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Description

BACKGROUND OF THE INVENTION

[0001] Field of the Invention. Various embodiments
of the present invention generally relate to apparatuses
and methods for melting, refining and processing metals.
More particularly, embodiments of the present invention
generally relate to burner panels for use in metal melting
furnaces and/or the like.
[0002] Background. The art of steel making is very
well developed. In general, and most commonly, an elec-
tric arc furnace (EAF) is used to make steel by application
of an electric arc to melt one or more of scrap metal and/or
other raw iron products and alloys that are placed within
the furnace. Other methods include enhanced versions
of EAFs that make steel by melting DRI (direct reduced
iron) combined with the hot metal from a blast furnace.
To enhance the steel making process, additional chem-
ical energy is provided to the furnace by auxiliary means.
The most common forms of auxiliary means comprise
burners, injectors, and jets using fuel and an oxidizing
gas to produce combustion products with a high heat
content to assist the arc.
[0003] Further embodiments comprise multiple mova-
ble or permanently fixed burners utilizing hydrocarbon
fuel such as, for example, natural gas or oil, at least one
movable oxygen lance for injection of a stream of oxygen
toward the molten bath for refining purposes and a mov-
able means for injecting solid carbonaceous fuel for com-
bustion and slag foaming purposes.
[0004] In various embodiments of EAFs, scrap metal,
or charges, are dumped into the furnace through an open-
ing. Quite typically these charges further comprise
charged carbon and other slag forming materials. Other
processes comprise using a ladle for hot or heated metal
from a blast furnace and inserting it into the EAF furnace,
such as by injection of the DRI by a lance.
[0005] There are numerous phases of charge process-
ing in an EAF furnace and/or an EAF-like furnace. In the
melting phase, the electric arc and burners melt the bur-
den into a molten pool of metal (melted metal), called an
iron carbon melt, which accumulates at the bottom or
hearth of the furnace. Most commonly, after melting the
charge, an electric arc furnace proceeds to a refining
and/or decarburization phase.
[0006] In this phase, the metal melt continues to be
heated by the arc until slag forming materials combine
with impurities in the iron carbon melt and rise to the
surface as slag. When the iron carbon melt reaches a
boiling temperature, the charged carbon in the melt com-
bines with any oxygen present in the bath to form carbon
monoxide bubbles which rise to the surface of the bath,
forming foaming slag. The foaming slag acts as an insu-
lator throughout the furnace.
[0007] When an electric arc furnace operates without
burners, the charged scrap or charge is rapidly melted
at the hot spots at regions of highest electric current den-

sity, but often remains un-melted at the cold spots. This
creates harsh conditions for furnace wall and refractory
lining located at the hot spots due to excessive exposure
to heat from the arc during the latter portions of the melt
down cycle. Scrap located in the cold spots receives heat
from the arc at a reduced rate during the melt down cycle,
thereby creating cold spots. To melt the cold spots, the
heat is applied for a longer period of total time, thereby
applying heat to the hot spots for longer than necessary.
This asymmetrical heat distribution from the arc and non-
uniform wear of the furnace walls are typical for both al-
ternating current and direct current arc furnaces operat-
ing without burners.
[0008] Cold spots are typically formed in areas further
away from the furnace arc as scrap located in these areas
receives electrical energy at a reduced rate per ton of
scrap. A typical example of such a cold spot is the tapping
spout, due to its location away from the arc. Another cold
spot occurs at the slag door due to excessive heat losses
to ambient air infiltrated through this area. It is common
for furnaces utilizing additional injection of materials,
such as slag forming material, direct reduced iron, etc.,
(which is removed through a slag door or through an
opening in the furnace side wall) to create cold spots due
to localized charging of additional heat consuming ma-
terials during the melt down cycle.
[0009] Prior art solutions to this challenge have been
to incorporate further burners around the furnace to apply
additional sources of heat to the cold spots. Electric arc
furnaces equipped with burners located at cold spots
have improved uniformity of scrap melting and reduce
build-ups of materials at the cold spots. When auxiliary
heat sources such as burners are placed in the electric
arc furnace, their location is chosen to avoid further over-
heating of hot spots resulting from the rapid melting of
scrap located between the electrode and the furnace
shell. More specifically, the burners are located as far
away from hot spots as is practically possible and the
burner flame outlet opening direction is chosen so that
flame penetration occurs predominantly into the scrap
pile located at the cold spots and not to already heated
portions of the furnace.
[0010] Further heating and processing is realized by a
decarburization process wherein, in typical embodiments
of the prior art utilizing advanced or more modem EAF
techniques, a high velocity, usually supersonic, flow(s)
of oxygen is blown into the metal bath with either lances
or burner/lances to decarburize the bath by oxidation of
the carbon contained in the bath, forming CO and/or CO2.
The burner(s)/lance(s) act more uniformly melt the
charge and lessen or prevent overheating and minimize
the time required for the melt and time that the arc is
operated.
[0011] By boiling the metal bath or liquid metal with the
injected oxygen, the carbon content of the bath can be
reduced to a selected or reduced level. It is commonly
regarded that if an iron carbon melt is under 2% carbon,
the melt becomes steel. EAF steel making processes
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typically begin with burdens having less than 1% carbon.
The carbon in the steel bath is continually reduced until
it reaches the content desired for producing a specific
grade of steel, such as, for example, and not by way of
limitation, down to less than 0.1 % for low carbon steels.
[0012] In an effort to decrease steel production times
in electric arc furnaces, apparatuses and methods have
been developed to alter the means of delivering further
energy to the furnace. Various such improvements in-
clude, but are not limited to, conventional burners mount-
ed on the water-cooled side walls (panels or furnaces),
conventional lances, conventional burners, and/or the
like.
[0013] Typically, oxygen injection for the decarburiza-
tion must wait until the melting phase of the process is
substantially complete before starting high velocity injec-
tion of oxygen. This is because the burners cannot ef-
fectively deliver high velocity oxygen before then be-
cause unmelted charge may exist between the burn-
ers/lances and the liquid metal or metal melt. The oxygen
flow would be deflected, potentially causing severe dam-
age to the furnace.
[0014] This fact is aggravated by the generally spher-
ical shape of most EAF furnace structures. Melting of the
metal typically occurs in the middle, lower portion of the
melt and expands to fill the sides. Early in the melting
phase a high velocity oxygen stream has less effect
and/or ability to penetrate a not fully melted charge (met-
al) to decarburize the metal melt.
[0015] The same philosophy is used to select the lo-
cation of other additional auxiliary heat sources including
oxygen injection lances for use in decarburization as was
used in placing additional burners. When additional lanc-
es are located at the cold spot(s), the exothermic energy
of melt refining can be used more effectively to melt the
scrap without overheating of the hot spots.
[0016] Additional injection of oxygen for melt decarbu-
rization can be accomplished by any means. Common
apparatuses and processes include one or more mova-
ble devices, such as submerged, consumable oxygen
pipes and/or by one or more water-cooled non-sub-
merged oxygen lances. During operation of a water-
cooled lance, the lance is first introduced into the furnace,
then gradually moved to the position in which the lance
discharge opening or openings for the introduction of ox-
ygen are located, preferably approximately 150-300 mm
or more above the bath. The discharge velocity of the
oxygen stream from the lance is to be chosen to allow
the stream of oxygen introduced by the lance located in
the working position to penetrate the slag and to react
with the iron-carbon melt without excessive molten metal
splashing on the furnace walls and electrode(s). Howev-
er, inadvertent metal splashing does occur and is a com-
mon cause of apparatus failure.
[0017] Combined injection of carbon and oxygen via
various apparatuses, including dedicated lances in and
around the furnace wall has become a common practice
for adding extra heat to the process. Typically, the supply

of carbon flow for injection is obtained from a carbona-
ceous material dispenser, such as a compressed gase-
ous carrier comprising compressed air, natural gas, ni-
trogen, and/or the like.
[0018] The use of the burners together with carbon and
oxygen lances has allowed electric steelmakers to sub-
stantially reduce electrical energy consumption and to
increase furnace production rate due to the additional
heat input generated by the oxidation of carbon, and by
significant increases in electric arc thermal efficiency
achieved by the formation of a foamy slag layer that in-
sulates the 0electric arc from heat losses. The foamy
slag also stabilizes the electric arc and therefore allows
for a higher electrical power input rate. The foamy slag
layer is created by CO bubbles which are formed by the
oxidation of injected carbon to CO. The increased flow
of injected carbon creates increased localized CO gen-
eration. Accordingly, most EAF furnace units also com-
prise a post production means for removing or reducing
CO levels in the off gas.
[0019] Mixing of the CO with oxygen inside of the elec-
tric arc furnace is desirable but very difficult to arrange
without excessive oxidation of the slag and electrodes.
Accordingly, the art field has developed post-production
means for treating the high CO content of the off gas.
[0020] One of ordinary skill in the art would recognize
that the most modem electric arc furnaces are equipped
with all or some of the above-mentioned means for aux-
iliary heat input and or metal melting.
[0021] Taken in connection with the improvements to
the art field in the design and operation of metal melting
furnaces have been improvements in burner panel de-
sign. Some such patents teaching and disclosing various
burner panel configurations include but are not limited to
EP 1553192 A2, US 4,703,336; US 5,444,733; US
6,212,218; US 6,372,010; US 5,166,950; US 5,471,495;
US 6,289,035; US 6,614,831; US 5,373,530; US
5,802,097; US 6,999, 495; and, US 6,342,086. Such prior
art patents have been beneficial. For example, US
6,999,495 has found wide applicability for increasing spa-
tial energy coverage in a furnace. Likewise, US
6,614,831 has found applicability in extending the reach
of various tools, such as a burner or a lance, into the
interior of a furnace. However, the art filed is in search
of further improved apparatuses and methods for the
melting of metals.
[0022] It is known that one of the causes of burner pan-
el/lance failure is "flashback", "blowback", "rebound",
and/or "jet reflection". These terms commonly refer to a
condition resulting from jet (oxygen lance or burner jet)
being reflected back to the panel whether the reflection
is caused from the steel bath or melting metals (scrap
materials inside the furnace that are not yet melted). The
use of the term flashback shall mean and refer to all of
the aforementioned terms unless specifically stated oth-
erwise. Prior art solutions to various challenges associ-
ated with flashback have been dealt with by shielding the
burner jet and/or lance. However, shielding often results
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in increasing the distance from the burner or lance to the
steel bath or melting metals. Accordingly, the art field is
in search of apparatuses and methods wherein a dis-
tance from a burner jet nozzle or lance nozzle to the mol-
ten metal is minimized while providing enhanced shield-
ing and/or protection for a burner jet and/or burner jet
nozzle.
[0023] Further advantages sought by the art field in-
clude a burner panel design comprising a burner, a lance,
and or similar apparatus wherein the burner panel has
an increased operational efficiency and/or service life.

SUMMARY OF THE INVENTION

[0024] Various embodiments of the present invention
generally relate to burner panels and related methods
for use in a metal melting furnace. In general, novel and
non-obvious aspects of embodiments of the present in-
vention according to independent claims 1 and 10 relate
to enhanced characteristics of an improved burner panel
and related methods that result in at least one of in-
creased operational efficiency and/or increased service
life. A burner panel apparatus of the present invention
generally comprises a water-cooled burner panel and at
least one apparatus, wherein the burner panel is at least
slightly elongated and extending generally away from a
furnace wall and generally towards a metal line, thereby
reducing the distance from the burner panel to the molten
metal or metal line. Further, a substantial portion of the
burner panel extending from the furnace wall is oriented
other than orthogonal to at least the molten metal/metal
line, wherein exposure of a substantial portion of the
burner panel to at least one harsh condition of the furnace
is reduced, thereby limiting incidences of burner panel
failure. Further, at least one surface of a burner panel of
the present invention comprises shaped grooves.
[0025] The shaped grooves unexpectedly advanta-
geously channel a flow of a slag. In various embodiments,
the channeled slag is capable of forming an at least par-
tially solidified layer about the burner panel. However, in
other embodiments, the slag remains liquid or nearly liq-
uid. In embodiments with an at least partially solidified
layer of slag on a surface of the burner panel, the slag is
capable of at least partially insulating the burner panel,
thereby at least one of protecting the burner panel from
damage and/or increasing the service life of the burner
panel. Likewise, liquid slag provides some measure of
insulation:
[0026] In various embodiments, apparatuses associ-
ated with burner panel apparatuses of the present inven-
tion generally comprise at least one of burners, lances,
supersonic lances, particulate injectors, post combustion
apparatus, and/or the like.
[0027] Accordingly, improved features and/or en-
hanced characteristics of various burner panel appara-
tuses of the present invention comprise at least one of
decreased distance to the molten metal/metal line; ex-
tension over pipes along a refractory portion of the fur-

nace; extension over furnace brick; extension over shell
structures; extension over other items commonly in a fur-
nace; energy savings; improved burner efficiency; reduc-
tion in the oxidizing gas flow pattern of associated appa-
ratuses degradation of hearth material and/or other fur-
nace equipment mounted nearby; in various embodi-
ments with a carbon injector, an enhanced carbon flow
pattern from the injector sufficient to penetrate at least a
portion of the slag within the furnace to produce foaming;
improved burner efficiency (both in terms of at least met-
ing and/or cutting scrap and decarburizing and refining
the steel; enhanced carbon flow pattern sufficient to inject
through the slag and into the steel bath within the furnace
to produce foaming slag; and a general reduction in burn-
er panel failure.
[0028] Because the burner panel apparatus of the
present invention extends out from the furnace wall, the
at least one associated apparatus apertures is closer to
the surface of the metal melt/metal line. Likewise, the at
least one associated apparatus apertures is closer to the
center of the furnace thereby providing at least increased
efficiency.
[0029] A greater understanding of the present inven-
tion may be had from reference to the following detailed
description and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0030] In order that the manner in which the above-
recited and other advantages and objects of the invention
are obtained, a more particular description of the inven-
tion briefly described above will be rendered by reference
to specific embodiments thereof which are illustrated in
the appended drawings. Understanding that these draw-
ings depict only typical embodiments of the invention the
invention will be described with additional specificity and
detail through the use of the accompanying drawings in
which:

Figure 1 is an illustration of a perspective view of an
embodiment of a burner panel of the present inven-
tion.
Figure 2 is an illustration of a front perspective view
of the embodiment of Figure 1.
Figure 3 is an alternate embodiment of a cross-sec-
tion of a burner panel of the present invention where-
in the burner panel is attached to a furnace wall.
Figure 4 is an illustration of an alternate embodiment
of a cross-section of a burner panel with a gap panel
inserted below the burner panel illustrating an angle
of incidence for a burner injector and a carbon injec-
tor.
Figure 5 is an illustration of a cross-section of an
alternate embodiment of a burner panel installed on
a furnace wall.
Figure 6 is an illustration of a cross-section of a fur-
nace illustrating a cross section of an embodiment
of a burner panel of the present invention
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Figure 7 is an illustration of a top view of an alternate
embodiment of a burner panel installed on a furnace
wall.
Figure 8 is an illustration of an alternate embodiment
of a burner panel of the present invention illustrating
an embodiment of post combustion apertures.
Figure 9 is an illustration of a cross-section of an
alternate embodiment of a burner panel of the
present invention.
Figure 10 is an illustration of view G illustrated on
Figure 9.
Figure 11 is an illustration of view E on Figure 9.
Figure 12 is an illustration of view D on Figure 9.
Figure 13 is an illustration of view F on Figure 9.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The following definitions and explanations are
meant and intended to be controlling in any future con-
struction unless clearly and unambiguously modified in
the following Examples or when application of the mean-
ing renders any construction meaningless or essentially
meaningless. In cases where the construction of the term
would render it meaningless or essentially meaningless,
the definition should be taken from Webster’s Dictionary,
3rd Edition.
[0032] As used herein the term, "air" means and refers
to a gaseous mixture that comprises at least about 20
mole percent O2.
[0033] As used herein, the term "attached," or any con-
jugation thereof describes and refers to the at least partial
attachment of a tubesheet bundle and a vessel and/or
core.
[0034] As used herein, the term "burden" means and
refers to raw material loaded into a furnace.
[0035] As used herein, the term "burner" means and
refers to all burners, lances, supersonic lances, and/or
the like. In general, to burn something is for it to combust
"a chemical reaction" facilitated and/or created by the
addition of oxygen. Accordingly, a burner is any appara-
tus that adds oxygen.
[0036] As used herein, the term "charge" means and
refers to a batch of raw material loaded into a furnace.
[0037] For illustration purposes only, and not by way
of limitation, two or more charges are referred to as a
"heat". Typically, a "heat" is the end result/product of two
or more charges. The "heat" is commonly tapped or load-
ed through the tap hole, most commonly located about
EBT (Eccentric Bottom Tap). Tap-to-Tap times are im-
portant benchmarks in the industry, as they relate to pro-
duction rate. Likewise important is "Power On" time for
a particular combustion unit, the amount of time the elec-
trodes are energized. Other considerations include per-
cent yield that refers to iron loss during operation.
[0038] As used herein, the term "chemical reaction"
means and refers to any interaction between two or more
chemicals resulting in a chemical change in the original
reactants. The reactions may be oxidative or reductive

in nature. The reaction can occur in any state, including
the solid, gaseous, or liquid state or an interface thereof.
The reaction can be enhanced (e.g., efficiency improved,
reaction rate increased) by addition of one or more cat-
alysts.
[0039] Exemplary, non-limiting embodiments of fur-
naces capable of use with varying embodiments of the
present invention include, but are not limited to US
6,805,724; US 6,749,661; US 6,614,831; US 6,440,747;
US 6,342,086; US 6,289,035; US 6,212,218; US
5,802,097; US 5,554,022; US 6,910,431; US 5,599,375;
US 4,622,007; and, Re. 33,464, the contents of which
are hereby incorporated by reference as if they were pre-
sented herein in their entirety. In general, any furnace
may be used with the various embodiments of the present
invention.
[0040] As used herein, the term "field application"
means and refers to experiments performed on samples,
including samples taken from the environment, unless
stated otherwise in the description.
[0041] As used herein, a "fluid" means and refers to a
continuous, amorphous substance whose molecules
move freely past one another and that has the tendency
to assume the shape of its container, for example, but
not limited to, a liquid or a gas.
[0042] As used herein, the term "foamy slag" means
and refers to a practice where the slag entrains gas bub-
bles, usually, but not limited to, CO gas bubbles, and
expands or is allowed or encouraged to expand in volume
to at least partially cover the electrode(s) of the furnace
and protect furnace components from the arc radiation
that is very desirable in many steel making processes.
Particulates, such as CaO and MgO, are often introduced
to form slag and correct its chemistry to provide a good
basis for slag foaming. Slag foaming is generally accom-
plished by the introduction of particulate carbon into the
bath where it reduces FeO to Fe in an endothermic re-
action producing CO bubbles which expand the volume
of the slag and cause it to foam ("foamy slag"). The
foamed slag, among other uses, acts as a blanket to at
least partially hold in heat for the process and/or to shield
furnace components from the radiation of the electric arc.
[0043] As used herein, the term "orthogonal" means
and refers to an orientation of or relating to right angles.
[0044] As used herein, the term "slag" means and re-
fers to the glass-like mass left as a residue by the smelting
of metallic ore. The production of a correct slag compo-
sition for the iron carbon melt during the refining phase
is important in achieving desired steel chemistry and in
cleaning the steel of impurities. In a furnace, slag exists
both in a liquid state and a solid/semi-solid state.
[0045] As used herein, the term "tuyere" means and
refers to a nozzle through which an air blast is delivered
to a forge, blast furnace, blast oxygen furnace, and/or
the like.
[0046] Other than in the operating examples, or where
otherwise indicated, all numbers expressing quantities
of ingredients or reaction conditions used herein are to
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be understood as modified in all instances by the term
"about".
[0047] Various embodiments of the present invention
have wide applicability across the art field for providing
enhanced and/or improved burners for a furnace and re-
lated methods of use. This disclosure will discuss appli-
cation of the improvements of the present invention as it
relates to furnaces in primarily the field of steel making.
However, one of ordinary skill in the art would be able to
readily apply the technology across all furnace technol-
ogies and the particular embodiments herein described
should not be read as limiting on the full scope of this
patent specification and the appended claims.
[0048] In general, novel and non-obvious aspects of
embodiments of the present invention relate to at least
one enhanced characteristic of an improved burner pan-
el/mounting enclosure and related methods that result in
at least one of increased operational efficiency and/or
increased service life. The term "burner panel", in terms
of the various embodiments of this invention should be
understood and construed as generally any sidewall
mounted panel, and not limited to any burner panel de-
scribed herein. Further, many other enhanced charac-
teristics of various embodiments of a burner panel will
become apparent throughout this specification.
[0049] In various embodiments, the burner panel is flu-
id cooled, such as water-cooled, to survive the hostile
environment of the electric arc furnace and is designed
to occupy the step between the sidewall and hearth of
the furnace without any substantial change to the struc-
ture of the furnace. The mounting enclosure comprises
a plurality of fluid cooling conduits surrounding an appa-
ratus aperture and an injector aperture that are formed
through the enclosure and adapted to mount an appara-
tus and an injector. The mounting arrangement includes
utilizing a burner panel to mount an apparatus with su-
personic oxidizing gas lancing capability and an injector
for particulate carbon in an electric arc furnace.
[0050] Further improved features and/or enhanced
characteristics of various burner panel apparatuses of
the present invention comprise at least one of decreased
distance to the molten metal/metal line, extension over
pipes along a refractory portion of the furnace, extension
over furnace brick, extension over shell structures, ex-
tension over other items commonly in a furnace, energy
savings, improved burner efficiency, ability to be used as
a plug and use apparatus, and a reduction in burner panel
failure.
[0051] Now referring to Figure 1, an illustration of a
three dimensional perspective view of an embodiment of
a burner panel apparatus of the present invention. Burner
Panel 1 generally comprises tapered upper surface 2,
tapered sidewall surface 3, tapered sidewall surface 10,
tapered underside surface 11, at least one shaped
groove 6, front side surface 4, and aperture 5. Further
embodiments comprise a straight groove portion 7, sec-
ond aperture 8, post combustion aperture portion 9, an
extending element (not shown), and/or the like, as is il-

lustrated in Figure 1. Shaped groove 6 is a V-shaped
groove in this Figure.
[0052] Generally, in the embodiment of Figure 1, ta-
pered upper surface 2, tapered sidewall surface 3, ta-
pered sidewall surface 10, and tapered underside sur-
face 11 appropriately intersect at a first length from the
furnace wall to form a quadrangular tapered structure.
The taper extending from a furnace wall along at least a
portion of the length of the burner panel towards the melt-
ing metal of the furnace (illustrated in Figure 6). However,
the tapered structure may generally be any structure ca-
pable of containing at least one apparatus, such as, but
not limited to spherical, triangular, pentangular, hexan-
gular, and/or the like structure. Further embodiments
contemplate a structure that is not tapered and construct-
ed with generally straight portions.
[0053] The structure of burner panel 1 has several ad-
vantages over wall mounted and/or wall-supported burn-
er panels. A primary advantage is the decreased distance
to the metal line from a burner panel of the present in-
vention. In an embodiment, a burner panel of the present
invention is capable of reaching at least to the split line
(where the upper and lower furnace shells meet). In var-
ious embodiments, the burner panel of the present in-
vention extends beyond, over, and/or lower than the split
line. In an embodiment, the decrease in distance to the
metal line is at least about 10%. In an alternate embod-
iment, the decrease in distance to the metal line is at
least about 15%. In an alternate embodiment, the de-
crease in distance to the metal line is at least about 20%.
In an alternate embodiment, the decrease in distance to
the metal line is at least about 25%. In an alternate em-
bodiment, the decrease in distance to the metal line is at
least about 30%. In an alternate embodiment, the de-
crease in distance to the metal line is at least about 33%.
In an alternate embodiment, the decrease in distance to
the metal line is at least about 40%. In an alternate em-
bodiment, the decrease in distance to the metal line is at
least about 50%. The decrease in distance from the burn-
er panel to the metal line can be modified by several
factors, such as the length of the tapered burner panel,
the use of a gap panel (as described in reference to Figure
4), the height of the burner panel above the refractory
portion, and/or the like.
[0054] In various embodiments, a burner panel of the
present invention is capable of reaching beyond a sill line
of the furnace, wherein the sill line is an edge of the re-
fractory portion of the furnace, quite commonly the re-
fractory bricks. In an embodiment, the decrease in dis-
tance to the metal line is at least about 10%. In an alter-
nate embodiment, the decrease in distance to the metal
line is at least about 15%. In an alternate embodiment,
the decrease in distance to the metal line is at least about
20%. In an alternate embodiment, the decrease in dis-
tance to the metal line is at least about 25%. In an alter-
nate embodiment, the decrease in distance to the metal
line is at least about 30%. In an alternate embodiment,
the decrease in distance to the metal line is at least about
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33%. In an alternate embodiment, the decrease in dis-
tance to the metal line is at least about 40%. In an alter-
nate embodiment, the decrease in distance to the metal
line is at least about 50%. The decrease in distance from
the burner panel to the metal line can be modified by
several factors, such as the length of the tapered burner
panel, the use of a gap panel (as described in reference
to Figure 4), the height of the burner panel above the
refractory portion, and/or the like.
[0055] In the embodiment illustrated in Figure 1, at
least one shaped groove 6 is oriented along upper sur-
face 2. In the embodiment illustrated, shaped groove 6
is a V-shaped groove 6. The apex 12 of at least one V-
shaped groove 6 generally points along or follows the
taper of upper surface 2. V-shaped groove 6 acts to chan-
nel foaming slag and/or slag along upper surface 2 of
burner panel 1. The V-shaped grooves unexpectedly
channel a flow of a slag wherein the slag is capable of
forming an at least partially solidified layer about the burn-
er panel. The at least partially solidified layer of slag on
the panel is capable of at least partially insulating the
burner panel, thereby at least one of protecting the burner
panel from damage and/or increasing the service life of
the burner panel.
[0056] Shaped groove 6 is illustrative of a general
structure of a groove to be used on various embodiments
of the present invention. In an embodiment, shaped
groove 6 is U-shaped. In an alternate embodiment,
shaped groove 6 is arcuate. In general, V-shaped groove
6 can be any arcuate structure.
[0057] Slag inside the furnace exists in at least two
states, liquid and solid. As the foaming slag and/or slag
boils, pops, expands, and/or the like, at least a portion
of it will contact a surface of burner panel 1. As a liquid,
the slag will still offer protection. However, in the solid
state, the slag offers far more protection, in general.
[0058] When the slag is in a solid state, the V-shaped
grooves act as a footing for the slag, offering resistance
to assist in preventing the slag from sliding or moving off
burner panel 1. When the slag is in the liquid state, the
V-shaped grooves will act to keep the slag on burner
panel 1 longer by directing the slag along the length of
upper surface 2 of panel burner panel 1. Keeping the
slag on burner panel 1 longer will allow a cooling system
(not shown in Figure 1) to act through burner panel 1 on
the slag, wherein the cooling system will cool the slag.
Cooling the slag will enhance the formation of solid state
slag or semi-solid state slag wherein the operational ef-
ficiency and/or service life of burner panel 1 will be en-
hanced.
[0059] In various embodiments, incorporation of V-
shaped grooves increases operational efficiency by at
least about 5%. In an alternate embodiment, incorpora-
tion of V-shaped grooves increases operational efficien-
cy by at least about 10%. In an alternate embodiment,
incorporation of V-shaped grooves increases operational
efficiency by at least about 15%. In an alternate embod-
iment, incorporation of V-shaped grooves increases op-

erational efficiency by at least about 20%. In an alternate
embodiment, incorporation of V-shaped grooves in-
creases operational efficiency by at least about 30%. In
an alternate embodiment, incorporation of V-shaped
grooves increases operational efficiency by at least about
40%.
[0060] In various embodiments, incorporation of V-
shaped grooves increases service life by at least about
5%. In an alternate embodiment, incorporation of V-
shaped grooves increases service life by at least about
10%. In an alternate embodiment, incorporation of V-
shaped grooves increases service life by at least about
15%. In an alternate embodiment, incorporation of V-
shaped grooves increases service life by at least about
20%. In an alternate embodiment, incorporation of V-
shaped grooves increases service life by at least about
30%. In an alternate embodiment, incorporation of V-
shaped grooves increases service life by at least about
40%.
[0061] The V-shaped grooves have an unexpected re-
sult of further aiding in the shielding process or effect of
a foaming slag or a slag coating.
[0062] Front side surface 4 is the only portion of the
extending portion of burner panel 1 that is orthogonal to
potential splashing metal from melting metal in the fur-
nace, thereby limiting the incidence of direct hits. Further
reduction in hits is accomplished by limiting the size of
front side surface 4.
[0063] In an embodiment, front side surface 4 is slightly
larger than at least one aperture 5. In an alternate em-
bodiment, a second aperture 8 is on front side surface
4. In yet a further embodiment, further apertures are add-
ed. In general, any number of apertures can be included
on front side surface 4. Generally, an aperture exists for
each apparatus extending through and/or associated
with burner panel 1. Aperture 5, second aperture 8,
and/or any other aperture can be any desired size. Typ-
ically, the size of an aperture is related to the size of the
associated apparatus. In applications wherein concern
exists for a burner panel failure, the size of an aperture
and the size of a front panel is limited, to reduce the or-
thogonal area.
[0064] The shape of an aperture of the present inven-
tion can vary. In general, apertures are circular. However,
apertures may be of any shape, such as, but not limited
to spherical, triangular, pentangular, hexangular, and/or
the like structure. Generally, an aperture shape is asso-
ciated with the shape of the associated apparatus.
[0065] Various embodiments of a burner panel of the
present invention further comprise a straight groove por-
tion 7. Straight groove portion 7 is adapted to further as-
sist in the accumulation of foaming slag and/or slag.
Straight groove portion 7 is an optional element.
[0066] In various embodiments, a post combustion
portion 9 is associated or affixed to burner panel 1. Post
combustion portion 9 is used to add further oxygen to the
furnace.
[0067] In an embodiment, burner panel 1 is construct-
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ed to fit within a pre-existing slot for a burner panel. In
other embodiments, burner panel 1 is adapted to utilize
furnace panel attachment means, such as bolts, clamps,
screws, nails, glue, and/or the like. It is anticipated that
bracket portion 9 may have some areas orthogonal to
potential splashing metal from the melting metal. How-
ever, such orthogonal areas should be limited, as they
increase risk of burner panel failure.
[0068] Now referring to Figure 2, a front perspective
view of the apparatus of Figure 1 is illustrated. The gen-
eral taper of an embodiment is illustrated. As is made
more apparent, front side surface 4 is substantially the
only surface orthogonal to potential splashing metal from
the melting metal.
[0069] Now referring to Figure 3, a side perspective
view of an embodiment of a burner panel 20, aperture
24, and at least one V-shaped groove 23 of the present
invention attached to a furnace wall is illustrated. Burner
panel 20 is attached to furnace wall 21. Burner panel 20
is typically placed and/or oriented along a lower portion
(within, in an embodiment, a lower panel space) of fur-
nace wall 21 above refractory portion or brick 27. Aper-
ture 24 of burner panel 20 extends over and beyond re-
fractory portion 27, thus minimizing or limiting a distance
from aperture 24 to metal line 25, the melting metal.
[0070] Burner panel 20 illustrates a cavity 22 for an
apparatus. Cavity 22 generally extends throughout the
body of burner panel 20 to about aperture 24 and across
furnace wall 21.
[0071] Not shown in great detail in this Figure, but read-
ily understood by one of ordinary skill in the art, is a water
cooling system positioned within furnace wall 21 to assist
in removing heat from the surface of furnace wall 21
and/or burner panel 20. In various embodiments, burner
panel 20 has an independent water-cooling system. Re-
moving heat from furnace wall 21 and/or burner panel 20
can reduce incidence of failure by cooling the apparatus
and the furnace. Generally, as the flow of water is in-
creased through water-cooling element 28, the temper-
ature of burner panel 20 and/or furnace wall 21 is reduced
or maintained. Maintaining or reducing the temperature
of burner panel 20 and/or furnace wall 21 can allow for
higher operating efficiency by increasing the operational
temperature of the furnace, thereby melting the metal
faster.
[0072] In the embodiment illustrated in Figure 3, burner
panel 20 does not extend below split line. However, in
various other embodiments, burner panel 26 does extend
below split line 26, thereby decreasing the distance be-
tween an aperture of a burner panel of the present in-
vention and a metal line.
[0073] Now referring to Figure 4, a burner panel 35 is
illustrated with an oxygen injector apparatus 36, a carbon
injector apparatus 37, refractory portion 39, aperture 40,
and aperture 41. Aperture 40 and aperture 41 are aligned
such that the discharge from oxygen burner apparatus
36 and a carbon injector apparatus 37 intersect at about
the metal line. Maximum effect from the carbon injection

and the oxygen burner is experienced when the two
streams are introduced to the metal line at or about the
point of mixture. However, various other embodiments
mix the two streams before introduction to the melting
metal. In general, a flow rate of an apparatus causes both
a region of negative pressure and eddy currents in the
proximity. The flows in the vicinity are based in part on
Bernoulli’s’ equation. In an embodiment, the object is to
get the carbon injection close enough to be "sucked" into
the stream path and not to be deflected and more ineffi-
ciently dispersed by the circulating eddy currents, as
would be expected to happen if the apertures were sep-
arated at to great a distance.
[0074] The number of apparatuses associated with a
burner panel apparatuses can vary from 1 to 10. In an
embodiment, there is a dedicated aperture for each ap-
paratus. In an alternate embodiment, one or more appa-
ratuses share an aperture.
[0075] In an embodiment of an associated apparatus
of the present invention, the apparatuses are positioned
side by side in a burner panel at about a nozzle at the
entrance of a flame-shaping chamber of a fluid cooled
combustion chamber. Various embodiments further
comprise a plurality of fuel orifices for providing pressu-
rized fuel to the combustion chamber and/or a plurality
of oxidizing gas orifices for providing a secondary flow
of an oxidizing gas around the periphery of the nozzle.
In an embodiment, all of the flows of fuel, oxidizing gas
and particulates pass through the flame-shaping cham-
ber, and are all substantially directed to the same location
in the electric arc furnace. The directionality of the various
flows allows the apparatuses to heat a localized spot of
the slag/charge with thermal energy from the oxidation
of the fuel, from the oxidation of oxidizable components
in the slag or the melt by the lancing of supersonic oxi-
dizing gas, and/or from any combination of these.
[0076] In an embodiment, once a spot in the slag is
sufficiently heated, a flow of carbon is directed to the
localized hot spot in the slag to reduce the FeO, and other
oxides, in the slag to carbon monoxide and produce
foamy slag. The particulate carbon introduction can be
accompanied by further oxidizing gas injection before,
during, and/or after the carbon injection.
[0077] Furnaces constructed typically have a some-
what uniform structure. A benefit of the various designs
of embodiments of the present invention are that they
can be adapted to fit within pre-machined and/or cut ar-
eas, such as a panel gap or to replace a panel. In an
embodiment, burner panel 35 is designed smaller than
the available space within the furnace wall and a gap
panel 38 is used to make up the difference. An advantage
to using a gap panel 38 is that the installation of burner
panel 35 can be adjusted. For example, and not by way
of limitation, to alter or change the angle of incidence
from an apparatus to the metal line, gap panel 38 can be
removed and reinstalled above burner panel 35, thereby
lowering burner panel 35 and decreasing the distance
from aperture 40 and/or aperture 41 to a metal line.
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[0078] Gap panel 38 can also be used to raise burner
panel 35. Raising burner panel 35 can be desirable in
situations where burner panel 35 is wearing rapidly or if
the melting rate within the furnace is to be lowered.
[0079] Now referring to Figure 5, a side perspective of
a burner panel 51 with water-cooled furnace elements
50, the furnace wall above refractory portion 52 is water-
cooled. Water-cooling is accomplished typically by piping
or conveying water along or near a surface of the furnace.
The conveyed water removes heat from the furnace,
thereby cooling the furnace. Water is kept flowing through
water-cooled elements 50. In an embodiment, the greater
the flow of water, the greater the amount of heat removed
from the furnace. Typically, all furnace walls have a cool-
ing system, such as water cooling. Cooling is not gener-
ally necessary along the refractory portion, as the refrac-
tory portion is typically capable of handling and/or with-
standing the heat. However, various embodiments com-
prise a cooling system that at least partially cools a por-
tion of the refractory portion, thereby reducing stress on
the refractory portion and/or increasing service life.
[0080] In various embodiments, burner panel 51 is a
plug and use system, such that at least a portion of a
furnace panel is removed and an embodiment of a burner
panel of the present invention is inserted in the space
occupied previously by at least a portion of the furnace
panel. In an embodiment, a cooling system associated
with the burner panel is regulated prior to use. In an al-
ternate embodiment, a stand-alone cooling system is
used with a plug and use burner panel of the present
invention.
[0081] Further embodiments of the present invention
comprise further or different cooling systems such as gas
and/or the like.
[0082] Now referring to Figure 6, an embodiment of a
burner panel 60 is illustrated in a furnace 67. Burner panel
60 is installed in furnace wall 61, below gap panel 62,
and above refractory portion 63. Refractory portion 63
generally includes at least a refractory brick portion. Fur-
nace 67 comprises furnace wall 61, melting metal 64, a
melting metal line 65, refractory portion 63 and door 66.
Generally, at least one burner panel 60 applies energy
to melting metal 64. In various embodiments, multiple
burner panels 60 are installed. In fact, a burner panel 60
can be installed proportionately about furnace 67 such
that no cold spots remain or that such cold spots are
minimized. As can be seen, areas orthogonal of burner
panel 60 to metal melt line 65 are limited. Door 66 can
be a variety of structures, including, but not limited to a
bottom tap, an Argon stir port, and/or the like.
[0083] Now referring to Figure 7, a top perspective of
furnace 70 is illustrated. A burner panel 71 extends
across furnace wall 73 towards a melting metal (not il-
lustrated) above refractory portion 72. V-shaped portion
74 is oriented towards the interior of furnace 70. In various
embodiments, multiple burner panels are installed.
[0084] Now referring to Figure 8, a perspective view of
a burner panel 80 is illustrated. Post combustion ports

81 are illustrated along an upper portion of burner panel
80. Generally, an embodiment of a water-cooled system
can be inserted into burner panel 80. The incorporation
of a water-cooled system overcomes many problems ex-
perienced in the art field by cooling burner panel 80. A
common challenge experienced with prior art systems
are that the flow of water through a water cooling system
has been inadequate to properly cool the burner panel.
Accordingly, various embodiments of the present inven-
tion incorporate enhanced or increased diameter pipes
over typical pipes incorporated in cast water-cooled pan-
els of prior art. For example, the prior art typically uses
a 1.0-inch diameter pipe for the water-cooling system.
Further, other prior art embodiments use uses a Nom
1" schedule 80 pipe. However, various embodiments of
a water-cooled system of the present invention incorpo-
rate a pipe 25 % larger, a 1.25 inch pipe, thereby increas-
ing the volume of water flow across or through burner
panel 80 by at least 25%. At least one embodiment of
the present invention incorporates a pipe with an inner
diameter (effective diameter) that is 33.5% larger than
typical prior art designs, a Nom 1 ¨" schedule 80 pipe,
thereby increasing the volume of water flow across or
through the burner panel 80 by at least 75%.
[0085] Increasing the flow of water removes more heat
and results in increased operational efficiency and/or in-
creased service life.
[0086] Now referring to Figure 9, a side perspective
cross section of a burner panel 90 is illustrated. Burner
panel 90 generally comprises aperture 91, Shaped
grooves 92, water cooling system 93, water cooling sys-
tem connection 95, furnace wall 94, and a refractory por-
tion 98. As is illustrated, water-cooling/water-cooled sys-
tem 93 generally extends about/just beneath a surface
of burner panel 90. In the embodiment illustrated, water-
cooling system extends beneath upper surface 96, un-
derside surface 104, at least a portion of front side surface
97, and at least one of the side surfaces (not shown). In
an embodiment, cooling system 93 is connected through
cooling system connection 95 and can be adapted as a
plug and use system to attach directly to the cooling sys-
tem within or associated with furnace wall 94. Pipes as-
sociated with cooling system 93 can be constructed of
any material common in the art. Typically, a highly heat
conductive material is chosen. Suitable materials in-
clude, but are not limited to copper, brass, steel, iron,
alloys of the same, and/or the like. Primary design con-
siderations for an embodiment of a cooling system of the
present invention comprise operating temperature, de-
sired amount of heat to be removed from an associated
burner panel, pressure of liquid within the associated
pipe, flow speed of a liquid within the pipe, and/or the
like. In various embodiments, generally, a water-cooling
system is used along wherever the burner panel will be
exposed to excessive heat. Also evident is the manner
in which burner panel 90 extends over and/or beyond
refractory portion 98.
[0087] Now referring to Figure 10, view G of burner
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panel 90 is illustrated from Figure 9. The embodiment of
Figure 9 illustrates a generally roughened surface along
groove(s) 96. However, in an alternate embodiment,
groove(s) 96 are smooth.
[0088] Now referring to Figure 11, view E from Figure
9 is illustrated. View E is illustrative of the arrangement
of a carbon injector apparatus aperture 102 and an oxy-
gen lance/burner 101 incorporated into burner panel 90.
[0089] Now referring to Figure 12, view D of Figure 9
is illustrated. This view is illustrative of how, in various
embodiments, aperture 101 and aperture 102 are at dif-
fering angles. The differing angles are commonly referred
to as the angle of injection, the relative angle of injection,
intersection angle, approach angle, and/or the like. The
aperture angles can be varied as needed for a particular
application. In typical embodiments, the aperture angles
are adjusted or set such that materials and/or energy
sources expelled from the apertures meet at about or just
above the metal line. In alternate embodiments, the ap-
erture angles are adjusted or set such that materials ex-
pelled from the apertures meet at about or just above the
foaming slag/sill line. In an alternate embodiment, the
aperture angles are adjusted or set such that materials
expelled from the apertures do not meet prior to the metal
line.
[0090] In an alternate embodiment, the relative angle
of injection of a burner/lance relative to a carbon injection
is such that a discharge from each will intersect at a dis-
tance of about 1 meter off the face of the associated
burner panel.
[0091] Now referring to Figure 13, view F from Figure
9 is illustrated. View F is generally a view from the rear
of burner panel 90 illustrating mounting surface 99. In an
embodiment, mounting surface 99 is designed as a plug
and use system, whereby a panel or a section of the
furnace can be removed and burner panel 90 directly
inserted without any modifications. Further embodiments
contemplate the use of a gap panel, as described herein.
[0092] Various embodiments of the present invention
further comprise methods of introducing at least one en-
ergy source to a furnace through a burner panel. In an
embodiment, the at least one energy source is at least
one of auxiliary thermal energy to the steel making proc-
ess, particulate injection for the formation of slag and
foamy slag, oxygen injection for the decarburization of
the melt, oxygen injection for the formation of foamy slag,
or oxygen injection for post combustion burning of carbon
monoxide and melting of scrap.
[0093] Further embodiments of methods of the present
invention A method of injecting thermal energy in a fur-
nace from a tapered burner panel apparatus, the method
comprising the steps of injecting at least one energy
source into a furnace from a tapered burner panel, where-
in the burner panel comprises a water-cooled burner pan-
el comprising shaped grooves; at least one apparatus
aperture; and, at least one apparatus, wherein the water-
cooled burner panel extends outwardly from a furnace
wall at least to a split line of the furnace and wherein the

energy source is at least one of an auxiliary thermal en-
ergy, at least one particulate, or oxygen. Further embod-
iments further comprise the step of injecting at least a
second energy source of at least one of an auxiliary ther-
mal energy, at least one particulate, or oxygen. In various
embodiments the at least the second energy source in-
tersects at least the first energy source at about the metal
line.
[0094] Further methods of the present invention com-
prise a tapered burner panel apparatus, the tapered burn-
er panel apparatus comprising a tapered burner panel,
wherein the tapered burner panel comprises a water-
cooled tapered burner panel comprising shaped
grooves; at least one apparatus aperture; and, at least
one apparatus, wherein the water-cooled tapered burner
panel extends outwardly from a furnace wall at least to
a split line of the furnace, the method comprising the step
of forming shaped grooves along an upper surface of the
tapered burner panel whereby when liquid slag and/or
foaming slag splashes on the upper surface the shaped
grooves channel the slag along at least a portion of the
upper surface whereby the water-cooled tapered burner
panel cools the slag into an at least partially solidified
slag. In various methods, the efficiency of the burner pan-
el is increased by at least about 10%.

Claims

1. A furnace (67, 70) comprising a furnace wall (21, 61,
73, 94), a split line (26), a metal line (25, 65) and a
tapered burner panel apparatus mounted within the
furnace (67, 70), the burner panel apparatus com-
prising: a water-cooled tapered burner panel (1, 20,
35, 51, 60, 71, 80, 90) comprising shaped grooves
(6, 23, 92); at least one apparatus aperture (5, 24,
40, 91, 101); and at least one apparatus, character-
ized in that said water-cooled tapered burner panel
extends outwardly from the furnace wall (21, 61, 73,
94) at least to the split line (26) of the furnace and
wherein the apparatus is at least one of an auxiliary
thermal energy source, a particulate injector (37,
102), or an oxygen injector (36).

2. The furnace of claim 1, the tapered burner panel ap-
paratus having a shaped groove (6, 23, 92) on an
upper surface (2, 96) of the burner panel.

3. The furnace of any one of claims 1 and 2, wherein
the burner panel apparatus further comprises a sec-
ond apparatus which is at least one of burners, lanc-
es, supersonic lances, particulate injectors and post
combustion apparatus.

4. The furnace of claim 3, wherein the burner panel
apparatus further comprises a second apparatus ap-
erture (8, 41, 102).
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5. The furnace of any one of claims 1 to 4, wherein said
water-cooled burner panel (1, 20, 35, 51, 60, 71, 80,
90) further comprises a plurality of surfaces wherein
a substantial portion of said plurality of surfaces (2,
3, 4, 10, 11, 96, 97, 104) is other than orthogonal to
the metal melt line of the furnace.

6. The furnace of claim 5, wherein only a front side sur-
face (4, 97) of the water-cooled burner panel is or-
thogonal to the melt line.

7. The furnace of claim any one of the preceding claims,
wherein the burner panel apparatus is a plug and
use burner panel apparatus.

8. The furnace of any one of claims 1 to 7, wherein a
post combustion portion is associated or affixed to
the burner panel

9. The furnace of any one of claims 1 to 8, wherein a
cavity (22) extends throughout the burner panel (20)
to apparatus aperture (24) and across the furnace
wall (21).

10. A method of injecting thermal energy in a furnace
(67, 70) from a tapered burner panel (1, 20, 35, 51,
60, 71, 80, 90) apparatus, said furnace (67, 70) com-
prising a furnace wall (21, 61, 73, 94) and a split line
(26), said method comprising the steps of: injecting
at least one energy source into the furnace from a
water-cooled tapered burner panel comprising
shaped grooves (6, 23, 92); at least one apparatus
aperture (5, 24, 40, 91, 101); and, at least one ap-
paratus, wherein said water-cooled burner panel ex-
tends outwardly from the furnace wall (21, 61, 73,
94) at least to the split line (26) of the furnace and
wherein the energy source is at least one of an aux-
iliary thermal energy, at least one particulate, or ox-
ygen.

11. The method of claim 10, further comprising the step
of injecting at least a second energy source of at
least one of an auxiliary thermal energy, at least one
particulate, or oxygen.

12. The method of claims 10 or 11, wherein a cavity (22)
extends throughout the burner panel (20) to appa-
ratus aperture (24) and across the furnace wall (21).

13. The method of any one of claims 10 to 12, whereby
the burner panel (20) comprises an upper surface
(2, 96) whereby, when liquid slag and/or foaming
slag splashes on the upper surface (2, 96), the
shaped grooves (6, 23, 92) channel the slag along
at least a portion of the upper surface and whereby
the burner panel (20) cools the slag into an at least
partially solidified slag.

Patentansprüche

1. Schmelzofen (67, 70), eine Schmelzofenwand (21,
61, 73, 94), eine Trennfuge (26), eine Spiegellinie
(25, 65) und eine kegelförmige Brenner-Panel Vor-
richtung umfassend, die innerhalb des Ofens (67,
70) montiert ist, wobei die Brenner-Panel Vorrich-
tung folgendes umfasst: ein wassergekühltes kegel-
förmiges Brenner-Panel (1, 20, 35, 51, 60, 71, 80,
90), geformte Nuten (6, 23, 92) umfassend; zumin-
dest eine Vorrichtungsöffnung (5, 24, 40, 91, 101);
und zumindest eine Vorrichtung, dadurch gekenn-
zeichnet, dass sich das besagte wassergekühlte
kegelförmige Brenner-Panel über die Schmelzofen-
wand (21, 61, 73, 94) hinaus zumindest bis zur
Trennfuge (26) des Schmelzofens erstreckt, und wo-
bei die Vorrichtung zumindest entweder eine zusätz-
liche Wärmeenergiequelle, ein Partikelinjektor (37,
102) oder ein Sauerstoffinjektor (36) ist.

2. Schmelzofen nach Anspruch 1, wobei die kegelför-
mige Brenner-Panel Vorrichtung eine geformte Nut
(6, 23, 92) an einer oberen Fläche (2, 96) des Bren-
ner-Panels aufweist.

3. Schmelzofen nach irgendeinem der Ansprüche 1
und 2, wobei die kegelförmige Brenner-Panel Vor-
richtung darüber hinaus eine zweite Vorrichtung um-
fasst, die zumindest entweder ein Brenner, Lanzen,
Supersonic-Lanzen, Teilcheninjektoren oder eine
Nachverbrennungsvorrichtung ist.

4. Schmelzofen nach Anspruch 3, wobei die Brenner-
Panel Vorrichtung darüber hinaus eine zweite Vor-
richtungsöffnung (8, 41, 102) umfasst.

5. Schmelzofen nach irgendeinem der Ansprüche 1 bis
4, wobei das besagte wassergekühlte kegelförmige
Brenner-Panel (1, 20, 35, 51, 60, 71, 80, 90) darüber
hinaus eine Vielzahl von Flächen umfasst, wobei ein
wesentlicher Anteil der besagten Vielzahl von Flä-
chen (2, 3, 4, 10, 11, 96, 97, 104) anders als ortho-
gonal zur Metallschmelzlinie des Ofens angeordnet
ist.

6. Schmelzofen nach Anspruch 5, wobei nur eine Vor-
derseitenfläche (4, 97) des wassergekühlten kegel-
förmigen Brenner-Panels orthogonal zur Metall-
schmelzlinie angeordnet ist.

7. Schmelzofen nach irgendeinem der vorherigen An-
sprüche, wobei die Brenner-Panel Vorrichtung eine
Plug-and-use Brenner-Panel Vorrichtung ist.

8. Schmelzofen nach irgendeinem der Ansprüche 1 bis
7, wobei ein Nachverbrennungsabschnitt dem Bren-
ner-Panel zugeordnet oder darauf befestigt ist.
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9. Schmelzofen nach irgendeinem der Ansprüche 1 bis
8, wobei sich eine Ausnehmung (22) über das Bren-
ner-Panel (20) hinaus zur Vorrichtungsöffnung (24)
und durch die Schmelzofenwand (21) hindurch er-
streckt.

10. Verfahren zum Injizieren von Wärmeenergie in einen
Schmelzofen (67, 70) aus einer kegelförmigen Bren-
ner-Panel Vorrichtung (1, 20, 35, 51, 60, 71, 80, 90),
wobei der besagte Schmelzofen (67, 70) eine
Schmelzofenwand (21, 61, 73, 94) und eine Trenn-
fuge (26) umfasst, wobei das besagte Verfahren die
folgenden Schritte umfasst: Injizieren von zumindest
einer Energiequelle in den Schmelzofen aus einem
wassergekühlten kegelförmigen Brenner-Panel, ge-
formte Nuten (6, 23, 92) umfassend; zumindest eine
Vorrichtungsöffnung (5, 24, 40, 91, 101); und zumin-
dest eine Vorrichtung, wobei sich das besagte was-
sergekühlte kegelförmige Brenner-Panel über die
Schmelzofenwand (21, 61, 73, 94) hinaus zumindest
bis zur Trennfuge (26) des Ofens erstreckt und wobei
die Energiequelle zumindest entweder zusätzliche
Wärmeenergiequelle, zumindest ein Partikel- oder
Sauerstoffinjektor ist.

11. Verfahren nach Anspruch 10, das darüber hinaus
den Schritt des Injizierens von zumindest einer zwei-
ten Energiequelle von zumindest entweder der zu-
sätzlichen Wärmeenergiequelle, eines Partikel-
oder Sauerstoffinjektors umfasst.

12. Verfahren nach Anspruch 10 oder 11, wobei sich
eine Ausnehmung (22) über das Brenner-Panel (20)
hinaus zur Vorrichtungsöffnung (24) und durch die
Schmelzofenwand (21) hindurch erstreckt.

13. Verfahren nach irgendeinem der Ansprüche 10 bis
12, wobei das Brenner-Panel (20) eine obere Fläche
(2, 96) umfasst, wobei, wenn die flüssige Schlacke
und/ oder schaumige Schlacke auf die obere Fläche
(2, 96) spritzt, die geformten Nuten (6, 23, 92) die
Schlacke entlang zumindest eines Abschnitts der
oberen Fläche kanalisieren, und wobei das Brenner-
Panel (20) die Schlacke in eine zumindest teilweise
ausgehärtete Schlacke abkühlt.

Revendications

1. Four (67, 70) comprenant une paroi de four (21, 61,
73, 94), une ligne de joint (26), une ligne métallique
(25, 65) et un appareil à panneau de brûleur conique
monté dans le four (67, 70), l’appareil à panneau de
brûleur comprenant : un panneau de brûleur conique
refroidi par eau (1, 20, 35, 51, 60, 71, 80, 90) com-
prenant des rainures formées (6, 23, 92) ; au moins
une ouverture d’appareil (5, 24, 40, 91, 101) ; et au
moins un appareil, caractérisé en ce que ledit pan-

neau de brûleur conique refroidi par eau s’étend vers
l’extérieur de la paroi de four (21, 61, 73, 94) au moins
jusqu’à la ligne de joint (26) du four et dans lequel
l’appareil est au moins une source d’énergie thermi-
que auxiliaire, un injecteur de particules (37, 102) ou
un injecteur d’oxygène (36).

2. Four selon la revendication 1, l’appareil à panneau
de brûleur conique présentant une rainure formée
(6, 23, 92) sur une surface supérieure (2, 96) du pan-
neau de brûleur.

3. Four selon l’une quelconque des revendications 1
et 2, dans lequel l’appareil à panneau de brûleur
comprend en outre un second appareil qui est au
moins un appareil parmi des brûleurs, lances, lances
supersoniques, injecteurs particulaires et appareil
de postcombustion.

4. Four selon la revendication 3, dans lequel l’appareil
à panneau de brûleur comprend en outre une se-
conde ouverture d’appareil (8, 41, 102).

5. Four selon l’une quelconque des revendications 1 à
4, dans lequel ledit panneau de brûleur refroidi par
eau (1, 20, 35, 51, 60, 71, 80, 90) comprend en outre
une pluralité de surfaces, dans lequel une partie sen-
sible de ladite pluralité de surfaces (2, 3, 4, 10, 11,
96, 97, 104) est autre qu’orthogonale à la ligne de
fusion de métal du four.

6. Four selon la revendication 5, dans lequel seule une
surface latérale avant (4, 97) du panneau de brûleur
refroidi par eau est orthogonale à la ligne de fusion.

7. Four selon l’une quelconque des revendications pré-
cédentes, dans lequel l’appareil à panneau de brû-
leur est un appareil à panneau de brûleur prêt à l’em-
ploi.

8. Four selon l’une quelconque des revendications 1 à
7, dans lequel une partie de postcombustion est as-
sociée ou fixée au panneau de brûleur.

9. Four selon l’une quelconque des revendications 1 à
8, dans lequel une cavité (22) s’étend au travers du
panneau de brûleur (20) jusqu’à l’ouverture d’appa-
reil (24) et sur la paroi de four (21).

10. Procédé d’injection d’énergie thermique dans un
four (67, 70) à partir d’un appareil à panneau de brû-
leur conique (1, 20, 35, 51, 60, 71, 80, 90), ledit four
(67, 70) comprenant une paroi de four (21, 61, 73,
94) et une ligne de joint (26), ledit procédé compre-
nant les étapes suivantes : l’injection d’au moins une
source d’énergie dans le four à partir d’un panneau
de brûleur conique refroidi par eau comprenant des
rainures formées (6, 23, 92) ; au moins une ouver-
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ture d’appareil (5, 24, 40, 91, 101) ; et au moins un
appareil, dans lequel ledit panneau de brûleur refroi-
di par eau s’étend vers l’extérieur de la paroi de four
(21, 61, 73, 94) au moins jusqu’à la ligne de joint (26)
du four et dans lequel la source d’énergie est au
moins une énergie thermique auxiliaire, au moins
une particule ou de l’oxygène.

11. Procédé selon la revendication 10, comprenant en
outre l’étape d’injection au moins d’une seconde
source d’énergie d’au moins une énergie thermique
auxiliaire, au moins une particule ou de l’oxygène.

12. Procédé selon la revendication 10 ou 11, dans lequel
une cavité (22) s’étend au travers du panneau de
brûleur (20) jusqu’à l’ouverture d’appareil (24) et sur
la paroi de four (21).

13. Procédé selon l’une quelconque des revendications
10 à 12, moyennant quoi le panneau de brûleur (20)
comprend une surface supérieure (2, 96), moyen-
nant quoi, lorsque des scories liquides et/ou mous-
santes éclaboussent la surface supérieure (2, 96),
les rainures formées (6, 23, 92) acheminent les sco-
ries le long d’au moins une partie de la surface su-
périeure et moyennant quoi le panneau de brûleur
(20) refroidit les scories en scories solidifiées au
moins en partie.
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