WO 03/074434 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
12 September 2003 (12.09.2003) PCT WO 03/074434 A1l
(51) International Patent Classification’: CO03B 3/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(21) International Application Number: PCT/US03/05962 CZ,DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
(22) International Filing Date: 27 February 2003 (27.02.2003) LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
(25) Filing Language: English SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, 7ZM, 7ZW.
(26) Publication Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,
(30) Priority Data: KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
60/360,453 28 February 2002 (28.02.2002) US Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant and ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI,
(72) Inventor: CARTY, William, Michael [US/US]; 1482 Wa- SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
terwells Road, Alfred Station, NY 14803 (US). GQ, GW, ML, MR, NE, SN, TD, TG).

(74) Agents: BURR, Stephen, P. et al.; Burr & Brown, PO. Published:
Box 7068, Syracuse, NY 13261-7068 (US). —  with international search report

[Continued on next page]

(54) Title: SELECTIVE GLASS BATCHING METHODS FOR IMPROVING MELTING EFFICIENCY AND REDUCING
GROSS SEGREGATION OF GLASS BATCH COMPONENTS

(57) Abstract: A method of controlling reaction paths of glass batch compo-

Wi% glass- wi% % nents added to a resident glass melt is provided, including the steps of provid-
former modifier modifier ing a plurality of raw material batch components according to a batch recipe,
raw raw raw . .. . . .
material material matecial selectively combining a portion of the batch components into a first combi-
A B C nation material having a melting temperature in a range of 60 to 90 % of a
resident melt temperature (K) and a viscosity 3 a melt viscosity/100, and se-
¢ ¢ ¢ lectively combining another portion of the batch components into a second
Selective Batching of Batch Components I combination material having a reaction temperature in a range of 60 to 100 %

of the resident melt temperature, the second combination material being ca-
pable of forming an intermediate compound via a solid state reaction before

v v

combination combination reacting with the glass melt. The first and second combination materials and
ma‘efifa‘ AB mmefi?' AC any remaining batch components are mixed and introduced into a glass melter.
or or
1 control in solid state rxn
melt in melt
pelletize pelletize
AB AC

v v

Mix AB, AC and any remaining
portion of A, B and/or C in a mix
hopper

v

Add mixed batch to glass melt
residing in furnace melter tank

v

CONTROLLED REACTIONS DUE
TO SELECTIVE COMBINATIONS




wO 03/074434 A1 NI 00 0000000

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

35

WO 03/074434 PCT/US03/05962

SELECTIVE GLASS BATCHING METHODS FOR IMPROVING MELTING
EFFICIENCY AND REDUCING GROSS SEGREGATION OF GLASS BATCH
COMPONENTS

Field of the Invention

The present invention relates to selective batching methods in general and
more particularly, to selectively combining particular constituents of a glass batch
composition before introducing the batch to the melt in order to reduce the tendency for gross
segregation of batch components in the melt and to improve melting efficiency by controlling

thermal reaction paths.

Background of the Invention

Conventional glass batching processes are illustrated as a flow diagram in Fig. 1.
Typical glass batching usually involves transferring raw materials directly from storage silos
into a weigh hopper, weighing the raw materials according to a weight percent (wt %) batch
recipe, adding a specified amount of cullet, and mixing the raw batch and the cullet in a large
scale mixer. In some cases, the mixer itself functions as a final check-scale for the batch
recipe. From the mixer, the mixed batch materials are transferred to one or more hoppers
positioned adjacent the end of a glass furnace (melter) where the mixed batch is introduced
into the melting tank. Similar batching techniques are nearly universally employed in various
glass producing industrial settings, including container glass, fiber-glass, and float glass
manufacturing facilities.

After the mixed batch is added to the furnace (melter), uncontrolled reactions are
allowed to occur in melter at various temperatures, both among the batch raw material
components and between the batch raw material components and resident melt, until a
substantially homogenous melt is eventually achieved. The time required for sufficient
melting, homogenization and fining is related to the total residence time, or the time that the
melt resides within the melter tank before being formed into the desired glass product.

Fig. 2 is a schematic illustration showing the reaction paths that the raw material
batch components typically follow when reacting with each other and with the melt already
present in the furnace, and Fig. 3 is a schematic illustration showing the conventionally
uncontrolled melting stages as the newly added batch melts. See also, for example, F. E.
Woolley, “Melting/Fining,” Ceramics and Glasses, Engineered Materials Handbook, Vol. 4,
ASM International, 1987, pp. 386-393, the entirety of which is incorporated herein by

reference.
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That is, once the batch is introduced to the furnace, several reactions take place that
almost immediately segregate the batch. In float glass production, for example, sodium
carbonate (Na,CO3), calcium carbonate (CaCO3), sodium sulfate (Na,SO4) and quartz (SiOz)
are the most commonly used major raw materials. When water has not been added in an
effort to reduce batch segregation in the storage hopper, the first reaction is usually the
formation of a eutectic liquid by the reaction of Na,COs5 and CaCOs at a temperature of
around 785°C.

As shown in Fig. 2, Na,COs; and CaCOs; react along reaction Path 1, creating a low
viscosity eutectic liquid with a quantity of un-reacted CaCO3. This low viscosity eutectic
liquid reacts with residual CaCO; and quartz along reaction Path 2 to eventually achieve the
overall composition of the glass dictated by the batch recipe. An example of a typical float
glass composition is approximately 73.5 wt.% SiO, 12.3 wt.% CaO, and 14.2 wt.% Na,O.

Similar reactions are observed between Na,COs, CaCOs, and Na,SQ,. In this case,
the eutectic liquid is composed of molten salts having a very low viscosity. That is, the
eutectic liquid flows easily, and exhibits flow properties similar to those exhibited by water,
which has a viscosity in a range of 1 to 4 mPa-s, or 1 to 4 centipoise. The eutectic liquid
reacts with the quartz to eventually provide a homogeneous glass of the desired composition.
The formation of this eutectic liquid, however, can increase the tendency for batch
segregation and effectively reverse the efforts of batch mixing.

Similar reactions occur in container glass compositions, and in the case of fiber-glass
production, borates exhibit similar problems in the initial stages of melting. This segregation
process leads to the formation of large-scale domains, or agglomerates, of nearly pure silica
that then require excessively long residence times for dissolution into the surrounding liquid
melt. This initial segregation then requires re-homogenization within the glass tank prior to
forming.

Direct evidence of “de-mixing” can be seen in a glass tank during the melting process.
Agglomerations (scaled on the order of cm in length) of batch raw materials, commonly
referred to in the industry as batch logs, can be seen in various states of melting in the glass
tank. Moreover, the phenomenon of large-scale batch segregation in the melter tank is
commonly seen in finished glass in the form of defects such as stones, which are mostly
composed of undissolved quartz; seeds, which are bubbles that are not liberated from the melt
during fining; and cord lines, which are optical distortions caused by local differences in
composition. These defects are direct evidence of off-composition glass due to batch de-
mixing or incomplete re-mixing that decrease the overall material efficiency and reduce the

quality of the final product. Industrial observations are further supported by technical
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publications, which also recognize that batch segregation is commonly observed in
commercial production. Despite the fact that batch segregation in the glass tank and the
potential defects that can result therefrom are recognized in the industry, and despite a long
felt need to reduce this undesirable behavior and improve melting efficiency and overall
quality, the glass industry has not yet successfully addressed these issues with a viable
commercial solution.

As mentioned above, material efficiency in glass making is related to reducing losses
due to defects such as stones, seeds, and cord lines. Stones are silica particles or
agglomerates that have not fully reacted with the melt. This type of stone can be reduced by
reducing segregation of refractory silica from flux materials. Seeds, which are bubbles that
result from incomplete fining, can be reduced by maximizing the evolution of volatiles early
in the melting process and by reducing air trapped in pore spaces. While cullet from some
defective glass can be recycled through the process (though glass with stones cannot be
recycled), it is more efficient to reduce in-house cullet from defective glass.

In large scale commercial glass production (e.g., float glass, container glass, and
fiber-glass) where the melting tank volumes are considerably greater (accommodating
volumes on the order of tons of molten glass), in situ melt mixing is accomplished by
convection currents within the tank and by the movement of evolved gases from
decomposition of raw materials. While some mixing and fining is required to remove
gaseous bubbles, the cxpensive and energy intensive processes to improve the mixing of the
molten batch can also be attributed to large scale segregation of batch materials.

Considering that physical mixing is but a minor factor, the efficiency of the melting
process is therefore directly related to diffusion or reactions at the quartz-liquid interface.
Quartz dissolution is limited by the initial reaction of quartz with the low viscosity eutectic
liquid. As the melting progresses, the quartz interacts with a liquid that is steadily increasing
in silica content and subsequently, viscosity. Therefore, high temperatures are needed within
the melting tank to ensure reasonable diffusion rates and reasonable homogeneity. As
mentioned above, the residence time of the material in a tank is determined by the time it
takes for the batch materials to completely melt and for the resulting liquid to homogenize.
In a continuous production situation, the mass of molten glass in the furnace is held constant,
and commercially, the minimum mean residence time is of the order of 24 hours of
production for container furnaces and 72 hours for float glass furnaces with roughly half of
this time devoted to melting, with the other half devoted to fining.

One attempt to improve the batch melting process involved reducing the addition of

carbonate and quartz in the raw (unmixed) form. Experiments were conducted using
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synthetic diopside (CaO-MgO-2Si0,) instead of a mixture of CaCO3, MgCO3, and quartz.
The results showed that the time required to completely dissolve the original batch (i.e., the
batch free time) was reduced depending on temperature, and there was also a reduction in
fining time. These improvements were attributed to a reduction in the amount of quartz that
needed to be dissolved. See, fpr example, C. C. Tournour and J. S. Shelby, “Effect of
Diopside and Wollastonite on the Melting of Soda-Lime-Silicate Glasses,” Ceramic
Engineering and Science Proceedings, edited by J. Kieffer, American Ceramic Society, 21
[1], 263-273 (2000), the entirety of which is incorporated herein by reference.

It is also conventionally believed that melting is promoted by keeping the viscosity
low. As described above, however, the uncontrolled production of low viscosity liquids
during the melting process contributes to undesirable batch segregation. Although a melt that
fosters lower viscosities overall may improve quartz dissolution and diffusion rates during
melting, these benefits can only be achieved after the highest melting point batch components
are sufficiently melted and any batch agglomerates are fully reacted in the melt. Thus, in
order to improve melting efficiency and reduce the above-described problems associated with
de-mixing and segregation, substantial improvements with respect to controlling the glass
batch melting behavior are desired.

Another problem with conventional glass making technology lies in the amount of
energy required to maintain a continuous glass melting operation, and the environmental
impact of the use of fossil fuel to provide this energy. Fuel can constitute 25-30% of the cost
of manufacturing float glass. The volatility of fuel prices can, of course, at times increase
this proportion without warning. ‘

Nationwide, the U.S. glass industry uses in excess of 250 trillion BTU annually to
produce approximately 21 million tons of glass products; approximately 80% of this energy
is supplied by natural gas. Melting one ton of glass should theoretically require only about
2.2 million BTU, but in reality it can range from 4.7 to 6.9 million BTU per ton due to losses
and inefficiencies. Because 80% or more of the overall energy used in container glass, fiber-
glass, and float glass manufacturing is needed to operate the melting and fining operations, an
energy reduction in glass manufacturing through more efficient melting would be desirable.
For example, if a float glass plant producing 400 tons/day of flat glass runs 365 days/year,
even the most efficient natural gas-fired plant (4.7 million BTU/ton) consumes approximately
686 billion BTU/year, or 686 million cubic feet of natural gas. See, for example, U. S.
Department of Energy, Office of Industrial Technology, 1997, and “Integrated Pollution

Prevention Control (IPPC),” Reference Document on Best Available Practices in the Glass
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Manufacturing Industry, European Commission, Institute for Prospective Technological
Studies, Seville, 2000, the entireties of which are incorporated herein by reference.

Pollution prevention and the considerable costs associated with regulatory
compliance, as well as improving the overall energy and material efficiency are critical for
reducing the negative environmental impact of glass manufacturing and for making glass
manufacturing more economically competitive. For example, a typical float glass plant must
spend an average of $2 million dollars for new environmental control systems and about
2.5% of total manufacturing costs on compliance. (See, for example, “Glass: A Clear Vision
for a Bright Future,” U. S. Department of Energy, 1996, the entirety of which is incorporated
herein by reference). Thus, a reduction in 10% of the natural gas use in a typical float plant
would result in a savings of approximately $285,000 per year in natural gas (assuming
$5/MMBtu). Moreover, reductions in compliance costs associated with additional chemical
treatments and operational implementations aimed at reducing pollutant emissions from
combustion reactions could also be realized in conjunction with a reduction in the amount of
fuel consumed.

Air pollutants emitted from glass industry include:

1) Nitrogen oxides (NOy) 2) Sulfur oxides (SOx)
3) Carbon monoxide (CO) 4) Carbon Dioxide (COz)

Fossil fuels used for combustion are the typically the sources of NOy and some COy. The
decomposition of carbonate and sulfate raw materials contributes COx and SOy emissions,
respectively. Reducing the residence time, however, reduces the amount of fuel burned per
unit of glass produced and improves energy efficiency, which also fosters reduced amounts of

emissions such as NOy and fuel-derived CO, and CO per unit of glass produced.

Residence time is related to the time required to fully melt all of the batch
components, and is particularly dependent upon the amount of high-melting point batch
components (e.g., silica) in the batch recipe. Although it would be desirable to eliminate free
quartz as a raw material additive due to its slow reactivity and high melting point, quartz
remains an abundant and economical source of silica, which is a major component of many
commercial glass systems. Therefore, it would be more desirable to reduce the amount of
free quartz added by obtaining a portion of the silica from selectively combined binary or
ternary mixtures that are either pelletized together, pre-reacted or pre-melted prior to batching
and being introduced into the resident melt, which is heretofore unknown in the glass

industry.

Thus, it would be desirable to provide a method for controlling the melting behavior

(i.e., reaction paths) of glass batch components within a resident melt to improve melting
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efficiency, such that the improved melting efficiency enables a decrease in energy usage,
reduces the need for chemical fining agents that contribute to air pollutants and raw material
cost, decreases pollution while ultimately producing higher quality, lower cost glass products

and reduces the occurrence of batch de-mixing and segregation in early melting stages.

Summary of the Invention

It is an object of the present invention to overcome the drawbacks associated with the
conventional glass batching and melting methods. Particularly, it is an object of the present
invention to provide a method for selectively pre-combining certain components of a glass
batch recipe prior to introducing the overall batch composition into a furnace melting tank to
control the melting reactions (i.e., reaction paths) within the tank in order to improve melting
efficiency.

In conjunction with improved melting efficiency, it is also an object of the present
invention to facilitate decreased energy usage, reduce the need for chemical fining agents that
contribute to air pollutants and raw material cost, decrease pollution and ultimately produce
higher quality, lower cost glass products, and reduce gross segregation of raw material batch
constituents during melting.

According to one embodiment of the present invention, a method of controlling the
reaction paths of glass batch components added to a glass melt residing in a glass melter is
provided. The glass melt has a melt viscosity (1m) at a resident melt temperature (Tr),
measured on an absolute temperature scale (i.e., Kelvin). The method includes the steps of
providing a plurality of raw material batch components in amounts according to a batch
recipe, wherein the plurality of raw material batch components include at least one of a glass-
former material and at least one of a modifier (flux) material. A first portion of the plurality
of raw material batch components is selectively combined to provide a first combination
material having a melting temperature which is in a range of 60 to 90% of the resident melt
temperature Tr, and a viscosity at the melting temperature that is greater than or equal to the
melt viscosity nm/100. A second portion of the plurality of raw material batch components is’
also selectively combined to provide a second combination material having a reaction
temperature in a range of 60 to 100% of the resident melt temperature, such that the second
combination material is capable of forming an intermediate compound via a solid state
reaction prior to reacting with the glass melt. The first combination material, the second
combination material and any remaining portion of the plurality of raw material batch
components are mixed together to form a batch mixture, and the batch mixture is introduced

into the glass melter.
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The first combination material can be provided in various forms. For example,
according to one aspect of the first embodiment of the present invention, the first
combination material can be provided as a plurality of discrete reaction members formed by
pelletizing the first combination material prior to the introducing step, wherein reaction
member has a composition based on the first combination material. Alternatively, the first
combination material can be provided as a pre-reacted material formed by pre-reacting the
first combination material to a temperature proximate a specific reaction temperature of the
first combination material, cooling the pre-reacted first combination material, and grinding
the pre-reacted first combination material to form a plurality of pre-reacted particulates prior
to the introducing step. In this case, each of the plurality of pre-reacted particulates has a
composition based on the first combination material. According to yet another alternative,
the first combination material can be provided as a frit formed by heating the first
combination material to a temperature proximate a melting temperature of the first
combination material, melting the first combination material and quenching the first
combination material to form the frit prior to the introducing step. In this case, as with the
discrete reaction members and the pre-reacted particulates, the frit has a composition
according to the first combination material.

Similarly, the second combination material can be provided in a variety of forms. For
example, according to another aspect of the first embodiment of the present invention, the
second combination material can be provided as a plurality of discrete reaction members
formed by pelletizing the second combination material prior to the introducing step, wherein
the reaction member has a composition based on the second combination material.
Alternatively, the second combination material can be provided as a pre-reacted material
formed by pre-reacting the second combination material to a temperature proximate a specific
reaction temperature of the second combination material, cooling the pre-reacted second
combination material, and grinding the pre-reacted second combination material to form a
plurality of pre-reacted particulates prior to the introducing step. In this case, each of the
plurality of pre-reacted particulates has a composition based on the second combination
material. According to yet another alternative, the second combination material can be
provided as a frit formed by heating the second combination material to a temperature
proximate a melting temperature of the second combination material, melting the second
combination material and quenching the second combination material to form the frit prior to
the introducing step. In this case, as with the discrete reaction members and the pre-reacted

particulates, the frit has a composition according to the second combination material.
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The plurality of raw material batch components of the present invention can also
include an intermediate material, in addition to the at least one glass-former material and the
at least one modifier material. It should be noted that since the present invention can be
applied equally well for any type of glass manufacturing, the exact composition of the
combination materials will vary according to the batch recipe used in the particular field of
glass making. For example, typical soda lime silicate float glass compositions do not include
an intermediate material, such as alumina or zirconia, and instead include a plurality of
modifiers, such as sodium and calcium, in various carbonate and oxide forms, depending
upon the raw materials from which the are derived.

For glass compositions that include an intermediate material, the first combination
material can include at least a portion of the intermediate material and at least a portion of at
least one of the modifier materials, and the second combination material can include at least a
portion of at least one of the glass-former material and at least a portion of at least one of the
modifier material. Additionally, the second combination material can include at least a
portion of the intermediate material and at least a portion of at least one of the modifier
materials, and the first combination material can at least a portion of at least one of the glass-
former material and at least a portion of at least one of the modifier material. Ternary sub-
systems created by selective batching methods according to the present invention, rather than
binary sub-systems, are particularly applicable when dealing with glasses containing
significant levels of alumina.

Although the exact composition of the combination materials can vary according to
the particular application, the general combinations of raw material batch components
according to the present invention remains constant. That is, the first combination material
can include at least a portion of at least one of the glass-former materials and at least a
portion of at least one of the modifier materials, and the second combination material can
include at least a portion of at least one of the glass-former materials and at least a portion of
another of the modifier materials.

The term “glass-former material” or glass-former refers to materials which have a
M;Oy oxide form (where x =1 or 2; y = 1-5) and a single O-M bond strength on the order of
80-120 kcal. The glass-former material can be included as a batch component raw material in
its oxide form, or can be the product of calculated decomposition reactions of other batch
component raw materials, such as carbonates, hydroxides, chlorides, nitrates, sulfides, or
multi-component industrial minerals. Glass-formers according to the present invention can

include, for example, oxide forms of Be, Ge, Si, P, and B.
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The term “intermediate material” or intermediate refers to materials which have a
MO, oxide form and a single O-M bond strength on the order of 60-75 kcal. The
intermediate material can be included as a batch component raw material in its oxide form, or
can be the product of calculated decomposition reactions of other batch component raw 1
materials, such as carbonates, hydroxides, chlorides, nitrates, sulfides, or multi-component
industrial minerals. Intermediates according to the present invention can include, for
example, oxide forms of Mn, Mg, Zr, Be, Fe, Al and Ti.

The term “modifier material” refers to materials which have a MO, oxide form and a
single O-M bond strength on the order of 10-60 kcal, and which substantially perform as
fluxing materials during thermal reactions. The modifier material can be included as a batch
component raw material in its oxide form, or can be the product of calculated decomposition
reactions of other batch component raw materials, such as carbonates, hydroxides, chlorides,
nitrates, sulfides, or multi-component industrial minerals. Intermediates according to the
present invention can include, for example, oxide forms of K, Na, Li, Ba, Pb, Sr, Ca, Mg,
Mn, and Fe.

It should be noted that, according to the present invention, modifiers should not be
selectively combined with other modifiers in the absence of a glass-former or an
intermediate, due to the reactive nature (i.e., fluxing behavior) of modifiers. That is, a
combination material formed from a modifier-modifier selective combination would not
reduce the occurrence of batch segregation due to modifiers’ tendency to form low viscosity
eutectic liquid at lower temperatures.

It should also be noted that, according to the present invention, intermediates and
glass-formers should not be selectively combined without a modifier to reduce the melting
temperature of the combination material. That is, an intermediate-glass-former selective
combination would not yield any significant benefits with respect to narrowing the melting
temperature range of the batch components and would not exhibit the desired viscosity in the
temperature range of the present invention. Nor would beneficial solid state reactions occur
in lieu of melting. Instead, the combination material would simply require a longer residence
time for melting and homogenization with the resident melt, which decreases the overall
melting efficiency.

As mentioned above, there are three preferred forms in which each combination
material can be stabilized prior to being mixed with other combination materials and any
remaining portions of the batch (e.g., cullet or previously uncombined weight percentages of
the glass-formers, modifiers or, if included, intermediates). The present invention provides

method for selectively batching the raw material batch components wherein the first
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combination material and the second combination material comprise the same or different
forms. _

For example, according to one aspect of the first embodiment of the present invention,
the first combination comprises a plurality of discrete reaction members and the second
combination material comprises a plurality of discrete reaction members. Thus, in this case,
each of the first and second combination materials are selectively pre-mixed and pelletized to
form a pelletized feed stock prior to being mixed with each other and the remaining batch
components and being added to the melter. Additionally, according to another aspect of the
first embodiment of embodiment of the present invention, the first combination material
comprises a plurality of discrete reaction members and the second combination material
comprises a pre-reacted material. Further, according to yet another aspect of the first
embodiment of embodiment of the present invention, the first combination material
comprises a plurality of discrete reaction members and the second combination material
comprises a frit.

The present invention also provides that the first combination material comprises a
pre-reacted material and the second combination material comprises a plurality of discrete
reaction members. Alternatively, the present invention provides that the first combination
material comprises a pre-reacted material and the second combination material comprises a
pre-reacted material. Thus, in this case, each of the first and second combination materials
are selectively pre-mixed and pre-reacted and ground to form a particulate feed stock material
prior to being mixed with each other and the remaining batch components and before being
added to the melter. Further, the present invention provides that the first combination
material comprises a pre-reacted material and the second combination material comprises a
frit.

Further, according to another aspect of the first embodiment of the present invention,
the first combination material comprises a frit and the second combination material comprises
a plurality of discrete reaction members. Alternatively, the present invention provides that
the first combination material comprises a frit and the second combination material comprises
a pre-reacted material. Moreover, according to yet another aspect of the first embodiment of
the present invention, the first combination material comprises a frit and the second
combination material comprises a frit. Thus, in this case, each of the first and second
combination materials are selectively pre-mixed and pre-melted and quenched to form a frit
feed stock material prior to being mixed with each other and the remaining batch components

and before being added to the melter.
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Selectively batching raw materials into mixtures (i.e., the first combination material of
the first embodiment) that form higher viscosity “endpoints,” to control the melting sequence
and consequently the viscosity of the molten phase(s), instead of simply mixing all of the
batch components together prior to charging, controls the reaction paths within the melter,
rather than allowing the melting process to dictate the composition of the melt at various
stages. That is, if all of the batch constituents possessed melting points within a narrow
temperature range, more uniform melting could be achieved, segregation (regardless of
magnitude) would be limited, and the time required for homogenization substantially
reduced. Furthermore, if de-mixing is eliminated, diffusion distances are shortened and batch
free time would be dramatically reduced.

Selectively batching raw materials into a mixture (i.e., the second combination
material of the first embodiment) that is capable of forming an intermediate compound that
will react in a series of solid state reactions with the glass melt and the other components of
the glass batch rather than melting, even at temperatures approaching the resident glass melt
temperature, prevents the formation of low viscosity eutectic compounds that can increase the
tendency for batch segregation. Further, since the intermediate compound does not itself
melt per se, the above-mentioned viscosity considerations are rendered moot in view of the
solid-state reactions that instead yield in a glass melt having a desired composition with
improved melting efficiency, for example, by reducing the tendency for the segregation
complications that reduce melting efficiency.

The selective batching techniques according to the present invention alter the reaction
sequence during the melting process to create intermediate reaction products that are then
more easily reacted with each other, improve melting efficiency, and thus significantly reduce
the overall energy needs and time required to form a homogeneous melt. The tendency for
large scale segregation can also be reduced (i.e., substantially eliminated), thus providing
shorter diffusion distances. This, in turn, eliminates the need for downstream mechanical
mixing of the melt, such as mechanical stirring, or other physical implementations to improve
melting efficiency, for example, bubblers designed to increase the heat capacity of the melt.
The time required for sufficient melting and homogenization is substantially reduced, and
fining times can be reduced, as well. In lieu of reducing the residence time, however, it is
also possible to allow for additional fining time in the current furnace setup, that is, if the
overall residence time is maintained.

Controlling the reaction paths of batch components to improve melting efficiency
reduces the residence time of material in the glass tank and reduces the batch-free time, as

well. This, in turn, reduces the amount of energy required per unit of glass during
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production. For example, if residence time of material in the tank can be reduced by 10% to
20%, a hypothetical float glass plant could reduce the annual natural gas use by 57 to 114
million cubic foot (for the most efficient 4.7 million BTU per ton), assuming that 83% of the
total energy is used for melting. On a nationwide scale of all glass manufacturing, a 10%
reduction in residence time could result in a savings of 20 trillion BTU or 16 billion cubic
foot of natural gas (assuming 250 trillion BTU, 80% natural gas usage and 1x10° BTU per
cubic foot natural gas).

Sulfur oxides are a decomposition product of saltcake (sodium sulfate) that is added
to the batch as a fining agent. The improved melting efficiency attributed to the present
invention reduces the need for fining agents such as saltcake (Na,SO4) and thus, directly
reduce SOy emissions. Reducing these and other harmful emissions reduces the need for and
costs of compliance (e.g., implementation measures and/or compliance failure fines) with
environmental emission standards.

According to a second embodiment of the present invention, a method of controlling
the reaction paths of glass batch components added to a glass melt residing in a glass melter
is provided. The glass melt has a melt viscosity 1y, at a resident melt temperature Ty,
measured on an absolute temperature scale (i.e., Kelvin). The method includes the steps of
providing a plurality of raw material batch components in amounts according to a batch
recipe, wherein the plurality of raw material batch components include at least one of a glass-
former material and at least one of a modifier material. The method also includes the steps of
selectively combining a first portion of the plurality of raw material batch components to
provide a first combination material having a melting temperature which is in a range of 60 to
90% of the resident melt temperature Ty, and a viscosity at the melting temperature which is
greater than or equal to the melt viscosity n,/100, and mixing the first combination material
and any remaining portion of the plurality of raw material batch components to form a batch
mixture. The batch mixture is then introduced into the glass melter.

According to this second embodiment of the present invention, the method further
includes a step of selectively combining a second portion of the plurality of raw material
batch components to provide a second combination material having a melting temperature
which is in a range of 60 to 90% of the resident melt temperature Ty, and a viscosity at the
melting temperature that is greater than or equal to the melt viscosity 1,/100. The second
combination material is mixed With the first combination material and any remaining portion
of the plurality of raw material batch components to form a batch mixture, which is then

introduced into the glass melter.
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It should be noted that this embodiment of the present invention is primarily directed
to selectively combining the raw material batch components to narrow the melting point
range of the added batch and to control the viscosity of the added batch during melting to
improve the melting efficiency and prevent batch segregation, as described above with
respect to the first embodiment.

Different combinations of raw material batch components to form the first and second
combination materials according to the second embodiment of the present invention are
similar to those described above with respect to the first embodiment, and further redundant
description thereof is therefore omitted. Likewise, the different forms in which the first and
second combination materials according to the second embodiment of the present invention
can be stabilized prior to being mixed with each other and with any remaining batch
components are similar to those described above with respect to the first embodiment, and
further redundant description thereof is therefore omitted.

According to a third embodiment of the present invention, a method of controlling the
reaction paths of glass batch components added to a glass melt residing in a glass melter is
provided. The glass melt has a melt viscosity nm at a resident melt temperature Ty, measured
on an absolute temperature scale (i.e., Kelvin). The method includes the steps of providing a
plurality of raw material batch components in amounts according to a batch recipe, wherein
the plurality of raw material batch components including at least one of a glass-former
material and at least one of a modifier material. The method also includes the steps of
selectively combining a first portion of the plurality of raw material batch components to
provide a first combination material having a reaction temperature in a range of 60 to 100%
of the resident melt temperature, such that the first combination material is capable of
forming an intermediate compound via a solid state reaction prior to reacting with the glass
melt and mixing the first combination material and a remaining portion of the plurality of raw
material batch components to form a batch mixture. The batch mixture is then introduced
into the glass melter.

According to this third embodiment of the present invention, the method further
includes a step of selectively combining a second portion of the plurality of raw material
batch components to provide a second combination material having a reaction temperature in
a range of 60 to 100% of the resident melt temperature, such that the second combination
material is capable of forming an intermediate compound via a solid state reaction prior to
reacting with the glass melt. The second combination material is mixed with the first
combination material and any remaining portion of the plurality of raw material batch

components to form a batch mixture, which is then introduced into the glass melter.
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It should be noted that this third embodiment of the present invention is primarily
directed to selectively combining portion of the raw material batch into a combination
material that is capable of forming an intermediate compound via a solid state reaction with
the glass melt within a certain temperature range of the resident melt temperature to improve
the melting efficiency and prevent batch segregation, as described above with respect to the
second combination material of the first embodiment.

Different combinations of raw material batch components to form the first and second
combination materials according to the third embodiment of the present invention are similar
to those described above with respect to the first embodiment, and further redundant
description thereof is therefore omitted. Likewise, the different forms in which the first and
second combination materials according to the third embodiment of the present invention can
be stabilized prior to being mixed with each other and with any remaining batch components
are similar to those described above with respect to the first embodiment, and further

redundant description thereof is therefore omitted.

Brief Description of the Drawings

For a better understanding of the nature and objects of the present invention, reference
should be made to the following drawings, in which:

FIG. 1 is a flow diagram illustrating conventional glass batching techniques;

FIG. 2 is a schematic illustration of the conventional batch reaction paths for a typical
commercial float glass composition;

FIG. 3 is a schematic diagram illustrating a conventional batch reaction process;

FIG. 4 is a flow diagram illustrating a first embodiment of the selective glass batching
method according to the present invention;

FIG. 5 is a flow diagram illustrating a second embodiment of the selective glass
batching method according to the present invention:

FIG. 6 is a flow diagram illustrating a third embodiment of the selective glass
batching method according to the present invention;

FIG. 7 is a is a ternary phase diagram of a selectively combined glass batch sub-
system according to the example based on a commercial float glass composition; and

FIG. 8 is a flow diagram illustrating the selective batching method according to the

example.
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Detailed Description of the Invention

According to the present invention, selective blending of particular combinations of
batch raw materials according to the overall batch recipe is performed (hereinafter also
referred to as “selective batching”), rather than the complete blending of the entire batch
composition prior to introduction to a glass melter (e.g., furnace tank) having molten glass
(hereinafter referred to as “melt”) residing therein. Selectively batching in this manner
provides intermediate batch reaction products whose thermal characteristics (i.e., melting
point) and rheological properties (i.e., viscosity) or high temperature reaction behaviors
improved melting efficiency and reduce the occurrence of batch constituent segregation
(regardless of magnitude) during the initial melting stages.

As shown in the flow diagram in Fig. 4, one embodiment of the present invention is
directed to narrowing the melting point range of the batch constituents by selectiveiy
combining a first portion of the batch components such that the selective combination
exhibits the desired rheological properties (i.e., increased viscosity) in the molten phase
formed during the narrowed melting point range. Additionally, a second portion of the batch
components are selectively combined such that the selective combination has a specific
reaction temperature range wherein an intermediate compound is formed via a solid state
reaction between the combination and the resident melt.

Stabilizing the form of the new combination form of the selectively combined batch
components can be accomplished in various ways which themselves have various levels of
energy requirements: selectively batch and pelletize to form small “reaction members” that
react initially to form an intermediate reaction product; pre-react selective batch components
to form an intermediate feedstock; or pre-melt selective batch components as an intermediate
feedstock.

Fig. 4 shows that the batch recipe calls for a specified wt % of glass-former A,
modifier B and modifier C. At least a portion of glass-former A and at least a pbrtion of
modifier B are selectively combined on a wt % basis to form a first combination material AB
that will have a melting temperature Tap in a range of 60-90% of the resident melt
temperature Ty, and a viscosity nap = the resident melt viscosity 1,,/100. Preferably, nap is
in a range of 150 centipoise to 15,000 centipoise, although viscosities exceeding 15,000
centipoise are not outside the scope of the present invention. The preferred viscosity nag of
the first combination material can also be expressed as being at least 1% of n,. It should be
noted that the viscosities of the above-mentioned conventionally encountered low viscosity
eutectic liquids that contribute to batch segregation (and are thus to be avoided) are

considerably less than 1% of the viscosity of the resident melt. For example, the viscosity of
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the eutectic liquid formed by the reactions between CaCOs; and Na,COjs is approximately
0.03% of the viscosity of the resident melt.

It should also be noted that although T, is preferably expressed in terms of Kelvin
(i.e., an absolute temperature scale), Ty, can also be expressed by other units for measuring
temperature, for example, degrees Celcius (°C). Although the different temperature scales
can be compared to one another using common conversion factors, for purposes of
establishing the relationship between the resident melt temperature and the temperature
ranges over which the selectively combined batch components either melt or react according
to the present invention, the absolute temperature scale is preferred.

Similarly, at least another portion of glass-former A and at least a portion of modifier
C are selectively combined on a wt % basis to form a second combination material AC that
will have a reaction temperature Tac in a range of 60-100% of the resident melt temperature
Ty, such that melt homogenization and diffusion will occur via solid state reactions rather
than by melting the second combination material AC. Each of the first AB and second AC
combination materials are then pelletized.

It is important to note that the present invention does not involve pelletizing as a
batching step per se, rather, pelletized batching techniques are simply one of three methods
used to keep the selectively batched components together in the form of the respective
combination materials as they are introduced into the furnace. Although batch pelletizing is
known in the art, typical pelletizing practices relate to pelletizing the entire batch, rather than
selectively pelletizing portions of the batch in specific compositional ratios in order to control
the melting reactions in the tank. Technical publications and industrial practices strongly
support that selective pelletizing of particular batch components has'been unheard of
heretofore. ‘

Pelletized AB, pelletized AC, and any remaining portions of A, B and/or C are then
mixed in a mix hopper, for example, and then added to a melter. It should also be noted that
AB and AC can also be pre-reacted or pre-melted. Controlled reactions occur in the melter at
various temperatures between the selectively combined batch raw material components AB
and AC and the resident melt, until a substantially homogenous melt is eventually achieved.
Although the traditional uncontrolled reactions may still occur on a limited level between the
portions of the batch components A, B and C that were not selectively combined, these
reactions are proportionally reduced and do not significantly reduce the improved melting
efficiency, for example, by forming low viscosity phases within the melt which cause

segregation.
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As shown in the flow diagram in Fig. 5, another embodiment of the present invention
is directed to narrowing the melting point range of the batch constituents by selectively
combining a first portion of the batch components such that the selective combination
exhibits the desired rheological properties (i.e., increased viscosity) in the molten phase
formed during the narrowed melting point range. Additionally, a second portion of the batch
components are selectively combined such that the selective combination also exhibits the
desired rheological properties (i.e., increased viscosity) in the molten phase formed during
the narrowed melting point range.

Fig. 5 shows that the batch recipe calls for a specified wt % of glass-former D,
modifier E and modifier F. At least a portion of glass-former D and at least a portion of
modifier E are selectively combined on a wt % basis to form a first combination material DE
that will have a melting temperature Tpg in a range of 60-90% of the resident melt
temperature Ty, and a viscosity npg > the resident melt viscosity Nm. Similarly, at least
another portion of glass-former D and at least a portion of modifier F are selectively
combined on a wt % basis to form a second combination material DF that will have a melting
temperature Tpg in a range of 60-90% of the resident melt temperature Tr, and a viscosity npr
> the resident melt viscosity nm. The first combination material DE is pelletized, as
described above, and the second combination material DF is pre-reacted.

Pre-reacting the selectively combined batch components involves heating the selected

components to a temperature proximate a reaction temperature to form an intermediate

+ reaction product. This reaction temperature and the intermediate reaction product formed

will vary depending upon the batch components selected and the proportions chosen. The
reaction product is cooled and ground into a particulate form, which can then be further
processed (i.e., pelletized as described above) or added to the batch mixture in particulate
form. Controlling the particle size distribution, i.e., minimizing the particle size of the
selectively combined particulate intermediate material, further improves the melting
efficiency by increasing the effective surface area available to contribute to the melting
reactions when introduced into the melter. That is, since the particulate material disperse and
react with greater speed and homogeneity than traditional coarse grain batch component raw
materials, melting efficiency can be improved and any segregation can be further prevented
when the particulates are selectively combined according to the present invention.

Pelletized DE, pre-reacted particulate DF and any remaining portions of D, E and/or F
are then mixed, for example, in a mix hopper and added to the melter. It should also be noted
that DE and DF can also be pre-melted. Controlled reactions occur in the melter at various

temperatures between the selectively combined batch raw material components DE, DF and
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the resident melt, until a substantially homogenous melt is eventually achieved. Although the
traditional uncontrolled reactions may still occur on a limited level between the portions of
the batch components D, E and F that were not selectively combined, these reactions are
proportionally reduced and do not significantly counter the benefits of improved melting
efficiency associated with the present invention or contribute to forming low viscosity phases
within the melt which can cause segregation.

One of ordinary skill in the art should realize the combinations and proper proportions
of each batch component needed to result in the desired intermediate reaction product
according to the present invention. Although the present invention is applicable to any glass
batch composition, a specific example relating to a soda lime silicate float glass composition
is described herein below. Thus, in view of the present invention, one of ordinary skill in the
art should understand which of the various constituents of the glass batch should be combined
to reduce the formation of low viscosity intermediate phases based on the desired application
and the particular compositional requirements for any type of glass (e.g., fiber-glass,
container glass).

As shown in the flow diagram in Fig. 6, another embodiment of the present invention
is directed to selectively combining a portion of the raw material batch components such that
the selective combinations have a specific reaction temperature range wherein an
intermediate compound is formed via a solid state reaction between the combination and the
resident melt. Fig. 6 shows that the batch recipe calls for a specified wt % of glass-former G,
modifier H and modifier [. At least a portion of glass-former G and at least a portion of
modifier H are selectively combined on a wt % basis to form a first combination material GH
will have a reaction temperature Ty in a range of 60-100% of the resident melt temperature
Ty such that melt homogenization will occur via solid state reactions rather than by melting
the second combination material GH. Similarly, at least another portion of glass-former G
and at least a portion of modifier I are selectively combined on a wt % basis to form a second
combination material GI that will have a reaction temperature Tg; in a range of 60-100% of
the resident melt temperature Ty, such that melt homogenization will occur via solid state
reactions rather than by melting the second combination material GI. The first combination
material GH is pre-reacted, as described above, and the second combination material GI is
pre-melted into a frit.

Pre-melting the selective combinations involves heating the selected batch
components to a temperature proximate the melting temperature of the system, allowing time
for homogenization, and then quenching the melted combination material to form a frit

having the composition based on the selected combination. Again, one of ordinary skill in
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the art would realize the combinations and proper proportions of each batch component and
the required melting temperatures needed to result in the desired pre-melted frit feed stock
material.

Pre-reacted particulate GH, pre-melted frit GI and any remaining portions of G, H
and/or I are then mixed, for example, in a mix hopper, and then added to the melter. It should
also be noted that GH and GI can also be pelletized. Controlled solid state reactions occur in
the melter at various temperatures between the selectively combined batch raw material
components GH, GI and the resident melt, until a substantially homogenous melt is
eventually achieved. Although the traditional uncontrolled reactions may still occur on a
limited level between the portions of the batch components G, H and I that were not
selectively combined, these reactions are proportionally reduced and do not significantly
counter the improved melting efficiency or contribute to forming low viscosity phases within
the melt which can cause segregation.

It should also be noted that the raw materials from which the batch components are
selected can be oxides, carbonates, hydroxides, chlorides, sulfates, nitrates, or mixed
industrial minerals such as feldspars or clays. In order to reduce the potential for harmful
byproduct emissions, however, it is desired that the intermediate products formed by the
selectively pre-batched combinations do not produce gasses such as SO, and NOy as a result

of the melting and fining process.

Example

The following example is particularly directed to a float glass composition and
melting scenario. FIG. 8 is a flow diagram illustrating the selective batching method
according to the example. Traditional batch components of Na,CO3, CaCO;, and SiO; are
provided. Instead of simply mixing all of these raw material components together, however,
specific combinations of these raw materials are selectively pre-batched.

That is, Na,COs is selectively batched with quartz in the eutectic proportions of the
NayO-SiO; system to provide a first combination material to minimize the possibility of low
viscosity liquid formation by preventing the eutectic reaction of NayCOs with other raw
materials (such as CaCQs) that ordinarily occurs absent the selective batching according to
the present invention. CaCQj is selectively combined and pre-reacted with quartz to form a
second combination material (i.e., an intermediate reaction product). In this case, the second
combination material is wollastonite (CaO-SiO,), which will not melt after being mixed with

the first combination material and remaining batch components (e.g., free quartz) and being
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introduced into the melt. Instead, the wollastonite interacts with the melt and the other batch
components via a solid-state reaction.

These first and second combination materials are each pelletized and mixed with the
remaining amount of quartz (approximately less than 20% of the total batch) prior to being
introduced into the melt and beginning the melting process. As shown in the phase diagram
in Fig. 7, the reaction sequence during the melting process is altered to prevent gross
segregation of the batch components, and intermediate reaction products (e.g., the Na,O-SiO,
eutectic and synthetic wollastonite) are created. That is, SiO,, the Na,O-SiO; eutectic and
synthetic wollastonite (CaQ-SiO,) comprise a sub-system and the amount of free quartz
which is not selectively combined with another material is reduced to less than 20%. Thus,
reducing the amount of silica added to the glass furnace as quartz, or adding a majority of the
quartz intimately mixed with a more reactive species, improves melting efficiency and also
reduces the tendency for the above-described segregation problem.

That is, the melting point of the Na,O-SiO, eutectic is 785°C (1058 K), which is
within a range of 60-90% of the overall temperature of the resident melt (on the order of
1400°C; 1673 K). The viscosity of the Na,O-SiO, eutectic is on the order of 1000 mPa-s
(1000 centipoise), which is approximately 7% of the viscosity of the resident melt. Since
wollastonite has a melting point of 1550°C, wollastonite will not melt per se, even at a
resident melt temperature on the order of 1400°C. Instead, the batch is homogenized within
the melt via solid state reactions at temperatures within 60-100% of the resident melt
temperature which improves melting efficiency and prevents the formation of a low viscosity
liquidous phases that promote batch segregation. It should be noted, however, that the
temperatures within the glass tank exceed the temperature of the resident melt. For example,
it is not uncommon for glass tank temperatures to range from 1300 to 1500°C for a glass with
a melting point of 1100°C.

It should also be noted that the second combination material according to the example
could also be selectively combined and pelletized without actually pre-reacting and thus not
forming wollastonite until the reaction temperature range is reached within the melt. At that
time, instead of melting, the solid state reaction forming wollastonite occurs and the solid
state interactions with the melt follow, while the tendency for a low viscosity liquid is still
reduced.

As shown and described above, since the combination materials (and intermediate
reaction products) react more easily in specified sub-systems than traditional raw material
batch components react in a traditional system, the overall energy needs and time required to

form a homogeneous melt are significantly reduced. This keeps diffusion distances short,
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substantially reduces the time required for melting and homogenization, reduces fining times
and can reduce the tendency for large scale segregation. Alternatively, due to the reduced
reaction time, additional fining time could be provided in the current furnace setup (assuming
a constant residence time is maintained), which further eliminates the potential for seeds and
further improves the overall homogeneity of the melt, resulting in higher quality glass
products. ‘

While the present invention is useful for improving melting efficiency by reducing the
tendency for batch component raw materials to segregate within the melt, the methodology
and benefits of the present invention are equally applicable for glass systems that are not
necessarily subject to gross segregation problems. That is, selectively combining batch
components according to the present invention enables improved melting efficiency, material
efficiency and fuel efficiency as described above, even in the absence of gross segregation.

While the present invention has been particularly shown and described with reference
to the preferred mode as illustrated in the drawings, it will be understood by one skilled in the
art that various changes in detail may be effected therein without departing from the spirit

and scope of the invention as defined by the claims.
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We claim:
1. A method of controlling the reaction paths of glass batch components added to a glass
melt residing in a glass melter, said glass melt having a melt viscosity nm at a resident melt
temperature Ty, (K), comprising the steps of:

providing a plurality of raw material batch components in amounts according to a
batch recipe, said plurality of raw material batch components comprising at least one of a
glass-former material and at least one of a modifier material;

selectively combining a first portion of said plurality of raw material batch
components to provide a first combination material having a melting temperature which is in
a range of 60 to 90% of said resident melt temperature T, and a viscosity at said melting
temperature that is greater than or equal to said melt viscosity 1,/100;

selectively combining a second portion of said plurality of raw material batch
components to provide a second combination material having a reaction temperature in a
range of 60 to 100% of said resident melt temperature, such that said second combination
material is capable of forming an intermediate compound via a solid state reaction prior to
reacting with said glass melt;

mixing said first combination material, said second combination material and any
remaining portion of said plurality of raw material batch components to form a batch mixture;
and

introducing said batch mixture into the glass melter.

2. The method of claim 1, wherein said first combination material comprises a plurality
of discrete reaction members formed by pelletizing said first combination material to form a
plurality of discrete reaction members prior to said mixing step; each said reaction member

having a composition based on said first combination material.

3. The method of claim 1, wherein said second combination material comprises a
plurality of discrete reaction members formed by pelletizing said second combination
material to form a plurality of discrete reaction members prior to said mixing step, each said

reaction member having a composition based on said second combination material.

4. The method of claim 1, wherein said first combination material comprises a pre-
reacted material formed by pre-reacting said first combination material to a temperature
proximate a specific reaction temperature of said first combination material, cooling said pre-

reacted first combination material, and grinding said pre-reacted first combination material to
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form a plurality of pre-reacted particulates prior to said mixing step, each said plurality of

pre-reacted particulates having a composition based on said first combination material.

5. The method of claim 1, wherein said second combination material comprises a pre-
reacted material formed by pre-reacting said second combination material to a temperature
proximate a specific reaction temperature of said second combination material, cooling said
pre-reacted second combination material, and grinding said pre-reacted second combination
material to form a plurality of pre-reacted particulates prior to said mixing step, each said
plurality of pre-reacted particulates having a composition based on said second combination

material.

6. The method of claim 1, wherein said first combination material comprises a frit
formed by heating said first combination material to a temperature proximate a melting
temperature of said first combination material, melting said first combination material and
quenching said first combination material to form said frit prior to said mixing step, said frit

having a composition according to said first combination material.

7. The method of claim 1, wherein said second combination material comprises a frit
formed by heating said second combination material to a temperature proximate a melting
temperature of said second combination material, melting said second combination material
and quenching said second combination material to form said frit prior to said mixing step,

said frit having a composition according to said second combination material.

8. The method of claim 1, wherein said plurality of raw material batch components

further comprise an intermediate material.

9. The method of claim 1, wherein said first combination material comprises at least a
portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

10.  The method of claim 1, wherein said second combination material comprises at least a
portion of at least one of said glass-former material and at least a portion of another of said

modifier material.
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11.  The method of claim 8, wherein said first combination material comprises at least a
portion of said intermediate material and at least a portion of at least one of said modifier

material.

12. The method of claim 11, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

13. The method of claim 1, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a plurality of

discrete reaction members.

14. The method of claim 1, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a pre-reacted

material.

15. The method of claim 1, wherein said first combination material comprises a plurality

of discrete reaction members and said second combination material comprises a frit.

16.  The method of claim 1, wherein said first combination material comprises a pre-
reacted material and said second combination material comprises a plurality of discrete

reaction members.

17. The method of claim 1, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a pre-reacted material.

18.  The method of claim 1, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a frit.

19.  The method of claim 1, wherein said first combination material comprises a frit and

said second combination material comprises a plurality of discrete reaction members.

20.  The method of claim 1, wherein said first combination material comprises a frit and

said second combination material comprises a pre-reacted material,
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21.  The method of claim 1, wherein said first combination material comprises a frit and

said second combination material comprises a frit.

22. A method of controlling the reaction paths of glass batch components added to a glass
melt residing in a glass melter, said glass melt having a melt viscosity 1y, at a resident melt
temperature Ty, (K), comprising the steps of:

providing a plurality of raw material batch components in amounts according to a
batch recipe, said plurality of raw material batch components comprising at least one of a
glass-former material and at least one of a modifier material;

selectively combining a first portion of said plurality of raw material batch
components to provide a first combination material having a melting temperature which is in
a range of 60 to 90% of said resident melt temperature Ty, and a viscosity at said melting
temperature that is greater than or equal to said melt viscosity n,/100;

mixing said first combination material and a remaining portion of said plurality of raw
material batch components to form a batch mixture; and

introducing said batch mixture into the glass melter.

23. The method of claim 22, further comprising a step of selectively cofnbining a second
portion of said plurality of raw material batch components to provide a second combination
material having a melting temperature which is in a range of 60 to 90% of said resident melt
temperature Tr, and a viscosity at said melting temperature that is greater than or equal to said

melt viscosity 1m/100.

24.  The method of claim 22, wherein said first combination material comprises a plurality
of discrete reaction members formed by pelletizing said first combination material to form a
plurality of discrete reaction members prior to said mixing step, each said reaction member

having a composition based on said first combination material.

25.  The method of claim 23, wherein said second combination material comprises a
plurality of discrete reaction members formed by pelletizing said second combination
material to form a plurality of discrete reaction members prior to said mixing step, each said
reaction member having a composition based on said second combination material.

\
26.  The method of claim 22, wherein said first combination material comprises a pre-

reacted material formed by pre-reacting said first combination material to a temperature
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proximate a specific reaction temperature of said first combination material, cooling said pre-

reacted first combination material, and grinding said pre-reacted first combination material to

form a plurality of pre-reacted particulates prior to said mixing step, each said plurality of

pre-reacted particulates having a composition based on said first combination material.

27.  The method of claim 23, wherein said second combination material comprises a pre-
reacted material formed by pre-reacting said second combination material to a temperature
proximate a specific reaction temperature of said second combination material, cooling said
pre-reacted second combination material, and grinding said pre-reacted second combination
material to form a plurality of pre-reacted particulates prior to said mixing step, each said
plurality of pre-reacted particulates having a composition based on said second combination

material.

28.  The method of claim 22, wherein said first combination material comprises a frit
formed by heating said first combination material to a temperature proximate a melting

temperature of said first combination material, melting said first combination material and

* quenching said first combination material to form said frit prior to said mixing step, said frit

having a composition according to said first combination material.

29.  The method of claim 23, wherein said second combination material comprises a frit
formed by heating said second combination material to a temperature proximate a melting
temperature of said second combination material, melting said second combination material
and quenching said second combination material to form said frit prior to said mixing step,

said frit having a composition according to said second combination material.

30.  The method of claim 22, wherein said plurality of raw material batch components

further comprise an intermediate material.

31.  The method of claim 23, wherein said plurality of raw material batch components

further comprise an intermediate material.

32.  The method of claim 22, wherein said first combination material comprises at least a
portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.
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33.  The method of claim 23, wherein said second combination material comprises at least

a portion of at least one of said glass-former material and at least a portion of another of said

modifier material.

34. The method of claim 30, wherein said first combination material comprises at least a
portion of said intermediate material and at least a portion of at least one of said modifier

material.

35.  The method of claim 31, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

36.  The method of claim 23, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a plurality of

discrete reaction members.

37.  The method of claim 23, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a pre-reacted

material.

38.  The method of claim 23, wherein said first combination material comprises a plurality

of discrete reaction members and said second combination material comprises a frit.

39.  The method of claim 23, wherein said first combination material comprises a pre-
reacted material and said second combination material comprises a plurality of discrete

reaction members.

40.  The method of claim 23, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a pre-reacted material.

41. The method of claim 23, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a frit.

42.  The method of claim 23, wherein said first combination material comprises a frit and

said second combination material comprises a plurality of discrete reaction members.
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43.  The method of claim 23, wherein said first combination material comprises a frit and

said second combination material comprises a pre-reacted material.

44, The method of claim 23, wherein said first combination material comprises a frit and

said second combination material comprises a frit.

45. A method of controlling the reaction paths of glass batch components added to a glass
melt residing in a glass melter, said glass melt having a melt viscosity n, at a resident melt
temperature Ty, (K), comprising the steps of:

providing a plurality of raw material batch components in amounts according to a
batch recipe, said plurality of raw material batch components comprising at least one of a
glass-former material and at least one of a modifier material;

selectively combining a first portion of said plurality of raw material batch
components to provide a first combination material having a reaction temperature in a fange
of 60 to 100% of said resident melt temperature, such that said first combination material is
capable of forming an intermediate compound via a solid state reaction prior to reacting with
said glass melt;

mixing said first combination material and a remaining portion of said plurality of raw
material batch components to form a batch mixture; and

introducing said batch mixture into the glass melter.

46.  The method of claim 45, further comprising a step of selectively combining a second
portion of said plurality of raw material batch components to provide a second combination
material having a reaction temperature in a range of 60 to 100% of said resident melt
temperature, such that said second combination material is capable of forming an

intermediate compound via a solid state reaction prior to reacting with said glass melt.

47, The method of claim 45, wherein said first combination material comprises a plurality
of discrete reaction members formed by pelletizing said first combination material to form a
plurality of discrete reaction members prior to said mixing step, each said reaction member

having a composition based on said first combination material.

48. The method of claim 46, wherein said second combination material comprises a

plurality of discrete reaction members formed by pelletizing said second combination



10

15

20

25

30

35

WO 03/074434 PCT/US03/05962
29
material to form a plurality of discrete reaction members prior to said mixing step, each said

reaction member having a composition based on said second combination material.

49, The method of claim 45, wherein said first combination material comprises a pre-
reacted material formed by pre-reacting said first combination material to a temperature
proximate a specific reaction temperature of said first combination material, cooling said pre-
reacted first combination material, and grinding said pre-reacted first combination material to
form a plurality of pre-reacted particulates prior to said mixing step, each said plurality of

pre-reacted particulates having a composition based on said first combination material.

50.  The method of claim 46, wherein said second combination material comprises a pre-
reacted material formed by pre-reacting said second combination material to a temperature
proximate a specific reaction temperature of said second combination material, cooling said
pre-reacted second combination material, and grinding said pre-reacted second combination
material to form a plurality of pre-reacted particulates prior to said mixing step, each said
plurality of pre-reacted particulates having a composition based on said second combination

material.

51.  The method of claim 45, wherein said first combination material comprises a frit
formed by heating said first combination material to a temperature proximate a melting
temperature of said ﬁrst combmatlon material, melting said first combination material and
quenching said first combmatlon material to form said frit prior to said mixing step, said frit

having a composition according to said first combination material.

52.  The method of claim 46, wherein said second combination material comprises a frit
formed by heating said second combination material to a temperature proximate a melting
temperature of said second combination material, melting said second combination material
and quenching said second combination material to form said frit prior to said mixing step,

said frit having a composition according to said second combination material.

53.  The method of claim 45, wherein said plurality of raw material batch components

further comprise an intermediate material.

54.  The method of claim 46, wherein said plurality of raw material batch components

further comprise an intermediate material.
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55.  The method of claim 45, wherein said first combination material comprises at least a

portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

56.  The method of claim 46, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of another of said

modifier material.

57.  The method of claim 53, wherein said first combination material comprises at least a
portion of said intermediate material and at least a portion of at least one of said modifier

material.

58. The method of claim 54, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

59.  The method of claim 46, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a plurality of

discrete reaction members.

60.  The method of claim 46, wherein said first combination material comprises a plurality
of discrete reaction members and said second combination material comprises a pre-reacted

material.

61.  The method of claim 46, wherein said first combination material comprises a plurality

of discrete reaction members and said second combination material comprises a frit.

62.  The method of claim 46, wherein said first combination material comprises a pre-
reacted material and said second combination material comprises a plurality of discrete

reaction members.

63.  The method of claim 46, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a pre-reacted material.
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64.  The method of claim 46, wherein said first combination material comprises a pre-

reacted material and said second combination material comprises a frit.

65.  The method of claim 46, wherein said first combination material comprises a frit and

said second combination material comprises a plurality of discrete reaction members.

66.  The method of claim 46, wherein said first combination material comprises a frit and

said second combination material comprises a pre-reacted material.

67.  The method of claim 46, wherein said first combination material comprises a frit and

said second combination material comprises a frit.

68. A method of controlling the reaction paths of glass batch components added to a glass
melt residing in a glass melter, said glass melt having a melt viscosity n, at a resident melt
temperature Ty, (K), comprising the steps of:

providing a plurality of raw material batch components in amounts according to a
batch recipe, said plurality of raw material batch components comprising at least one of a
glass-former material and at least one of a modifier material;

selectively combining a first portion of said plurality of raw material batch
components to provide a first combination material having a reaction temperature in a range
of 60 to 100% of said resident melt temperature, such that said first combination material is
capable of forming an intermediate compound via a solid state reaction;

pre-reacting said first combination material to a temperature proximate said reaction
temperature of said first combination material, cooling said pre-reacted first combination
material, and grinding said pre-reacted first combination material to form an intermediate
material, said intermediate material having a composition based on said first combination
material, a reaction temperature in a range of 60 to 100% of said resident melt temperature
Tm, and a melting temperature greater than Ty, such that said intermediate material reacts
without melting when added to said glass melt via one or more solid state reactions;

pelletizing said intermediate material to form a pelletized intermediate material
comprising a plurality of discrete reaction members, each said reaction member having a
composition based on said intermediate material;

selectively combining a second portion of said plurality of raw material batch

components to provide a second combination material having a melting temperature in a
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range of 60 to 90% of said resident melt temperature Ty, and a viscosity at said melting
temperature that is greater than or equal to said melt viscosity 1,,/100;

pelletizing said second combination material to form a pelletized second combination
material comprising a plurality of discrete reaction members, each said reaction member
having a composition based on said second combination material,

mixing said pelletized intermediate material, said pelletized second combination
material and a remaining portion of said plurality of raw material batch components to form a
batch mixture; and

introducing said batch mixture into the glass melter.

69. The method of claim 68, wherein said first combination material comprises at least a
portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.

70.  The method of claim 69, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of another of said

modifier material.

71.  The method of claim 68, wherein said plurality of raw material batch components

further comprise an intermediate material.

72.  The method of claim 71, wherein said first combination material comprises at least a
portion of said intermediate material and at least a portion of at least one of said modifier

material.

73.  The method of claim 72, wherein said second combination material comprises at least
a portion of at least one of said glass-former material and at least a portion of at least one of

said modifier material.
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