also discloses low
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iron, and high iron, high redox soda-lime-silica glass compositions made in a multi-stage melting
and vacuum assisted refining operation, or made in a conventional float glass system.

18826] US Pat. No. 6,313,053 (Shelestak), which is hereby incorporated by reference, is
discloses a colorant proportion of iron, cobalt and optionally chromium is used to obtain a glass
with the desired blue color and spectral properties, Fex03 about 0.40 to 1.0 percent, CoO about 4
to 40 ppm, and in some cases Cr203 is present from O to about 100 ppm, with a redox of greater
than 0.35 up to about 0.60, and a light transmittance of at least 55 percent at a thickness of about
0.154 inches, others component included in the composition are SO3 up to sbout 0.3 wi. Y%, Nd20s3
from 0 to about 0.5%, ZnO from 0 to about 0.5%, Se from 0 to about 3 ppm, MnO: from { to about
0.1 wt. %, Ce(3; from 0 to about 1.0 wt. %, TiO, from 0 to about 0.5 wt. % and Sn(; from 0 to
about 2.0 wt, %. This patent also discloses presently available methods for making the glasses,
with limitations, particularly, maintaining the redox ratio of the glasses within a range of 0.02 to
0.06.

{6027] US patent application No. 2007/0213197 Al (Boulos ef al), which is hereby
incorporated by reference, discloses a colored glass composition is proposed with a composition
of the colorants that comprises (.4 10 0.6 wt. % Fex0s, 0.18 t0 0.28 wt. % Fe(, 0.05 10 0.3 wt. %
MnOz, and § to 8 ppm CoO to adjust the aqua blue color, with a dominant wavelength of 489.2
nm +/~ 1.2 nm, a redox ration in a range of about 0.40 to about (.58 is used and a excitation purity
of 7% +/- 1% and an infrared transmittance in the range of 16% to 29% at 4.0 vam thickness.
iB028] US Pat. No. 5,030,594 (Heithoff), which is hereby incorporated by reference, discloses
clear glass with a light transmittance greater than &7 percent is obtained with a blue edge
coloration, fabricated in a multi-stage melting and vacuum-assisted refining system. The
composition for this glass uses a very small amount of iron oxide and a ferrous state of at least 0.4,
sodium sulfate is limited to .05 percent expressed as 8Os, and batch materials are free of limestone
and dolomite and instead aragonite is used.

i882%] US Pat. No. 6,218,323 (Bretschneider ef al.), which is hereby incorporated by reference,
proposes neutral colored glass having colorant portion of 0.1-1 ppm of Co(3, <0.03 wt. % of Fe;Os
and <0.4 of Fe3/ Fex (s, preferably 0.3, a base composition of soda-lime-silica is used, this glass
has a light transmittance (illuminant D 65 according to DIN 67 507) of at least 89% with a

reference thickness of 4 mm.
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i8838] US Pat. No. 6,962,887 (Heithoff), which is hereby incorporated by reference, describes
clear glass with a blue edge coloration fabricated in an oxyfuel, non-vacuum float glass system,
this patent comprising a color portion of Fex(3 0-0.02 wt. CoQ of 0-5 ppm, Nd2G; of 0-01 wit. %,
and CuQ of 0-0.03 wt. % and a retained sulfur of less than or equal to 0.11 wt. % SO3, with a redox
ratio in the range of 0.3 to 0.6, wherein the oxidizing agent comprises at least one of sodium nitrate
and cerium oxide. The resulting glass has a dominant wavelength in the range of 485 nm to 505
nm at 5.5 mm equivalent thickness viewed on edge.

[8631] US Pat. No. 6,548,434 (Nagashima), which is hereby incorporated by reference,
proposes light-colored high transmittance glass, including, as coloring components in weight
percent, less than 0.06% Fex0s, 0.5 to 5 ppm Co0; and 0 to 0.45% Ce(y; wherein the ratio of FeO
in terms of total iron (FexOs) is less than 40%; and wherein the glass has a dominant wavelength
of 470 to 495 nro at thickness of 10 mm for a light blue coloration or a dominant wavelength of
560 to 585 nm for a neutral gray or bronze tint. Also this glass contains 0.05 to 0.25% of 503 and
contain 0.001 to I wt.% of at least one heavy clement oxide from the group of Y, La, Zr, Hi, Nb,
Ta, W, Zn, Ga, Gc and Sn for avoiding the formation of NiS.

{3832} US Pat. No. 8,361,915 (Cid-Aguiiar ef al.), which is hereby incorporated by reference,
proposes clear glass comprising, in weight percentage, from about $.005 to about 0.08% wi. of
ferric oxide, from (.00002 to about 0.0004% wt. of Se, from about 0.00003 to about 0.0010% wt.
of CoO from 0 to about 8.01% wi. of CuQ, from about 0 to gbout (.6 of Ce(y, from 0.02 to about
1.0 of Ti(3;, and from sbout 0 o about 2 of NaN(s, the clear glass having & visible light
transmittance of at least 87%,; a ultraviolet radiation transmittance less than 85%; and a solar direct
transmittance of no more than 90%.

[6033] US Pat. No. 8,962,503 (Nagai ef al), which is hercby incorporated by reference,
proposes a colored glass plate, wherein the percentage of the total sulfur calculated as SOs is 0.025-
0.065%, a total iron calcuiated as Feo(03 from 0.001 to 5.0% and a total tin calcuiated as Sn(O; from
0.001 to 5.0%, whereby transmitted light has a blue or green color.

[8634] US Pat. No. 10,011,521 B2 (Nagai ef al.), which is hereby incorporated by reference,
describes colored glass using Fex(O: as a principal colorant which provides a blue or green
transmitted light in the proportion of 0.001 to 5.0% calculated as total iron Feo(3s, the principal use
of 8Cs is to be as a refining agent in the melting glass, in the proportion of total sulfur from 0.005

to less than 0.025% for a thickness of 4 mmy; the use of SnO» in this glass is to be a buffering agent
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for the oxidation-reduction reaction of iron and sulfur, in the proportion of total tin from 0.001 o
5.0%. The glasses of this patent have a solar transmittance T. at most 65%, a lght transmittance
Ty (by illuminant A, 2° visual field) at least 60%, for a 4 mm thickness glass, as defined in JIS
R3106 (1998).

{8835] It would be advantageous to provide a soda-lime-silica glass with high visible light
transmittance. Further, it would be advantageous to provide methods for making low iron soda-
lime-silica glasses that can be used regardless of the type of heating system or furnace used to melt

the glass batch materials and to eliminate the limitations associated with the same.

SUMMARY OF THE INVENTION
{8036} According to the present invention, there is provided a glass or a glass sheet having a
soda-lime-silica glass composition with a high visible light transmittance (Luc) of at least 89%;
with a dominant wavelength (DW) from about 490 to 505 nanometers and purity (Pe} of no more
than 1% for control thickness of 5.66 mm. The glass composition comprising from 0.02 to 0.06
wi. % of total iron oxide (Fex03); from 0.006 to 0.02 wt. % of FeO (ferrous), from about .30 to
0.55 of redox (FeO/Fex03); from about (.3 to 10 ppr of Cra0;; from about 50 to 500 ppm of Ti0y;
from about 10 to 500 ppm of SnO7; and a critical amount from about 0.10 to0 0.25 wi. % of SOs.
{80377 The main objective in the present invention is to offer a clear glass composition with
high visible light transmittance.
{8038} Another objective of the present inveuntion is to offer a low-cost clear glass. This can be
achieved by using low iron raw materials, sach as low iron dolomite, and a mixtore of clear and
fow tron cullet to accomplish the proper balance of colorants concentrations such as Cry0s, TiO»
and Fea(s. Another option to achieve the desired properties is by using a partial substitution of
low iron raw materials by regular raw materials except for low iron dolomite, the colorant
concentrations such as CrQs, TiG: and FexO3 can be achieve by the use of regular sand in which
these oxides are present as impurities.
i303%8] Further non-limiting embodiments or aspects are set forth and described in the following
clauses.
i3048] Claose I: A clear glass having a soda-lime-silica glass composition comprising: total
iron oxide {Fex(3) of 0.02 to 0.06 wt. %;, ferrous {(Fe() from 0.006 to 0.02 wt. %; redox
(FeQ/Fey(s) from about .30 to 0.55 wt. %; Crz(3 from about 0.3 to 10 ppm; Ti0; from about 50
to 500 ppim; SnO; from about 10 to 500 ppm; and 8O3 from about (.10 to 0.25 wt. %.
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i8841] Clause 2: The clear glass as in clause 1 wherein the low content of iron oxide is achieved
by the partial substitution of regular raw material by low iron raw materials, and/or with a complete
substitution of regular dolomite by a low iron dolomite, the low iron dolomite having a maximum
iron oxide concentration of 0.020 wt. %,

{0842] Clause 3: The clear glass as in clause 1 or 2 having a visible light transmittance (L) of
at least 89%, with a dominant wavelength (DW) from about 490 to 505 nanometers and purity (Pe)
of no more than 1%, wherein the glass has a thickness in the range of 2 to 19 mm.

{8043} Clause 4: The clear glass as in any of the clauses 1 to 3 wherein the clear glass has a
visible light transmittance (Luc) of at least 89%, with g dominant wavelength (DW) from about
490 to 305 nanometers and purity (Pe) of no more than 1% when the glass has a control thickness
of about 5.6 ram and not greater than 25 mm.

{6844] Clause 5: The clear glass as in any of clauses 1 {0 4, wherein the glass has a thickness
between 1.0 mam fo 25 mum, preferably between 2.0 myu to 19 wom, more preferably between 2.0
mwm to 10 mm, most preferably between 2.0 mm to 6.0 mm,

[8845] Clause 6: The clear glass as in any of the clauses 1 to 5, wherein the glass is a flat glass
sheet,

[8046] Clause 7: A method of making a clear glass using a conventional float non-vacuum glass
system, the method comprising: providing a glass batch wherein the glass batch comprises low
iron dolomite in the range of 5§ to 20 wi. %, and wherein the low iron dolomite comprises a
maximum total iron content expressed as FexGs of 0.030 wi. %, preferably a maximum total iron
of .025 wt. %, more preferably a maximom total iron of 0.022 wt. %, most preferably a maximum
total iron of 0.020 wt. %; meliing the glass batch to provide molten glass; flowing the molten glass
onio a molten tin bath; moving the molten glass on the surface of the molten tin bath while
controliably cooling the glass molten and applying forces to the glass molten to provide a glass of
a desired thickness and a desired width; and removing the glass from the molten tin bath.

{8047} Clauose 8: The method of clause 7, wherein the melting step occurs in a furnace having
combustion wherein the furnace is an air-fueled furnace or an oxy-fueled furnace, and wherein the
combustion controls the redox in the glass (FeOQ/Fex(s} from about .30 to .55 wi. %.

[8048] Clause 9: The method of clauses 7 or &, wherein the method additionally comprises
mixing the low iron dolomite with cullet, sand, soda ash, limestone, , salt cake, coal or graphite,

or a combination thereof.
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Clause 10: The method of any of clauses 7 to 9, wherein the low iron dolomite additionally
comprises calcium oxide and magnesium oxide.

18849} Clause 11: The method of any of clauses 7 to 10, wherein the redox is controlled by
reducing agents such as carbon and tin oxide, and oxidizing agents, such as sodium sulfate.

180508} Clause 12: The method of any of clauses 7 to 11 wherein the clear glass comprises:

Si0y 68 to 75 wt.%
Ab(s Oto5 wt%
Na;O 10 to 18 wt.%
K20 Gtos wi%
CalO Sto 15 wi%
MgO 2t0 10 wt. %
Total iron oxide (Fe(3) 0.02 10 0.06 wt.%
Ferrous (FeQ) 0.006 10 0.02 wt.%
Redox (FeO/Fe03) 0.30 t0 0.55 wt.%
Cra( 0.3 to 10 ppm
TiO 50 to 500 ppm.
Suz 10 to 500 ppmy;
SO 0.10 10 0.25 wt. %.

the clear glass sheet having a visible light transmittance (L) of at least 89%, with a dominant
wavelength (DW) from about 490 to 505 nanometers and purity {Pe) of no more than 1%, wherein
the glass has a thickness from 2 to 19 mm.

{8051} Clawuse 13: The method of any of clauses 7 to 12 wherein the low iron dolomite contains
a maximum of 0.020 wt, % total iron expressed as Fex0Os,

{8852] Clause 14: The method of any of clauses 7 to 13 further comprising adjusting the oxygen
or air in the furnace to produce the glass having a redox (FeQ/Fez05) of 0.30 to 0.55.

{6653] Clause 15: The method of any of clauses 7 to 14, wherein said low iron dolomite further
comprises 3 10 15 wi. % Ca0 and 2 to 10 wi. % of MgO.

{6854] Clause 16: The method of any of the clauses 7 to 15 wherein the method of making the

glass is changed from one of the glass baich portions to the other one of the glass bath portions by

10
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altering the weight percent of the tin and/or tin containing compounds to alter the weight percent
of the total iron within the range specified for the glass baich portion being changed.

18855} Clause 17: The method of any of clauses 7 to 16, wherein the glass batch further
comprises a low tron raw material selected from the group consisting of low iron sand, low iron
caleite, low iron cullet, low iron graphite and a combination thereof,

{8056} Clause 18: The method of any of clauses 7to 17, wherein the method further comprises
use of carbon and tin oxide as reducing agents.

{86577  Clause 19: The method of any of clauses 7 to 18, wherein the method further comprises
use of sodium sulfate as an oxidizing agent.

[8058] Clause 20: A method of forming clear glass using a conventional float non-vacuum glass
system, the method comprising: providing a glass batch; melting the glass to provide a pool of
molien glass; flowing the molten glass onto a rwolten tin bath; moving the molien glass on the
surface of the molten tin bath while controllably cooling the glass and applying forces to the glass
to provide a glass of a desired thickness and a desired width; and removing the glass from the

molten tin bath wherein the glass is formed using raw materials alone or in combination in the

amounts:

Material Range Preferred Range | More Preferred Most Preferred
Range Range

Cullet Gto 15wt % 510 30 wi. % 5t0 20 wi % Sto 15wt %
Sand max 65 wi. % max 60 wt. % max 55 wit. % m ax 50 wt. %
Low Iron 510 20 wt. % Rito 19 wt. % gto I8 wt. % 9t 17 wt. %
Dolomite
Salt Cake 0210 1.0wt.% i 031w 08wt % | 03t 075wt.% | 0.35t00.60wt. %
Soda Ash 131023 wt. % 14 t0 20 wi. % 16t 19 wi. % 17.1t0 IB3 Wi %
Calcite or {.0t0o 12wt % 210 10wt % 2t09wt. % 20t085wt. %
Limestone

i305%] Claose 21: The method of clause 20, wherein the composition comprises sand with a
maximuim FexGs content of 0.010%, calcite with a maxinmmum FeyOs of 0.010%, low iron graphite
with a maximum of 0.010% Fex(s or cullet with a maximum FexOs content of 0.010%.

[8068F Clause 22: The method of any of clauses 20 or 21, wherein the glass comprises 8i0; in
the range of 68 to 75 wt. %, preferably 70 to 74 wt. %, more preferably 7ito 74 wt. %, most

preferably 72 to 74 wt. %.

11
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i8861] Clause 23: The method of any of clauses 20 to 22, wherein the glass has a redox
(Fe/Fer(33) ratio in the range of 0.25 to 0.55, preferably 0.27 to 0.48, more preferably 0.30 to
0.47, most preferably 0.35 to 0.46.

[8062] Clause 24: The method of any of clauses 20 to 23, wherein the glass has Na;O in the
range of 10 to 15 wi. %, preferably 12 to 14 wt. %, more preferably 13 to 14 wt. %, most preferably
13.8t0 14.0 wt.%.

18863] Clause 25: The method of any of clauses 20 to 24, wherein the glass comprises SOs3 in
the range of 0.1 to 0.3 wt. %, preferably 0.15 to 0.25 wt. %, more preferably 0.17 10 0.22 wt. %,
most preferably 0,18 to 0.21 wt. %.

[8064] Clause 26: The clear glass of any of clauses 1 to 6, wherein the glass has a color a* in
the range of 1.0 1o -1.0, preferably 0.0 o -0.8, more preferably 0.0 to -0.5, most preferably 0.0 to
-0.4, and b* in the range of 1 to -1, preferably 0.5 to -0.5, more preferably 0.3 to ~0.2, most
preferably 0.2 to ~0.1.

{8065] Clause 27: The method of any of clauses 20 to 25, wherein the glass has a color a* in the
range of 1.0 to - 1.0, preferably 0.0 to -0.8, more preferably 0.0 to -0.5, most preferably 0.0 to -0.4,
and b* in the range of 1 to -1, preferably 0.5 t0 -0.5, more preferably 6.3 to -0.2, most preferably
0.2 to -0.1.

i8866] Clause 28: A glass comprising

Weight Percentage
It 6510 75
NaxO 101020
K20 Otop 0.5
Ca( 5t 15
Mg(3 Oto5
AbO; 0tod
50; 010 0.5
FexOs 0.02 10 0.07
FeO 0.005 10 0.03
Redox (FeO/FexOsy | 0210 0.6

[8867] Clause 29: A glass comprising

12
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Weight Percentage

8102 701075

Nay (O 13015

K0 Otop 0.4

Cal} 8to 11

MgO 2te5

Abs 80516 0.5

803 0.1t 03

Fex(Os 0.02100.06

FeO 0.005 10 0.02

Redox (Fel)/Fe20s) | 0.20 10 0.60

18068 Clause 30: A glass comprising

Weight Percentage

Si0; 72510 73.5

Na:O 13.510 14.5

K20 Otop 0.3

Ca0 8.5 10 10.5

MgO 251045

AbO; 0.05 10 0.45

SO; 01516 0.25

Fex03 0.020 t0 0.055

FeO 0.008 to0 0.020

Redox (FeO/Fex03) | 0.25t0 0.50

i3068] Clanse 31: A glass comprising

Weight Percentage

Sih 72.41073.2

NazO 13.810 14.0

K70 Otop 0.2
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Cal 8.7 10 10.2
MgO 3t04.1

Al 0.08 10 0.39
80 0.1510 0.21
Fea(s 0.021 10 0.053
FeO 0.008 t0 0.017
Redox (Fel)/Fex0s) | 03010 0.46

10878] Clause 32: The glass according any of clauses 28 to 31 further comprising 50 to 500 ppm
of Ti0:z, preferably 75 to 450 ppm of TiO2, more preferably 90 to 400 ppm, most preferably 100
to 390 ppm of TiO,.

[6671] Clause 33: The glass according to any of the clauses 28 to 32 further comprising 0.1 to
7 ppro of CrnOs, preferably 0.3 to 6 ppm of CrnOs, more preferably 0.5 to 5.7 ppm of T3, most
preferably 0.6 to 5.6 ppm of CrOa.

16672] Clause 34: The glass according to any of the clauses 28 to 33 further comprising 25 to
5060 ppm of SnOq, preferably 35 to 450 ppm of SnO:, more preferably 40 to 420 ppro So0s, most
preferably 47 to 414 ppm of Sn0s.

{8073} Clause 35: The glass according to any of the clauses 28 to 34 further comprising a
fominous transmittance (L) of at least 85%, preferably at least 88%, more preferably at least 89%,
most preferably at least 89.9%; an ultraviolet transmittance (Tw) of less than 90%, preferably less
than 88%, more preferably less than 86%, most preferably less than 85.4%; an infrared
transmittance {Ti) of less than 90%, preferably less than 88%, more preferably less than 86%,
most preferably less than 85.2%; a total solar energy fransmittance (TSET) at most 92%, preferably
at most 90%, more preferably at most 89%, most preferably at most 88.7%; a lightness value (L*)
of 80 to 99; preferably 92 to 98; more preferably 95 to 97; most preferably 96 to 9666.3 ; an a*
color channel in the range of 1 to -2, preferably 0.5 to -1.5, more preferably 0 to -1, most preferably
-0.4 to -1.0; and a b* color channel of in the range of 1 to -1, preferably 0.5 to -0.5, more preferably
0.3 to -0.2, most preferably 0.2 to -0.1; a dominant wavelength of 470 to 525 nm, preferably 475
to 520 nm, more preferably 480 to 515 nm, most preferably 490 to 505 nm; and a purity (Pe) of
no more than 2%, preferably not more than 1%, more preferably not more than 6%, most

preferably not more than 0.5%.
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i8874] Claose 36: A method of forming clear glass comprising mixing raw materials, wherein
the raw materials comprise cullet, sand, soda ash, salt cake, limestone and dolomite, wherein the

dolomite comprises:

Range Preferred Range More Preferred Most Preferrad
Range Range

Si0: Oto5 Oto 2 gltol ¢.ltol.0
Nax0O Gtod Gto 0.5 0100.2 0.1
Cal 251040 301035 31033 3110326
MgO 15t030 15t0 25 20 t0 22 20010211
AbCs Oto1d 01005 Oto 0.1 0
50; 0wl 0t0 0.5 Oto 01 0
Fe:03 01001 010 0.05 0to 0.02 0.01 t00.02

melting the raw materials to form molten glass; flowing the molten glass onto a molten tin bath;
moving the molten glass on the surface of the molten tin bath while controilably cooling the molien
glass and applying forces to the molten glass to form a glass of a desired thickness and a desired
width; and removing the glass from the molten bath.

[8¢75F Clause 37: The method of clause 36, wherein the raw materials are present in the

following amounis:

Material Range Preferred Range More Preferred Most Preferred
Range Range
Cullet Ot 15wt % 5t030wt. % 510 20 wt. % 5015wt %
Sand max 65 wit. % max 60 wt. % mex 55 wt. % m ax 50 wt. %
Dolomite 5t0 20 wt. % 8o 19 wt. % 9to 18 wt. % 9to0 17 wt. %

Salt Calke 02101 0wt.% | 031008wt.% | 0310075 wt. % 0.35 t0 0.60 wt. %

Soda Ash 131023 wt. % 14 t0 20 wt. % 16t0 19 wt. % 17.1t0 185 wi. %

Limestone 1.01t0 12 wt. % 2t0 10wt % 2109wt % 2.01t0 8.5 wt. %

[8076] Clause 38: The method of any of clauses 36 or 37, wherein the sand comprises:

Range {wt. %) Preferred Range Mare preferred Most preferred
{wt. %) range {wt. %) range {wt. %)
SiO; 95 t0 1060 99 t0 160 99.01099.8 99.11¢98.7
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Nax0 Otol 0t 0.5 0t00.1 0
Ca@ Otol5 010 0.25 Jto0.2 0.1t 0.2
MgQC gtol 0t 0.5 0to 0.1 0
AbOs gtol 3251005 3.31t00.5 0.4
50: Otol 0to05 0to 0.1 0
Fey(s Jtol Gto 0.1 G310 0.05 0.01t00.04
{80777 Clause 39: The method of any of clauses 36 to 38, wherein the salt cake comprises:
Range {wt. %) Preferred Range More preferred Most preferred
{wt. %) range {(wt, %} range {(wt, %)
S0, Otol Jtod5 Gtol.1 0.1
Na:;O 501075 5510 60 58t0 59 58.6
Cal Otol Oto D5 Oto0.1 o
Mg gtol 0t 0.5 0tc 0.1 0
ALGs Stol Btwd5 o0l Y
50 gtol 0t 0.5 gto 0.1 0
Fea0s Jtol Ot i3 Jto 0.1 G
[8078] Clause 40: The method of any of clauses 36 to 38, wherein the cullet comprises:
Range {wt. %) Preferred Range Maore preferred Most preferred
{wt. %} range {wt, %) range {wt, %)
510, 65t0 75 70t0 75 72t073 72610731
Na;C 10to 20 13to 15 13.5t0 14.5 13.8 10 14.0
Cal 5to 15 8to 1l 8510105 8710 10.3
MgO Oto5s 2105 25t04.5 281041
AbOs dtob Gtol Gtods 0.1t00.4
50 gtol 0t0 0.5 0.1100.3 0.2
Fey(s Jtol Gto 05 Ot 0.1 0.01t00.06
i887%] Clause 41: The method of any of clauses 36 to 40, wherein the limestone comprises:

Range {wt. %)

Preferrad Range

{wt. %)

More prefarred

range {wt. %}

Maost preferred

range (wt. %)
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Si0: Jto s Otol 0t0 0.7 .1t0 06
Na,0 Oto1l 0to 0.5 01001 0
Cal 40 to 65 50 to 60 53t0 55 53.0t054.6
MgO 10 1o 30 151025 201022 20010211
AlOs Otol 0t 0.5 0to0.1 0
SOs Qo l 0to 0.5 Gto (.1 &
Fea03 Oto 0.5 Oto 0.25 001 t00.12 max of .01
{8088} Clause 42 The method of any of clauses 36 to 41, wherein the soda ash comprises:
Range (wt. %) Preferred Range | More preferred Most preferred
(wt. %) range (wt. %) range {wt. %)
Si0, Otol 0to 0.5 0to 0.1 0
Na:O 40 10 70 50 to 65 55t0 60 58 to 39
Ca J1ol $100.5 J1o (.1 {
MgO Otol 01005 Jto 0.1 0
ALG; Jiol 0to 0.5 Gto (.1 il
SOs Qtol 0to 0.5 0 to 0.1 ¢
Fe,On gtol 0to 0.5 0to0.1 0
[6081]F Clause 43: The method of any of clauses 36 to 42 wherein the raw materials further

comprise coal or graphite.

[6082]

0.3 wt.%; preferably .02 t0 0.2 wt.%; more preferably 0.03 to 0.1 wt. %; most preferably 0.04 to

0.08 wt.%.
8833}

Clause 44: The method of clause 43 wherein the coal or graphite is in a range o 0.01 to

Clause 44: The method of clause 43 or 44 wherein the coal or graphite comprises

Range (wt. %)

Preferred Range

More preferred

Most preferred

{wt. %} range {wt. %) range {wt. %}
8i0;, Oto 1 0to 0.5 0t0 0.1 0
Na,O O0tol 0to 0.5 0to 0.1 0
CaO Otol 010 0.5 0to 0.1 0
MgO Otwol 0to 0.5 0to 0.1 0
ALGs Gio 1 Gto 0.5 Gto 0.1 8
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SO Otol 0to 0.5 0to Q.1 0
Fey(Os gtos Oto2 gtol.5 max of .01

BRIEF DESCRIPTION OF THE DRAWING(S)
{0084} Figs. 1A and 1B are a horizontal section of a glass melting furmace that can be used in
the practice of the invention; Fig. 1A is the melting section of the furnace, and Fig. 1B is the
refining and homogenizing section of the furnace.
{0885] Fig. 2 is a vertical section of the melting section shown in Fig. 1A
[0086] Fig. 3 is an elevated side view partially in cross section of a glass melting and refining
apparatus that can be used in the practice of the invention.

{8087} Fig. 4 is a fragmented side view of a glass ribbon supported on a molten tin bath.

DESCRIPTION OF THE INVENTION

{8088} As used in the following discussion, unless otherwise indicated, all numbers expressing
dimensions, and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “sbout”. Accordingly, unless indicated to the contrary, the
numerical values set forth in the following specification and claims can vary depending upon the
desired properties sought to be obtained by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques. Moreover, all ranges disclosed herein are to
be understood to include the beginning and ending range values and to encompass any and all
subranges subsumed therein. For example, a stated range of “1 to 10” should be considered to
include any and all subranges between (and inclusive of) the minimum value of 1 and the
maximum value of 10; that is, all subranges beginning with a minimum value of 1 or more and
ending with a maximum value of 10 or less, e.g., 5.5 to 10. Additionally, all docursents, such as
but not limited to issued patents and patent applications, referved to herein are to be considered o
be “incorporated by reference” in their entirety,

j808%] Any reference to composition amounts, unless otherwise specified, is “by weight
percent” based on the total weight of the final glass composition. The “total iron” content of the
glass compositions disclosed herein is expressed in terms of FeoGs in accordance with standard

analytical practice, regardless of the form actually present. Likewise, the amount of iron in the
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ferrous state is reported as FeQ, even though it may not actually be present in the glass as FeO.
The terms “redox”, “redox ratio”, or “iron redox ratio” mean the amount of iron in the ferrous state
(expressed as Fe(Q} divided by the amount of total iron {expressed as Fex(3 ). As used herein soda-
fime-sitica glasses having a total iron (expressed as Fep03) in the range of greater than 0 to 0.06
wt. % 1is a low iron soda-time-silica glass. Generally and not limiting to the invention, high iron
soda-lime-silica glasses have total iron in the range of equal to and greater than 0.10 wt. % to 2.0
wt. Yo; equal to and greater than 0.10 wt. % to 1.5 wt. %; equal to and greater than 0.10 wt. % to
2.0 wt. %; and equal to and greater than 0.10 wt. % t0 0.80 wt. %.

{8098} As can now be appreciated, the invention is directed to making low iron, high redox
soda-lime-silica glasses and is not limited to the optical properties, e.g. ultra violet visible and IR
transmission and absorption and the color of the glass and physical properties, e.g. glass thickness,
In defining a non-limiting embodiment of a glass of the invention, reference can be made to
specific ranges or values of ulira violet, visible and IR transmission and absorption, and/or color
of the glass and/or physical properties, ¢.g. glass thickness to identify a specific glass of the
invention and/or a glass made by the practice of the invention. Presented below are common
additives, e.g. color additives that are added to the glass batch materials, and/or molten glass to
alter optical and physical properties of the glasses of the invention.

iB0%1] The “sulfir” content of the glass compositions disclosed herein is express in terms of
SGs in accordance with standard analytical practice, regardless of the form actually present.
iB092] As used herein, “vigible fransmittance” and “dominant wavelength” values are those
determined using the conventional CIE Hluminant C and 2-degree observer angle. Those skilled
in the art will understand that properties such as visible transmittance and dominant wavelength
can be calculated at an equivalent standard thickness, e.g., 5.5 millimeters ("mm”), even though
the actual thickness of a measured glass sample is different than the standard thickness.

[6493] As is appreciated, the invention is not limited to the color additives discussed above and
any color additives to a soda-lime-silica glass known in the art can be used in the practice of the
invention, for example, but not limited to, the colorants selected from the group of CoQ, Se, Ni0,
Cl, V205, Ce(n, Crx0s, TiO2, ErO3, MnO2, Lax(s and combinations thereof,

{8094] As can now be appreciated, the invention is not limited to the process of, and/or
equipment for, practicing the invention to meke glasses of the invention, and any of the glass

making processes and/or equipment known in the art can be used in the practice of the invention.
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i8895] Referring to Figs. 1 and 2 as needed, there is shown a conventional continuously fed,
cross-tank fired, glass melting and non-vacuum refining furnace 20 having an enclosure formed
by a bottom 22, roof 24, and sidewalls 26 made of refractory materials. The glass batch materials
28 are introduced through inlet opening 30 in an extension 32 of the furnace 20 known as the fill
doghouse in any convenient or usual manner to form a blanket 34 floating on the surface 36 of the
molten glass 38. Overall progression of the glass as shown in Figs. 1A and 1B is from left to right
in the figures, toward an entrance end of a glass forming chamber 40 of the type used in the art to
make float flat glass.

18096} Flames (not shown) to melt the batch materials 28 and to heat the molten glass 38 issue
from burner ports 42 spaced along the sidewalls 26 (see Fig. 2) and are directed onto and across
the surface 36 of the molten glass 38. During the first half of a heating cycle, the flames issue from
anozzle 43 (see Fig. 2) in each of the ports on one side of the tank 20, as the exhaust of the furnace
moves through the ports on the opposite side of the firnace. During the second half of the heating
cycle, the function of the ports 18 reversed, and the exhaust ports are the firing ports, and the firing
ports are the exhaust ports. The firing cyele for furnaces of the type shown in Figs, 1 and 2 are
well known in the art. As can be appreciated by those skilled in the art, the invention contemplates
using a mixture of air and fuel gas, or a mixture of oxygen and fuel gas, to generate the flares to
heat the batch materials and the molten glass. For a discussion of using oxygen and fisel gas in the
furnace of the type shown in Fig. I, reference can be made to U.S. Patent Nos. 4,604,123;
6,962,887, 7,691,763 8,420,928, which are hereby incorporated by reference.

j8097F The glass batch materials 28 as they move downsiream from the batch feeding end or
doghouse end wall 46 are melied in the melting section 48 of the furnace 20, and the molten glass
38 moves through waist 54 of refining section 56 of the fursace 20. In the refining section 56,
bubbles in the molten glass 38 are removed, and the molten glass 38 is mixed or homogenized as
the molten glass passes through the refining section 56, The molten glass 38 is delivered in any
convenient or usual manner from the refining section 56 onto a pool of molten metal (not shown)
contained in the glass-forming chamber 40. As the delivered molten glass 38 moves through the
glass-forming chamber 40 on the pool of molten metal (not shown}, the molten glass is sized and
cooled. A dimensionally stable sized glass ribbon (not shown)} moves out of the glass-forming
chamber 40 into an annealing lehr {not shown). Glass making apparatus of the type shown in Figs.

1 and 2, and of the type discussed above are well known in the art.
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iB098] Shownin Fig 3 is continuously fed glass melting and vacuum refining equipment 78 for
melting glass batch materials and refining the molten glass. Batch materials 80, preferably in g
pulverulent state, are fed into cavity 82 of a liquefying vessel, e.g. a rotating drum 84, A layer 86
of the batch material 80 is retained on the interior walls of the vessel 84 aided by the rotation of
the drum and serves as an insulating lining. As the batch material 80 on the surface of the lining
84 is exposed to the heat within the cavity 82, it forms a liquefying layer 88 that flows out of a
central drain opening at the bottom 92 of the vessel 84 to a dissolving vessel 94 to complete the
dissolution of unmelted particles in the liquefied material coming from the vessel 84.

1609%] A valve 96 controls the flow of material from dissolving vessel 94 into a generally
cylindrical vertically upright vessel 98 having an interior ceramic refractory lining (not shown)
shrouded in a gas-tight, water-cooled casing 100, A molten streara 102 of refined glass falls freely
from the bottom of the refining vessel 98 and can be passed to a subsequent stage in the glass
making process. For a detailed discussion on the operation of the equipment 78 shown in Fig, 3
reference can be made to U.S. Patent No. 4,792,536.

[80188] The glasses of the invention can be made using any known glass making process. For
example, but not limiting to the invention, the low tron, high redox glasses of the invention can be
made in the multi-stage roelting and vacyuming-assisted refining operation shown in Fig. 3. The
refining stage of this known process is performed under a vacuum to reduce the concentration of
dissolved gasses and volatile gaseous components, particularly sulfur-containing components. As
will be appreciated by one skilled in the art, it can be advantageous to remove sulfur-containing
components from certain float glass compositions since the combination of sulfur with iron in the
glass can result in amber coloration of the glass at high redox ratios, for example, iron redox ratios
above 0.4, especially above 0.5, due to the formation of ferric sulfide (also conventionally referred
to as iron sulfide or iron polysulfide). Ferric sulfide can form throughout the bulk glass or in streaks
or layers of a glass sheet. As used herein, the term “bulk glass™ means the internal portion of a
glass piece, such as a glass sheet, that is not chemically altered in the process of forming the glass.
For a 2 millimeter (“mm”) or thicker glass sheet made by a float glass process, the bulk glass does
not include the outer region of the glass adjacent to the glass surface, for example the outer 25
microns (as measured from the glass surface). The elimination of gaseous sulfur components in
the vacuum refining stage of this known process helps prevent the formation of ferric sulfide in

the glass and, thus, helps prevent amber coloration.
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iB0161] As mentioned above and shown in Figs. 1 and 2, conventional float glass systems
typically include a furnace or melter into which the glass materials are placed for melting. In one
practice of the invention, the melter can be an oxygen fuel furnace in which the fuel is mixed with
oxygen to supply heat to melt the batch materials. In another practice of the invention, the melter
can be a conventional air-fuel melter in which air is mixed with the combustion fuel to provide
heat to melt the batch materials. In a still further practice of the invention, the melter can be &
hybrid-type melter in which a conventional air-type melter is sugmented with oxygen lances to
supplement the heated air with oxygen before combustion,

160162] One difference between glasses made from batch materials melted in an oxygen fuel
furnace and a conventional air-fuel melter is that the glass rade from baich materials melted in an
oxygen fuel furnace typically has a water content in the range of 425-600 parts per million, wherein
the glass made from batch materials melted in a conventional air-fuel melter typically has a water
content in the range of 200-400 parts per mitlion, and glass made from 100% collet melted 1n an
oxygen fuel furnace typically has a water content of about 700 parts per million. In the preferred
practice of the invention, the glass batch materials are melied in an oxygen fuel furnace or a
conventional air-fuel meiter. In the following discussion of the invention, the invention is practiced
using an oxygen fuel furnace; however, the invention is not limited thereto, and the invention can
be practiced using any type of glass melting system.

[80183] In the practice of the invention, typical batch materials for making soda-lime-slica glass
are introduced into the melier, the firnace 20 shown in Fig. 1 and furnace 84 shown in Fig. 3.
Typical batch materials for soda-lime-silica glass composition include sand, soda ash, Hmestone,
alumina and dolomite. In one non-limiting embodiment of the fnvention, low iron dolomite is used
as a batch material. As will be appreciated by one skilled in the art, conventional spda-time-silica
batch materials also include melting and refining aids, such as salt cake (sodium sulfate}. Salt cake
can also be an oxidizer when incorporated into the glass batch,

if salt cake is totally eliminated from the batch materials, in addition to increased melting
difficulties, the redox ratio of the glass can increase to the point where polysulfides can be formed
in the bulk glass, thus providing the bulk glass with an amber tint. In order to control the redox
ratio of the glass, non-sulfur containing oxidizers can be added to the batch materials in place of
salt cakee to oxidize the Fe++ to Fet+++ to decrease the redox ratio. One non-limiting example of

such a material is sodium nitrate (NaNCi3). While sodium nitrate can prevent the redox ratio of the
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glass from increasing to the point where bulk polysuifide formation results in an undesirable amber
tint in the bulk glass, sodium nitrate can lead to the production of NO, emissions during the glass
production process. These emissions can be treated in conventional manner before their release of
the melter gasses to the atmosphere to meet governmental restrictions on NO, emissions.

i80184] A non-limiting embodiment of the present invention is practiced to make the clear glass
of the present invention forming a soda-lime-silica glass composition by means of a float glass
process, which is characterized by the following formulation based on the percentage by weight
with respect to the total weight of the glass, these percentages were obtained by using x-ray

fluorescence analysis.

By weight (%)
S10n 6810 75
ALOs 0to5
CaC Sto 1S
MgO 210 10
Na0 10t 18
Ko 0to5

[80185] In one non-limiting embodiment of the invention, the total iron oxide (FexOs) is within
the range of 0.02 to 0.06 wi. %, ferrous (FeO) from 0.006 to 8.02 wi. %, redox (FeG/Fey(3) from
about (.30 t0 0.55 wi. %; Cr20; from about 0.3 to 10 ppm, TiO; from about 50 to SO0 ppm; and a
proportion of reducing agent of SnO» from about 10 to 500 ppm and a critical amount from about
0.10 1o 0.25 wt. % of the oxidizing agent 30, The low content of iron oxide is achieved by the
partial substitution of regular raw materials by low iron raw materials, with a complete substitution
of regular dolomite by a low iron dolomite with a maximum content of 0.020 wt. % Fe(a.
i88186] in one non-limiting embodiment of the invention, said low iron dolomite in the range
of 5 to 20 wt. % in the batch comprises from 5 to 15 wt. % of Ca0O and 2 to 10 wi. % of Mg(l. The
low iron dolomite contains less than or equal to about 0.020% Fex0s.

{86167 In one non-limiting embodiment, the clear glass has a high visible light transmittance
(Lic) of at least 89; with a dominant wavelength (BW) from about 490 to 505 nanometers and
purity (Pe) of no more than 1% for control thickness of 5.66 mm.

iB8188] A clear glass with low iron has great importance in the architectural industry, but not

limited to automotive industry or applications, where the high visible light transmittance and its
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low iron percentage, allows objects seen through this type of glass to be better appreciated, or
when is used in cutdoors, it allows to have spaces with greater lighting,

108189] Toachieve the described characteristics, the present invention includes a proper balance
between the iron, ferric and ferrous oxide, titanium oxide and chromium oxide, tin oxide and
regular coal or low iron graphite, in addition, substituting partially or totally regular raw materials
with low iron raw materials, such as low iron sand with a maximum content of 0.010% Fex0;, low
iron dolomite with a maximum content of 0.020 wt. % Fez03 and low iron calcite with a maximum
content of 0.010% Fe20s, and low iron cullet with a maximum content of 0.010% Fe205 and low
iron graphite with a maximum content of 0.010% Fex0s.

[86116] A proper balance of low iron raw materials and clear cullet ratio can achieve the desired
properties; however, in this case, the cost of formulation might be higher. Another formulation to
achieve the desired characteristics could be using low iron raw roaterials and regular dolomite. In
this case, it would be necessary to adjust the clear and low iron cullet ratio, nevertheless, the cost
of this formulation roight be higher.

[86111] Awvother variable io achieve the glass proposed in this invention, is the iron redox in the
glass, wherein, carbon and tin oxide are used as reducing agents and sodinm sulfate is used as
oxidizing agent and refining agent. Chromium oxide and titanium oxide are allowed as coloring
agents.

[80112] According to the present invention, the above-mentioned performance properties are
measured as described below. The luminous transmittance (I1c) is measured using C.1LE. standard
ithuminant “C” with a C.LE. 2° observer over the wavelength range of 380 to 770 vanometers.
Giass color, in terms of dominant wavelength (IDW) and excitation purity (Pe), is measured using
C.LE. standard tlluminant “D65” with a 10° observer, following the procedures established in
ASTM E 308-2001. The total Solar ultraviolet transmittance (Tuv) is measured over the
wavelength range of 300 to 400 nanometers, total solar infrared transmittance {Tr) is measured
over the wavelength range of 720 to 2000 nanometers, and total Solar energy transmittance (Tser)
is measured over the wavelength range of 300 to 2000 nanometers. The Tyv, Tw and Tser
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.

i88113] The color variables L*, a* and b* of the color system CIELAB 1976 are also calculated

through the tristimulus values.
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iB0114] The glass of the present invention may be melted and refined in a continuous, large-
scale, commmercial glass melting operation and formed into flat glass sheets of varying thickness
by the fleat methed in which the molten glass is supported on 2 pool of molten metal, usually tin,
as it assumes a ribbon shape and is cooled in a manner well known in the art.
i88115] The following formulations in the Table 1 have basic batch components, colorants and
redox agents to produce 1 ton of glass.
[661i6] TABLE 1

Exltto7 Ex8twl6 Exl7to2 Ex221t030

Batch weights in kg per ton of glass

Cullet 150.0 150.0 150.0 80.0
Low Iron Sand 616.3 624.3 0.0 0.0
Regular Sand 0.0 0.0 619.5 668.8
Low Iron Dolomite 109.3 144.2 163.1 199.5
Low Iron Graphite 0.6 0.5 0.0 0.0
Regular Coal 0.0 0.0 0.5 0.9
Salt Cake 5.8 4.3 6.2 6.7
Regular Limesione 0.0 0.0 41.5 24.4
Low Iron Calcite 97.4 554 0.0 0.0
Soda Ash 201.0 201.8 199.5 216.0
Iron Oxide asrequired asrequired asrequired  as required
Tin Oxide asrequired asrequired asrequired  as required
Titanium Oxide as required  as required asrequired  as required
Chromium Oxide asrequired asrequired asrequired  as required
Firing Air/Gas  Oxy/Fuel Air/(3as Air/Gas
Air/gas ratio 13.5 - 13.81 14.0
Oxygen/gas ratio - PRY - -

{66117  In the examples 1 to 7, low iron raw materials are used in a non-limiting formulation
of the present invention: 0.6 kg of low iron graphite and 5.8 kg of salt cake per ton of glass are
added to the batch formulation to control the redox in the glass and the iron percentage is adjusted

by using a mixture of clear and low iron cullet.
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iB0118] Typical raw material composition for these examples are listed below:
Raw material Sources % by weight Si0; ALG; FexDs Cal MgC NaxO SOGs

Low Iron Sand 99.7 0.01 0.1

Soda Ash 58.6

Salt Cake 0.1 4377 564
Graphite 0.01

Low Iron Limestone €.1 0.01 53 2.1

Low Iron Dolomite 0.1 8.81 311 211 0.1

Clear Cullet 726 0.2 ¢.1¢ 100 31 138 G2
Low Iron Cullet 727 01 0.01 163 29 138 02

[66119] In the examples § to 16, low iron raw materials are used in the formulation: 0.5 kg of

fow iron graphite and 4.3 kg of salt cake per ton of glass are added to the batch formulation to

control the redox in the glass and the iron percentage is adjusted by using a mixture of clear and

fow iron cullet.

i80128] Typical raw material composition for these eoxamples are listed below:
Raw material Sources % by weight 8i0y AbO:;  FexDs Cal MgO Na:0 8Os

Low Iron Sand 99.7 0.01 8.1

Soda Ash 38.6

Salt Cake .1 437 564
Graphite 0.01

Low Iron Limestone 0.1 0.01 §306 21

Low Iron Dolomite 0.1 0.01 311 28t 01

Clear Cullet 72.8 03 0.10 88 39 138 @1
Low fron Cullet 731 01 0.01 80 38 139 01

i88121] inthe examples 17 to 21 are formulated with regular raw materials, except for low iron
dolomite with a maximum content of 0.020 wt. % Fe203. 0.5 kg of regular coal and 6.2 kg of salt

cake per ton of glass are added to the batch formulation to control the redox in the glass. These
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formulations represent a lower cost in final product, due a lower percentage of Fex0s is maintained
by the substitution of regular dolomite by a low iron dolomite and low iron graphite by regular
coal. In these examples recirculated cullet is used in the formulation.

{80122] Typical raw material composition for these examples are listed below:

Raw material Sources % by weight  Si0;  AbG: Fex0s Cad MgO NaxD SOs

Regular Sand 99.1 04 003004 02

Soda Ash 58.6

Salt Cake 0.1 437 564
Coal 1.5

Regular Limestone 8.5 0.12 546 0.8

Low Iron Dolomite 1 0.01-002 326 196

Recirculated Culiet 726 04 003-005 88 38 138 0.2

180123] The examples 22 to 30 are formulated with regular raw materials with the exception of
fow iron dolomite with a maximum content of 0.020 wt. % FexO;, 0.9 kg of regular coal and 6.7
kg of salt cake per ton of glass are added to the batch formulation to control the redox in the glass.
In these examples low iron dolomite is used to achieve a lower percentage of FeaOs in the glass,
therefore, the amount of regular limestone is decrcased. Recirculated cullet is used in the
formulation,

[00124] Typical raw material composition for these examples are listed below:

Raw material Sources % by weight  Si02  ALO; Fe0: Cal Mgl NaxUO SOs

Regular Sand 99.1 0.4  0.03-004 02

Soda Ash 58.6

Salt Cake 0.1 437 564
Coal 1.50

Regular Limestone 0.6 0.12 546 0.8

Low Iron Dolomite 1 0.01-0.02 326 196

Recirculated Cullet 724 03 0.03-006 87 4.1 4 02
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i801258] The following are examples of soda-lime-silica compositions presented in the Table 2,
according to what is proposed in the present invention, reporting the physical properties of light
transmission (L), UV light (Tuv), infrared (Tr) and total solar transmittance {Tser} at control
thickness of about 5.66 mm.

i88126] The composition of the following glasses was calculated by x-ray fluorescence.
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i88127] TABLE?2

PCT/US2020/016363

Ex1 Ex2 Ex3 Ex4  ExS5 Ex6  Ex7
By weight
Si0; (%6} 72.7 72.7 72,7 726 X6 726 726
Nax0 (%) 13.8 13.8 13.8 13.8 138 138 138
K20 (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ca0 (%) 10.2 10.2 10.2 102 102 102 101
MgO (%) 30 3.0 30 3.0 3.0 3.0 3.0
AlOs (%) 0.08 0.08 0.09 0.08 009 010 011
8Os (Y6} 0.20 0.20 0.20 018 019 021 0.2t
FeaOs (%) 0.022  0.025 0.027  0.031 0.0637 0.038 0.046
FeO (%) 0.008  0.010 0.012  0.012 0.014 0013 0.015
Redox (FeO/Fey03) 8.379 0398 0.433  0.403 0381 0352 0325
CraOs (ppm) L7 0.6 0.6 0.6 0.6 0.6 0.6
TiO2 (ppmy) 100 110 110 110 120 130 150
Snt (ppm) 63 67 56 62 59 50 47
Low iron graphite/Regular coal
in batch (%) 0.06 0.06 0.06 006 006 006 006
Control Thickness 5.66 mm
Ltc (%) 90.8 90.7 90.5 904 903 903 901
Tuv (%) 85.3 84.1 83.0 829 819 B1S  BO3
Tr (¥6) 85.2 84.0 §2.7 821 809 813 801
Tser (%) 87.9 87.1 86.4 86.1 854 B56 849
L* 96.3 96.3 96.2 962 9.1 961 961
a* -0.4 -0.5 -0.6 0.7 -8 07 -08
b* 0.0 0.0 0.0 -(.1 0.1 0.0 0.0
DW {nm) 494 494 494 492 492 494 494
Pe (%) 0.2 0.3 0.3 0.4 0.5 0.4 0.4
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108828] TABLE 2 -~ continued
Ex8 Ex9 Ex10 Exit Exi12 Ex13 Exli4

By weight

Si0; (%6} 73.2 73.2 73.2 732 730 730 730
NazO (%) 13.8 138 13.8 13.8 139 1348 139
K20 (%) 0.0 0.0 0.0 0.0 0.0 0.1 0.1
CaQ (%) 8.9 8.9 8.8 8.8 8.8 8.8 8.8
MgO (%) 37 3.8 38 3.8 3.9 3.9 39
AlOs (%) 0.09 0.10 0.10 014 013 016 0.17
SOs (%) 0.15 0.15 0.15 015 016 015 015
Fe20s (%) 0.021  0.023 0.024 0031 0.026 0.030 0.034
FeO (30} 0.009  0.010 0.011  0.012 0.010 0011 0.013
Redox (FeO/Fey03) 0.439 0438 0.458 0392 0384 0373 0.385
Cr20a (ppmy) 1.6 1.9 1.9 3.0 2.4 27 2.8
TiO: {(ppm) 110 120 120 140 120 140 140
Sns (ppm) 414 392 380 338 339 295 285
Low iron graphite/Regular coal

in batch (%) 0.05 0.05 0.05 005 005 005 005

Control Thickness 5.66 mm

Ltc (%) 907 90.6 90.5 904 905 904 902
Tuov (%) 854  84.9 839 828 840 831 813
Ti (%) 846  83.9 832 821 837 829 816
Tsur (%) 887 884 881 876 869 864 857
L* 963  96.3 962 962 962 962  96.1
a* 05 -05 06 07 06 06 07
b* 0.0 0.0 0.0 00 00 00 0.0
DW (nm) 494 493 494 494 494 494 495
Pe (%) 0.3 0.3 0.3 04 03 03 04
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108829%] Table 2 — continued
Ex15 Ex16 Ex17  ExI8 Ex19 Ex20 Ex21
By weight
Si0; (%6} 72.9 72.8 72,7 726 7X6 727 127
Nax0 (%) 13.9 13.9 13.8 139 139 138 139
K20 (%) 0.1 0.1 0.2 0.2 0.2 0.2 0.2
Ca0 (%) 8.8 8.8 8.8 8.9 8.9 8.9 8.8
MgO (%) 39 3.9 38 3.7 3.7 3.8 3.7
AlOs (%) 0.19 0.26 0.39 0.36 035 039 038
SOs (%) 0.15 0.15 0.17 018 020 017 017
FeaOs (%) 0.038  0.053 0.035 0035 0.035 0.036 0.044
FeO (%) 0.014  0.016 0.014  0.013 0.013 0013 0017
Redox (FeO/Fey03) 0.369  0.301 0.398 0383 0354 0371 0384
Cr20s (ppmy) 24 3.6 4.9 5.2 4.4 5.6 4.6
TiO2 (ppmy) 160 200 376 360 350 390 380
SnOz (ppm) 232 114 253 229 184 227 214
Low iron graphite/Regular coal
in batch (%) 0.05 (.05 0.05 005 005 005 005
Control Thickness 5.66 mm
Ltc (%) 90.1 89.9 90.2 901 901 902 899
Tuv (%) 80.0 78.4 819 818 814 B8IE8 787
Tr (¥6) 80.7 79.4 80.9 813 820 813 788
Tser (Yo} 85.1 84.3 85.3 854 858 B55 84.0
L* 96.1 86.0 96.1 861 960 961 968
a* -0.8 -0.9 -0.9 0.8 08 D& -10
b* 0.1 0.1 0.1 0.1 0.2 0.1 0.2
DW {nm) 495 496 497 497 499 498 498
Pe (%) 0.4 0.4 0.4 0.4 0.3 0.4 0.4
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10883¢] Table 2 — continued
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Ex22 Ex23 Ex24  Ex25 Ex26 Ex27 Ex28
By weight
Si0; (%6} 72.5 72.5 72.5 74 724 725 724
Nax0 (%) 14.0 14.0 14.0 140 140 140 140
CaO (%) 8.7 8.7 8.7 8.7 8.7 8.7 8.8
MgO (%) 4.1 4.1 4.1 4.1 4.1 4.1 4.1
AlOs (%) 0.29 0.2 0.29 030 030 031 031
8Os (Y6} 0.17 0.17 0.18 018 018 019 0.19
FeaOs (%) 0,028 0.030 0.031 0.033  0.035 0.037 0.040
FeO (%) 0.013  0.012 0.013 0013 0012 0.013 0013
Redox (FeO/Fey03) 0.434  0.418 0.39% 0378 0351 0337 0324
Cr20s (ppmy) 29 4.1 3.0 3.1 43 4.1 3.3
TiO2 (ppmy) 270 280 290 300 306 300 310
Snt (ppm) 384 388 382 341 308 261 212
Low iron graphite/Regular coal ) )
in batch (%) 0.09 0.0 0.09 0.08 009 00% 009
Control Thickness 5.66 mm
Ltc (%) 90.2 90.4 90.3 90.3 903 901 901
Tuv (%) 83.4 83.2 82.9 82,5 818 BOY B804
Tr (¥6) §2.0 82.0 §1.9 819 821 8LYS 817
Tser (Yo} 85.8 85.9 85.9 858 859 B57 BS®
L* 96.1 96.2 96.1 861 961 960 960
a* 0.7 -0.7 -0.8 -0.8 07 08 -08
b* 0.0 0.0 0.0 .0 0.1 0.1 0.2
DW {nm) 494 494 494 495 496 498 498
Pe (%) 0.4 0.4 0.4 (.4 0.3 0.3 0.3
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108831} Table 2 —continued
Ex29 Ex30
By weight
Si0; (%6} 72.4 724
NazO (%) 14.0 14.0
K20 (%) 0.2 0.2
Ca0 (%) 8.8 8.8
MgO (%) 4.1 4.0
AlOs (%) 0.31 0.31
SOs (%) 0.19 0.19
Fe20s (%) 0.043 0.043
FeO (30} 0.013 0.014
Redox (FeQ/Fey () 0.301 0.317
Cr203 (ppmy) 34 4.2
TiO2 (ppmy) 300 300
SnOz (ppm) 189 168
Low iron graphite/Regular coal in baich (%) 0.0% .09
Control Thickness 5.66 mm
Ltc (%) 90.1 90.0
Tov (%) 80.1 79.4
T (%o) 81.7 §1.2
Tser (%) 85.6 85.3
L* 96.1 96.0
a* -0.8 0.8
b* 0.2 8.2
DW (nm) 498 489
Pe (%) 0.3 0.3
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i80132] Referring to the examples from the Table Z, a base soda-lime-silica glass composition
with a proper balance of chromium and titanium as colorants, low iron graphite or regular coal and
tin oxide as redox agents. In this composition, iron oxide is maintained within .02 to 0.06 wt. %
and sulfate is maintained in the critical amount from about 0.10 to 0.25 wt. % to avoid affecting
the refining properties of the SOs. The guantity added of tin oxide and regular coal or low iron
graphite depend of the mitial redox conditions of the furnace, requiring different amounts of tin
oxide to reach the desired redox in the glass.

[80133] Inthe examples | to 7, low iron raw materials are used with a mixture of clear and low
iron cullet to achieve the proper balance of iron oxide, chromium oxide and titanium oxide. In
these exaroples, less SnOz is required to reach the redox in the glass due the redox conditions
present in the furnace.

{06134] The examples 8 to 16, are also formulated with low iron raw materials and a mixture
of clear and low iron cullet, with the difference that a higher amount of SnQ; is added in the
composition of the glass due that the furnace presented a lower redox condition compared to the
exarples 1 to 7.

iB8135] In the examples 17 to 21, regular raw materials are used except for low iron dolomite.
In these examples the proper balance of the colorants such as iron oxide, chromium oxide and
titanium oxide can be achieved by the use of regular sand in which these oxides are present as
impurities. To achieve the redox required in the glass, the amount of Sn(; added varies according
to the redox condition in the furnace.

j80136] In the examples 22 to 30, also regular raw materials are used except for low iron
dolomite. In these examples the amount of low iron dolomite is increased and the amount of regular
limestone is decreased, in relation to the previous examples. The amount of Sn(3; varies as required
by the redox condition in the furnace. Like the examples 17 to the 21, the proper balance of the
colorants described can be achieve by the use of regular sand.

i80137] The examples 1 to 21 from the Table 2 maintained from about 58 to 500 ppm of TiCo.
The titanium oxide in the range described above, increases the light transmission in the glass which
is one of the main characteristics of the proposed glass. Additional to this, if the titanium oxide is

in excess a yellowish coloration appears on the glass.
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i800138] It is appreciated by one skilled in the art that if the presence of iron oxide, titanium
oxide or chromium oxide are in quantities greater than the ranges mentioned, the light transmission
decreases to values lower than those proposed in this patent.

[66139] The addition and control of these materials confer a clear glass according to a non-
limiting embodiment of the present invention, which includes about a total iron oxide (Fex03) of
0.02 10 0.06 wt. % forrous (FeO) from 0.006 to 0.02 wt. %, redox (FeO/FexD:) from about 0.30 to
0.55; Cr20; from about 0.3 to 10 ppm, Ti0; from about 50 to 500 ppm; SnQO; from about 10 to
500 ppm and SO;3 from about 0.10 to 0.25 wt. %. At a control thickness of 5.66 mm, the glasses
from the examples have a visible light transmittance (L) of at least 89%; with a dominant
wavelength (DW) from about 490 to 505 nanometers and purity (Pe) of no more than 1%,
180146] The disclosed herein compositions are produced by float process in a range from about
{ milliraeter to 25 millimeters.

{66141} Reaching the proposed properties for a clear glass composition, according to the scope
of the invention, other variations may be applied without departing from what is described in the
claims that follow. Accordingly, the particular embodiments described in detail herein are
iflustrative only and are not imiting o the scope of the invention, which is to be given the fuli

breadth of the appended claims and any and all equivalents thereof,
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THE INVENTION CLAIMED IS
1. A method of making the clear glass using a conventional float non-vacuum glass
system, the method comprising:

providing a glass batch having ingredients to make the glass having the basic soda-lime-
silica glass composition and colorants;

melting the glass to provide a pool of molten glass;

flowing the molten glass onto a molten tin bath;

moving the molten glass on the surface of the molten tin bath, while controllably cooling
the glass and applying forces to the glass to provide a glass of a desired thickness; and

removing the glass from the molten tin bath, wherein

the method of making the glass is change from one of the glass batch portions to the other
one of the glass batch portions by altering the weight percent of the colorants to alter the weight
percent of iron within the range specified for the glass batch portion being changed.

2. The method of claim 1, wherein the conventional float non-vacuum glass systern
contains a furnace, the combustion of the furnace produced by a firing of air and/or gas, or by a
firing of oxygen/gas, to control the redox in the glass (Fe(y/Fe)Os) from about 0.30 10 .55,

3. The method of claim 2 wherein the combustion of the firnace can be produced by
a firing of air/gas or be by a firing of oxygen/gas, and the desired redox in the glass (FeO/Fe.(s)
from about .30 to .55 wt. %; can be achieved by adjusting the oxygen and air in the combustion.

4, The method of claim 2, wherein the source of iron is a fow iron raw material.

5 The method of claim 4, wherein the low tron raw material is low iron sand, low
iron limestone, low iron dolomite, low iron clear cullel, or a combination thereof.

6. The method of claim 4, wherein the low iron dolomite comprises a maximum of
0.020 wt. % FexOs.

7. A method of forming clear glass comprising

mixing raw materials, wherein the raw materials comprise cullet, sand, soda ash, salt cake,
limestone and dolomite, wherein the dolomite comprises:
Si0 0to3
Napd [0tol
Ca0 251040
MgO | 151030
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AbOs Q1o
SO Otol
Fea(Os | Oto 0.1

melting the raw materials to form molten glass;

flowing the molten glass onto a molten tin bath; moving the molten glass on the surface of
the molten tin bath while controliably cooling the melten glass and applying forces to the molten
glass to form a glass of a desired thickness and a desired width; and

removing the glass from the molten bath.

8. The method of claim 7, wherein the raw materials are present in the following
amounts:
Cullet Oto IS wt %
Sand max 65 wt. %
Dolomite 5t 20 wi. %

Salt Cake 0210 LOwWL %
Soda Ash P3t023wt %

9. The method of any of claim 7, wherein the sand comprises:

S 95 10 100

NaxO [ 0tol

Ca(l O 0.5

MgO (Qtol

Ab; [ Otol

503 Gtol

FerOs (00l

10.  The method of claim 7, wherein the salt cake comprises:
Si0 8101 wt%
MNa:0O | 50to 75 wt.%
Ca0 Oto 1 wt%
MgO | Otolwt%
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ALO; | 0to 1 wt%
8503 Oto 1 wt%

FerOs [ Oto 1 wit%

11.  The method of claim 7, wherein the cullet comprises:
Si0n 65t0 75 wt.%
Nax( | 10020 wt%
Ca Sto 15 wt.%
MgG {0to5wt%
Ab(Os | 0to S wt%
50 Oto 1 wt%

FeaOs | Dol wi%

12, The method of claim 7, wherein the limestone comprises:
Si0n 0toSwt%
Nax(® | 0tolwt%
Call 40 to 65 wi.%
MgC | 10t0 30 wt.%
Abth | 0tolwt%
S0 Oto | wt%
FexOs | Dto 0.5 wit%

13.  The method of claim 7, wherein the soda ash comprises:
Si0n 8tolwt%
NaxO | 40 t0 70 wt.%
Call Oto1wt%
MgG | 0tolwt%
AbGs | 0wl wt%
K10} Oto 1 wt%
Fe;Os [ 0to 1 wi%

14.  The method of claim 7, wherein the raw materials further comprise coal or graphite.
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is. The method of claim 14 wherein the coal or graphite is in a range of 0.01 t0 0.3 wt.
%.
16.  The method claim 14, wherein the coal or graphite comprises
Si0, Ol
Na:O | Ctol
CaC Oiod

MgO (0Otol
AbOs: |0t 1
SOs Jto1l
Fe:03 [(to5

17. A glass composition comprising

Weight Percentage
Si02 6510 75
Na:0O 10 t0 20
K0 GtwS
Ca0 51015
MgO 21010
AbOs 0to$
803 Gt 0.5
Cr(0s 0.3 1o 10 ppm
Fey (O3 (.02 10 0.07
Fel 0.005 10 0.03
Redox (FeO/Fex0s) | 0.2t0 0.6

i8.  The glass composition of claim 17, wherein the Fe2Os is in an amount of 0.021 to
0.053 wt. %, and the redox is 0.30 to 0.46.

19.  The glass composition according to claim 17 further comprising 50 to 500 ppm of
TiGx.

20.  The glass composition of claim 17 further comprising a glass having the glass

composition, wherein the glass comprises a luminous transmittance (L) of at least 85%; an
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ultraviolet transmittance (Tuv) of less than 90%; an infrared transmittance (Tir) of less than 90%;
a total solar energy transmittance (TSET) of at most 92%; a lightness value (L*) of 90 to 99; an a*
color channel in the range of 1 to -2; a b* color channel of in the range of 1 to -1; a dominant

wavelength of 470 to 525 nm; and a purity {Pe} of not more than 2%.

21, The glass composition of claim 17 further comprising 25 to 500 ppm of Sn(s.
22. The glass composition of 17 wherein the low content of iron oxide being modified

in a glass batch by low iron raw materials, said low iron raw materials comprising low iron sand,

low iron limestone, low iron dolomite, low iron clear cullet or a combination there,

23, The glass composition of ¢laim 22, comprising low iron dolomite in a range of 5 to

20 wt. % in the glass batch.

24.  The glass composition of claim 22, wherein the low iron dolomite comprises a

maximum of 0.020 wt. % FeyOs.
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