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MEFHOD AND APPARATUS FOR MELTING METAL

TECHNICAL FIELD

This technology relates to furnaces for melting metal.

BACKGROUND

Pieces of aluminum or other metals can be melted by placing a load of the metal pieces
in a furnace, and by firing burners so that the burner output impinges on the load. The melting
process proceeds in two phases. In the first phase, gradual melting causes a molten bath to form
and rise at the bottom of the load. Solid pieces of metal become submerged as the melting load
descends into the rising molten bath. This is followed by the second phase of the process, in
which the burners continue to fire into the space above the molten bath after the load becomes
fully submerged. This provides heat that must be transferred to the submerged solids to ensure
that the entire load becomes melted.

SUMMARY

The claimed invention provides a method and apparatus for melting a metal load. The
apparatus comprises a furnace having a melting chamber with a hearth and a molten metal
outlet. The apparatus further comprises non-regenerative burners that are operative to fire into
the melting chamber, and regenerative burners that also are operative to fire into the melting
chamber. The method comprises the steps of firing non-regenerative burners into the melting
chamber to provide heat for melting the load, and also firing regenerative burners into the
chamber to provide heat for melting the load.

Additionally, the claimed invention provides a method of retrofitting a melting furnace
by installing burners as needed for the furnace to have both regenerative and non-regenerative

burners.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a furnace with a melting chamber, burners that are operative
to fire into the melting chamber, and a reactant supply and control system that is operative to
control the burners.

Fig. 2 is a schematic view taken generally on line 2-2 of Fig. 1.

DETAILED DESCRIPTION

The structure 10 shown schematically in the drawings can be operated in steps that are
examples of the elements recited in the method claims, and has parts that are examples of the
clements recited in the apparatus claims. The illustrated structure 10 thus includes examples of
how a person of ordinary skill in the art can make and use the claimed invention. It is described
here to meet the enablement and best mode requirements of the patent statute without imposing
limitations that are not recited in the claims.

This particular apparatus 10 is an aluminum melting furnace with a hearth 12 ina
melting chamber 15. The furnace 10 has burners, including both regenerative burners 16 and
non-regenerative burners 18, that are fired into the melting chamber 15 to provide heat for
melting an aluminum load on the hearth 12. The furnace 10 also has a reactant supply and
control sys;celn 20 that includes a controller 22. In operation, the burners 16 and 18 are fired
with reactant streams of fuel and oxidant under the influence of the controller 22. This provides
heat for melting the aluminum load in a manner directed by the controller 22. The various parts
of the furnace 10, as shown, described and claimed, may be of either original or retrofitted
construction as required to accomplish any particular implementation of the invention.

A fuel source 30, which is preferably a supply of natural gas, and an oxidant source 32,
which is preferably an air blower, provide streams of those reactants along respective supply
lines 34 and 36 in the reactant supply and control system 20. Each regenerative burner 16

communicates with the fuel supply line 34 through a branch line 40 with a fuel control valve 42.



10

15

20

25

WO 2007/008420 PCT/US2006/025158

EatH-regonbiatyebiribe:l6%lso communicates with the oxidant supply line 36 through a
branch line 44 with an oxidant control valve 46.

As shown schematically in Fig. 1, fuel is delivered directly to the nozzle portions 50 of
the regenerative burners 16. Oxidant is delivered directly to the regenerative beds 52 which, in
turn, direct the oxidant to the nozzles 50 in a preheated state. The regenerative beds 52
communicate with a flue 54 through exhaust lines 56 and exhaust valves 58. An exhaust fan 60
pulls the exhaust gases from the exhaust lines 56 into the flue 54.

The melting chamber 15 may have any suitable configuration, but for clarity of
illustration the melting chamber 15 shown schematically in the drawings has a circular
configuration with a cylindrical side wall 64. As shown by comparison of Figs. 1 and 2, the
regenerative burners 16 and the non-regenerative burners 18 have alternating positions in an
array extending around the side wall 64 of the melting chamber 15. The regenerative burners 16
in this example are arranged in opposed pairs that fire into the chamber 15 in opposite
directions, as indicated by the opposed pair of arrows 65 shown for example in Fig. 1. The non-
regenerative burners 18 in this example also are arranged in opposed pairs that fire into the
chamber 15 in opposite directions, as indicated by the opposed pair of arrows 67 shown for
example in Fig. 2. As further shown in Fig. 2, each non-regenerative burner 18 communicates
with the fuel supply line 34 through a branch line 70 with a fuel control valve 72, and
communicates with the oxidant supply line 36 through a branch line 74 with an oxidant control
valve 76.

The controller 22 is operatively associated with the fuel control valves 42 and 72, the
oxidant control valves 46 and 76, and the exhaust valves 58, and has hardware and/or software
configured for operation of the burners 16 and 18. As the controller 22 carries out those
instructions, it actuates the various valves to initiate, regulate and terminate flows of reactant and
exhaust streams that cause the burners 16 and 18 to fire into the melting chamber 15 in a

controlled manner. The controller 22 shown schematically in the drawings may thus comprise
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dny Suitablé Progisiimabie togic controller or other control device, or combination of control
devices, that is programmed or otherwise configured to perform as recited in the claims. If the
furnace 10 is retrofitted in accordance with that aspect of the claimed invention, the claimed
controller could be provided by replacing, supplementing and/or adapting an existing controllerﬂ.

When the non-regenerative burners 18 are to be fired, the controller 22 initiates and
regulates reactant streams that flow to those burners 18 through their fuel and oxidant control
valves 72 and 76. A damper 80 in the flue 54 is actuated by the controller 22 as needed to
exhaust flue gases from the chamber 15 when the non-regenerative burners 18 are fired.

The regenerative burners 16 can be fired in either a regenerative or non-regenerative
manner. When fired in a regenerative manner, their fuel and oxidant control valves 42 and 46
are cycled between open and closed conditions to alternate between the two burners 16 in each
opposed pair. In this manner, the first burner 16 in a pair is fired while the second burner 16 in
the pair is not fired. The second burner 16 in the pair is subsequently fired while the first is not.
The exhaust valves 58 are cycled so that exhaust gases from the melting chamber 15 are pulled
through the regenerative beds 52 of the non-firing burners 16 under the influence of the exhaust
fan 60. Additionally, the controller 22 operates the flue damper 80 to establish a desired
pressure condition in conjunction with exhaust flow through the regenerative beds 52. This
enables the regenerative beds 52 to accumulate heat during the non-firing portions of the cycles.
The accumulated heat is available to preheat the oxidant that is delivered to the regenerative
beds 52 from the oxidant branch lines 44 during the firing portions of the cycles.

When the regenerative burners 16 are fired in a non-regenerative manner, they are not
cycled into and out of exhaust conditions. Although they are fired with streams of oxidant that
flow to the nozzles 50 through the regenerative beds 52, there is no accumulation of heat
transferred from exhaust gases to the beds 52. Non-regenerative firing of the regenerative

burners 16 in this manner is known as direct firing. -
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I+ bpiration bt the'rumace 10, a load of aluminum is melted by first placing the solid
pieces in a pile on the hearth 12. The burners 16 and 18 are then fired into the melting chamber
15, and the melting process proceeds in two phases. In the first phase, gradual melting of the
aluminum causes a molten bath to form and rise at the bottom of the load. Solid pieces of
aluminum become submerged as the melting load descends into the rising molten bath. In the
second phase, melting is completed as the submerged solids become fully melted within the
molten bath.

The buiners 16 and 18 can be operated in distinct modes that are performed in a program
to optimize the two-phase melting process. In one example, the burners 16 and 18 are operated
in three successive modes. The first mode uses only the non-regenerative burners 18. This
initiates the first of the two melting phases described above. The second mode uses the
regenerative burners 16 in addition to non-regenerative burners 18. This completes the first
melting phase. The third mode uses only the regenerative burners 16. This occurs in the second
melting phase.

Specifically, in this example the controller 22 conducts the first mode of operation by
directing streams of reactants through the fuel and oxidant control valves 72 and 76 for the non-
regenerative burners 18. The controller 22 also actuates the flue damper 80 in a range of open
conditions. However, the fuel and oxidant control valves 42 and 46 for the regenerative burners
16 are maintained in closed conditions so that only the non-regenerative burners 18 are provided
with reactant streams of fuel and oxidant to fire into the melting chamber 15 as the first phase of
the melting process begins.

The second operating mode, which in this example uses regenerative burners 16 along
with non-regenerative burners 18, optimizes the end of the first melting phase as the aluminum
pieces melt downward into the molten bath and the furnace temperature rises significantly. The
higher thermal efficiency of the regenerative burners 16 then becomes more suitable. In this

example the controller 22 initiates the second mode of operation by initiating cycles of opening
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-ahd clddingidtithe gt controk valves 42, the oxidant control valves 46, and the exhaust valves

58 for the regenerative burners 16. This occurs while the fuel and oxidant control valves 72 and
76 for the non-regenerative burners 18 remain open. Simultaneous firing of the non-
regenerative burners 18 with alternating pairs of regenerative burners 16 then proceeds
throughout the remainder of the first melting phase as the melting load descends into the molten
bath. The controller 22 can regulate the reactant streams and firing cycles to increase the
amount of heat provided by the regenerative burners 16, and/or to decrease the amount of heat
provided by the non-regenerative burners 18, during the second mode of burner operation.

The third mode of burner operation is performed during the second melting phase. When
the second melting phase begins, all small pieces of aluminum that might otherwise be subject to
lofting have descended into the molten bath, making the load less subject to potential negative
effects of the regenerative burners 16 firing into the space above the molten bath. Also, the
absence of airborne droplets and particulates above the molten bath is favorable for the
regenerative burners 16 because such droplets and particulates could be drawn into the
regenerative beds 52 during the exhaust cycles.

When shifting from the second to the third mode of operation, the controller 22 shifts the
fuel and oxidant control valves 72 and 76 for the non-regenerative burners 18 from open to
closed conditions. The fuel and oxidant control valves 42 and 46 for the regenerative burners 16
continue to be cycled between open and closed conditions to alternate firing between the two
burners 16 in each opposed pair. Melting is completed in the third mode as the molten bath is
brought to a uniform temperature under the influence of the relatively high peak flame
temperatures of the regenerative burners 16.

Tn the example described above, the controller 22 is configured to fire only the non-
regenerative burners 18 in the first mode of operation. In a different example, the controller 22
is similarly configured to fire the non-regenerative burners 18 in the first mode, but also to

direct-fire the regenerative burners 16 in the first mode. The first mode is followed by a hybrid
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seeona mbd&in whith theregenerative burners 16 are shifted from the direct-fired manner of
operation to the regenerative manner of operation with alternating exhaust cycles. This is
accomplished by shifting at least one pair of regenerative burners 16 into the regencrative
manner of operation while at least one non-regeneration burner is being fired. Preferably, the
mumber of cycled pairs of regenerative burners 16 is increased during the hybrid mode. Itis also
preferable to decrease the number of non-regenerative burners 18 that are fired during the hybrid
mode. This provides a transition from the direct-fired first mode to a fully regenerative third
mode for the final melting phase.

This written description sets forth the best mode of carrying out the invention, and
describes the invention 50 as‘to enable a person skilled in the art to make and use the invention,
by presenting examples of the elements recited in the claims. The patentable scope of the
invention is defined by the claims, and may include other examples that occur to those skilled in
the art. Other examples of operational modes for the burners 16 and 18 could include different
sequences of combining, shifting between, and/or alternating or repeating the conditions of
direct-fired and regenerative operation of the burners 16 and 18 in view of melting chamber flow
paths or other conditions that arise during melting of the load on the hearth 12. Such other
examples are intended to be within the scope of the claims if they have structural or process
elements that do not differ from the literal language of the claims, or if they have equivalent
structural or process elements with insubstantial differences from the literal language of the

claims.
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CLAIMS

1. A method of melting a metal load in a furnace having a melting chamber with a hearth
and a molten metal outlet, said method comprising the steps of:

firing non-regenerative burners into the melting chamber to provide heat for melting the
load; and

also firing regenerative burners into the melting chamber to provide heat for melting the
load.
2. A method as defined in claim 1 wherein the burners are fired in differing modes
including a mode in which reactant streams of fuel are prevented from flowing to the
regenerative burners while the non-regenerative burners are being fired.
3. A method as defined in claim 1 wherein the burners are fired in differing modes
including a mode in which regenerative burners and non-regenerative burners are fired
simultaneously.
4. A method as defined in clajm 1 wherein the burners are fired in differing modes
including a first mode in which only non-regenerative burners are fired, a second mode in which -
non-regenerative burners and regenerative burners are fired simultaneously, and a third mode in
which only regenerative burners are fired.
5. A method as defined in claim 4 wherein melting of the load begins when the first mode
is being performed, continues when the second mode is being performed, and is completed when
the third mode is being performed.
6. A method of melting a metal load in a furnace having a melting chamber with a hearth
and a molten metal outlet, said method comprising the steps of:

firing non-regenerative burners and regenerative burners into the melting chamber to
provide heat for melting the load, with the burners being fired in differing modes including a) a
direct firing mode in which regenerative burners are fired without exhaust cycles while non-

regenerative burners also are being fired, and b) a hybrid mode in which at least two
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‘eSeRETAtiVE brissate Tired with alternating exhaust cycles while a non-regenerative burner
also is being fired.
7. A method as defined in claim 6 wherein the number of non-regenerative burners that are
fired in the hybrid mode is changed during the hybrid mode.
8. A method as defined in claim 7 wherein the number of non-regenerative burners that are
fired in the hybrid mode is decreased during the hybrid mode.
9. A method as defined in claim 6 wherein the number of cycled regenerative burners is
changed during the hybrid mode.
10. A method as defined in claim 9 wherein the number of cycled regenerative burners is
increased during the hybrid mode.
11. A method as defined in claim 6 wherein the direct firing mode is provided early in an
initial melting phase, and the hybrid mode is provided later in the initial melting phase.
12. A method as defined in claim 11 wherein the differing modes further include a fully
regenerative mode in which no non-regenerative burners are fired, and regenerative burners are
fired in pairs with alternating exhaust cycles.
13. A method as defined in claim 12 wherein the fully regenerative mode is provided in a
final melting phase following the initial melting phase.
14. A method of retrofitting a furnace having a melting chamber with a hearth, a molten
metal outlet, and a plurality of non-regenerative burners that are operative to fire into the melting
chamber, said method comprising:

installing a plurality of regenerative burners that are operative to fire into the melting
chamber.
15. A method as defined in claim 14 further comprising the step of providing a reactant
supply and control system including a controller that is configured to fire the burners in differing
modes including a mode in which reactant streams of fuel are prevented from flowing to the

regenerative burners while the non-regenerative burners are being fired.
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o EAhSthddwi§détifieddin claim 14 further comprising the step of providing a reactant
supply and control system including a controller that is configured to fire the burners in differing
modes including a mode in which regenerative burners and non-regenerative burners are fired
simultaneously.

17.  Anapparatus as defined in claim 14 further comprising the step of providing a reactant
supply and control system including a controller that is configured to fire the burners in differing
modes including a first mode in which only non-regenerative burners are fired, a second mode in
which non-regenerative burners and regenerative burners are fired simultaneously, and a third
mode in which bnly regenerative burners are fired.
18. A method as defined in claim 17 wherein the controller is configured to provide the first
mode early in an initial melting phase, to provide the second mode later in the initial melting
phase, and to provide the third mode in a final melting phase following the initial melting phase.
19. A method of retrofitting a furnace having a melting chamber with a hearth, a molten
metal outlet, and a plurality of regenerative burners that are operative to fire into the melting
chamber, said method comprising:

installing a plurality of non-regenerative burners that are operative to fire into the
melting chamber.
20. A method as defined in claim 19 further comprising the step of providing a reactant
supply and control system including a controller that is configured to fire the burners in differing
modes including a mode in which reactant streams of fuel are prevented from flowing to the
regenerative burners while the non-regenerative burners are being fired.
21. A method as defined in claim 19 further comprising the step of providing a reactant
supply and control system includiﬁg a controller that is configured to fire the burners in differing
modes including a mode in which regenerative burners and non-regenerative burners are fired

simultaneously.

10
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P2 AldibthoddEdetinediin claim 19 further comprising the step of providing a reactant
supply and control system including a controller that is configured to fire the burners in differing
modes including a first mode in which only non-regenerative burners are fired, a second mode in
which non-regenerative burners and regenerative burners are fired simultaneously, and a third
mode in which only regenerative burners are fired.
23. A method as defined in claim 23 wherein the controller is configured to provide the first
mode early in an initial melting phase, to provide the second mode later in the initial melting
phase, and to provide the third mode in a final melting phase following the initial melting phase.
24. A method of retrofitting a furnace having a melting chamber with a hearth, a molten
metal outlet, and a plurality of non-regenerative burners that are operative to fire into the melting
chamber, said method comprising:

installing a plurality of regenerative burners that are operative to fire into the melting
chamber; and

providing a reactant supply and control system including a controller that is configured
to fire the burners in differing modes including a) a direct-fired mode in which regenerative
burners are fired without exhaust cycles while non-regenerative burners also are being fired, and
b) a hybrid mode in which at least two regenerative burners are fired with alternating exhaust
cycles while a non-regenerative burner also is being fired.
25 A method as defined in claim 24 wherein the controller is configured to change the
number of non-regenerative burners that are fired during the hybrid mode.
26. A method as defined in claim 25 wherein the controller is configured to decrease the
number of non-regenerative burners that are fired during the hybrid mode.
27. A method as defined in claim 24 wherein the controller is configured to change the
number of cycled regenerative burners during the hybrid mode.
78. A method as defined in claim 27 wherein the controller is operative to increase the

number of cycled regenerative burners during the hybrid mode.

11
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Py Asmethodhiddfiedin claim 24 wherein the controller is configured to provide the
direct firing mode early in an initial melting phase, and to provide the hybrid mode later in the
initial melting phase.
30. A method as defined in claim 29 wherein the differing modes further include a fully
regenerative mode in which no non-regenerative burners are fired, and regenerative burners are
fired in pairs with alternating exhaust cycles.
31. A method as defined in claim 30 wherein the controller is configured to provide the fully
regenerative mode in a final melting phase following the initial melting phase.
32. A method of retrofitting a furnace having a melting chamber with a hearth, a molten
metal outlet, and a plurality of regenerative burners that are operative to fire into the melting
chamber, said method comprising:

installing a plurality of non-regenerative burners that are operative to fire into the
melting chamber; and

providing a reactant supply and control system including a controller that is configured
to fire the burners in differing modes including a) a direct-fired mode in which regenerative
burners are fired without exhaust cycles while non-regenerative burners also are being fired, and
b) a hybrid mode in which at least two regenerative burners are fired with alternating exhaust
cycles while a non-regenerative burner also is being fired.
33. A method as defined in claim 32 wherein the controller is configured to change the
number of non-regenerative burners that are fired during the hybrid mode.
34. A method as defined in claim 33 wherein the controller is configured to decrease the
number of non-regenerative burners that are being fired during the hybrid mode.
35. A method as defined in claim 32 wherein the controller is configured to change the
number of cycled regenerative burners during the hybrid mode.
36. A method as defined in claim 35 wherein the controller is configured to increase the

number of cycled regenerative burners during the hybrid mode.

12
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72 - AmibtheddsdeRiedin claim 32 wherein the controller is configured to provide the
direct firing mode early in an initial melting phase, and to provide the hybrid mode later in the
initial melting phase.
38. A method as defined in claim 37 wherein the differing modes further include a fully
regenerative mode in which no non-regenerative burners are fired, and regenerative burners are
fired in pairs with alternating exhaust cycles.
39. A method as defined in claim 38 wherein the controller is configured to provide the fully
regenerative mode in a final melting phase following the initial melting phase.
40.  An apparatus comprising:

a furnace having a meliing chamber with a hearth and a molten metal outlet;

a plurality of non-regenerative burners that are operative to fire into the melting
chamber; and

a plurality of regenerative burners that also are operative to fire into the melting
chamber.
41,  Anapparatus as defined in claim 40 further comprising a reactant supply and control
system including a controller that is configured to fire the burners in differing modes including a
mode in which reactant streams of fuel are prevented from flowing to the regenerative burners
while the non-regenerative burners are being fired.
42.  Anapparatus as defined in claim 40 further comprising a reactant supply and control
system including a controller that is configured to fire the burners in differing modes including a
mode in which regenerative burners and non-regenerative burners are fired simultaneously.
43.  Anapparatus as defined in claim 40 further comprising a reactant supply and control
system including a controller that is configured to fire the burners in differing modes including a
first mode in which only non-regenerative burners are fired, a second mode in which non-
regenerative burners and regenerative burners are fired simultaneously, and a third mode in

which only regenerative burners are fired.
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44;  pn-apparathiasidefived in claim 43 wherein the controller is configured to provide the
first mode early in an initial melting phase, to provide the second mode later in the initial
melting phase, and to provide the third mode in a final melting phase following the initial
melting phase.
45.  An apparatus comprising:

a furnace having a melting chamber with a hearth and a molten metal outlet;

a plurality of non-regenerative burners that are operative to fire into the melting
chamber;

a plurality of regenerative burners that also are operative to fire into the melting
chamber; and

a reactant supply and control system including a controller that is configured to fire the
burners in differing modes including a) a direct-fired mode in which regenerative burners are
fired without exhaust cycles while non-regenerative burners also are being fired, and b) a hybrid
mode in which at least two regenerative burners are fired with alternating exhaust cycles while a
non-regenerative burner also is being fired.
46.  An apparatus as defined in claim 45 wherein the controller is configured to change the
number of non-regenerative burners that are fired in the hybrid mode.
47.  An apparatus as defined in claim 46 wherein the controller is configured to decrease the
number of non-regenerative burners that are fired in the hybrid mode.
48.  An apparatus as defined in claim 45 wherein the controller is configured to change the
number of cycled regenerative burners during the hybrid mode.
49.  An apparatus as defined in claim 48 wherein the controller is configured to increase the
number of cycled regenerative burners during the hybrid mode.
50.  Anapparatus as defined in claim 45 wherein the controller is configured to provide the
direct firing mode early in an initial melting phase, and to provide the hybrid mode later in the

initial melting phase.

14
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51.  -AhMdppdratisas-detified in claim 50 wherein the differing modes further include a fully
regenerative mode in which no non-regenerative burners are fired, and regenerative burners are
fired in pairs with alternating exhaust cycles.

52.  Anapparatus as defined in claim 51 wherein the controller is configured to provide the

fully regenerative mode in a final melting phase following the initial melting phase.
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