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

B

G
)

2
&

(19) World Intellectual Property Organization (3
International Bureau

) I O 0 OO O

\‘b‘__r/ . - .
(43) International Publication Date PCT (10) International Publication Number
20 July 2006 (20.07.2006) WO 2006/076257 A2
(51) International Patent Classification: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
C03B 5/16 (2006.01) C03B 5/235 (2006.01) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
(21) International Application Number: LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
PCT/US2006/000595 NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,

(22) International Filing Date: 10 January 2006 (10.01.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
11/033,514 12 January 2005 (12.01.2005) US

(71) Applicant (for all designated States except US): PRAX-
AIR TECHNOLOGY, INC. [US/US]; 39 Old Ridgebury
Road, Danbury, CT 06810-5113 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): KOBAYASHI,
Hisashi [JP/US]; 170 Barger Street, Putnam Valley, NY
10579 (US).

(74) Agents: BLACK, Donald, T. et al.; Praxair, INC., 39 Old
Ridgebury Road, Danbury, CT 06810-5113 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— asto applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— asto the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  without international search report and to be republished
upon receipt of that report

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.

20067076257 A2 | IV 00O 0 00 O

O (54) Title: REDUCING CORROSION AND PARTICULATES IN GLASSMELTING FURNACES

g (57) Abstract: A glassmelting furnace is heated by combustion of fuel having an atomic ratio of hydrogen to carbon of 0.9 or less.



WO 2006/076257 PCT/US2006/000595

REDUCING CORROSION AND PARTICULATES
IN GLASSMELTING FURNACES

Field of the Invention

[0001] The present invention relates to the manufacture of glass.

Background of the Invention

[0002] In the manufacture of glass, glassmaking materials are provided into a
glassmelting furnace and melted into molten glass which is then poured into molds to produce
products such as, for example, glass bottles. The glassmaking materials for soda-lime-silicate
glass include sand, soda ash, lime, and batch oxidizers such as salt cake (calcium sulfate,

CaS0,) and/or niter (sodium nitrate, NaNO, and/or potassium nitrate, KNO,) in order to

control the redox state of the glass.

[0003] The glassmaking materials are melted in the furnace by heat provided by the
combustion of fuel and oxidant. Water vapor resulting from the combustion reacts with alkali
oxides in the molten glass to form alkali hydroxides which vaporize out from the molten
glass. These alkali hydroxides, such as sodium hydroxide, NaOH, react with furnace
refractory walls and cause refractory corrosion, and also react in flue passage(s) from the -

furnace with sulfur dioxide, SO,, and oxygen to form sodium sulfate, Na,SO,, and other

sulfate and sulfite compounds which form particulates and often require expensive

electrostatic precipitators or baghouses to ensure that they are not emitted to the atmosphere.

[0004] Accelerated corrosion is experienced in silica refractory bricks in the crown of
glassmelting furnaces that are converted to oxy-fuel firing (i.e. combustion in which the
oxidant has a higher, often much higher, oxygen content than that of air). In particular, severe
loss of silica crown is observed in some glassmelting furnaces such as in glass melting for TV
panels. It is generally believed that the main cause of the accelerated corrosion is the higher
concentrations of volatile alkali species, such as sodium hydroxide (NaOH) and potassium

hydroxide (KOH), associated with oxy-fuel firing.
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[0005] In oxy-fuel firing nitrogen contained in the combustion air is largely absent, so
the volume of the combustion products is typically reduced to 1/3 to 1/4 of that of the
combustion products of conventional air firing. Thus the concentrations of alkali species
would increase three to four times, if the same amount of volatile alkali species are generated

in conventional air firing.

[0006] Accelerated corrosion shortens the furnace life and results in costly furnace
repairs. In addition, corrosion increases glass defects in some glass tanks due to dripping of
slag into the glass bath. Corrosion resistant refractory bricks such as alumina and alumina-
zirconia-slica (AZS) bricks have been used to alleviate this corrosion. For example, AZS is
often used for the side walls and flue port walls of glass furnaces, to control the corrosion
problems. Silica bricks are the most widely used refractory material for the crown of furnaces
because they are lighter, less heat-conductive, and substantially less expensive than alumina
and AZS bricks. Also, there is concern that increased glass defects caused by zirconia
"refractory stones" might occur when AZS is used for the crown. When silica is used as the
material that makes up the crown of the furnace, corrosion, which causes dripping of slag into
the glass bath, does not necessarily result in glass defects. This is because silica is the main

composition of glass.

[0007] It would be very desirable to provide a glassmelting method wherein silica
bricks can be used to line the crown of the furnace under oxy-fuel firing and wherein
volatilization of alkali species is reduced to minimize corrosion of the crown and emissions

of particulates.

BRIEF SUMMARY OF THE INVENTION

[0008] The advantages of the invention are provided in a glassmelting method which
reduces alkali corrosion in a glassmelting furnace with oxy-fuel burners comprising:
(A) providing glassmaking materials including alkali species into the glassmelting

furnace;
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(B) providing fuel and oxidant into the furnace through the oxy-fuel burners wherein
the atomic ratio of hydrogen to carbon in the fuel provided through one or more of the oxy-
fuel burners is less than 0.9; and

(C) combusting the fuel and oxidant therein to provide heat to the glassmaking

materials to form molten glass.

[0009] As used herein, “glassmelting materials” comprise any of the following
materials, and mixtures thereof: sand (mostly SiO;), soda ash (mostly Na,COs), limestone
(mostly CaCO; and MgCQs), feldspar, borax (hydrated sodium borate), other oxides,
hydroxides and/or silicates of sodium and potassium, and glass (such as recycled solid pieces

of glass) previously produced by melting and solidifying any of the foregoing.

[0010] As used herein, “oxy-fuel burner” means a burner through which are fed fuel
and oxidant having an oxygen content greater than the oxygen content of air, and preferably
having an oxygen content of at least 50 volume percent and more preferably more than 90

volume percent.

[0011] As used herein, “oxy-fuel combustion” means combustion of fuel with oxidant
having an oxygen content greater than the oxygen content of air, and preferably having an
oxygen content of at least 50 volume percent and more preferably more than 90 volume

percent.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The invention is carried out in a glassmelting furnace of any effective design.
Typically the glassmelting furnace has a bottom and sides which define in the interior of the
furnace a chamber for holding molten glass. The particular shape of the bottom is not critical,
although in general practice it is preferred that at least a portion of the bottom is planar and is
either horizontal or sloped in the direction of the flow of the molten glass through the furnace.
All or a portion of the bottom can instead be curved. The particular shape of the furnace as
defined by its sides is also not critical, so long as the sides are high enough to hold the desired

amount of molten glass. The furnace also has an entrance, commonly known as “dog house”,
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typically in a wall at one end of the furnace, through which glassmaking materials or molten
glass flows into the furnace, and an exit, commonly known as “throat”, typically in a wall at
the end of the furnace opposite the wall containing the entrance, through which molten glass
can flow out of the furnace. The furnace will also have a roof, also referred to as the crown.
There are also one or more flues through which products of the combustion of fuel and
oxygen can flow out of the interior of the furnace. The flue or flues are typically located in the

crown, or high in one or more walls.

[0013] The bottom, sides and crown of the furnace should be made from refractory
material that can retain its solid structural integrity at the temperatures to which it will be
exposed, 1.e. typically 1300 to 1700 degrees C. Such materials are widely known in the field
of construction of high-temperature apparatus. Examples include silica, fused alumina, and

AZS.

[0014] The glassmaking furnace is also equipped with one or more burners, one or
more of which are oxy-fuel burners. Preferably, for ease of construction, ease of operation
and satisfactory control of the operations, all of the burners are oxy-fuel burners. However, if

desired, air-fired burners can be present as well.

[0015] The oxy-fuel burners are arranged so that the flames they support are in the
interior of the furnace, above the surface of the molten glass. Typically the burners can be
located in one or more walls of the furnace (by which is meant the sides, the wall adj acent the
point of entry of glassmaking materials into the furnace, and the wall adjacent the point of
exit of molten glass from the furnace). Burners can be oriented so that the axis of the flames
they support extend inward parallel to the surface of the molten glass, or so that the flames
extend from the burner in a direction toward the surface of the molten glass. Combinations of
different orientations can also be employed. Preferred examples include providing equal
numbers of burners in each of the side walls of a furnace, facing each other or staggered. The
burners can all be at the same height above the top surface of the molten glass, or the heights

can be varied to provide a different distribution of the heat of combustion.
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[0016] Each oxy-fuel burner is arranged so that oxidant and fuel are fed from suitable
sources outside the furnace, into and through the burner so that fuel and oxidant emerge from
the burner (separately or mixed) in the interior of the furnace where they combust and
generate heat to melt the glassmaking materials and maintain the glassmelt in the molten

state.

[0017] The oxidant fed to the oxy-fuel burners is gaseous and should have a higher
oxygen content than air, i.e. higher than 22 volume percent, but the preferred oxygen content
of the oxidant is at least 50 volume percent and more preferably at least 90 volume percent.
Thus, oxygen-enriched air can be employed as the oxidant, as can higher purity oxygen

produced on site or purchased from a commercial supplier.

[0018] The fuel should contain carbon, hydrocarbons or other compounds containing
both hydrogen and carbon, at an atomic ratio of hydrogen to carbon (the “H/C ratio”) of not
more than 0.9 which distinguishes the fuel from fuels conventionally used for these purposes
such as natural gas or fuel oil. Preferably the H/C ratio is 0.6 or less, and more preferably 0.4

or less.

[0019] The benefits of the invention can be realized in any burners in which the H/C
ratio of the fuel fed to the burner (including any transport gas, as discussed below) is not more
than 0.9. In one preferred embodiment, all the burners that are operating in the glass furnace
are fed fuel having a H/C ratio of not more than 0.9. In other preferred embodiments, burners
that operate in the relatively hotter regions of the glass furnace are fed fuel at a H/C ratio of
not more than 0.9, and other burners operating in the same glass furnace are fed fuel having a

H/C ratio greater than 0.9.

[0020] Among gaseous fuels CO (carbon monoxide) is most preferred, but it is not
readily available in quantities and at locations, making its regular use as a fuel uneconomic
for most glass furnaces.. Syngas with a low H,/CO mole ratio is an alternative. For example
syngas can be produced by partially oxidizing petroleum coke or coal with oxygen and CO,

or steam in an on-site plant located in a glass plant. Byproduct gases that contain carbon
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monoxide, such as refinery gases, off gas from a basic oxygen steelmaking furnace, blast
furnace gas and coke oven gas from integrated steel mills, could be used, if the hydrogen
content (including gaseous H, and atomic hydrogen bound in other molecules) is sufficiently
low. However, piping relatively low Btu byproduct gases to glass plants may not be
economic. Flue gas, that is, gaseous products of the combustion in the glass furnace, can be

recycled and used as fuel in mixture with other combustible substances.

[0021] Solid fuels suitable for use in this invention include petroleum cokes, coal
chars, and low ash high carbon coals. Among different coals, higher rank coals typically have
lower H/C ratios. The H/C atomic ratios of anthracites, bituminous coals, sub-bituminous
coals, and lignites are about 0.26-0.56, 0.64-0.85, 0.82-0.86, and 0.76-0.91 respectively.
Cokes and chars are residual products of thermal processes (i.e., pyrolysis) of carbonaceous
materials and have low hydrogen contents. Petroleum coke is a solid material with a high
carbon content that is produced as a by-product of the oil reﬁniﬁg process and remains after
products such as kerosene, diesel and jet fuels, gasoline, heating oil and asphalt are recovered
from crude oil. Petroleum coke is often available as a low cost fuel and typically has H/C
ratios of between 0.3 and 0.7 depending on the content of volatile matter. Coal and petroleum
coke typically have ash contents of 5-20% and 0.1-1% respectively by weight. For use in
glass melting furnaces, fuels with low ash contents are preferred to lessen the risk that ash in
the fuel would mix into the glassmelt and influence the glass quality as well as to lessen the
risk of refractory corrosion by ash deposition. Thus, petroleum coke is a preferred fuel of this

invention.

[0022] When the fuel is gaseous, it is simply fed through conventional piping from its
source into and through the oxy-fuel burner. The gaseous fuel and the oxidant are fed through
the burner at rates relative to each other so that the amount of oxygen fed is 100% to 120% of

the stoichiometric amount needed for complete combustion of the fuel.

[0023] When the fuel is solid, such as petroleum coke, it should have an average
particle size small enough to facilitate its being fed in mechanical conveyors or mixed and

carried in a flowing stream of transport gas, and to facilitate its combustion owing to the high
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ratio of surface area to mass. Thus, in general, the solid fuel should be pulverized in an
appropriate conventional pulverizer to an average particle size of , for example, 70% minus
200 mesh. Pulverizing equipment suitable for this task is familiar and readily available in the

solid fuel combustjon field.

[0024] The particles of solid fuel are then fed into and through the oxy-fuel burner.
Preferably, the fuel is fed in a flowing stream of transport gas. Air is one suitable transport
gas and is of course readily available. The amount of air or another transport gas required to
transport pulverized coke or coal is typically about 0.3 to 1 pound of transport gas per pound
of fuel. However, the use of air as the transport gas would increase the nitrogen concentration
in the furnace significantly and lead to increased amounts of nitrogen oxides in the
combustion gases. It is thus preferred to use a transport gas that contains less nitrogen than air
does. Preferably the transport gas contains less than 10% nitrogen in volume. Oxygen is not
recommended as a transport gas as its mixture with the fuel presents a potential explosion
hazard. Natural gas or other gaseous fuel such as syngas containing low nitrogen is a
preferred transport gas for the solid fuel. Recycled flue gas from the glassmelting furnace
(which preferably has been cooled to a temperature below its temperature upon exiting the
glass furnace) is also a preferred transport gas for the solid fuel. Steam or CO, can be used as
well. However, steam 1s not a preferred transport gas as it would increase the H,O
concentration in the furnace. In cases in which a portion of the transport gas is combustible,
the H/C atomic ratio of the combination of the fuel and the transport gas should be not more

than 0.9.

[0025] The solid fuel and the oxidant are typically fed through separate passages
through the burner at rates relative to each other so that the total amount of oxygen fed is
100% to 120% of the stoichiometric amount needed for complete combustion of the solid
fuel. However, if the solid fuel is fed with transport gas any portion of which is combustible,
then the oxidant and the fuel in such transport gas should be fed at rates relative to each other
so that the amount of oxygen fed is 100% to 120% of the stoichiometric amount needed for
complete combustion of both the fuel and the combustible portion of the transport gas.

Conversely if the solid fuel is fed with transport gas containing oxygen such as air, then the



WO 2006/076257 PCT/US2006/000595

amount of main oxidant fed separately through the burner should be reduced so that the
amount of the total oxygen fed is 100% to 120% of the stoichiometric amount needed for

complete combustion of the fuel.

[0026] As is well known, the number of burners, their location in the glassmelting
furnace, and the amount of fuel fed into and combusted within the furnace (which provides
the amount of heat of combustion) are determined by conventional design by the size of the

furnace and the amount of material to be molten in it.
[0027] The present invention provides numerous advantages.

[0028] One significant advantage is that alkali-mediated corrosion of the interior
surfaces of the furnace, especially the silica crown, is significantly reduced. Without
intending to be bound by any particular theory of explanation, corrosion of the refractory
silica surfaces in an oxy-fuel glass furnace is believed to be caused mainly by NaOH vapor in
the furnace which is formed by the reactive volatilization of the Na,O in glass and H,O in the
furnace atmosphere. The rate of silica crown corrosion would accordingly be reduced by
reducing the NaOH concentration in the furnace atmosphere. The present invention reduces
the concentration of H,O in the furnace atmosphere, thereby reducing the rate of formation

and volatilization of NaOH.

[0029] More specifically, oxy-fuel combustion of a fuel with a low H/C ratio leads to
a much lower H,O concentration in the furnace atmosphere compared to the result of oxy-fuel
combustion of fuel with a higher H/C ratio, such as natural gas. For example, the H;O
concentration in the products of oxy-fuel combustion of petroleum coke with a H/C ratio of
0.3 is about 13%, whereas in a natural gas oxygen fired furnace, the theoretical H,O
concentration with 2% excess O, is about 65%. (The effects of CO, and H,O evolved from
the decomposition of the glassmaking materials is neglected in these calculations.) Thus,
applying the appropriate equations for mass-transfer-controlled reaction equilibria, the
equilibrium vapor pressure of NaOH at the glassmelt surface is reduced in the present

invention by about a factor of 2 (= the square root of 65/17).
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[0030] Another significant advantage of the present invention is that particulate
emissions from the furnace are also reduced significantly. Such particulates are believed to
comprise predominantly Na,SO, and to be formed by reaction of volatilized NaOH in the
furnace atmosphere with sulfur oxides. Thus, the reduction in the formation of NaOH in the
furnace atmosphere, provided by the practice of the present invention, also reduces this

pathway to formation of particulate materials.

[0031] The present invention is also easy to install in existing glassmaking facilities.
Many glass melting furnaces have been converted to oxy-gas firing during major furnace
repairs and the capacity, number and placement of oxy-fuel burners are well known to those
skilled in the art. And providing suitable feeds of fuel and oxygen is also well-known and

conventional in this field.

[0032] The present invention would not be expected to present problems in operation
or in the quality of the glass product. The typical ash content of petroleum coke is 0.2 -0.8%
and the main metallic impurities are typically vanadium (5 to 5000 ppm), iron (50-2000 ppm)
and/or nickel (10-3000 ppm). They are not likely to create glass quality issues for most
glasses as most of theses species would be volatilized and escape the furnace with flue gas.
Moreover, with the present invention, oxygen firing is used without regenerators, so corrosion

concerns relating to the regenerators are avoided.

[0033] As petroleum coke may typically contain 2 to 8% sulfur, emissions of gaseous
sulfur oxides (SOx) might have to be dealt with (although for the reasons stated above,
emissions of sulfate particulates would not be expected to be a problem). A scrubbing system
may be needed to capture SOx emissions. One way to limit SOx emissions is to employ oxy-
fuel combustion in only some of the burners of the glassmelting furnace, while using air-fired
burners in the remainder of the burners of the furnace. In such partial conversions, it is
preferred to use fuel with a low H/C ratio in furnace areas where alkali volatilization is most
severe. The hot spot of the furnace or the zone near the highest crown temperature is where

alkali volatilization is most severe. Thus, it is preferred to use a low hydrogen fuel in the
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hotter zone of the furnace while firing the rest of the furnace with a conventional fuel such as
natural gas or oil. In glass furnaces producing high quality glasses, however, the use of solid
fuel firing near or downstream of the fining zone might influence the color of the glass due to
reactions of glassmelt and ash and unburned carbon. In such a case it is preferred to use a
fuel with a H/C atomic ratio of 0.9 or less in the charge end of the furnace while firing the rest

of the furnace with a conventional fuel such as natural gas or oil.

[0034] Employing coal in the present invention when the glass product is intended for
use as clear containers may require additional measures to remove contaminants from the
combustion products. In coal firing, typical ash content is about 5 to 10% and the
concentrations of trace transition metals appear significant for container glass due to the glass
color specificatios. Assuming 100% capture of the coal ash in the glassmelt, the transition
metals could be iron (100 to 1000 ppm), titanium (10-100 ppm), cobalt, nickel, vanadium,
chromium, manganese, copper (0.1 -2 ppm). For wool fiber glass furnaces, however,

discoloration would not be an issue.

[0035] Any concerns that combusting coke or coal in the glass furnace could affect
the redox charge of the glass product due to unburned carbon in ash can be easily addressed.
(In coal-air combustion in boilers, 1 to 10% unburned carbon in the ash (UBC) is common. If
the same level of UBC is found in a glassmelting furnace, it could theoretically introduce
about 0.2 to 2 Ib of carbon per ton of glass.) While the redox of glass can be compensated by
adding batch oxidizers (typically, niter and sulfates), it is preferred to have nearly complete
combustion of the carbon in the fuel. Nearly complete combustion can readily be achieved in
this invention. With oxy-fuel combustion UBC is expected to be reduced significantly since
the furnace temperature of glassmelting is very high, and , especially since the typical gas
residence in an oxy-fuel fired glass furnace is about 30 seconds, as compared with 2 seconds

in a coal-air fired boiler.

[0036] Further furnace design improvements to reduce alkali volatilization from
glassmelt surface can be combined with the present invention. For example, the crown can be

elevated to a height such as 5.5 to 9 feet above the upper surface of the molten glass,
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especially in conjunction with positioning the burners in the walls of the furnace at heights

1.5 to 3 feet above the upper surface of the molten glass.

[0037] It is also advantageous to employ low momentum burners, by which is meant
burners in which the oxidant is fed at a velocity of less than 300 ft/sec, preferably less than
150 ft/sec, more preferably less than 75 fi/sec and the fuel is fed at a velocity of less than 600
fi/sec, preferably less than 300 fi/sec, more preferably less than 150 ft/sec.

[0038] The preferfed furnace atmosphere condition is to have H,O concentration less
than 40% near the molten glass surface, more preferably less than 25% and most preferably
less than 15%. This can be achieved with the present invention and especially in conjunction

with other techniques for attaining low H,O concentrations near the glassmelt surface.

[0039] For example, it is also advantageous to inject one or more layers of gas
proximate the surface of the molten glass, to protect the molten glass surface from adverse
reaction with the contiguous atmosphere. The atmosphere can be oxidizing, obtained by
establishing a layer of oxygen or oxygen-enriched air between the molten glass surface and
the flames that are supported by the burners. The atmosphere can be reducing, obtained by
establishing a layer gaseous hydrocarbon(s) in the space between the molten glass surface

and the flames that are supported by the burners.

[0040] The aforementioned techniques are described in U.S. Patent No. 5,628,809,
U.S. Patent No. 5,924,858 and U.S. Patent No. 6,253,578.
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WHAT IS CLAIMED IS:

1. A glassmelting method which reduces alkali corrosion in a glassmelting
furnace with oxy-fuel burners comprising:

(A) providing glassmaking materials including alkali species into the glassmelting
furnace;

(B) providing fuel and oxidant into the furnace through the oxy-fuel burners wherein
the atomic ratio of hydrogen to carbon in the fuel provided through one or more of the oxy-
fuel burners is less than 0.9; and

(C) combusting the fuel and oxidant therein to provide heat to the glassmaking

materials to form molten glass.

2. The method of claim 1 wherein the atomic ratio of hydrogen to carbon in the

fuel provided through one or more of the oxy-fuel burners is less than 0.6.

3. The method of claim 1 wherein the atomic ratio of hydrogen to carbon in the

fuel provided through one or more of the oxy-fuel burners is less than 0.4.

4. The method of claim 1 wherein said fuel comprises carbon monoxide.

5. The method of claim 1 wherein said fuel comprises petroleum coke.

6. The method of claim 1 wherein said fuel is solid.

7. The method of claim 6 wherein said fuel is injected into the furnace in mixture

with transport gas which contains less than 10% nitrogen in volume.

8. The method of claim 6 wherein said fuel is injected into the furnace with

transport gas at least a portion of which is cooled flue gas from said glassmelting furnace.

12
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9. The method of claim 1 wherein the atomic ratio of hydrogen to carbon in the

fuel provided through all of the oxy-fuel burners is less than 0.9.

10.  The method of claim 1 wherein said oxy-fuel burners provided with said fuel
with the atomic ratio of hydrogen to carbon of less than 0.9 are placed in the hotter area of the
furnace and other oxy-fuel burners in said glassmelting furnace are fired with a fuel with the

atomic ratio of hydrogen to carbon of greater than 0.9.

11.  The method of claim 1 wherein said oxy-fuel burners provided with said fuel
with an atomic ratio of hydrogen to carbon of less than 0.9 are placed in the charge end of the
furnace and other oxy-fuel burners in said glassmelting furnace are fired with a fuel with an

atomic ratio of hydrogen to carbon of greater than 0.9.
12.  The method of claim 1 wherein said fuel is provided into the furnace in

mixture with transport gas at least a portion of which is combustible, and the atomic ratio of

hydrogen to carbon in the mixture of fuel and transport gas is less than 0.9.
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