
WO 2004/020351 PCT/US2003/024478  I PRODUCING GLASS
USING OUTGASSED FRIT  FIELD OF THE INVENTION (0001]
The present invention relates to a process for
producing glass materials. In  particular, the present
invention relates to a process for producing glass
materials by using  outgassing materials and
non-outgassing materials under normal glass melting
conditions.  The process is useful, for example, in
producing glass materials containing, inter alia,
silica,  alumina, alkaline and alkaline earth metal
oxides and/or boron oxide in conventional glass
furnaces. BACKGROUND OF THE INVENTION [0002] In
typical conventional glass making processes, all raw
materials are  pretreated, mixed, optionally with
water, to form a single melting batch, and then
charged in  installment or continuously into a
premelter or a glass melting furnace, where the batch
materials are subjected to heating and melting using
fuel firing and/or electrical energy. A  series of
chemical reactions take place inside the premelter
and/or furnace,. whereby molten  glass is formed. The
molten glass is then allowed to exit the furnace and
formed into glass  sheets, tubes, fibers, containers,
optical products, and the like, using various
technique and  equipment. [0003] A common glass
composition, especially a silicate glass composition,
contains  glass formers, stabilizers, fluxes,
colorants, decolorants, fining agents, and the like.
Glass  formers are the indispensable oxides that form
the structural network of glass, including SiO2,
B203, P205, GeO2, V2O5 and As2O3, with SiO2 being the
most typical and most important.  Fluxes are typically
Group I alkaline oxides, the source materials of which
in the batch tend  to react at a relatively lower
temperature in the furnace. Stabilizers are oxides
that bring  about high chemical resistance to the
glass and control the working characteristics of the
glass together with the fluxes in forming operations.
Common stabilizers include alkaline  earth metal
oxides, PbO, ZnO and A1203. Various transitional metal
oxides may be  introduced into the glass composition
as colorants. As decolorants, selenium, cobalt and
arsenic may be used to impart colorless transparency
to the glass. Fining agents are added to  remove seeds
in the glass. An exemplary soda-lime-silica glass
composition contains SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  



2 approximately, in terms of weight percent, 70% SiO2,
15% Na2O and K20, 10% CaO and  MgO, and small amounts
of other oxides, especially A1203. Glass materials in
this type are  widely used in containers, windows,
drinking glasses, light bulbs and glass construction
blocks. Borosilicate glasses have good chemical
resistance, and low thermal expansion and  thus are
widely used for cooking wares, fiberglass and
laboratory wares. A typical  composition of
borosilicate glass has approximately, in terms of
weight percent, 80% Si02,  12.9% B203, 3.8% Na2O, 2.2%
A1203 and 0.4% K20, commonly known as Pyrex.
Aluminosilcate glass has relatively high percentage of
A1203, and usually enjoys fairly low  thermal
expansion, high chemical resistance, high resistance
to higher temperatures and good  strength. [0004] In
the batch mixture, Si02 is usually in the form of rock
crystal, silica sand,  pure Si02, kaolin
(Al203.2SiO2.2H2O) or feldspar (R 2OAl2O3.6SiO2). B203
is typically  introduced in the form of boric acid
(H3BO3), colemanite (Ca2B6O11.5H2O), borax  (Na2B4O7
10H2O), ulexite (NaCaB5O9.8H2O) or pure B203. Na2O
usually takes the form of  natural soda ash (Na2C03);
light soda ash (Na2CO3) and heavy soda ash
(Na2C03xH2O)  synthesized, for example, by the Solvay
process; sodium feldspar (Na20A1203.6SiO2) and
nelpheline syenite (Na2OAl2O3.2SiO2). K20 is typically
introduced in the form of potash  (K2CO3), saltpeter
(potassium nitrate, KNO3) and potassium feldspar
(K2OAl2O3.6SiO2).  Spodumene (Li20Al2O3.2SiO2) and
lithium carbonate (Li2CO3) are commonly used as the
source of Li2O. CaO is usually provided by limestone
(CaCO3), dolomite (MgCO3CaCO3)  or colemanite
(Ca2B6011.5H2O). MgO usually takes the form of
magnesite (MgCO3),  dolomite (MgCO3CaCO3) or basic
MgCO3 (4MgCO3Mg(OH)2.4H2O). BaO is typically
introduced in the form of BaCO3 and Ba(NO3)2. A1203
usually takes the form of pure A1203,  kaolin
(Al2O3.2Si02.2H2O), nepheline syenite
(Na2OA12O3.2SiO2), feldspar  (R2OAl2O3.6SiO2),
phonolite (xR20yAl2O3Fe2O3zSiO2) or blast furnace slag
(SiO2A1203 CaOS2-). PbO may take the form of red lead
(Pb3O4) or lead silicate  (PbOSiO2). Many of these
batch materials are hydrates containing large
quantities of  chemically bound water, or are
carbonates. These materials tend to dissociate and
decompose at a relatively low temperature in the
furnace and release large quantity of gas  (H20 and
C02). Nitrates and sulfates, if used in the batch,
release gases during the glass  melting process, too.
In the conventional glass making process for typical
TV panel glass, SUBSTITUTE SHEET (RULE 26) 
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released in the furnace is approximately 1000 times
the volume of the  glass. [0005] To reduce energy
consumption of a glass making process, it is important
to  raise the glass production rate. The glass
production rate, in turn, is largely dependent on the,
glass-melting rate in the furnace. Factors that
determine glass melting rate include, inter alia,  (i)
heating capacity of the furnace; (ii) heat transfer
efficiency of the batch and molten glass  in the
furnace; (iii) dissolution of refractory materials,
such as sand, in the batch; (iv) removal  of bubbles
formed in the melting process; (v) homogenization of
molten glass liquid; and (vi)  thermal conditioning of
glass to meet the requirements of the forming process.
Forming a  liquid phase during the glass melting
process is of particular importance because the liquid
mass transfer is much faster than solid state
diffusion, promotes heat transfer and reaction  with
the solid particles in the batch. In a conventional
fuel-fired glass-melting tank, the batch  floats on
top of the molten glass and heating is provided above,
the batch pile from the gas  flame. The batch pile,
colder than the molten glass and the flame, serves as,
a heat insulator,  slowing melting of solid particles
inside. When liquid is present, the gas released from
the  batch materials can form foam with the liquid,
hindering heat transfer and reaction between  the
liquid and the solid particles. Components with higher
melting temperature, such as silica  and alumina, may
combine with the foam to form a scum layer on top of
the molten glass.  [0006] The scum layer is
particularly undesirable in glass making. In addition
to  lower heat transfer and slow melting of refractory
batch materials such as Al2O3 and SiO2, it  can
adversely affect the glass quality. One of the objects
of glass melting, whether in pots or  in tanks, is to
produce glass which is free from bubbles and
crystalline particles and also  homogeneous.
Variations in composition produce differences in
physical properties from  point to point in the
product of the melting operation and, because of the
nature'of viscous  flow, these regions of non-uniform
refractive index, viscosity, or thermal expansion are
elongated into streaks which are called cords.
Sometimes the streaks of off-composition  glass are
sharply distinguished from the normal glass and are
termed sharp or wire cord. In  other cases the change
in properties from cord to normal glass is more
gradual and we have  smooth or wave cords. It is known
that the main melt reactions in the glass furnace do
not  take place in parallel, but rather in series.
This has actually been observed using cameras by  the
present inventor. Some batch components, such as
limestone, tend to melt earlier than  



silica and alumina and sink into the tank to form
globules, thus segregate from the unmelted SUBSTITUTE
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floating Si02 and A1203 in the scum layer. This
segregation leads to undesirable  inhomogeneity of
glass (cord). The unmelted SiO2 and A1203 particles
may even become  enclosed in the final glass product.
These compositional inhomogeneities are especially
harmful for optical glasses and glasses used for
applications that require high compositional
uniformity, such as the liquid display device (LCD)
substrates. [0007] One solution traditionally used to
increase the melting rate of glass, thus to  reduce or
eliminate the scum problem, is elevating the melting
temperature by employing  higher heating power.
According to the following equation: Q  r=A.e RT
[0008] where (A) and (Q) are constants dependent on
the furnace design, and R is a  universal constant,
the higher the melting temperature (.7), the higher
the glass melting rate  (r). However, raising heating
power typically translates into higher energy cost,
and higher  temperature facilitates refractory
corrosion, shortens furnace operating life, promotes
pollution and some defects in the glass product.
Oftentimes, furnaces and tanks are built with  a
limited heating power and a maximum allowable
operating temperature, rendering them  incapable of
melting glasses that require an even higher
temperature to melt using the  conventional melting
process, such as glasses containing high percentage of
A1203 and/or  SiO2. The cost of building a new furnace
suitable for melting glass at such high temperature
is usually very high. Alternative melter designs have
been proposed in place of the  conventional practice
of floating a batch pile on a pool of molten glass.
Literature disclosing  special melter designs includes
U.S. Pat. Nos. 296,227; 708,309; 2,593,197; 4,062;667;
4,110,097 (using a ramp-like structure down which the
liquid would flow into a melting  tank); 1,889,509;
1,889,511; 2,006,947; 2,007,755; 4,061,487; 4,185,984
(using rotating  vessels as the glass melting
structure); and 1,082,195; 1,621,446; 3,109,045;
3,151,964;  3,328,149 and 3,689,679 (using a premelter
where the glass is liquefied first before the  melting
tank. Unites States reissue patent No. 32,317
discloses a series of melter designs  with special
liquefaction chambers. [0009] All these approaches
hitherto used or proposed are thermal approaches,
viz.,  



they function by varying the thermal profile in the
glass melter. These approaches invariably  suffer from
the downside of elevated melting temperature or
complex and costly melter SUBSTITUTE SHEET (RULE 26)
WO 2004/020351 PCT/US2003/024478  5 design. This has
prompted the present inventor to look for an
alternative process that can  operate at the
relatively low melting temperature of a conventional
glass melter. (0010] As part of the research effort,
the present inventor observed the reactions  taking
place in a glass melter in a conventional glass
melting process using a video camera.  The observation
revealed bubbling and foaming in wide temperature
ranges, for example,  300-1500C for bubbling, and
500-1400C for foaming for some glass compositions. In
light of this discovery, the present inventor
contemplated the present inventive process of  using
outgassed frit in glass melting. Surprisingly, this
modification of the conventional  glass melting
technique turns out to be an effective chemical
approach to tackle with the  above-mentioned inherent
problems with the conventional thermal approaches.
SUMMARY OF THE INVENTION [0011] Accordingly, the
present invention provides a process for producing
glass  materials comprising the following steps: (1)
producing a fit by (i) mixing the starting materials,
collectively referred to as Group  A materials,
consisting essentially of materials that outgas under
normal glass-melting  conditions; (ii) heating the
resultant mixture of Group A materials to an
outgassing  temperature and allowing the materials to
melt and outgas; and (iii) cooling the  molten
outgassed material and forming frit therefrom; (II)
mixing the frit produced in step (I) with other glass
forming materials, collectively  referred to as Group
B materials; and (III) melting the resultant mixture
of step (II) under glass melting conditions to form
the  glass material. [0012] Preferably, the Group A
materials in the present inventive process consist
essentially of materials selected from naturally
occurring, synthetic and beneficiated naturally
occurring nitrates, carbonates, carbohydrates,
sulfates, boric acid, hydroxides, mixtures and
compounds thereof, with or without containing
additional chemically bound water, oxides  and other
materials that decompose to outgas under normal glass
melting temperatures and  other materials that contain
chemically bound water. More preferably, the Group A
materials  



in the present inventive process consist essentially
of materials selected from naturally  occurring,
synthetic and purified nitrates, carbonates,
carbohydrates, sulfates and hydroxides SUBSTITUTE
SHEET (RULE 26) WO 2004/020351 PCT/US2003/024478  6 of
alkali and alkali earth metals, boric acid, mixtures
and compounds thereof, with or without  containing
additional chemically bound water. Preferably, oxides
with melting temperatures  lower than the glass
melting temperature and their source materials are
included in Group A,  such as B203 and borates.
Preferably, fining agents and other starting
materials, when used in  small amounts in the glass
composition, are included in Group A for a more
uniform distribution thereof in the final glass
product. [0013] Preferably, the Group A materials in
step (I)(ii) are melted and allowed to  outgas
substantially completely. Preferably, the Group A
materials in step (I)(ii) are melted  and allowed to
outgas at a temperature 400-500C lower than the glass
melting temperature in  step (III). [0014] Preferably,
the Group B materials in the present inventive process
consist  essentially of materials selected from
naturally occurring, synthetic and purified A1203,
Si02,  mixtures and salts containing them, and
cullets. [0015] The present inventive process can be
used in any type of glass melter,  including, but not
limited to, pot furnaces, fuel-fired tank furnaces,
electric boosted fuel-fired  tank furnaces, and
all-electric furnaces, on large industrial scale and
small scale (hand-shop)  alike. Preferably, the
present inventive process is used in furnaces where
foaming and scum  forming are of particular concern,
for example, conventional and modified fuel-fired tank
furnaces and electric boosted fuel-fired tank
furnaces. [0016] The present inventive process can be
used for producing various types of  glasses,
including, but not limited to, soda-lime glasses,
boro-silicate glasses, alumino-boro- silicate glasses,
lead glasses, and high silica glasses. Advantageously,
the present inventive  process can be used for
producing glasses traditionally require a high melting
temperature  and/or glasses where outgassing is
significant, for example, but not limited to, high
silica  glasses, and alumino-boro-silica glasses. The
present inventive process can be  advantageously used
for producing high quality glasses that require a high
degree of  compositional and property homogeneity, for
example, optical glasses and glasses for  producing
LCDs. 



[0017] By preparing frits from the Group A materials
and melting the frits together  with the Group B
materials, gas release is substantially reduced in the
glass melter, hence  foaming and scum forming. As a
result, heat transfer in the glass melter is improved;
the  early-formed liquid has a more intimate
interaction with the solid particles; and high melting
SUBSTITUTE SHEET (RULE 26) WO 2004/020351
PCT/US2003/024478  7 temperature batch materials such
as silica and alumina can melt more readily. All these
technical advantages contribute to a lower melting
temperature in the glass melter at a given
glass-melting rate, and/or a higher melting rate for
the same glass melter temperature. By  reducing or
eliminating the scum layer, higher quality glass can
be produced in a  conventional glass furnace.
Moreover, melting high silica glasses and other
glasses that  traditionally require a high melting
temperature can be thus realized in a typical
conventional  glass furnace at a relatively lower
melting temperature. [0018] Additional features and
advantages of the invention will be set forth in the
detailed description which follows, and in part will
be readily apparent to those skilled in the  art from
the description or recognized by practicing the
invention as described in the written  description and
claims hereof, as well as the appended drawings.
[0019] It is to be understood that the foregoing
general description and the following  detailed
description are merely exemplary of the invention, and
are intended to provide an  overview or framework to
understanding the nature and character of the
invention as it is  claimed. [0020] The accompanying
drawings are included to provide a further
understanding  of the invention, and are incorporated
in and constitutes a part of this specification. BRIEF
DESCRIPTION OF THE DRAWINGS  [0021] In the
accompanying drawings, [0022] FIG. 1 is a schematic
flow chart showing the conventional process of melting
common soda-lime glasses in a cross-fire fuel-fired
glass furnace; [0023] FIG. 2 is a picture showing the
cross-section of a glass sample melted by using  the
conventional batch melting process; [0024] FIG. 3 is a
picture showing the cross-section of a, glass sample
having the  same projected composition as the sample
in FIG. 2 but melted by using degassed frit in
accordance with the process of the present invention. 
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[0025] As used herein in the present application, the
following terms have the  following meaning: [0026]
Group A materials denote the group of batch materials
that consist essentially  of those that generate gases
(outgas) under normal glass forming conditions by
decomposition or other chemical reactions. Gases
released include, but are not limited to,  H20, C02,
02, SO3 and N2. For the purpose of the present
application, the dissociation of  chemically bound
water in the batch materials is regarded as a chemical
reaction. Thus, with  certain exceptions described
infra, batch materials containing chemically bound
water are in  this category. A great majority of gases
are released by materials in this group in
conventional glass making. Batch materials containing
largely SiO2 and/or A1203 are  excluded from Group A.
[0027] Group B materials denote the group of batch
materials that consist essentially  of those that
typically do not release gases by decomposition or
other chemical reactions  under normal glass forming
conditions. Materials in this group may release
physically bound  gases, such as moisture and air in
the batch. Generally, starting materials containing
largely  Si02 and/or A1203 are included in Group B,
even if they contain chemically bound water.  [0028]
Foam denotes the mixture generated during the course
of glass melting in the  glass melter that comprises
largely liquid and gas. [0029] Scum denotes the
mixture generated during the course of glass melting
in the  glass melter that comprises liquid, gas and
solid particles. Typically, the solid particles are
high melting temperature materials, such as silica and
alumina. [0030] Normal glass melting temperature is
the temperature at which the batch  materials melt to
form the molten glass in a glass melter in a glass
melting process.  [0031] In typical conventional glass
making, pretreated batch materials are mixed
altogether and charged into the glass furnace where
the batch materials are subjected to  heating, melting
and a series of complex chemical reactions to form the
molten glass. FIG. 1  illustrates the conventional
melting process for a typical soda-lime glass in a
cross-fire fuel- fired glass furnace. As discussed
supra, many of the batch materials release gases as a
result  of decomposition or other chemical reactions
in the furnace during the glass melting process.  



The volume of gases generated during glass melting may
be quite substantial compared to the  glass volume in
the making of glasses. Whilst the gases may be
conducive to the mixing of  the particles of the batch
materials in the furnace during the course of glass
melting, it causes SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  9 a number of concerns,
as discussed supra: First, the generated gases cause
foaming together  with the already liquefied batch
materials. Second, the gases, together with the liquid
and  solid particles, may form a scum layer on top of
the molten glass. Third, the generation of  large
volume of gases may go out of control in the furnace.
The foam and scum layer have  very low thermal
conductivity and act as insulating media that prevent
the heat of the flame  from reaching the unmelted
batch material trapped inside or located underneath. A
bottleneck in conventional glass melting process is
the dissolution of sand and/or other  refractory
materials such as A1203. The foam and scum layer
increase the,difficulty of the  melting of these
materials, thus decrease and hinder the overall glass
production rate. The  unmelted refractory particles in
the scum layer can cause cord or become enclosed in
the final  glass product, leading to defective glass
quality. This is particularly undesirable for glasses
that require a high degree of homogeneity, such as the
glass substrates for liquid crystal  displays. For
glasses that traditionally require a high melting
temperature, such as high-silica  glasses (for
example, glasses containing 80% by mole and higher
silica), the complete  melting of silica may be an
even more pronounced problem because of the low
melting  efficiency caused by the foam and scum layer.
The present inventor has discovered that gas
generation and foaming take place in wide temperature
ranges in the glass furnace for some  glass
compositions. This indicates that the gas generation
and foaming as a factor negatively  affecting the
glass melting rate exists during a large part of the
glass melting process. [0032] As discussed supra, it
is known that raising melting temperature is often an
approach adopted to counter the effect of the foam and
scum layer so that the batch materials  can melt
completely in the furnace. Other thermal approaches in
solving this problem  include special furnace designs.
Whereas these thermal approaches may work for the
intended purposes, they are not without sacrifices and
drawbacks. Elevated melting  temperature expedites the
dissolution of refractory bricks in the furnace, thus
contaminating  the glass and shortening the furnace
life. High melting temperatures invariably render
conventional furnaces not useable for many glasses.
Building non-conventional glass  



furnaces is usually associated with high cost. [0033]
As discussed supra, the process of the present
invention is a chemical  approach in addressing the,
technical problem in conventional glass melting
process. The  underlying concept of the present
inventive process is to reduce or eliminate gas
generation  during the glass melting process, thus
reduce or eliminate the problem associated with gas
SUBSTITUTE SHEET (RULE 26) WO 2004/020351
PCT/US2003/024478  10 generation, foaming and/or scum
forming, which is prevalent in many conventional glass
making processes and their thermally modified
alternatives, such that a higher thermal  efficiency
and hence a lower melting temperature are achieved in
the glass melting furnace.  To that end, the same
starting materials are used as in the conventional
glass making, but the  outgassing materials among them
are pre-melted and allowed to outgas and formed into
fits  before they are mixed and melted with the
remaining batch materials in the glass furnace.
[0034] For the convenience of the description of the
process of the present invention,  the batch materials
are divided into two groups, Group A materials
consisting essentially of  those that generate gases
(outgas) under normal glass melting conditions, and
Group B  materials consisting essentially of those
that normally do not outgas under normal glass
melting conditions. As used herein, the term
"consisting essentially of' means that the  materials
in question may contain additional components other
than those enumerated, for  example, but not limited
to, impurities, as long as the additional components
do not  materially alter the basic and novel feature
of the present invention. All these materials may  be
pretreated before they are used for the present
inventive process for producing glass  materials.
These pretreatment processes are those normally used
in conventional glass  melting processes, including,
but not limited to, crushing, grinding, wet screening,
drying,  screening, magnetic screening, and further
beneficiation such as acid treatment and floatation.
The batch materials may be naturally occurring,
synthesized or purified naturally occurring,  and/or
recycled. One of the advantages of the process of the
present invention is that there  are no special
requirements as to the starting materials compared to
the conventional glass  making. Therefore, no
additional cost in respect of starting materials is
introduced in the  present invention. [0035] The first
step of the present inventive process involves the
preparation of frits  from Group A batch materials. By
definition, Group A materials consist essentially of
those  



that outgas under the normal glass melting conditions.
For most glasses, the gases generated  by Group A
materials constitute the majority of the gas released
during a conventional glass  making process.
Typically, batch materials falling into this group
include, but are not limited  to, naturally occurring,
synthetic and purified nitrates, carbonates,
carbohydrates, borates,  sulfates, boric acid,
hydroxides, and mixtures and compounds thereof. These
materials may  further contain chemically bound water.
Batch materials containing largely SiO2 and/or  A1203,
such as kaolin (Al2O3.2SiO2.2H2O), even if they
contain chemically bound water, are SUBSTITUTE SHEET
(RULE 26) WO 2004/020351 PCT/US2003/024478  11
excluded from Group A. For example and for the purpose
of illustration only, these materials  may include,
but are not limited to, naturally occurring, synthetic
and purified Pb304, nitrates,  carbonates,
carbohydrates and hydroxides of alkali and alkali
earth metals, Zn and Pb, boric  acid, mixtures and
compounds thereof, with or without containing
additional chemically  bound water. These are usually
source materials of the fluxing agents and stabilizers
in the  final glass composition. Other materials
containing chemically bound water are included in
Group A as well, such as borates having chemically
bound water. For example and for the  purpose of
illustration only, in the present application, water
contained in Na2S041OH2O is  regarded as chemically
bound water. Nitrates and Pb304 release gas in the
glass melting  process by redox reactions. 02 may be
generated from these two types of materials, and N2
may be released from nitrates. The thermal
decomposition of alkali carbonates results in CO2  and
alkali metal oxides, which, together with fluxing
agents from other sources, attack and  dissolve the
high melting materials, such as SiO2 and/or A1203
during the course of glass  melting. CO2 is generated
via the reactions of carbonates and hydrocarbonates.
H2O is  released via the reactions of the hydroxides
and boric acid and dissociation of chemically  bound
water in some crystalline salts and of course, from
the moisture (physically bound  water) in the starting
materials. A non-limiting and non-exhausted list of
materials that may  be included in Group A contains
the following or mixtures and/or complex salts
thereof, in  their naturally occurring, beneficiated
naturally occurring and/or synthesized state, with or
without additional chemically bound water: Na2CO3,
NaHCO3, Na2C03xH2O, NaOH,  NaNO3, K2C03, KHCO3, KOH,
KNO3, Li2CO3i LiHCO3, LiOH, BeCO3, Be(OH)2, MgCO3,
Mg(OH)2, CaCO3, Ca(OH)2, SrCO3, Sr(NO3)2a Sr(OH)2,
BaCO3, Ba(OH)2, Ba(N03)2, boric  acid (B(OH)3),
colemanite (Ca2B6O11-5H2O), borax (Na2B407-10H2O),
ulexite  



(NaCaB5O9-SH2O), dolomite (MgCO3-CaCO3), basic MgCO3
(4MgCO3Mg(OH)2.4H20),  PbCO3, Pb(OH)2, Pb304, ZnCO3
and Zn(OH)2. [0036] Generally, those that outgas under
normal glass melting conditions constitute a  majority
of the Group A materials. However, other starting
materials in typical conventional  glass making, such
as fining agents, colorants and other glass modifiers,
can be added into  Group A as well, as long as the
outgassing materials are included in Group A. These
materials are usually added into the glass composition
in small amounts. They usually each  constitute,
expressed in terms of mole percentage on an oxide
basis, less than about 5%,  preferably less than about
3%, more preferably less than about 1%, of the final
glass SUBSTITUTE SHEET (RULE 26) WO 2004/020351
PCT/US2003/024478  12 composition. Some of these
materials are preferred to be included in Group A in
order to  form frits. For the purpose of uniform
distribution thereof in the final glass product, it is
preferred to include all these and other low
percentage'components into Group A, especially  where
their homogeneous distribution in the final glass
product is desired. As a general  guideline, oxides
having a melting temperature lower than the glass
melting temperature and  their source materials are
included in Group A. For example, B203 and borates
without  chemically bound water, even though not
outgassing under normal glass forming conditions,  are
included in Group A because of their relatively low
melting temperatures. In melting  certain glasses,
high melting temperature alkaline earth oxides, such
as BeO, MgO, SrO and  BaO, are preferred to be
included in Group A in order to form frits in step
(I). Thus by way  of example and for the purpose of
illustration only, such fining agents and modifiers
that can  be added into Group A include: oxides and
other materials containing B203, borates, PbO,  Pb304,
halides, MgO, SrO, ZnO, FeO, Fe203, As205, Sb205,
Sn02, TiO2, Zr02, Y203, Er203,  Ta205, CeO2, and other
transitional metal and rare earth oxides and
compounds. These  materials may be added, totally or
partially, into Group B, as long as a homogeneous
distribution thereof, if desired, can be achieved in
the final glass composition. In addition, in  order to
adjust the viscosity, water sensitivity and working
properties of the frits prepared  from Group A
materials, it may be desirable to add some cullets
into Group A as well.  [0037] One of ordinary skills
in the art can determine the amount of the individual
Group A material that should be used according to the
projected composition of the final  glass composition,
and can make adjustments in accordance with the
different starting  



materials and melting furnace requirements. These
Group A materials, upon pretreatment  mentioned above,
are carefully weighed and mixed. The grain size and
size distribution of  these starting materials are not
crucial to the present invention. Mixing can be
carried out in  any traditional mixer used in the
glass making industry, including ribbon, pan, drum and
cone  type mixers. The commonly used Eirich mixer may
be conveniently employed. The mixture  of Group A
materials is then subjected to heating and melting.
This heating and melting step  can be carried out in a
conventional glass furnace, for example, but not
limited to, a pot  furnace or a cross-fire fuel-fired
furnace. With the heating energy imposed, the mixture
undergoes a series of chemical reactions and release
gases. As can be expected, the main  melt reactions do
not take place in parallel, but rather in series. Gas
may evolve starting from  a relatively low
temperature, for example, 200C even before liquid is
formed from the SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  13 mixture. As the
temperature rises, the outgassing continues as the
mixture gradually  liquefies. Finally, the whole
mixture is melt at a certain temperature that depends
on its  composition. The molten mixture is allowed to
stay around that temperature for a period of  time, so
that preferably the outgassing reactions undergo
substantially completely and a fluid  and quiescent
liquid free of bubbles is obtained. The fluxing liquid
produced from this  reaction is very corrosive to
conventional glass refractories. Special care needs to
be taken  not to contaminate the frit liquid from
corrosion of these refractories. The melting
temperature is typically 400-500C below the glass
melting temperature. For example, for a  glass that is
usually produced at a melting temperature of about
1400-1500C, the melting  temperature of the Group A
materials is around 1000C. The agitation caused by the
considerable amount of gas released contributes to a
homogeneous mixture of the Group A  materials. Care
should be exercised in this stage so that the
outgassing will not be too violent  and out of
control. One of skills in the art can control the
heating and melting process by  adjusting the fire
and/or electric power used. [0038] As in typical glass
melting processes, the melting of the Group A
materials  may be conducted in batches or
continuously. Once the melting and outgassing is
finished,  the molten mixture exits the melting
furnace and is allowed to cool. The cooled mixture is
a  glass-like or crystalline material containing
largely oxides derived from the Group A batch
materials charged into the melting furnace. Cooling
this mixture quickly, directly from the  



melting furnace creates a high thermal stress in the
material, which often breaks the material  into small
pieces. The small pieces can then be fed into a ball
mill or other equipment to  make frits of the desired
grain size. Depending on the viscosity of the material
and its  sensitivity to water, it may be subjected to
dry gauging (water quenching) or cooling between
water-cooled rollers. In the preparation of some
glasses, it is desirable to finely pulverize the
molten material, so that a homogeneous mixture of the
frit and the non-outgassing Group B  materials can be
achieved. [0039] The next step of the process of the
present invention is mixing the frits of  Group A
materials prepared as described above with the rest of
the batch materials, namely,  the Group B materials,
for the glass composition. Generally, the Group B
batch materials do  not outgas under normal glass
melting conditions, viz., they do not contain chemical
moieties  that tend to release gas by thermal
decomposition or other chemical reactions under normal
glass melting conditions, with certain exceptions,
such as kaolin (A1203.2SiO2.2H20). As a SUBSTITUTE
SHEET (RULE 26) WO 2004/020351 PCT/US2003/024478  14
rule of thumb, materials containing large amounts of
Si02 and/or A1203 are included in  Group B. Falling
into this group are usually naturally occurring,
synthetic and purified  A1203, Si02, mixtures and
salts containing them, and cullets. Thus, by way of
example and  for the illustration purpose only, the
Group B batch materials typically include, in addition
to  cullets, but are not limited to, sand (containing
mostly Si02), pure silica, pure alumina,  feldspar
(R20A1203.6SiO2, including sodium feldspar
Na20AI2O3.6Si02 and potassium  feldspar
K20A1203.6Si02), nelpheline syenite (N
a20A1203.2Si02), spodumene  (Li20A1203.2Si02),
phonolite (xR20yA1203Fe203zSi02), blast furnace slag
(Si02Al203Ca0S2"), lead silicate (PbOSiO2), kaolin
(A1203.2SiO2.2H20), and the like.  Using cullets in
the batch materials have been widespread in glass
making. Depending on the  glass composition and the
end use of the glass, foreign and/or domestic cullets
may be  employed. Cullets have the advantages of
having no reaction and dissociation heat during  glass
melting, promoting better heat transfer in batch
blanket and liquid phase formation at  low
temperature, reducing stack emissions and being
capable of being preheated before being  charged into
the furnace. (0040] Likewise, the mixing of the frits
of Group A materials prepared.as mentioned  above and
the Group B batch materials can be conducted in any
type of mixer that is  



conventionally used in glass making industry,
including, but not limited to, ribbon, pan, drum  and
cone type mixers. The commonly used Eirich mixer may
be conveniently employed.  The mixture is then charged
into a glass furnace where it is melted, fined and
formed into the  glass material in a manner similar to
the conventional glass making process. [0041] Any type
of furnace can be employed in melting the mixture
of,the frits and  the Group B batch materials in the
present inventive process. Pot furnace, fuel-fired
tank  furnace, electric boosted fuel-fired tank
furnace and all-electric tank furnaces of various
sizes  can be chosen by one of skills according to the
production rate, glass quality and other
considerations. As can be expected, there is still gas
generation during the course of this  glass melting
process, because (i) there is always physically bound
and/or entrapped gas in  the frits and the Group B
materials; (ii) there may be gas released from the
chemical reactions  between the frits of Group A
materials and the Group B materials; and (iii) some
Group B  materials may contain small amounts of
chemically bound water, such as kaolin
(A1203.2Si02.2H20). For various purposes, small amount
of water may be added to the batch  to facilitate the
melting process as in the conventional glass melting
process. Moreover, SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  15 during the glass
fining stage, gas generation is necessary in order to
remove the seeds in the  final glass products.
However, in any furnace, the mixture generates much
less gas than in  the conventional glass making method
because the frits are already outgased, and foaming
and scum forming is reduced or eliminated. This
feature renders the present inventive  process
particularly suitable and advantageous for the
fuel-fired and electric boosted fuel- fired furnaces,
where overhead flame is used to melt the batch
materials. As a result of the  reduced foam and scum,
efficiency of heat transfer, especially from the top,
is improved, and  a more intimate interaction between
the early formed liquid and refractory particles, such
as  silica and alumina, is achieved, leading to more
expeditious dissolution of them. The overall  effect
is a lower furnace temperature for melting the glass.
[0042] Lower temperature slows the dissolution and
etching of the refractory bricks  of the furnace.
Lower temperature also means less electric consumption
for electric boosted  fuel-fired furnaces and
all-electric furnaces, which, in turn, extends the
lives of the electrodes  and the furnace. [0043] By
way of example and for the purpose of illustration
only, a soda-lime-silica  



glass containing, by weight, about 70% SiO2, 15% Na2O
and K20, 10% of CaO and MgO,  and small amounts of
other oxides, can be prepared using Na2CO3, K2C03,
CaCO3, MgCO3,  and the like, SiO2, A1203 and cullets
as the batch materials according to the process of the
present invention. As such, the carbonates are first
melted, optionally with a certain amount  of cullets
and other materials in a glass furnace and formed into
frits. The thus prepared frits  are mixed with SiO2
and A1203 and optionally cullets, then charged into a
cross-fired glass  furnace and melted to produce the
glass. A borosilicate glass (pyrex) containing by
weight  approximately 80% SiO2, 12.9% B203, 3.8% Na2O,
2.2% A1203 and 0.4% K20 may be  produced in a similar
fashion starting from B(OH)3, Na2CO3, A1203 and K2C03,
where  calculated amounts of B(OH)3, Na2CO3 and K2C03
as the Group A materials are first melted  and formed
into frits, and then mixed with Si02, A1203 and melted
in a glass furnace to  produce the glass. For a lead
glass containing by weight of about 60.8% Si02, 22.8%
PbO,  10.2 Na2O, 1.1 % K20, 3.0% A1203 and 2.1 %
miscellaneous materials, it may be produced by  mixing
calculated amount of Na2CO3, K2CO3 and Pb304, melting
them and forming them  into frits, followed by
combining them with Si02, PbO-SiO2i A1203 and
miscellaneous  materials and melting in a conventional
fuel-fired glass furnace to produce the glass. For
high silica glasses containing 80% by mole or higher
of silica, they can be produced by SUBSTITUTE SHEET
(RULE 26) WO 2004/020351 PCT/US2003/024478  16 mixing
and melting the fluxing agents and preparing them into
frits, mixing the fluxing frits  with the silica batch
material, followed by melting in a conventional
electric-boosted cross- fire glass furnace. [0044]
Glasses for LCD substrates are typically hard to melt
by using the  conventional glass making process. An
exemplary LCD glass substrate contains, in weigh
percent on an oxide basis, of 40-57% Si02, 2.0-11%
A1203, 1-16% CaO, 8-21.5% SrO, 14- 31.5% BaO, 0-3%
MgO, 0-4% B203 and miscellaneous small amounts of
other oxides. The  furnace temperature for producing a
glass composition in this category can reach as high
as  1650C using the conventional
all-batch-materials-together method. Because of the
relatively high percentages of Si02 and A1203, which
are refractory materials, foam and  particularly scum
forming are quite pronounced. Using the process of the
present invention,  calculated amounts of Group A
materials including B(OH)3, CaCO3, MgCO3, SrCO3, B203,
CaO, MgO, SrO, Sr(N03)2, BaCO3 and Ba(NO3)2 are mixed
and melted to form frits, which  



is subsequently mixed with the Group B materials,
namely, Si02 and A1203, melted and  formed into the
glass by, for example, fusion draw process. The
present invention has been  proved successful in
reducing scum for this type of glass composition.
[0045] The present invention is further illustrated by
the following examples, which  are meant to be
illustrative, and not in any way limiting, to the
claimed invention.  EXAMPLES [0046] A series of glass
compositions were melted using (i) the conventional
melting  process where all batch materials are melted
together and (ii) the melting process of the  present
invention. The glasses involved in the following
examples have either (a)  compositions consisting
essentially, expressed in mole percent on an oxide
basis, of. Si02 64-70 MgO 0-5  A1203 9.5-14 CaO 3-13
B203 5-10 SrO 0-5.5  Ti02 0-5 BaO 2-7  Ta205 0-5
MgO+CaO+SrO+BaO 10-20 [0047] or (b) compositions
consisting essentially, expressed in mole percent on
an  oxide basis, of. SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  17 Si02 65-75 MgO 0-3
A1203 7-13 CaO 0-5  B203 5-15 SrO 0-5  [0048] and
essentially free of BaO. [0049] In the examples, all
starting materials, if used, were SiO2, A1203, MgCO3,
CaCO3, BaCO3, Ba(N03)2, SrCO3, Sr(N03)2, MgO, SrO,
B203 and/or B(OH)3. Fining  agents, such as As205 and
Sb205 were used in very small amounts. Amounts of the
starting  materials used were calculated according to
the respective projected final glass composition.
Thus, for the purpose of the present application,
Group A materials for these glasses included
Ba(N03)2, MgO, SrO, B(OH)3, B203, if any, and the
carbonates. Fining agents were added to  the Group A
materials for a more uniform distribution thereof in
the final glass. Group B  materials include Si02 and
A1203. [0050] The melting, including the pre-melting
of Group A materials to prepare the  



frits and the preparation of glass, either by the
conventional process or by the present  inventive
process of melting Group A material frits' and Group B
materials, were conducted  both in platinum crucibles
in a laboratory. It is to be understood that the
present inventive  process for producing glass
compositions can be used on large industrial scale as
well.  [0051] Various examination and observation
means were used to study the melting  process. Video
camera was used to observe the melting processes. At
certain desired point  of the melting process, heating
is stopped, the batch is cooled down immediately and
cold  autopsy of the solidified sample is performed.
Microscopes were used to study the gaseous,  solid and
liquid inclusions in the sample. EXAMPLE 1
(Comparative Example) [0052] In this example, the
conventional melting process' was used. Thus starting
materials of calculated amount were tumble mixed,
charged into the furnace, heated to about  1600C and
melted. Substantial outgassing was observed during a
wide temperature range  from 200-1500C. At a
temperature between 500-600C foam began to form. Scum
of solid  particles, foam and gas bubbles were
observed in the temperature range of about 1100-
1400C. FIG. 2 is a picture of the cross-section of a
sample A that was immediately cooled  after 40 minutes
at 1600C during the course of melting. It is clear
from this picture that SUBSTITUTE SHEET (RULE 26) WO
2004/020351 PCT/US2003/024478  18 there was a large
number of gas voids and a thick layer of scum
including gas pockets, solid  particles and liquid on
top of the molten glass. The white material on the top
as shown in this  figure was unmelted silica and
alumina along with molten glass. EXAMPLE 2 (the
Present Invention) [0053] In this example, the present
invention method was used. The Group A  materials
mentioned above in calculated amounts were tumble
mixed and charged into the  melter. The mixture was
heated to about 1100C where it melted to form a very
fluid liquid.  Then it was maintained at that
temperature for about 1-2 hours until its outgassing
was  substantially complete and a quiescent,
bubble-free liquid was obtained. Then the molten
material was allowed to cool, and frits of the size
around 80-mesh were prepared therefrom.  The frits
appeared to be crystalline and multiphase. Afterwards,
the frits were mixed  intimately with the Group B
materials. The resultant mixture was charged into the
melter,  heated and melted. Compared to the
conventional process, outgassing during melting was  



dramatically reduced. The glass composition
corresponding to sample A in Example 1 was  melted
using the process of the present invention as well,
and the molten glass sample was  nominated as sample
B. Sample B was immediately cooled after 40 minutes at
1600C  during the melting process, which was
substantially the same stopping point for sample A in
Example 1. The cross-section of sample B was shown in
FIG. 3. A comparison of FIG. 3 to  FIG. 2 shows that
sample B had much less, if any, scum on top of the
molten glass. Gas void  fraction was clearly reduced.
Microscopic analyses showed the silica grains to be in
a later  stage of dissolution than those in the
conventional batch pile as shown in FIG. 2. Clearly
the  process of the present invention worked to reduce
scum forming during the glass melting  process. [0054]
It will be apparent to those skilled in the art that
various modifications and  alterations can be made to
the present invention without departing from the scope
and spirit  of the invention. Thus, it is intended
that the present invention cover the modifications and
variations of this invention provided they come within
the scope of the appended claims and  their
equivalents. SUBSTITUTE SHEET (RULE 26) WO 2004/020351
PCT/US2003/024478  19  What is claimed is: 1. A
process for producing glass material comprising the
following steps: (I) producing a frit by (i) mixing
the starting materials, collectively referred to as
Group  A materials, consisting essentially of
materials that outgas under glass-melting  conditions;
(ii) heating the resultant mixture of Group A
materials to an outgassing  temperature and allowing
the materials to melt and outgas; and (iii) cooling
the  molten outgassed material and forming frits
therefrom; (II) mixing the frit produced in step (I)
with other glass forming materials, collectively
referred to as Group B materials; and (III) melting
the resultant mixture of step (II) under glass melting
conditions to form the  glass material. 2. A process
in accordance with claim 1, wherein in step (I)(ii),
the mixture of Group A  materials are melted and
allowed to outgas substantially completely. 3. A
process in accordance with claim 1, wherein the
melting temperature of Group A  materials in step (I)
is about 400-500C lower than the glass melting
temperature in step (III).  



4. A process in accordance with claim 1, wherein the
Group A materials consist  essentially of those
selected from naturally occurring, synthetic and
beneficiated naturally  occurring borates, nitrates,
carbonates, carbohydrates, sulfates and hydroxides of
alkali and  alkali earth metals, B203, boric acid,
mixtures and compounds thereof, with or without
containing additional chemically bound water. 5. A
process in accordance with claim 4, wherein the Group
A materials consist  essentially of those selected
from the group consisting of Na2CO3, NaHCO3,
Na2CO3-xH2O,  NaOH, NaNO3, Na2SO4, K2C03, KHCO3, KOH,
KNO3, K2S04, Li2CO3, LiHCO3, LiOH,  LiNO3, BeCO3,
Be(OH)2, MgCO3, Mg(OH)2, CaCO3, Ca(OH)2, SrCO3,
Sr(N03)2, Sr(OH)2,  BaCO3, Ba(N03)2, Ba(OH)2, boric
acid (B(OH)3), B203, colemanite (Ca2B6O11-5H2O), borax
(Na2B4Op l OH2O), ulexite (NaCaB5O9.8H20), dolomite
(MgCO3-CaCO3), basic MgCO3 SUBSTITUTE SHEET (RULE 26)
WO 2004/020351 PCT/US2003/024478  20
(4MgCO3-Mg(OH)2.4H2O), PbCO3, Pb(OH)2, Pb304, ZnCO3
and Zn(OH)2, with or without  additional chemically
bound water. 6. A process in accordance with claim 4,
wherein the Group A materials further  comprise fining
agents and non-outgassing materials under normal glass
melting  temperatures, in amounts that each
constitutes less than about 5% by mole on an oxide
basis  of the final glass composition. 7. A process in
accordance with claim 6, wherein the fining agents and
non-outgassing  materials are added to Group A in
amounts that each constitutes less than about 3% by
mole  on an oxide basis of the final glass
composition. 8. A process in accordance with claim 7,
wherein the fining agents and non-outgassing
materials are added to Group A in amounts that each
constitutes less than about I% by mole  on an oxide
basis of the final glass composition. 9. A process in
accordance with claim 6, wherein the non-outgassing
materials comprise  colorants, glass modifiers, and
cullets. 10. A process in accordance with claim 6,
wherein the fining agents and non-outgassing
materials are selected from PbO, Pb304, halides, MgO,
SrO, ZnO, FeO, Fe203, As205a Sb205,  Sn02, Ti02, Zr02,
Y203, Er203, Ta205, Ce02, and other transitional metal
and rare earth  oxides and compounds. 11. A process in
accordance with claim 1, wherein the Group B materials
consist  



essentially of materials selected from naturally
occurring, synthetic and purified A1203, Si02,
mixtures and salts containing them, and cullets. 12. A
process in accordance with claim 1, wherein the Group
B materials consist  essentially of those selected
from sand (containing mostly Si02), feldspars
(R2O-Al2O3.6SiO2,  including sodium feldspar
Na2O-Al2O3-6SiO2 and potassium feldspar
K2O-Al2O3.6SiO2),  nelpheline syenite
(Na2O-Al2O3.2SiO2), spodumene (Li20-A12O3.2SiO2),
phonolite SUBSTITUTE SHEET (RULE 26) WO 2004/020351
PCT/US2003/024478  21 (xR20yAl203Fe203zSi02), blast
furnace slag (SiO2Al2O3CaOS2-), lead silicate
(PbOSiO2), A1203 and kaolin (Al2O3.2SiO2.2H2O). 13. A
process in accordance with claim 1, wherein in step
(III), the scum over the molten  glass is reduced
compared to conventional glass melting process. 14. A
process in accordance with claim 1, wherein in step
(II), the frit is formed in step  (iii) by fast
cooling. 15. A process in accordance with claim 1,
wherein the Group A materials include B203  source
materials and alkali and alkaline earth carbonates,
and Group B materials consist  essentially of Si02
and/or A1203 16. A process in accordance with claim 1,
wherein the Group A materials consist  essentially of
B(OH)3, B203, MgCO3, MgO, CaCO3, SrCO3, SrO, Sr(N03)2,
BaCO3i  Ba(N03)2, Ti02, Ta205 and Y203, Group B
materials consist essentially of Si02, A1203, and the
amount of the starting materials used are such that
the glass formed therefrom has a  composition
consisting essentially, expressed in terms of mole
percent on an oxide basis, of  Si02 64-70 MgO 0-5
A1203 9.5-14 CaO 3-13  B203 5-10 SrO 0-5.5  Ti02 0-5
BaO 2-7  Ta205 0-5 MgO+CaO+SrO+BaO 10-20' 17. A
process in accordance with claim 1, wherein the Group
A materials consist  essentially of B(OH)3, B203,
MgCO3, MgO, CaCO3, SrO, SrCO3 and/or Sr(N03)2, Group B
materials consist essentially of Si02 and A1203, and
the amount of the starting materials used  are such
that the glass formed therefrom has a composition
consisting essentially, expressed  in terms of mole
percent on an oxide basis, of 



Si02 65-75 MgO 0-3  A1203 7-13 CaO 0-5  SUBSTITUTE
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B203 5-15 SrO 0-5  and essentially free of BaO. 18. A
process in accordance with claim 16 or 17, wherein in
step (I), the mixture of  Group A materials are heated
to and kept at about 1100-1200C for about 1-2 hours in
step  (ii) and allowed to outgas substantially
completely. 19. A process in accordance with claim 1,
wherein step (III) is carried out in a fuel-fired
furnace. 20. A process in accordance with claim 1,
wherein step (III) is carried out in an  electrically
boosted fuel-fired furnace. 21. A process in
accordance with claim 1, wherein silica is used as a
starting material in  Group B, and it constitutes
equal to or greater than 75% by mole of the glass
composition  obtained. 22. A process in accordance
with claim 21, wherein the silica content is equal to
or  greater than 80% by mole of the glass composition
obtained. SUBSTITUTE SHEET (RULE 26) 


