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(57) Abréegée/Abstract:

A glass melting furnace (10) that simultaneously preheats and removes volatile substances from glass making material being
Introduced into the furnace (10). The glass making material, consisting of cullet and scrap glass, Is infroduced on a shelf (63)
located at a rear portion of the furnace (10). A vertically-oriented crown vent (34) Is also located at the rear portion of the furnace
(10). The shelf (68) Is at such an elevation above the glass line (14) to allow sufficient time for the cutlet and scrap glass to be
heated by the exhaust gases exiting through the crown vent (34). The furnace burners (44) also oxidize the binder and other
organic materials Iin the scrap glass. The furnace (10) also Includes a crown vent support system that independently supports the
refractory stack (74) such that the refractory stack (74) can be repaired or replaced while the furnace (10) Is operating.
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(57) Abstract

! A glass melting furnace (10)
that simultaneously preheats and
removes volatile substances from
glass making material being intro-
| duced into the furnace (10). The
glass making material, consisting
of cullet and scrap glass, is intro-
duced on a shelf (68) located at a
| rear portion of the furmace (10). A
vertically—oriented crown vent (34)
| is also located at the rear portion of
the furnace (10). The shelf (68) is
at such an elevation above the glass
| line (14) to allow sufficient time
for the cullet and scrap glass to be
| heated by the exhaust gases exit-
ing through the crown vent (34).
i The fumace burners (44) also ox-
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idize the binder and other organic
materials in the scrap glass. The
| furnace (10) also includes a crown
vent support system that indepen-
dently supports the refractory stack
(74) such that the refractory stack
' (74) can be repaired or replaced
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while the furnace (10) is operating.
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MELTING FURNACE HAVING CULLET PREHEATING
AND
REAR CROWN VENT WITH SUPPORT SYSTEM

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION
This invention relates in general to glass manufacture, and in particular, to a glass

melting furnace with a cullet preheating system and a rear crown vent with an

independent steel support system for optimizing the fuel usage while allowing for the

oxidation of scrap glass and the removal of pollutants from exhaust gases.

BACKGROUND OF THE INVENTION

Glass manufacture involves the mixing of various batch ingredients, generally
including silica sand, dry powders, granular oxides, carbonates, and other raw materials
(depending on the desired glass type) and heating them to a temperature of about 2730° F.
(1500° C.), where they become molten and acquire a homogeneous nature. During the
melting of the batch from which the liquid glass 1s formed, various hot gases are formed
which are vented from the furnace. As a heat conservation measure, these gases have
been vented from a crown at the rearward portion of the furnace and passed through a
recuperator for recovery of heat. Substantial quantities of heat are required for the
melting process, generally supplied by combustion of fossil fuels. In a typical glass
melting furnace, the heat supplied to the melt 1s provided predominantly by natural gas
mixed with preheated combustion air. The resultant flame fires over the melt and heat
transfer to the melt is by radiation from the flame and furnace enclosure. In addition,
some furnaces augment the heat with an electric boost. The major attraction of an electric
boost is that it allows an increase in production from an existing furnace by providing an
additional heat source to the melt.

A method of increasing the amount of heat that can be added to a furnace while
avoiding the high operating cost of an electric boost is to preheat the feedstock - 1.e. the
glass batch constituents and cullet. Cullet is broken pieces of glass that are added to the
other batch ingredients and charged to the melting furnace. A certain minimum
proportion of the total batch is required to be cullet in order to provide proper melting
characteristics, generally in the range of 10-20% by weight. Cullet normally used for this

purpose is generated with the glass factory, either from product breakage during the
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manufacturing process, or from dumping of molten glass during product changes. Recent
emphasis on waste recycling has resulted 1n the collection of large quantities of what 1s

called ecological cullet. This is generally glass bottles returned to recycling centers. With
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proper processing such as sorting by color, removing foreign substances and crushing to
smaller sized pieces, ecological cullet can be made suitable for remelting into new glass.
Currently there are a number of glass factories with glass melting furnaces where about
80-90% of the batch feed material is ecological cullet.

As cullet use increases, cullet preheating offers an important alternative to an electric
boost. Furthermore, due to furnace economics and state legislation encouraging the
recycling of scrap glass, cullet use will very likely increase in the near future to the point
where it may be the predominant feedstock in container furnaces in many parts of the
country. At present, the maximum amount of glass that can be pulled from an existing
furnace is limited by the amount of energy that can be put into the furnace to melt the
feedstock. This limit is reached when the furnace is at high fire resulting in maximum
flow of the products of combustion. However, additional energy can be put into the
furnace by preheating the cullet so as to provide a more productive and efticient glass
manufacturing process. Using a cullet preheater, it is desirable to heat the cullet to a
temperature just below that at which it begins to become sticky and agglomerates. Tests
have shown that with preheater inlet gas temperature of 1650° F. (899° C.), the cullet can
be heated to 1100° F. (593° C.) which is ideal. For example, for a furnace running on
feedstock which is 70% by weight cullet, preheating cullet to a temperature of about
1100° F. (593° C.) (a temperature just below that at which it begins to become sticky and
agglomerates) can provide a productivity increase of as much as 30%.

Because of the relatively poor heat transfer from the hot combustion gases to the
pool of molten glass, exhaust gas temperatures from the process are usually quite high 1n
spite of various types of heat recovery equipment employed. In addition, pollutants of
various types are emitted from the melting process along with the exhaust gases. Thus,
the glass industry is in need of a simple, cost-effective system in which it can increase the
productivity of glass melting furnaces by preheating its cullet feedstock prior to the

melting process while simultaneously removing the pollutants from the melting furnace

exhaust gases and reducing scrap glass from the melting process.
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SUMMARY OF THE INVENTION

Accordingly, a melting furnace that improves the process of and apparatus for the
melting of glass 1s desired.

It 1s also desirable to provide a melting furnace having a cullet preheating system
and a rear crown vent with an independent stack support and to provide a method, as
above, which simultaneously provides for removing particulate pollution emissions from
glass furnace exhaust gases.

It 1s also desirable to provide a method, as above, which simultaneously provides
for reducing organic materials from scrap glass from the melting process.

According to one aspect of the invention, there is provided an apparatus for the
melting ot glass. The apparatus comprises a tank portion or receptacle for containing
molten glass up to a glass line. The receptacle includes a bottom wall, a rear end wall, a
front end wall and side walls. A feeding mechanism provides a means for introducing
glass batch constituents as a blanket onto the molten glass in a first region of the
receptacle adjacent the rear end wall. The glass batch may include raw materials, cullet
and glass scrap. A shelf is located on the rear end wall and extends horizontally into the
receptacle below the blanket charger and above the glass line for containing glass making
material introduced by the blanket charger. The molten glass is removed from a second
region of the receptacle adjacent the front end wall by a throat. The glass batch is heated
using a burner of a mixture of fuel and oxygen located in a side wall of the receptacle
above the glass line for heating the glass making material in the receptacle. A crown
covers the receptacle and defines a space above the glass line. A crown vent is vertically

oriented from the crown within the first region of the receptacle. The crown vent is for

venting exhaust gas from the burner from the space defined by the crown. In use, the
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exhaust gases from the fuel/oxygen burner pass across and thereby preheat the glass
making material contained on the shelf, before being vented from the space.

According to another aspect of the invention, there 1s provided an apparatus for
the melting of glass making material, comprising: a receptacle for containing molten glass
up to a glass line, the receptacle including a bottom wall, a rear end wall, a front end wall
and side walls, means including a port for introducing glass cullet and scrap glass
incorporating organic impurities onto the molten glass in a first region of the receptacle.
adjacent the rear end wall which means includes also a shelf located on the rear end wall
and extending horizontally into the receptacle below the port and above the glass line for
containing glass cullet and scrap glass introduced through the port; a throat for removing
molten glass from a second region of the receptacle adjacent the front end wall; at least
one fuel/oxygen bumer located in a side wall of the receptacle above the glass line for
heating glass making material in the receptacle; a crown covering the receptacle and
defining a space above the glass line; and a crown vent for venting exhaust gas from the
fuel/oxygen burner from the space defined by the crown, the crown vent being vertically
oriented from the crown within the first region of the receptacle, whereby, in use, exhaust
gases from the fuel/oxygen burner pass across and thereby preheat the glass cullet and
scrap glass contained on the shelf and burn off the organic impurities before being vented
by the crown vent.

The crown vent may include a first section, a second section disposed above the
first section, and a third section providing a support ring, disposed between the first and

second sections for independently supporting the second section. The second section can

be repaired or replaced during operation of the apparatus.

- 33 -
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According to another aspect of the invention, there 1s provided an apparatus for
the melting of glass, comprising: a receptacle for containing molten glass up to a glass
line; a batch charger for feeding glass making material into a first region of the
receptacle; means for removing molten glass from a second region of the receptacle; at
least one fuel/oxygen burner above the glass line for heating the glass making material; a
crown for covering the receptacle and defining a space above the glass line; and a
vertically-oriented crown vent for venting exhaust gas from the fuel/oxygen burner from
the space defined by the crown, the crown vent including a first section, a second section
disposed above the first section, and a support ring disposed between the first and second

sections for independently supporting the second section.

-3b -
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Various objects and advantages of this invention will become apparent to those
skilled in the art from the following detailed description of the preferred embodiment,

when read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevational view in cross section of the melting furnace
according to a preferred embodiment of the invention.

Figure 2 is a top plan view of the melting furnace of Figure 1 showing the feeder
screws and ports for the glass batch and for the cullet and glass scrap.

Figure 3 is a cross-sectional view of the melting furnace taken along line 3-3 of
Figure 2.

Figure 4 is a cross-sectional view of the melting furnace taken along line 4-4 ot
Figure 2.

Figure 5 is a side elevational view showing the feeder screw and port for the cullet
and scrap glass and the crown vent located at the rear end of the melting furnace, and an
independent support system for the crown vent according to the preferred embodiment of

the invention.

DETAILED DESCRIPTION AND PREFERRED
EMBODIMENTS OF THE INVENTION

As shown in Figures 1 and 2, a furnace 10 for melting glass comprises a receptacle
for containing molten glass 12 up to a glass line 14 and glass batch 16 above at least a
portion of that glass line 14. The receptacle is illustrated as a tank portion 18 including a
bottom wall 20, side walls 22 and 24, rear end wall 26, and front end wall 28. The side
walls 22, 24 support an arch roof or refractory crown 30 above the tank portion 18 and the
glass line 14 to enclose a space 32 above the molten glass 12. A crown vent 34 1s located
at a rear end or first region of the furnace 10 for allowing gases to pass through a flue port
36 and a stack 38 and into the atmosphere after being treated to protect the environment.
The rear crown vent 34 is discussed in more detail below. The furnace 10 includes a
plurality of burners 44 distributed over the furnace 10 in a suitable manner for providing a
means to heat the furnace 10. In the preferred embodiment, the burners 44 use a mixture

of oxygen and natural gas to heat the furnace 10.
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The furnace 10 may also include an array of electrodes 46 distributed over the
furnace 10 in a suitable manner for providing Joule effect heating of the molten glass 12.
Typically, the electrodes 46 are paired in ranks along the furnace length with an outer
electrode on one side of the center line connected to an inner electrode on the other side of
the center line. Three phase alternating current is utilized as the electrical power with hke
phases in each rank of electrodes. Electrical boosting, if used at all, may be controlled
through the physical rotation of the secondary winding in the transformer (not shown)
varying the number of secondary turns, and therefore, the secondary voltage or through
the control of the current. Control of the current with direct current suppression 1s by any
convenient means such as phase controlled firing of back to back SCRs (not shown) or
time proportional control through suitable gating means. Other arrangements of
electrodes can also be used, as will be appreciated by those skilled 1n the art.

Batch material comprising raw materials are introduced into the rear portion or
first region of the furnace 10 through ports 48 and 50 located in the side walls 22 and 24,
respectively, by using respective screw feeders 52 and 54 having an elevation above the
plant floor 40 such that the batch material is introduced slightly above the glass line 14,
typically about 4 to 8 inches above the glass line 14. For protection from the heat of the
furnace 10, the screw feeders 52 and 54 are preferably recessed into the side walls 22 and
24, respectively.

The batch material is fed into the rear portion or first region of the furnace 10 at
such a rate as to form and maintain a blanket of glass batch 16 on the surface of the
molten glass 12. This blanket extends over essentially the rear two-thirds of the molten
glass surface, floating on the molten glass 12 and uniformly distributed upon 1t by
temperature profiling using the gas/oxygen profile distribution between the various
oxygen/fuel burners 44. This batch blanket layer is helped to be held back, allowing for a
better melting dwell time, by the rear cold cullet pile which acts as a heat sink to keep the
rear of the furnace 10 colder than the front of the furnace 10, assisting in establishing the
well known heat hump and the thermal wheel or roll cells thereby developed. This aids
greatly in the melting efficiency of the furnace 10. Glass currents in the molten glass 12
and the progressive advance of the batch material from the screw feeders 52, 54 develop a
flow of glass batch from the rear portion or first region toward a front portion or second

region of the furnace 10. The molten glass 12 is drawn from the front end wall 28
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through a throat 56 in the front end wall 28, and passed along channel 58 to a

forehearth (not shown) from which it 1s utilized in forming the desired product, such as

fiber glass.

Glass making material, such as cullet and scrap glass, can also be charged into
the furnace 10 through a port 60 preferably located in the rear end wall 26 by using a
screw feeder 62 to minimize the dusting of fine particles. A storage bin 64 may be used
to provide the cullet and scrap glass material to the screw feeder 62 through a discharge
outlet 66. In a manner well known in the art, the rotation ratios of screw feeders 52, 54
and screw feeder 62 can be controlled in order to properly proportion the amount of
batch material and the amount of cullet and scrap glass material entering into the
furnace 10, respectively. Similar to thc screw feeders 52, 54, the screw feeder 62 may

also be recessed into the rear end wall 26 to protect 1t from the heat of the furnace 10.

Referring now to Figure 5, the furnace 10 includes a shelf, shown generally at
68, for temporarily containing the cullet and scrap glass as they enter the furnace 10
through the port 60. The shelf 68 includes a shelf block 69 for supporting a shelf back
71 and a pair of angled side blocks 73. Preferably, the shelf block 69 extends
horizontally approximately 12 to 14 inches (30.48 to 35.56 cm) into the furnace 10 such
that the rear end wall 26 of the furnace 10 1s vertically divided into an upper portion, U,
and a lower portion, L, the upper portion, U, having a greater distance to the front end
wall 28 than the lower portion, L. It should be noted that the angled side blocks 73
causes the cullet and scrap glass material to form a pile as they are introduced into the
furnace 10. Pretferably, the shelf block 69, the shelf back 71 and the angled side blocks
73 may be made of a well-known corrosion resistant material, such as Zirchrom™ 50
(Saint-Gorbain), and the like. The shelf 68 may also include a layer 75, preferably
made of AlLO3-Zr0,-S10; (AZS) material and having a thickness of approximately 3
inches (7.62 cm), positioned on top of the shelf block 69 to provide additional corrosion

and erosion/abrasion protection from the cullet and scrap glass being introduced into the

furnace 10.

One important aspect of the invention is the elevation of the port 60 and the

screw feeder 62 with respect to the glass line 14. As seen in Figure 5, the elevation of
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the screw feeder 60 for the cullet and scrap glass is at a much higher distance above the
glass line 14 than the elevation of the screw feeders 52, 54 for the batch material.
Specifically, the port 60 and the screw feeder 62 is preferably at an elevational distance,

d, of about 30-42 inches (76.20 to 106.68 cm) from the centerline of the port 60 to the
glass line 14, and more preferably about 36 inches (91.44 cm) above the glass line 14,

as compared to a

- 6 -
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typical distance of 4 to 8 inches (10.16 to 20.32 cm) for the screw feeders 52, 54 for the
batch material.

As mentioned earlier, the angled side blocks 73 of the shelf 68 causes the cullet
and scrap glass to form a pile on the shelf 68 as they are introduced into the furnace 10.
Because the port 60 and screw feeder 62 are elevated the distanced, with respect to the
glass line 14, the cullet and scrap glass will form an inclined surface 70 extending from
the shelf 68 to the glass line 14 when the cullet and scrap glass are introduced into the
furnace 10. As a result of the formation of the inclined surface 70, the cullet and scrap
glass will slowly tumble down the inclined surface 70 as additional cullet and scrap glass
is being introduced into the furnace 10. As the result of this tumbling action, the scrap
glass is exposed to the burners 44 so as to flash off and oxidize the binder and other
organic material present on the scrap glass. Also, this tumbling action allows the cullet to
have a sufficient length of time to absorb energy from the exhaust gases passing in a
counter flow direction (indicated by the arrows 77 in Figure 5) into the crown vent 34.

It should be realized that the location of the port 60 and the crown vent 34 both at
the rear portion or first region of the furnace 10 provide an optimum arrangement for the
reclamation of the heat from the exhaust gases to preheat the cullet and for the oxidation
of the binder and other organic material from the scrap glass. However, it should also be
realized that the location of the port 60 and the crown vent 34 could be at any desirable
location in the furnace 10 in order to optimize the reclamation of heat from the exhaust
gases to preheat the cullet and to oxidize the scrap glass matenal.

Another important aspect of the invention is the arrangement of the crown vent 34
for the removal of exhaust gases from the combustion process of the furnace 10. As seen
in Figure 5, the crown vent 34 generally includes a first or lower section 72, also known
as korbeling, and a second or upper section 74, also known as a refractory stack. The
korbeling 72 and refractory stack 74 is separated by a support ring 76. A crown or
refractory ring 78, preferably made of refractory insulation, resides in the crown 30 and
defines the flue port 36. Preferably, the korbeling 72 is mounted on the refractory ring 78.
The korbeling 72 protects the support ring 76 from the heat of the exhaust gases and
preferably includes about 4 courses of refractory firebrick arranged in a substantially
square-shaped array having a total height of approximately 12 inches (30.48 cm). In the
preferred embodiment, each course has an outside dimension of approximately 50 inches

(127 cm) and an inside dimension of approximately 26 inches (66.04 cm). It should be

7
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noted that each course may be rotated approximately 90 degrees from each other to avoid
joint alignment.

In the preferred embodiment, the refractory stack 74 preferably includes about 17
courses of refractory firebrick arranged in a substantially circular array having a total
height of approximately 50 inches (127 cm). The refractory stack 74 has an outer
diameter of approximately 44 inches (111.76 cm) and an inner diameter of approximately
26 inches (66.04 cm). The refractory stack 74 may include an opening 80 located a
suitable distance above the crown 30 for allowing dampering air to enter the refractory
stack 74. Preferably, the opening 80 is located approximately two-thirds of the way up
the refractory stack 74 through courses 11 and 12 of the firebrick. Alternatively, the
opening 80 may be eliminated and the dampering air may enter from the top of the
refractory stack 74.

A temperature sensing means 82, such as a thermocouple and the like, may also be
located a suitable distance above the opening 80 for measuring the temperature of the
exhaust gases in the refractory stack 74. It should be understood that the temperature
sensing means 82 can be located at any suitable location along the refractory stack 74 1n
order to provide an accurate indication of the exhaust gas temperature in the refractory
stack 74. It should also be understood that the invention is not limited by the above-
mentioned dimensions for the korbeling 72 and refractory stack 74, and that the invention
can be practiced with any dimensions that are capable of maintaining the exhaust gas
temperature above approximately 1150 °C (2100 °F).

It should be noted that the exhaust gas temperature within the refractory stack 74
is an important design consideration, especially for furnaces used to melt glass containing
volatile substances, such as sodium or borate, on the surface of the glass making matenal.
Normal use of ports, flues and stacks located adjacent to the furnace 10 may cause the
refractory firebrick of the refractory stack 74 to fall below approximately 1150 °C. (2100
°F.). As aresult, the sodium and borate released from the glass during the melting process
may condense and form liquid slag on the refractory firebrick.

In conventional horizontally-oriented stacks, this liquid slag causes premature
wear and corrosion of the refractory firebrick and needs to be periodically scraped off the
refractory firebrick. On the other hand, the crown vent 34 of the invention virtually
eliminates liquid slag formation on the refractory firebrick of the refractory stack 74 by
allowing the burners 44 to adequately heat up the refractory firebrick to above

8
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approximately 1150 °C. (2100 °F.), while still allowing a sufficient amount of dampering
air to be blown into the refractory stack 74 to maintain a slightly positive pressure into the
furnace 10. Maintaining a slightly positive pressure in the furnace 10 prohibits the
filtration of air into the furnace 10, thereby limiting the formation of NOy and increasing
fuel economy.

This 1s accomplished by designing a vertically-oriented crown vent 34 with a very
short height, preferably less than 10 ft. (3 m.), as compared with horizontally-oriented
conventional stacks that are 20 ft. (6.096 m), or more in length. As a result, any slag that
forms in the refractory stack 74 of the crown vent 34 of the invention drops vertically into
the furnace 10 and is eventually assimilated by the molten glass 12. In addition, the
thermocouple 82 located above the opening 80 for the dampering air can be used to
monitor the exhaust gas temperature, and this information can be used to control the flow
of dampering air to ensure that the firebrick of the refractory stack 74 is maintained above
approximately 1150 °C (2100 °F) to prevent condensation of corrosion-causing volatiles.
It should be noted that the dampering air may be used in conjunction with water-cooled or
non water-cooled plates (not shown) located on the top of the refractory stack 74. The
plates (not shown) can be used in a manner well known 1n the art to limit the amount of
dampering air necessary to keep the refractory stack 74 in control of the pressure in the

furnace 10 and the temperature in the refractory stack 74 in order to prevent the

condensation of volatiles on the firebrick.

Another important aspect of the invention is the independent support system for the
crown vent 34. In the preferred embodiment, this independent support system is achieved
by a support ring 76 that independently supports the refractory stack 74 such that the
refractory stack 74 does not rest on the korbeling 72. This configuration allows the
refractory stack 74 to be repaired or completely removed while the furnace 10 is operating.
The support ring 76 1s preterably made of 253MA (Fe, 0.05-0.1% C, 20-22% Cr, 10-12%
Ni, 0.14-0.2 N, 0.03-0.08% Ce, <0.8% Mn, 1.1-2.0% Si, <0.04% P, <0.03%S) and may be
cooled by any suitable fluid, such as water, in a manner well known to those skilled in the

art. Preferably, the support ring 76 1s mounted on an expansion ring 84 filled with a fiber

blanket material that allows for the thermal expansion of the korbeling 72 and the
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refractory stack 74 in the vertical direction. Stack binding straps and corresponding

clamps (not shown) may also be used to support the upper section 74 of the crown vent 34

in a well known manner.

- Qg -
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As described above, the furnace 10 of the invention provides for preheating of the
cullet and scrap glass by the exhaust gases and the oxidation of the organic material on the
scrap glass by the burners 44 of the furnace 10. In addition, the crown vent 34 1s
positioned in the rear portion of the furnace 10 and the cullet 1s introduced into the
furnace 10 at a higher elevation than conventional furnaces, thereby increasing the energy
efficiency of the furnace 10. Further, the independent support system for the crown vent
34 allows for the thermal expansion of the crown vent 34 in the vertical direction and
allows the refractory stack 74 to be repaired or replaced while the furnace 10 1s operating,
thereby also increasing efficiency of the tfurnace 10.

The principle and mode of operation of this invention have been described 1n 1ts
preferred embodiments. However, it should be noted that this invention may be practiced

otherwise than as specifically illustrated and described without departing from 1ts scope.

10
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CLAIMS

1.

An apparatus for the melting of glass making material, comprising:

a receptacle for containing molten glass up to a glass line, the receptacle
including a bottom wall, a rear end wall, a front end wall and side walls, means
including a port for introducing glass cullet and scrap glass incorporating organic
impurities onto the molten glass in a first region of the receptacle adjacent the rear
end wall which means includes also a shelf located on the rear end wall and
extending horizontally into the receptacle below the port and above the glass line
for containing glass cullet and scrap glass introduced through the port;

a throat for removing molten glass from a second region of the receptacle
adjacent the front end wall;

at least one fuel/oxygen burner located in a side wall of the receptacle
above the glass line for heating glass making material in the receptacle;

a crown covering the receptacle and defining a space above the glass line;
and

a crown vent for venting exhaust gas from the fuel/oxygen bumer from the

space defined by the crown, the crown vent being vertically oriented from the

crown within the first region of the receptacle,

whereby, in use, exhaust gases from the fuel/oxygen burner pass across and thereby

preheat the glass cullet and scrap glass contained on the shelf and burn off the organic

impurities before being vented by the crown vent.

2.

Apparatus according to claim 1, wherein the shelf divides the rear end wall into an

upper portion (U) and a lower portion (L), the upper portion having a greater distance to

the front end wall than the lower portion.

11
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3. Apparatus according to claim 1 or claim 2, wherein the shelf includes a shelf

block for supporting a pair of angled side blocks and a shelf back.

4. Apparatus according to claim any one of claims 1 to 3, wherein the port is at an

elevation of 30 to 42 inches (76 to 107 cm) above the glass line.

5. Apparatus according to anyone of claims 1 to 4, comprising also a feeding

mechanism for feeding glass batch into the receptacle at an elevation of 4 to 6 inches (10

to 15 cm) above the glass line.

6. Apparatus according to claim 5, wherein the feeding mechanism feeds glass batch

into the first region of the receptacle.

7. Apparatus according to any one of claims 1 to 6, wherein the crown vent includes

a first section, a second section disposed above the first section, and a support ring

disposed between the first and second sections for independently supporting the second

section.

8. Apparatus for the melting of glass, comprising:
a receptacle for containing molten glass up to a glass line;

a batch charger for feeding glass making material into a first region of the

receptacle;

means for removing molten glass from a second region of the receptacle;

at least one fuel/oxygen burner above the glass line for heating the glass making

12
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materal;
a crown for covering the receptacle and defining a space above the glass line; and
a vertically-oriented crown vent for venting exhaust gas from the fuel/oxygen
burner from the space defined by the crown, the crown vent including a first section, a
second section disposed above the first section, and a support ring disposed between the

first and second sections for independently supporting the second section.

9. Apparatus according to any one of claims 1 to 8, wherein the crown vent has a

height of less than 3 meters from the crown.

10.  Apparatus according to claim 9, wherein the support ring comprises 253MA

metal.

11. Apparatus according to claim 9 or claim 10, wherein the crown vent further
comprises an expansion ring disposed between the support ring and the first section, the

expansion ring being filled with fiber material for allowing thermal expansion of the first

section and the second section 1n a vertical direction.

13
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