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(57) ABSTRACT 

A method and system for feeding and burning pulverized 
fuel, such as petroleum coke, in a glass melting furnace, 
which includes a glass melting and a plurality of burners 
associated with a pair of sealed regenerative chambers 
disposed side -by -side which act as heat exchangers, the 
burners are arranged in a series of ports that are associated 
with the glass melting region of the furnace. The sysiem 
includes means tor supplying the pulverized fuel by each 
one of the burners for melting glass raw materials. The 
emissions of flue gases produced by the combustion process 
of the fuel in the furnace are controlled in order to maintain 
clean the flue gases and for reducing the emission of 
impurities from the fuel such as SO,, NO, and particulates. 
The regenerative chambers are manufactured with selected 
refractories such as, magnesium, zircon -silica -alumina or 
magnesia and zirconium -silicate, for conteracting the ero-
sive and corrosive effects produced by the combustion 
process of the fuel in the glass melting chamber. A burner is 
also provided for feeding the petroleum coke, the burner 
including means to simultaneously mix a primary air and 
pulverized fuel-air mixture for the burning of the pulverized 
fuel. 

SYSTEM FOR FEEDING 
AND BURNING 

PULVERIZED PETROLEUM 
COKE IN AT LEAST A 
BURNER OF A GLASS 
MELTING FURNACE 
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REFRACTORY MEANS 
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SYSTEM FOR FEEDING AND BURNING PULVERIZED 
PETROLEUM COKE IN AT LEAST A BURNER OF A 

GLASS MELTING FURNACE (A) 

A SYSTEM FOR FEEDING AND 
HANDLING THE PULVERIZED 

PETROLEUM COKE 

A DOSING SYSTEM FOR DOSING 
THE PULVERIZED PETROLEUM COKE 

A COMBUSTION SYSTEM 
FOR BURNING THE PULVERIZED 

PETROLEUM COKE 

FIGURE 2 
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removed from the refining chamber 12. The rear end 22 of 
the melting chamber 10 including a dog house 24 through 
which glass making materials are fed by means of a batch 
charger 26. A pair of regenerators 28, 30 are provided by 
cacti side of the melting chamber 10. The regenerators 28 
and 30 are provided with firing ports 32,34, connecting each 
regenerator 28, 30, with the melting chamber 10. The 
regenerators 28, 30 are provided with a gas regenerator 
chamber 36 and an air regenerator chamber 38. I3oth cham-
bers 36 and 38 are connected to a lower chamber 40, which 
is arranged to be communicated by means of dampers 42 
toward a tunnel 44 and a chimney 46 for the exhaust gases. 
Burners 48a, 48b, 48c, 48d 48e, 48f, 48g and 48h, as well as 
burners 50a, 50/,, 50c, SOd, 50e, SOf, 50g and 50/i are 
arranged by each port 32, 34, in a neck portion 52, 54, of 
each firing ports 32, 34 in order to burn fuel, as natural gas, 
petroleum coke or other type of fuels for use in the glass 
melting furnace. 

[0092] So, when the glass making materials are fed 
through the clog house 24 in the rear end of the melting 
chamber 10, the melting glass is melted by the burners 
48a.-h, 50a -h, and floats in a forward direction until corn-
pletely melting to pass from the melting chamber 10 to the 
conditioning chamber 14. During the operation of the fur-
nace, the regenerators 28, 30 are cycled alternately between 
combustion air and exhaust cycles. Every 20 minutes, or 30 
minutes, depending on the specific furnaces, the path of the 
flame, of a series of burners 48a-h or SOa-/n are reversed. So, 
the resultant flame and products of combustion produced in 
each burner 48t, -/n, 50a -h, pass across the surface of the 
melting glass, and transfer heat to that glass in the melting 
chamber 10 and refining chamber 12. 

[0093] FEEDING THE’ PULVERIZED PETROLEUM 
COKE (F) 

[0094] Making now reference to FICS. 5 and 6, the 
system for feeding and burning a pulverized fuel (A) in a 
glass melting furnace comprises in a first embodiment of the 
present invention, first storage silos or tanks 56 and 58 for 
store pulverized petroleum coke or other type of fuel for use 
in the glass melting furnace. The storage silos 56, 58 are fed 
through of a wagon or wagon train 60 by means of a first 
inlet pipe 62 connected between the wagon train 60 and the 
silos 56,58. The first main pipe 62 having first branch pipes 
64, 66, which are connected respectively to each silo 56,58, 
for the filling of each silo 56,58. Valves 68,70 are connected 
to cacti first branch pipe 64 and 66 to regulate the filling of 
each silo 56, 58. Each silo 56, 58 are filled by means of a 
vacuum effect through of a vacuum pump 70 by means of a 
first outlet pipe 72. The first outlet pipe 72 having second 
branch pipes 74, 76, to be connected with each silo 56,58. 
Valves 78, 80 are connected by each second branch pipes 74, 
76, to regulate the vacuum effect provided by the vacuum 
pump 70 for the filling of each silo 56, 58. 

[0095] At the bottom of each silo 56, 58, a conical section 
82, 84, and a gravimetrie coke feeding system 86, 88, axe 
included for fluidizing and for assuring a constant discharge 
flow of the pulverized coke into a second outlet pipe 90 
where the pulverized material is forwarded to a solid fuel 
dosing system SD-S. SD-6 and  SD-7. The second outlet pipe 
90 including a third branch pipes 92, 94, connected to the 
bottom of each conical section 82,84 of each silo or tank 56, 
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58. Valves 96, 98, are attached to each third branch pipe 92, 
94, to regulate the flow of the pulverized petroleum coke to 
the second outlet pipe 90. 

[0096] DOSING SYSTEM (D) FOR THE PULVERIZED 
PETROLEUM COKE. 

[0097] Making now reference to the dosing system (D) in 
accordance with the present invention, the pulverized petro-
leum coke is received in each solid fuel dosing system SD-5, 
SD-6 and SD-7 through the second outlet pipe 90. Fourth 
branch pipes 100, 102 and 104, are connected to the second 
outlet pipe 90, in order to transport the pulverized coke of-
the first silos or tanks 56 and 58 toward the solid fuel feeding 
system SD-5, SD-6 and SD-7. Each solid fuel feeding 
system SD-5, SD -6 and SD-7, including a second series of 
silos or tanks 106, 1.08, 110. The second series of silos 106, 
108, 110, comprising a conical section 112, 114, 116; a 
gravimetric coke feeding system 118, 120, 122; an aeration 
system 124, 126, 128; a feeder 130, 132, 134; and a filter 
136, 138 and 140, for discharging a constant flow of the 
pulverized coke toward each one of the burners 48f, 48g, 48/n 
and burners 50f, 50g and SOh, as will he described later. 

[0098] A pneumatic air compressor 142 and an air tank 
144 are connected by means of a second main pipe 146. A 
first inlet branch pipes 148, 150, 152, are connected with the 
second main pipe 146 for supplying a filtered air-through 
of the filters 136, 138 and 140-to transport the coke toward 
the interior of each second series of silos or tanks 106, 108, 
110. The second main pipe 146 also includes a first return 
branch pipes 154, 156, 158, that are connected with each 
aeration system 124, 126, 128, for permitting an adequate 
flow of the coke toward a third outlet pipes 160, 162, 164, 
as will described later. Additionally, a second inlet pipe 166 
is connected with th second main pipe 146-after of the air 
tank 144-- , which includes second inlet branch pipes 168, 
170, that are connected on the upper part of each silo or tank 
56, 58, for in  air toward the interior of each silo or 
tank 56, 58. 

[0099] The solid fuel feeding system SD-5, SD-6 and 
SD-7 including fourth outlet pipes 172, 174, 176, connected 
below of each feeder 130, 132, 134. A three-way regulatory 
valve 178, 180, 182, is connected respectively with the 
fourth outlet pipes 172, 174, 176, through a first way; a 
second way is connected with first return pipes 179, 181, 
183, for returning the excess of pulverized coke toward each 
second series of silos or tanks 106, 108, 110, whereas the 
third way is connected with the third outlet pipes 160, 162, 
164, which arc used to supply an air-fuel mixture toward an 
arrangement of a tour-way pipe 184, 186 and 188 related 
With the combustion system (E) as be now described. 

[0100] COMBUSTION SYSTEM (E) 

[0101] Making now rcfcrcie to the combustion system 
(E), this is connected to each solid fuel feeding system SD-5, 
SD-6 and SD-7 through of a first way of the four-way pipe 
184, 186 and 188, which are connected with each third outlet 
pipes 160, 162, 164 of each solid fuel feeding system SD-5, 
SD-6 and SD-7. A second way is connected respectively 
with fourth outlet pipes 190, 192, 194, for feeding the supply 
air-fuel mixture toward the burners 48h, 48g and 4811 A third 
way of the four-way pipe 184, 186 and 188, is connected to 
fifth outlet pipes 196, 198, 200 for feeding the air-fuel 
mixture toward the burners 50/n, 50g and 59f; and a four 
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outlet of the Jour-way pipe 184, 186, 188, is connected 
respectively to second return pipes 202, 204, 206, for 
returning the excess of pulverized coke toward each of the 
second series of silos or tanks 106, 108, 110. The four-way 
pipe 184, 186 and 188 having ball valves 208 Ato C. 210A 
to C, 212 A to C, between a connection portion of the 
tour-way pipe 184, 186 and 188 and the fourth outlet pipes 
190, 192, 194; the fifth outlet pipes 196, 198, 200; and the 
second return pipes 202, 204, 206. 

[0102] So in this way, during the operation of the furnace, 
the burners 48a -to -Ii or 50a-lo -h are cycled alternately 
between combustion and non -combustion cycles. Every 20 
minutes, or 30 minutes, depending on the specific furnaces, 
the path of the name of a series of burners 48a-to -h or 
Silo-to-/i arc reversed. The air-fuel mixture that is arriving 
through the third outlet pipes 160, 162, 164, is regulated by 
the four-way pipe 184, 186 and 188 and ball valves 208 
A-to-C, 210 A-to-C, 212 A-to-C, for alternating the injection 
of the air-fuel mixture between the burners 48a-to -h and 
50a-to -h. When the alternately operating cycle between the 
burners 48a-to-h and 50a-to-/m is carried out, an amount of 
air-fuel is returned to the second series of silos or tanks 106, 
108, 110 by means of the second return pipes 202, 204, 206. 

[0103] The supply air that is supplied through the third 
Outlet pipes 160, 162, 164, is used for transporting the 
1.etrolcumm coke and for provoking high velocities of coke 
injection toward the nozzle of the each burner 48a -to -h and 
50a-to -h. Ihe supply air is supplied by means of a pneumatic 
supply air blower 214 through a third main pipe 216. 

[0104] Fourth outlet pipes 218, 220 and 222 are connected 
with the third main pipe 216 and the third outlet pipes 160, 
162, 164, for maintaining an elevated relation of the fuel-air 
mixture that is being supplied to the burners 48a-to-h and 
50nm-to-/z. 

[01.05] For effectuating the combustion cycle of the burn-
ers 48a-to -/t or 50a -to-h, each burner 48a -to -h or 50mz-to-It 
arc fed individually with the air-fuel mixture. this mixture 
will supplied through an internal tube of each burner 48a -h 
or SOn-/i, and will arrive to a distribution chamber to be 
distributed to the diverse inject ion nozzles of each burner 
48a-h or SOn-ft. 

[0106] For increasing the turbulence of tIme flows and the 
mixture of the pulverized fuel with a pre-beated combustion 
air in each burner 48a-h or 50a -h, a primary air is injected 
from a primary air blower 224, which is supplied under 
pressure through of the injection nozzles of each burner 
48a-/z or 50a -h. So, the operation of the burners 48a-h or 
50a -h, will have a injection of’ coke through of pneumatic 
transportation with an elevated relation solid-air and with an 
relation of primary air of approximately 4% of a stoichio-
rretric air. 

[0107] A sixth outlet pipe 226 and a seventh outlet pipe 
228 is connected with the primary air blower 224. The sixth 
outlet pipe 226 being connected with fifth branch pipes 230, 
232, 234 and the seventh outlet pipe 228 being connected 
with sixth branch pipes 236, 238, 240. The exit end of each 
fifth and sixth branch pipes 230, 232, 234, 236, 238, 240, 
being connected in a direct way with each burner 48f-to-h or 
SOf-to-h. The flow of primary air in each fifth and sixth 
branch pipes 230, 232, 234, 236, 238, 240, are regulated 
individually by an arrangement of a first glove valve 242, a 
first ball valve 244 and a second glove valve 246. 
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[0108] Additionally, the sixth outlet pipe 226 includes 
seventh outlet pipes 248, 250 and 252, which are connected 
respectively with the fifth outlet pipes 196, 198, 200. And, 
the seventh outlet pipe 228 includes sixth outlet pipes 254. 
256, 258, which are connected respectively with the fourth 
outlet pipes 190, 192, 194. Each sixth and seventh outlet 
pipes 248, 250, 252, 254, 256, 258, having a check valve 260 
and a ball valve 262. 

[0109] Through the arrangement above described, the 
primary air blower 224 will supply primary air to the burners 
48fto-/i (left burners) or burners 50f-to -h through the sixth 
outlet pipe 226 and the seventh outlet pipe 228 and by each 
filth and sixth branch pipes 230, 232, 234, 236, 238, 240. 
The air blower 224 will operate to supply a maximum air 
now during the operation of each burner 48fto-h or burners 
50f-to-h, meanwhile a nuinimurn air now will be provide for 
the burners 48fto-h or burners 50f-to -h that are not Operat-
ing by means of each sixth and seventh outlet pipes 248, 
250, 252, 254, 256, 258, to guarantee the better conditions 
to he cooled -ooled.

[0 110][0110] Notwithstanding that the invention was described 
over the basis of three burners 48f 48g, 48/i and burners 50[ 
SOg and 50h, should be understood that the system described 
in the present. invention is applied for all the burners 
48a -to -h and 50a-to-h. 

[0111] In an additional embodiment of the present inven-
tion, the melting of glass can be melted with two or three 
types of fuel, for example, in FIG. 3, the burners 48a-48d 
and 50a-50d can he fed with a pulverized fuel as petroleum 
coke; and the burners 48e-48h and 50e-50h can be fed with 
gas or fuel oil. In a third embodiment of ttuc present 
invention, the burners 48a -48d and SOn-SOd can be fed with 
a pulverized fuel as petroleum coke; the burners 48e-48f and 
50e-50f can be fed with gas; and the burners 48g-48h arid 
SOg-50h. can be with fuel oil. These combinations _are 
considering that at this date already exists glass melting 
furnaces that uses gas or fuel oil its the main fuel for melting 
glass, and that the behavior of said gas and fuel oil is well 
known in the art. 

[0112] PULVERIZED FUEL BURNER 

[0113] Additionally, for carrying out a good combustion of 
the pulverized petroleum coke, a special burner was 
designed to be used with the system for feeding and burning 
the pulverized fuel in the glass welting furnace. The FIGS. 
7 through 12 shows a detailed view of the burner (4Sf) for 
feeding and burning a pulverized fuel in accordance with the 
present invention. The pulverized fuel burner (481) compris-
ing a main body 264 constructed of an outer pipe 266, an 
intermediate pipe 268, and a inner pipe 270 (FIG. 10), 
which are disposed concentrically one with the other. The 
outer pipe 266 being closed in the tipper, end 272 (FIG. 9). 
A first chamber 276 is formed in the space defined by the 
outer pipe 266 and the intermediate pipe 268. The outer pipe 
266 having an inlet pipe 278 and an outlet pipe 280 (FIG. 
8) through which cooling water is introduced in the first 
chamber 276 for the cooling of the burner (481). The 
intermediate pipe 268 and the inner pipe 270 being extended 
beyond of the tipper end 272 of the Outer pipe 266. 

[0114] On the tipper part of the burner 48L an air inlet pipe 
282 is connected in a inclined form around the intermediate 
pipe 268, in order to be connected with the sixth branch pipe 
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