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Description

BACKGROUND INFORMATION

Technical Field

[0001] The present disclosure relates generally to the field of submerged combustion melters and apparatus, and
methods of use, and more specifically to submerged combustion melters, and methods of operating same, particularly
for melting glass-forming materials, mineral wool and stone wool forming materials, and other predominantly non-metallic
inorganic materials.

Background Art

[0002] A submerged combustion melter (SCM) may be employed to melt glass batch and/or waste glass materials
(including waste glass materials that have an organic coating) to produce molten glass, or may melt mineral wool
feedstock (basalt rock, sometimes referred to as lava rock) to make mineral wool, by passing oxygen, oxygen-enriched
mixtures, or air along with a liquid, gaseous and/or particulate fuel (some of which may be in one or more of the feedstock
materials), directly into a molten pool of glass or other material, usually through burners submerged in a turbulent melt
pool. The introduction of high flow rates of products of combustion of the oxidant and fuel into the molten material, and
the expansion of the gases during submerged combustion (SC), cause rapid melting of the feedstock and much turbulence
and foaming. Conventional melters operate primarily by combusting fuel and oxidant above the molten pool of melt, and
are very laminar in flow characteristics compared to SCMs.
[0003] Residence time of the material being melted in the SCM is critical to achieving good quality product. Splashing
of the molten vitreous mass inside the SCM is a phenomenon unique to the SCM. While aggressive mixing and turbulence
are desired for reducing time to melt feedstock, this splashing (where molten material actually breaks away from the
turbulent surface and travels upward and then falls back down into the vitreous mass by gravity, or strikes the ceiling or
walls of the SCM and drips back down into the molten mass, or solidifies thereon) is problematic as it causes at least
some of the particulate batch feed to be splashed to undesired areas within the SCM, and is thus wasteful and decreases
melt quality.
[0004] In known SCMs, raw batch or other particulate material is typically fed from above the vitreous molten material
in the SCM, either from feed inlets in the ceiling or the walls above the splash region, or fed by or fed by mass movers
such as screws or augers through a wall with the expectation that all of the batch will penetrate into the turbulent molten
mass inside the SCM. What the present inventor has discovered, however, is that the aggressive movement of the
molten vitreous material causes even more violent splashing than previously recognized, causing some of the particulate
materials to reach undesired areas of the SCM, such as the ceiling, reducing residence time and/or not allowing for a
homogeneous melting of raw materials. Some of the batch or other particulate material may also become entrained in
the exhaust gases causing additional waste. While some of this may be recycled to the feed, it is inefficient from an
energy standpoint.
[0005] Koz’min M. I. et al. (Glass and Ceramics, 1975, vol.31, n°9/10, p. 623-625) shows an experimental furnace
with gas combustion for melting glass.
[0006] EP 3 260 429 A1 discloses submerged combustion methods and systems including a melter having one or
more exhaust passages through a ceiling or a sidewall structure, wherein a liquid cooled exhaust structure is fluidly
connected to the one or more exhaust passages. US2014/144185, EP 1 990 321 and WO 2015/014917 also disclose
submerged combustion methods and melters.
[0007] It would be advantageous to take advantage of the aggressive mixing and turbulence in the SCM while minimizing
the disadvantages associated with splashing in order to improve the quality (mainly determined by homogeneity) and/or
the quantity of the melt from an SCM.

SUMMARY

[0008] In accordance with the present disclosure, methods of maximize mixing of particulate feed materials into molten
mass within a SCM, and/or minimizing entrainment of particulate feed materials in SCM exhaust are described. "Partic-
ulate feed materials" may include glass batch or other particulate matter (organic or inorganic), fed separately or in
combination (mixed, semi-mixed, or agglomerated). Methods and systems wherein particulate feed materials are fed
into a "splash zone" or "splash region" inside the SCM in order to improve the quality (mainly determined by homogeneity)
of the melt from an SCM, and/or or reduce feedstock loss through SCM exhaust, are described that may reduce or
eliminate problems with known SCM operation to produce molten glass and other non-metallic inorganic materials, such
as mineral wool.
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[0009] According to the present invention, there is provided a method of melting particulate feedstocks in a submerged
combustion melter (SCM) employing an arrangement of one or more submerged combustion (SC) burners emitting
combustion products into turbulent molten material, the SCM having a length (L) and a width (W), a centerline (C), a
midpoint (M), a sidewall structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling
and a floor of the SCM, the ceiling positioned above the floor a height H2, the method comprising (or alternatively
consisting essentially of, or alternatively consisting of):

(a) operating the SC burners such that there is established a turbulent melting region extending vertically from the
floor to a splash region, the splash region extending vertically between the turbulent melting region and a head
space region, the head space region extending vertically between the splash region and the melter ceiling;
(b) feeding the particulate feedstock into the splash region through one or more inlet ports, the inlet ports positioned
at a height H1 measured from the floor, where H1/H2 ranges from 0.33 to 0.67; and
(c) melting the particulate feedstock in the SCM;
(d) providing a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular
to the SCM centerline (C), the baffle having a width equal to the width (W) of the SCM, the baffle positioned between
the SCM feed end and the midpoint (M) of the SCM; and
(e) operating the SCM so that the splash region submerges a distal end of the baffle, and allowing exhaust to flow
out of an exhaust stack of the SCM attached to a ceiling of the SCM along the SCM centerline, the exhaust stack
positioned between the midpoint (M) and the exit end wall of the SCM.

[0010] Certain embodiments may comprise, or consist essentially of, or consist of the steps of the first aspect. Certain
embodiments may comprise, or consist essentially of, or consist of the steps of the first aspect, and in addition include
providing a baffle as just described, and further deploying one or more feed conduits having an inlet in the ceiling and
an outlet in the splash region, feeding the portion of the particulate feedstock though the one or more feed conduits, the
one or more feed conduits positioned between the SCM feed end and the SCM midpoint (M), and operating the SCM
so that the splash region submerges the feed inlet conduit exit ends and a distal end of the baffle.
[0011] There are also described submerged combustion melters for carrying out such methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The manner in which the objectives of the disclosure and other desirable characteristics can be obtained is
explained in the following description and attached drawings in which:

FIG. 1 is a schematic side elevation view, partially in cross-section, of a first embodiment of a submerged combustion
melter (SCM) in accordance with the present disclosure (not according to the invention);

FIG. 2 is a schematic perspective view, partially in phantom, with some parts removed for clarity, of the SCM
illustrated schematically in FIG. 1;

FIG. 3 is a schematic side elevation view, partially in cross-section, of a second embodiment of a SCM in accordance
with the present disclosure;

FIG. 4 is a schematic perspective view, partially in phantom, with some parts removed for clarity, of the SCM
illustrated schematically in FIG. 3;

FIG. 5 is a schematic side elevation view, partially in cross-section, of a third embodiment of a SCM in accordance
with the present disclosure;

FIG. 6 is a schematic perspective view, partially in phantom, with some parts removed for clarity, of the SCM
illustrated schematically in FIG. 5;

FIGS. 7, 8, 9, and 10 are logic diagrams illustrating various methods of the present disclosure (not according to the
invention); and

FIG. 11 is a schematic plan view of one melter floor plan in accordance with the present disclosure.

[0013] It is to be noted, however, that the appended drawings are schematic in nature, may not be to scale, and
illustrate only typical embodiments of this disclosure and are therefore not to be considered limiting of its scope, for the
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disclosure may admit to other equally effective embodiments.

DETAILED DESCRIPTION

[0014] In the following description, numerous details are set forth to provide an understanding of the disclosed systems,
apparatus, and methods. However, it will be understood by those skilled in the art that the methods covered by the
claims may be practiced without these details and that numerous variations or modifications from the specifically described
embodiments may be possible and are deemed within the claims. For example, wherever the term "comprising" is used,
embodiments and/or components where "consisting essentially of" and "consisting of" are explicitly disclosed herein
and are part of this disclosure. An example of "consisting essentially" is with respect to the total feed to an SCM: a feed
consisting essentially of particulate feedstock means there may be a minor portion of feed that is not particulate feedstock,
such as rock used to make mineral wool. An example of "consisting of" may be a feedstock made up of only particulate
feedstock, or only inorganic particulate feedstock. Another example of "consisting essentially of" may be with respect
to particulate feedstock that consists essentially of inorganic feedstock, meaning that a minor portion, perhaps up to 10,
or up to 9, or up to 8, or up to 7, or up to 6, or up to 5, or up to 4, or up to 3, or up to 2, or up to 1 wt. percent may be
organic. Another example of "consisting essentially of" may be with respect to particulate feedstock that consists essen-
tially of non-metallic feedstock, meaning that a minor portion, perhaps up to 10, or up to 9, or up to 8, or up to 7, or up
to 6, or up to 5, or up to 4, or up to 3, or up to 2, or up to 1 wt. percent may be metallic.
[0015] As explained briefly in the Background, one drawback to present operation of SCMs is that in known SCMs,
raw particulate batch material or other inorganic or organic particulate material is fed from above the vitreous molten
material in the SCM, either from feed inlets in the ceiling or the walls above the splash area, or fed by gravity through a
wall with the expectation that all of the batch will penetrate into the turbulent molten mass inside the SCM. What the
present inventor has discovered, however, is that the aggressive movement of the molten vitreous material causes even
more violent splashing than previously recognized, causing some of the particulate material to reach undesired areas
of the SCM, such as the ceiling, reducing residence time and/or not allowing for a homogeneous melting of raw materials.
Some of the raw particulate batch material or other particulate feed material may also become entrained in the exhaust
gases causing additional waste. While some of this may be recycled to the feed, it is inefficient from an energy standpoint.
[0016] The inventor herein has discovered various modifications to previously known SCMs and methods of operating
same that achieve the desired goal of increased residence time of the material being melted in the SCM, which is critical
to achieving good quality product. In particular, the SCMs and methods described herein take advantage of the aggressive
mixing and turbulence in the SCM while minimizing the disadvantages associated with splashing in order to improve the
quality (mainly determined by homogeneity) and/or the quantity of the melt from an SCM.
[0017] There are innumerable options, variations within options, and sub-variations of options for the SCM operator
to select from when operating an SCM and profiling the SC burners. After all, the SCM is essentially a continuous or
semi-batch chemical reactor with simultaneous heat and mass transfer. For example, to name just a few, an operator
may choose (option 1) to operate all SC burners equally, that is, using the same fuel and oxidant, and of the total
combustion flow rate (TCFR) from the SC burners, each SC burner is operated to produce the same fraction of the
TCFR. Another option (option 2) would be to operate as option 1, but with different oxidant in one or more burners.
Option 3 may be to operate with same oxidant in all burners, but with different fuel in one or more SC burners. As one
can readily see, the number of options is quite large, and selecting the operation of the SC burners in such a chemical
reactor with simultaneous heat and mass transfer can be an overwhelming task. Even if the "same" fuel and "same"
oxidant are used for each SC burner (an ideal assumption that is never true in practice, since fuel and oxidant compositions
change with time), the variations are endless, and can be an overwhelming task to sort through. The task of operating
an SCM is even more daunting when particulate feed materials are fed to the SCM from above the turbulent, violent melt.
[0018] The present disclosure is devoted to resolving this challenge by "splash region feeding" of particulate materials,
in other words, feeding all or a major portion of particulate materials into the splash region as described herein. The
SCM is then operated so that the feed inlet ports (either in the sidewall structure of the SCM, the end of one or more
feed conduits having their distal ends in the splash region, or both) are submerged in the splash region, that region of
the SCM where the melt is expanding upward due to the aggressive firing of the SC burners, and "popping", causing
pressure surges in the melter.
[0019] Various terms are used throughout this disclosure. The terms "process" and method" are considered
interchangeable. "Submerged" as used herein when referencing the SC burners means that combustion gases emanate
from combustion burners or combustion burner panels under the level of the molten glass in a turbulent molten melt
region as defined herein; the burners or burner panels may be floor-mounted, wall-mounted, or in melter embodiments
comprising more than one submerged combustion burner, any combination thereof (for example, two floor mounted
burner panels and one wall mounted burner panel). Burner panels (such as described in Applicant’s U.S. Application
Serial No. 14/838,148, filed August 27, 2015) may form part of an SCM floor and/or wall structure. In certain embodiments
one or more burner panels described herein may form the entire floor. A "burner panel" is simply a panel equipped to
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emit fuel and oxidant, or in some embodiments only one of these (for example a burner panel may only emit fuel, while
another burner panel emits only oxidant, and vice versa). "SC" as used herein means "submerged combustion" unless
otherwise specifically noted, and "SCM" means submerged combustion melter unless otherwise specifically noted. The
term "submerged" when referencing particulate feed material inlet ports or distal ends of feed conduits has similar
meaning, except that they are submerged in the splash region rather than the turbulent molten melt region.
[0020] As used herein the phrase "combustion gases" as used herein means substantially gaseous mixtures comprised
primarily of combustion products, such as oxides of carbon (such as carbon monoxide, carbon dioxide), oxides of
nitrogen, oxides of sulfur, and water, as well as partially combusted fuel, non-combusted fuel, and any excess oxidant.
Combustion products may include liquids and solids, for example soot and unburned liquid fuels. "Exhaust", "melter
exhaust", and "melter flue gas" are equivalent terms and refer to a combination of combustion gases and effluent from
the feedstock being melted, such as adsorbed water, water of hydration, CO2 liberated from CaCO3, and the like.
Therefore exhaust may comprise oxygen or other oxidants, nitrogen, combustion products (including but not limited to,
carbon dioxide, carbon monoxide, NOx, SOx, H2S, and water), uncombusted fuel, reaction products of melt-forming
ingredients (for example, but not limited to, basalt, sand (primarily SiO2), clay, limestone (primarily CaCO3), burnt dolomitic
lime, borax and boric acid, and the like.
[0021] As used herein, unless indicated to the contrary, "feedstock" includes, but is not limited to: glass batch; cullet;
and pieces of porous, semi-porous, or solid rock or other non-metallic or predominantly non-metallic inorganic material,
or organic material, or mixture of organic and inorganic material. "Particulate feedstock" as used herein means any
feedstock having a weight average particle size (APS) that is small, where small is less than 1 mm APS. Other size
feedstock(s) may simultaneously be fed to the SCMs of this disclosure, for example feedstocks having particle size
ranging from about 1 mm to about 10 cm, or from about 1 cm to about 10 cm, or from about 2 to about 5 cm, or from
about 1 to about 2 cm. The only upper limit on feedstock weight average particle size for these larger APS feedstocks
is the internal diameter of feedstock supply structure components, such as described in Applicant’s U.S. Patent Publication
2014/0007622, while the lower size limit is determined by angle of flow, flow rate of feedstock, and in those embodiments
where heat is exchanged directly or indirectly from melter exhaust to the feedstock, flow rate of melter exhaust.
[0022] "Oxidant" as used herein includes air, gases having the same molar concentration of oxygen as air (for example
"synthetic air"), oxygen-enriched air (air having oxygen concentration greater than 21 mole percent), and "pure" oxygen
grades, such as industrial grade oxygen, food grade oxygen, and cryogenic oxygen. Oxygen-enriched air may have 50
mole percent or more oxygen, and in certain embodiments may be 90 mole percent or more oxygen.
[0023] The term "fuel", according to this disclosure, means a combustible composition comprising a major portion of,
for example, methane, natural gas, liquefied natural gas, propane, hydrogen, steam-reformed natural gas, atomized
hydrocarbon oil, combustible powders and other flowable solids, for example, coal powders, carbon black, soot, and the
like. Fuels useful in the disclosure may comprise minor amounts of non-fuels therein, including oxidants, for purposes
such as premixing the fuel with the oxidant, or atomizing liquid or particulate fuels. As used herein the term "fuel" includes
gaseous fuels, liquid fuels, flowable solids, such as powdered carbon or particulate material, waste materials, slurries,
and mixtures or other combinations thereof. Certain methods within the disclosure include methods wherein the fuel
may be a substantially gaseous fuel selected from the group consisting of methane, natural gas, liquefied natural gas,
propane, carbon monoxide, hydrogen, steam-reformed natural gas, atomized oil or mixtures thereof, and the oxidant
may be an oxygen stream comprising at least 90 mole percent oxygen.
[0024] The sources of oxidant and fuel may be one or more conduits, pipelines, storage facilities, cylinders, or, in
embodiments where the oxidant is air, ambient air. Oxygen-enriched oxidants may be supplied from a pipeline, cylinder,
storage facility, cryogenic air separation unit, membrane permeation separator, or adsorption unit such as a vacuum
swing adsorption unit.
[0025] Certain method embodiments may comprise feeding the particulate feedstock into the splash region of the
SCM through a single feedstock inlet port in a feed end of the SCM positioned along the SCM centerline.
[0026] Certain method embodiments may comprise feeding the particulate feedstock into the splash region of the
SCM through a plurality of feedstock inlet ports in a feed end of the SCM positioned equidistant from the centerline.
[0027] Certain method embodiments may comprise feeding the particulate feedstock into the splash region of the
SCM through a single feedstock inlet port in a feed end of the SCM positioned along the centerline and another feedstock
inlet port in the north side or south side.
[0028] Certain method embodiments may comprise

feeding at least a portion of the particulate feedstock into a splash region of the SCM comprises deploying one or
more feed conduits having an inlet in the ceiling and an outlet in the splash region,
feeding the portion of the particulate feedstock though the one or more feed conduits, the one or more feed conduits
positioned between the SCM feed end and the SCM midpoint (M),
providing a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular
to the SCM centerline, the baffle having a width equal to the width (W) of the SCM, the baffle positioned between



EP 3 323 790 B1

6

5

10

15

20

25

30

35

40

45

50

55

the one or ore feed conduits and the SCM midpoint (M), and
operating the SCM so that the splash region submerges the feed inlet conduit exit ends and a distal end of the baffle,
and
allowing exhaust to flow out of an exhaust stack of the SCM attached to a ceiling of the SCM along the SCM
centerline, the exhaust stack positioned between the midpoint (M) and the exit end wall of the SCM.

[0029] Certain method embodiments may comprise feeding small (less than 1 mm APS) particle size batch material
to the SCM into the at least one feed inlet port.
[0030] Certain method embodiments may comprise feeding large particle size feedstock (at least 10 cm APS) into the
SCM through one or more auxiliary inlet ports in the inlet end.
[0031] Certain method embodiments may comprise the method including feeding small (less than 1 mm APS) particle
size batch material into the SCM through the one or more feed inlet ports.
[0032] Certain method embodiments may comprise the method including feeding large particle size feedstock (at least
10 cm APS) into the SCM through one or more auxiliary inlet ports in the inlet end.
[0033] Certain method embodiments may comprise wherein H1/H2 ranges from about 0.4 to about 0.6.
[0034] Certain method embodiments may comprise operating the SCM such that the turbulent melting region extends
vertically from the floor to the splash region a height H4, and the splash region extends vertically a height H3, where H2
> H3 > H4, and where H3 > H1 > H4.
[0035] Certain method embodiments may comprise operating the SCM such that H3/H4 ranges from about 1.1 to
about 2.
[0036] Certain SCM embodiments for carrying out a method according to the above description may comprise a
submerged combustion melter (SCM) equipped with one or more submerged combustion (SC) burners, the SCM having
a length (L) and a width (W), a centerline (C), a midpoint (M), a sidewall structure having a north side (N) and a south
side (S), the sidewall structure connecting a ceiling and a floor of the SCM, the ceiling positioned above the floor a height
H1, the SCM comprising:

(a) one or more particulate feedstock inlet ports, the inlet ports positioned at a height H2, where H2/H1 ranges from
0.33 to 0.67;
(b) a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular to the
SCM centerline (C), the baffle having a width equal to the width (W) of the SCM, the baffle positioned between the
SCM feed end and the midpoint (M) of the SCM, an exhaust stack of the SCM attached to the ceiling of the SCM
along the SCM centerline (C), the exhaust stack positioned between the midpoint and the exit end wall of the SCM..

[0037] Certain SCM embodiments may comprise a submerged combustion melter (SCM) equipped with one or more
submerged combustion (SC) burners, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a
sidewall structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of
the SCM, the ceiling positioned above the floor a height H1, the SCM comprising:

(a) a single particulate feedstock inlet port in a feed end of the SCM positioned along the SCM centerline, the inlet
port positioned at a height H2 measured form the SCM floor, where H2/H1 ranges from about 0.33 to about 0.67.

[0038] Certain SCM embodiments may comprise a submerged combustion melter (SCM) equipped with one or more
submerged combustion (SC) burners, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a
sidewall structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of
the SCM, the ceiling positioned above the floor a height H1, the SCM comprising:

(a) a single particulate feedstock inlet port in a feed end of the SCM positioned along the SCM centerline, the inlet
port positioned at a height H2 measured form the SCM floor, where H2/H1 ranges from about 0.33 to about 0.67; and
(b) a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular to the
SCM centerline, the baffle having a width equal to the width (W) of the SCM, the baffle positioned between the SCM
feed end and the midpoint (M) of the SCM, an exhaust stack of the SCM attached to a ceiling of the SCM along the
SCM centerline, the exhaust stack positioned between the midpoint and the exit end wall of the SCM.

[0039] Certain SCM embodiments may comprise a submerged combustion melter (SCM) equipped with one or more
submerged combustion (SC) burners, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a
sidewall structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of
the SCM, the ceiling positioned above the floor a height H1, the SCM comprising:
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(a) one or more feed conduits having an inlet in the ceiling of the SCM and an exit positioned at a height H2 measured
from the floor, where H2/H1 ranges from about 0.33 to about 0.67, the one or more feed conduit inlets positioned
between the SCM feed end and the SCM midpoint;
(b) a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular to the
SCM centerline, the baffle having a width equal to the width (W) of the SCM, the baffle positioned between the one
or more feed conduits and the midpoint of the SCM,
(c) an exhaust stack attached to a ceiling of the SCM along the SCM centerline, the exhaust stack positioned between
the midpoint (M) and the exit end wall of the SCM.

[0040] Referring now to the drawing figures, FIG. 1 is a schematic side elevation view, partially in cross-section, of a
first embodiment 100 of a submerged combustion melter (SCM) in accordance with the present disclosure, and FIG. 2
is a schematic perspective view, partially in phantom, with some parts removed for clarity, of the SCM illustrated sche-
matically in FIG. 1. Embodiment 100 includes nine SC burners are arranged in a 3 x 3 matrix of rows and columns, as
illustrated schematically in the plan view of one melter floor plan in FIG. 11. The SCM includes a sidewall structure 2,
floor 4, roof or ceiling 6, exhaust stack 8 (there may be more than one), and a particulate feedstock inlet 10 in a splash
region 34. Particulate feedstock inlet 10 (there may be more than one) is fed by a particulate feeder 38, which may
include an auger or screw feeder (not illustrated), as well as a device to maintain the inlet 10 open, such as a pipe-in-
pipe knife arranged inside feeder tube 39 operated by an actuator with a timer for example (the knife, actuator, and timer
are not illustrated for clarity). For purposes of description, the SCM has a feed end (or first end) 12 and a melt exit end
(or second end) 16, the latter having a melt exit 14. While not important to the various SCM and method embodiments
described herein, SCM 100 is typically fluidly connected to (but not necessarily structurally connected to) a melter exit
structure 18. SCM 100 further includes a refractory lining 20 and a superstructure 22 each of which may comprise one
or more fluid-cooled panels ("fluid-cooled" is a defined term herein). Also illustrated is an exhaust plenum 24, one or
more exhaust gas outlets that can be from the side or top of the SCM. Also illustrated schematically in FIG. 1 are positions
of SC burners 26, 28, and 30, which are the centerline SC burners, turbulent melt 32 in a turbulent melt region 33 (with
curved arrows indicating approximate flow pattern for the turbulent melt), and splash region 34. The SCM also has a
head space region 40 (FIG. 2) above splash region 34 where gobs or splashes of molten material 36 break free and
may be in free flight, and may collide with each other or with the refractory inside the SCM, or they may simply fall back
into the splash region 34 and fall further into the molten melt 32. FIG. 2 also illustrates the positions of passages 42A,
42B, 42C, 43A, 43B, 43C, 44A, 44B, and 44C through SCM floor 4 for SC burners (not illustrated in FIGS. 2, 4, and 6).
[0041] Referring again to FIGS. 1 and 2, Heights H1, H2, H3, and H4 may be defined, where H1 is defined as the
height of the particulate feedstock inlet port measured from SCM floor 4; H2 is defined as the height of the SCM ceiling
6 as measured from the SCM floor 4; H3 is defined as the maximum height of the splash region 34 (or the minimum
height of the head space region 40); and H4 is defined as the minimum height of the splash region 34 (or the maximum
height of the turbulent melt region 33). The ratio of H1/H2 is an important parameter, and may range from about 0.33
to about 0.67. All ranges, sub-ranges, and point values from about 0.33 to about 0.67 are explicitly disclosed herein.
The lower limit of the ratio H1/H2 may be 0.335, 0.34, 0.345, 0.35, 0.355, 0.36, 0.365, 0.37, 0.375, 0.38, 0.385, 0.39,
0.395, 0.4, 0.405, 0.41, 0.415, 0.42, 0.425, 0.43, 0.435, 0.44, 0.445, 0.45, 0.455, 0.46, 0.465, 0.47, 0.475, 0.48, 0.485,
0.49, 0.495, or 0.5; the upper limit of H1/H2 may be 0.5, 0.505, 0.51, 0.515, 0.52, 0.525, 0.53, 0.535, 0.54, 0.545, 0.55,
0.555, 0.56, 0.565, 0.57, 0.575, 0.58, 0.585, 0.59, 0.595, 0.6, 0.605, 0.61, 0.615, 0.62, 0.625, 0.63, 0.635, 0.64, 0.645,
0.65, 0.655, 0.66, or 0.665. For example, H1/H2 may range from about 0.4 to about 0.6; or from about 0.45 to about
0.67, or from 0.40 to 0.60, or from 0.45 to 0.67. The relative term "about" when used to describe H1/H2 means within
0.001, or within 0.01, or within 0.1. The values of ratio H3 and H4 during operation of SCMs of the present disclosure
may be the same or different along the centerline (C) of the SCM, and along the width (W) of the SCM. It is preferred
that the relationship H3 > H1 > H4 holds in all locations inside SCMs of this disclosure, but especially in the vicinity of
the particulate feedstock inlet port or ports 10.
[0042] Important to certain methods of the present disclosure are the definitions exemplified schematically in FIG. 11:
R1, R2, and R3 designate the first row, second row, and third row of SC burners, where the first row R1 is closest to the
feed end 12 of the SCM, and the third row R3 is closest to the melt exit end 16. There may be more or less than three
rows of SC burners. Further defined in FIG. 11 are the length (L) of the SCM, the width (W), the midpoint (M), the
centerline (C), and the north (N) and south (S) sides of the SCM, the SCM having a feed end (F, same as 12) and exit
end (E, same as 16), where (F) and (E) are deemed more generic than designations 12 and 16 illustrated in FIG. 1.
[0043] Referring now to FIGS. 3 and 4, FIG. 3 is a schematic side elevation view, partially in cross-section, of a second
embodiment 200 of a SCM in accordance with the present disclosure, and FIG. 4 is a schematic perspective view,
partially in phantom, with some parts removed for clarity, of the SCM illustrated schematically in FIG. 3. SCM embodiment
200 includes a baffle 50 having a distal end 52 that is submerged in splash region 34, and preferably a significant portion
of baffle 50 (for example the lower quarter, third, or half) may also be submerged in splash region 34. Baffle may or may
not be fluid-cooled. Baffle 50 need not be vertical as illustrated schematically in FIGS. 3 and 4, but is the most straight-
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forward to implement. Baffle 50 in embodiment 200 has a baffle width equal to melter width (W) as illustrated in FIG.
11, and a thickness (T), which may be several inches or centimeters, for example 2, 3, 4, 5, or 6 inches thick. Baffle 50
may be positioned a distance D1 away from the feed end wall 12, and a distance D2 from stack 8, both as measured
from a front side of the baffle. The distance D1 is generally less than the distance between the feed end wall 12 (or F
in FIG. 11) and the SCM midpoint (M), while stack 8 is generally positioned between SCM midpoint (M) and melter exit
end 16 (or E in FIG. 11). Baffle 50 may be stationary or movable vertically, for example using an actuator (not illustrated),
such as a rack and pinion device, jack screw, hydraulic cylinder, or the like. During operation of SCM 200, baffle 50
advantageously works with splash region feeding to reduce or eliminate particulate feedstock entering through inlet port
10 from being entrained into melter exhaust.
[0044] FIG. 5 is a schematic side elevation view, partially in cross-section, of a third embodiment 300 of a SCM in
accordance with the present disclosure, and FIG. 6 is a schematic perspective view, partially in phantom, with some
parts removed for clarity, of SCM embodiment 300. SCM embodiment 300 includes a baffle 50 having a distal end 52
that is submerged in splash region 34, as in embodiment 200, and further includes a vertical particulate feedstock conduit
54 inserted through a feed port 10 in ceiling 6. Particulate feedstock conduit 54 (there maybe more than one, and they
need not be vertical) may have a distal end exit port 56 positioned in the splash region 34. Particulate feedstock conduit
54 has a length (L) that may be less than, equal to, or longer than a length of baffle 50, as long as the distal end of 52
(baffle) and 56 (particulate feedstock conduit) are positioned in splash region 34. Particulate feedstock conduit 54 has
a diameter (d) that may range from about 0.5 to about 6 inches (about 1.3 to about 15 cm), and may be equipped with
a pipe-in-pipe knife, actuator, and timer as described briefly in reference to FIG. 1, or a hydraulic ram feature to keep
distal end port 56 open. During operation of SCM 300, particulate feedstock conduit 54 and baffle 50 advantageously
work with splash region feeding to reduce or eliminate particulate feedstock entering through inlet port 56 from being
entrained into melter exhaust.
[0045] FIGS. 7, 8, 9, and 10 are logic diagrams illustrating various methods of the present disclosure. FIG. 7 illustrates
a method 700, a method of melting particulate feedstocks in a submerged combustion melter (SCM) employing an
arrangement of one or more submerged combustion (SC) burners emitting combustion products into turbulent molten
material, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a sidewall structure having a
north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of the SCM, the ceiling
positioned above the floor a height H2 (Box 702). Method embodiment 700 further comprises operating the SC burners
such that there is established a turbulent melting region extending vertically from the floor to a splash region, the splash
region extending vertically between the turbulent melting region and a head space region, the head space region extending
vertically between the splash region and the melter ceiling (Box 704). Method embodiment 700 further comprises feeding
the particulate feedstock into the splash region through one or more inlet ports, the inlet ports positioned at a height H1
measured from the floor, where H1/H2 ranges from about 0.33 to about 0.67 (Box 706), melting the particulate feedstock
in the SCM (Box 708).
[0046] FIG. 8 illustrates a method 800, a method of melting particulate feedstocks in a submerged combustion melter
(SCM) employing an arrangement of one or more submerged combustion (SC) burners emitting combustion products
into turbulent molten material, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a sidewall
structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of the SCM,
the ceiling positioned above the floor a height H2 (Box 802). Method embodiment 800 further comprises operating the
SC burners such that there is established a turbulent melting region extending vertically from the floor to a splash region,
the splash region extending vertically between the turbulent melting region and a head space region, the head space
region extending vertically between the splash region and the melter ceiling (Box 804). Method embodiment 800 further
comprises feeding the particulate feedstock into the splash region through a single feedstock inlet port in a feed end of
the SCM positioned along the SCM centerline, the inlet port positioned at a height H1 measured from the floor, where
H1/H2 ranges from about 0.33 to about 0.67 (Box 806), and melting the particulate feedstock in the SCM (Box 808).
[0047] FIG. 9 illustrates a method 900, a method of melting particulate feedstocks in a submerged combustion melter
(SCM) employing an arrangement of one or more submerged combustion (SC) burners emitting combustion products
into turbulent molten material, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M), a sidewall
structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor of the SCM,
the ceiling positioned above the floor a height H2, and an exhaust stack of the SCM attached to a ceiling of the SCM
along the SCM centerline, the exhaust stack positioned between the midpoint and the exit end wall of the SCM (Box
902). Method embodiment 900 further comprises operating the SC burners such that there is established a turbulent
melting region extending vertically from the floor to a splash region, the splash region extending vertically between the
turbulent melting region and a head space region, the head space region extending vertically between the splash region
and the melter ceiling (Box 904). Method embodiment 900 further comprises feeding the particulate feedstock into the
splash region through a single feedstock inlet port in a feed end of the SCM positioned along the SCM centerline, the
inlet port positioned at a height H1 measured from the floor, where H1/H2 ranges from about 0.33 to about 0.67 (Box
906). Method embodiment 900 further comprises melting the particulate feedstock in the SCM (908). Method embodiment
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900 further comprises providing a baffle extending vertically downward from a ceiling of the SCM into the splash region
and perpendicular to the SCM centerline, the baffle having a width equal to the width (W) of the SCM, the baffle positioned
between the SCM feed end and the midpoint of the SCM, and operating the SCM so that the splash region submerges
a distal end of the baffle (910), and operating the SCM so that a distal end of the baffle is submerged in the splash region
(912).
[0048] FIG. 10 illustrates a method 1000, a method of melting particulate feedstocks in a submerged combustion
melter (SCM) employing an arrangement of one or more submerged combustion (SC) burners emitting combustion
products into turbulent molten material, the SCM having a length (L) and a width (W), a centerline (C), a midpoint (M),
a sidewall structure having a north side (N) and a south side (S), the sidewall structure connecting a ceiling and a floor
of the SCM, the ceiling positioned above the floor a height H2, and an exhaust stack of the SCM attached to a ceiling
of the SCM along the SCM centerline, the exhaust stack positioned between the midpoint and the exit end wall of the
SCM (Box 1002). Method embodiment 1000 further comprises operating the SC burners such that there is established
a turbulent melting region extending vertically from the floor to a splash region, the splash region extending vertically
between the turbulent melting region and a head space region, the head space region extending vertically between the
splash region and the melter ceiling (Box 1004). Method embodiment 1000 further comprises feeding the particulate
feedstock into the splash region through one or more feed conduits extending from the ceiling of the SCM into the splash
region, the feed conduit positioned between the SCM feed end and the SCM midpoint, the one or more feed conduits
having exit ports positioned at a height H1 measured from the floor, where H1/H2 ranges from about 0.33 to about 0.67
(Box 1006). Method embodiment 1000 further comprises melting the particulate feedstock in the SCM (Box 1008),
providing a baffle extending vertically downward from a ceiling of the SCM into the splash region and perpendicular to
the SCM centerline, the baffle having a width equal to the width (W) of the SCM, the baffle positioned between the SCM
feed end and the midpoint of the SCM (Box 1010), and operating the SCM so that the splash region submerges a distal
end of the baffle and the exit ports of the feed conduits (Box 1012).
[0049] The initial raw material feedstock may include any material suitable for forming molten inorganic materials. In
certain embodiments where the feedstock is pre-heated by melter exhaust, some non-particulate feedstock may have
a weight average particle size such that most if not all of the feedstock is not fluidized when traversing through the heat
exchange structure or exhaust conduit serving as the heat exchange structure. Such materials may include glass pre-
cursors or other non-metallic inorganic materials, such as, for example, limestone, glass cullet, feldspar, basalt or other
rock wool forming material, and mixtures thereof. Typical examples of basalt that are compositionally stable and available
in large quantities are reported in U.S. Patent Publication 2012/0104306, namely an ore having a larger amount of SiO2
(A, for high-temperature applications) and an ore having a smaller amount of SiO2 (B, for intermediate-temperature
applications), both of which have approximately the same amount of Al2O3. Although ore A can be spun into fiber, the
resultant basalt fiber has heat-resistance problem at temperature ranges exceeding 750° C. Ore B, on the other hand,
is associated with higher energy cost for mass production of fiber. The basalt rock material feedstock for use on the
systems and methods of the present disclosure may be selected from: (1) high-temperature ore (A) having substantially
the same amount of Al2O3 and a larger amount of SiO2; (2) intermediate-temperature ore (B) having substantially the
same amount of Al2O3 and a smaller amount of SiO2; and (3) a mixture of the high-temperature basalt rock ore (A) and
the intermediate-temperature basalt rock ore (B).
[0050] Basalt rock (basalt ore) is an igneous rock. According to U.S. Patent Publication 2012/0104306, major examples
of the constituent mineral include: (1) plagioclase: Na(AlSi3O8)-Ca(Al2SiO8); (2) pyroxene: (Ca, Mg, Fe2+, Fe3+, Al,
Ti)2[(Si, Al)2O6]; and (3) olivine: (Fe, Mg)2SiO4. Ukrainian products are inexpensive and good-quality.
[0051] Tables 1 and 2 (from U.S. Patent Publication 2012/0104306) show examples of element ratios (wt. %) and the
oxide-equivalent composition ratios (wt. %) determined by ICP analysis (using an inductively-coupled plasma spectrom-
eter ICPV-8100 by Shimadzu Corporation) performed on a high-temperature basalt ore (for high-temperature applica-
tions), an intermediate-temperature basalt ore (for intermediate-temperature applications), and a glass consisting of
85% high-temperature ore and 15% intermediate-temperature ore.

TABLE 1
Ore (for high-temp.) 
(wt %)

Ore (for intermediate-
temp.) (wt %)

Ore (for high-temp.) 85 wt % Ore (for intermediate-
temp.) 15 wt % (wt %)

Si 23.5∼28.8 23.5∼28.5 25.0∼28.8
Al 8.7∼9.3 8.7∼9.3 9.0∼9.5
Fe 6.0∼6.6 6.0∼7.1 5.7∼6.7
Ca 4.0∼4.5 5.6∼6.1 4.2∼4.7
Na 2.1∼2.3 1.8∼2.0 2.0∼2.3
K 1.4∼1.8 1.2∼1.5 1.4∼1.9
Mg 0.1∼1.6 1.4∼3.0 1.5∼1.7
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[0052] In embodiments wherein glass batch is used as sole or as a supplemental feedstock, one glass composition
for producing glass fibers is "E-glass," which typically includes 52-56% SiO2, 12-16% Al2O3, 0-0.8% Fe2O3, 16-25%
CaO, 0-6% MgO, 0-10% B2O3, 0-2% Na20+K2O, 0-1.5% TiO2 and 0-1% F2. Other glass batch compositions may be
used, such as those described in Applicant’s U.S. Patent Publication 2008/0276652.
[0053] As noted herein, submerged combustion burners and burner panels may produce violent or aggressive turbu-
lence of the molten inorganic material in the SCM and may result in sloshing or splashing of molten material, pulsing of
combustion burners, popping of large bubbles above submerged burners, ejection of molten material from the melt
against the walls and ceiling of melter, and the like. Frequently, one or more of these phenomena may result in undesirably
short life of temperature sensors and other components used to monitor a submerged combustion melter’s operation,
making monitoring difficult, and use of signals from these sensors for melter control all but impossible for more than a
limited time period. Processes and systems of the present disclosure may include indirect measurement of melt tem-
perature in the melter itself, as disclosed in Applicant’s U.S. Patent No. 9,096,453, using one or more thermocouples
for monitoring and/or control of the melter, for example using a controller. A signal may be transmitted by wire or wirelessly
from a thermocouple to a controller, which may control the melter by adjusting any number of parameters, for example
feed rate of a feedstock feeder may be adjusted through a signal, and one or more of fuel and/or oxidant conduits may
be adjusted via a signal, it being understood that suitable transmitters and actuators, such as valves and the like, are
not illustrated for clarity.
[0054] Melter apparatus in accordance with the present disclosure may also comprise one or more wall-mounted
submerged combustion burners, and/or one or more roof-mounted non-submerged burners (not illustrated). Roof-mount-
ed burners may be useful to pre-heat the melter apparatus melting zone, and serve as ignition sources for one or more

(continued)

Ore (for high-temp.) 
(wt %)

Ore (for intermediate-
temp.) (wt %)

Ore (for high-temp.) 85 wt % Ore (for intermediate-
temp.) 15 wt % (wt %)

Ti 0.4∼0.6 0.5∼0.7 0.4∼0.6
Mn 0.1∼0.2 0.1∼0.2 0.1∼0.2
P 0.05∼0.10 0.05∼0.09 0.07∼0.10
B 0.02∼0.08 0.01∼0.06 0.03∼0.10
Ba 0.03∼0.05 0.03∼0.05 0.09
Sr 0.02∼0.04 0.02∼0.04 0.02∼0.05
Zr 0.01∼0.04 0.01∼0.04 0.01∼0.03
Cr 0.01∼0.03 0.01∼0.03 0.01∼0.03
S 0.01∼0.03 0.01∼0.03 0.01∼0.03

TABLE 2
Ore (for high-
temp.) (wt %)

Ore (for intermediate-
temp.) (wt %)

Ore (for high-temp.) 85 wt % Ore (for 
intermediate-temp.) 15 wt % (wt %)

SiO2 57.1∼61.2 54.0∼58.2 57.7∼60.6
Al2O3 16.1∼19.2 14.9∼18.1 16.5∼18.9
FeO + Fe2O3 8.0∼9.7 8.1∼9.6 7.7∼9.6
CaO 5.5∼6.8 7.5∼8.8 5.8∼7.0
Na2O 2.8∼3.3 2.2∼2.9 2.6∼3.2
K2O 1.8∼2.1 1.4∼1.8 1.8∼2.2
MgO 0.20∼2.5 1.4∼4.8 0.2∼2.8
TiO2 0.7∼1.0 0.8∼1.1 0.1∼0.3
MnO 0.1∼0.3 0.1∼0.3 0.1∼0.3
P2O5 0.1∼0.3 0.1∼0.3 0.1∼0.3
B2O3 0.1∼0.3 0.04∼0.20 0.04∼0.30
BaO 0.03∼0.07 0.02∼0.06 0.03∼0.12
SrO 0.02∼0.06 0.02∼0.07 0.01∼0.06
ZrO2 0.02∼0.05 0.02∼0.05 0.01∼0.30
Cr2O3 0.01∼0.05 0.01∼0.05 0.01∼0.04
SO 0.01∼0.03 0.01∼0.03 0.01∼0.03
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submerged combustion burners and/or burner panels. Roof-mounted burners may be oxy-fuel burners, but as they are
only used in certain situations, are more likely to be air/fuel burners. Most often they would be shut-off after pre-heating
the melter and/or after starting one or more submerged combustion burners. In certain embodiments, one or more roof-
mounted burners could be used supplementally with a baffle (for example, when the baffle requires service) to form a
temporary curtain to prevent particulate carryover. In certain embodiments, all submerged combustion burners and
burner panels may be oxy/fuel burners or oxy-fuel burner panels (where "oxy" means oxygen, or oxygen-enriched air,
as described earlier), but this is not necessarily so in all embodiments; some or all of the submerged combustion burners
or burner panels may be air/fuel burners. Furthermore, heating may be supplemented by electrical (Joule) heating in
certain embodiments, in certain melter zones.
[0055] Certain SCM embodiments may comprise burner panels as described in Applicant’s U.S. Application Serial
No. 14/838,148, filed August 27, 2015, comprising a burner panel body and one or more sets of concentric conduits for
flow of oxidant and fuel. Certain burner panels disclosed therein include those wherein the outer conduit of at least some
of the sets of concentric conduits are oxidant conduits, and the at least one inner conduit is one or more fuel conduits.
Certain burner panel embodiments may comprise non-fluid cooled or fluid-cooled protective members comprising one
or more noble metals. Certain burner panel embodiments may comprise non-fluid cooled or fluid-cooled protective
members consisting essentially of one or more noble metals. Certain burner panel embodiments may comprise non-
fluid cooled or fluid-cooled protective members consisting of one or more noble metals. Certain burner panel embodiments
may comprise those wherein the lower fluid-cooled portion and the upper non-fluid cooled portion are positioned in
layers, with the lower fluid-cooled portion supporting the sets of conduits and the associated protective members. Certain
burner panel embodiments may comprise those wherein the non-fluid cooled protective member is a shaped annular
disk having a through passage, the through passage of the shaped annular disk having an internal diameter substantially
equal to but not larger than an internal diameter of the outer conduit. Certain burner panel embodiments may comprise
those wherein an internal surface of the through passage of the shaped annular disk and a portion of a top surface of
the shaped annular disk are not submerged by the fluid-cooled or non-fluid-cooled portions of the panel body. Certain
combustion burner panels may comprise a panel body having a first major surface defined by a lower fluid-cooled portion
of the panel body, and a second major surface defined by an upper non-fluid cooled portion of the panel body, the panel
body having at least one through passage extending from the first to the second major surface, the through passage
diameter being greater in the lower fluid-cooled portion than in the upper non-fluid cooled portion, the panel body
supporting at least one set of substantially concentric at least one inner conduit and an outer conduit, each conduit
comprising proximal and distal ends, the at least one inner conduit forming a primary passage and the outer conduit
forming a secondary passage between the outer conduit and the at least one inner conduit; and a fluid-cooled protective
member associated with each set and having connections for coolant fluid supply and return, each fluid-cooled protective
member positioned adjacent at least a portion of the circumference of the outer conduit between the proximal and distal
ends thereof at approximately a position of the fluid-cooled portion of the panel body. Certain burner panel embodiments
may comprise those wherein each fluid-cooled protective member is a fluid-cooled collar having an internal diameter
about the same as an external diameter of the outer conduit, the fluid-cooled collar having an external diameter larger
than the internal diameter. Certain burner panel embodiments may comprise a mounting sleeve. In certain burner panel
embodiments the mounting sleeve having a diameter at least sufficient to accommodate the external diameter of the
fluid-cooled collar. In certain embodiments, the burner panel may include only one or more fuel conduits, or only one or
more oxidant conduits. These embodiments may be paired with other panels supplying fuel or oxidant (as the case might
be), the pair resulting in combustion of the fuel from one panel with the oxidant from the other panel. In certain embodiments
the burner panel may comprise a pre-disposed layer or layers of glass, ceramic, refractory, and/or refractory metal or
other protective material as a protective skull over the non-fluid cooled body portion or layer. The layer or layers of
protective material may or may not be the same as the material to be melted in the SCM.
[0056] Suitable materials for glass-contact refractory, which may be present in SCMs, burners, and burner panels
useful herein, include AZS (alumina-zirconia-silica), α/β alumina, zirconium oxide, chromium oxide, chrome corundum,
so-called "dense chrome", and the like. One "dense chrome" material is available from Saint Gobain under the trade
name SEFPRO, such as C1215 and C1221. Other useable "dense chrome" materials are available from the North
American Refractories Co., Cleveland, Ohio (U.S.A.) under the trade designations SERV 50 and SERV 95. Other suitable
materials for components that require resistance to high temperatures are fused zirconia (ZrO2), fused cast AZS (alumina-
zirconia-silica), rebonded AZS, or fused cast alumina (Al2O3). The choice of a particular material may be dictated by the
geometry of the apparatus, the type of material being produced, operating temperature, burner body panel geometry,
and type of glass or other product being produced.
[0057] The term "fluid-cooled" means use of any coolant fluid (heat transfer fluid) to transfer heat away from the
equipment in question, other than ambient air that resides naturally on the outside of the equipment. For example,
portions of or the entire panels of sidewall structure, floor, and ceiling of the SCM, baffles, portions or all of heat transfer
substructures used to preheat feedstock (for example nearest the melter), portions of feedstock supply conduits, and
portions of SC burners, and the like may require fluid cooling. Heat transfer fluids may be any gaseous, liquid, slurry, or
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some combination of gaseous, liquid, and slurry compositions that functions or is capable of being modified to function
as a heat transfer fluid. Gaseous heat transfer fluids may be selected from air, including ambient air and treated air (for
example, air treated to remove moisture), inorganic gases, such as nitrogen, argon, and helium, organic gases such as
fluoro-, chloro- and chlorofluorocarbons, including perfluorinated versions, such as tetrafluoromethane, and hexafluor-
oethane, and tetrafluoroethylene, and the like, and mixtures of inert gases with small portions of non-inert gases, such
as hydrogen. Heat transfer liquids and slurries may be selected from liquids and slurries that may be organic, inorganic,
or some combination thereof, for example, water, salt solutions, glycol solutions, oils and the like. Other possible heat
transfer fluids include steam (if cooler than the expected glass melt temperature), carbon dioxide, or mixtures thereof
with nitrogen. Heat transfer fluids may be compositions comprising both gas and liquid phases, such as the higher
chlorofluorocarbons. Certain SCMs and method embodiments of this disclosure may include fluid-cooled panels such
as disclosed in Applicant’s U.S. Patent No. 8,769,992.
[0058] Certain systems and processes of the present disclosure may utilize measurement and control schemes such
as described in Applicant’s U.S. Patent No. 9,096,453, and/or feed batch densification systems and methods as described
in Applicant’s co-pending U.S. Application Serial No. 13/540,704, filed July 3, 2012. Certain SCMs and processes of the
present disclosure may utilize devices for delivery of treating compositions such as disclosed in Applicant’s U.S. Patent
No. 8,973,405.
[0059] Certain SCM and method embodiments of this disclosure may be controlled by one or more controllers. For
example, combustion (flame) temperature may be controlled by monitoring one or more parameters selected from
velocity of the fuel, velocity of the primary oxidant, mass and/or volume flow rate of the fuel, mass and/or volume flow
rate of the primary oxidant, energy content of the fuel, temperature of the fuel as it enters burners or burner panels,
temperature of the primary oxidant as it enters burners or burner panels, temperature of the effluent (exhaust) at melter
exhaust exit, pressure of the primary oxidant entering burners or burner panels, humidity of the oxidant, burner or burner
panel geometry, combustion ratio, and combinations thereof. Certain SCMs and processes of this disclosure may also
measure and/or monitor feed rate of batch or other feedstock materials, such as rock wool or mineral wool feedstock,
glass batch, cullet, mat or wound roving and treatment compositions, mass of feed, and use these measurements for
control purposes. Flow diverter positions may be adjusted or controlled to increase heat transfer in heat transfer sub-
structures and exhaust conduits.
[0060] Various conduits, such as feedstock supply conduits, exhaust conduits, oxidant and fuel conduits of burners
or burner panels of the present disclosure may be comprised of metal, ceramic, ceramic-lined metal, or combination
thereof. Suitable metals include carbon steels, stainless steels, for example, but not limited to, 306 and 316 steel, as
well as titanium alloys, aluminum alloys, and the like. High-strength materials like C-110 and C-125 metallurgies that
are NACE qualified may be employed for burner body components. (As used herein, "NACE" refers to the corrosion
prevention organization formerly known as the National Association of Corrosion Engineers, now operating under the
name NACE International, Houston, Texas.) Use of high strength steel and other high strength materials may significantly
reduce the conduit wall thickness required, reducing weight of the conduits and/or space required for conduits. In certain
locations, precious metals and/or noble metals (or alloys) may be used for portions or all of these conduits. Noble metals
and/or other exotic corrosion and/or fatigue-resistant materials such as platinum (Pt), ruthenium (Ru), rhodium (Rh),
palladium (Pd), silver (Ag), osmium (Os), iridium (Ir), and gold (Au); alloys of two or more noble metals; and alloys of
one or more noble metals with a base metal may be employed. In certain embodiments a protective layer or layers or
components may comprise an 80 wt. percent platinum/20 wt. percent rhodium alloy attached to a base metal using
brazing, welding or soldering of certain regions, as further explained in Applicant’s U.S. Application Serial No. 14/778,206,
filed September 18, 2015.
[0061] The choice of a particular material is dictated among other parameters by the chemistry, pressure, and tem-
perature of fuel and oxidant used and type of melt to be produced with certain feedstocks. The skilled artisan, having
knowledge of the particular application, pressures, temperatures, and available materials, will be able design the most
cost effective, safe, and operable heat transfer substructures, feedstock and exhaust conduits, burners, burner panels,
and melters for each particular application without undue experimentation.
[0062] The total quantities of fuel and oxidant used by burners or burner panels of the present disclosure may be such
that the flow of oxygen may range from about 0.9 to about 1.2 of the theoretical stoichiometric flow of oxygen necessary
to obtain the complete combustion of the fuel flow. Another expression of this statement is that the combustion ratio
may range from about 0.9 to about 1.2. The amount of heat needed to be produced by combustion of fuel in the melter
(and/or Joule heating) will depend upon the efficiency of the preheating of the feedstock in the feedstock heat exchange
substructure. The larger the amount of heat transferred to the feedstock, the lower the heat energy required in the melter
from the fuel and/or Joule elements. When operating "lean", the combustion ratio is above about 1.0, or above about
1.5, or above about 2.0, or above about 2.5. When operating "rich", the combustion ratio is below about 1.0, or below
about 0.9, or below about 0.8, or below about 0.7, or below about 0.6, or below about 0.5, or below about 0.2.
[0063] In SCMs, the velocity of the fuel in the various burners and/or burner panel embodiments depends on the
burner/burner panel geometry used, but generally is at least about 15 meters/second (m/s). The upper limit of fuel velocity
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depends primarily on the desired penetration of flame and/or combustion products into the glass melt and the geometry
of the burner panel; if the fuel velocity is too low, the flame temperature may be too low, providing inadequate temperature
in the melter, which is not desired, and if the fuel flow is too high, flame and/or combustion products might impinge on
a melter wall or roof, or cause carryover of melt into the exhaust, or be wasted, which is also not desired. Baffles may
be provided extending from the roof, and/or in the melter exhaust conduit, such as in the heat exchange substructure,
in order to safeguard against this. Similarly, oxidant velocity should be monitored so that flame and/or combustion
products do not impinge on an SCM wall or roof, or cause carryover of melt into the exhaust, or be wasted. Oxidant
velocities depend on fuel flow rate and fuel velocity, but in general should not exceed about 60.96 m/s (200 ft/sec) at
11.33 m3/h (400 scfh) flow rate.
[0064] Certain method embodiments may be combined with methods from Applicant’s co-pending U.S. Application
Serial No. 14/854,271, filed September 15, 2015, for example operating the arrangement of SC burners such that a
progressively higher percentage of a total combustion flow from the SC burners occurs from SC burners at progressively
downstream positions; or melting using an arrangement of two or more SC burners comprises melting with a matrix of
at least two rows and at least two columns of SC burners wherein a row spans a majority of the width (W) and a column
spans a majority of the length (L) of the SCM, and wherein the operating is selected from the group consisting of:

(a) each SC burner in a first row R1 operates at a rate r1, each SC burner in a second row R2 operates at a rate r2,
wherein r2 > r1, and
(b) if the matrix is a two row by three column matrix or larger, SC burners on the N and S sides in the first row R1
operate at a rate r3, the SC burner in the center (C) of the first row R1 operates at a rate r4, where r3 > r4, and SC
burners on N and S sides in a second row R2 operate at a rate r5 and the SC burner in the center (C) operates at
a rate r6, where r5 > r6 ≥ r4, and r5 > r3.

[0065] Certain method embodiments may include wherein the melting using an arrangement of two or more SC burners
comprises melting with a matrix of at least two rows and at least two columns of SC burners wherein a row spans a
majority of the width (W) and a column spans a majority of the length (L) of the SCM, and wherein the operating comprises
(c) each SC burner in a first row R1 operates at a rate r1, each SC burner in a second row R2 operates at a rate r2,
wherein r2 > r1.
[0066] Certain method embodiments may include wherein the melting using an arrangement of two or more SC burners
comprises melting with a matrix of at least two rows and at least two columns of SC burners wherein a row spans a
majority of the width (W) and a column spans a majority of the length (L) of the SCM, and wherein the operating comprises
(d) if the matrix is a two row by three column matrix or larger, SC burners on the N and S sides in the first row R1 operate
at a rate r3, and SC burners in the center (C) of the first row operate at a rate r4, where r3 > r4, and SC burners on N
and S sides in a second row R2 operate at a rate r5 and SC burners in the center (C) operate at a rate r6, where r5 > r6
≥ r4, and r5 > r3.
[0067] Certain method embodiments may further comprise measuring concentration of a tracer compound or element
in melt exiting the SCM to verify an increase in residence time of melt in the SCM compared to residence time of the
melt when all SC burners are firing equally. In certain methods, the tracer compound or element may be selected from
the group consisting of ZnO (zinc oxide), SrCO3 (strontium carbonate), BaCO3 (barium carbonate), and Li2CO3 (lithium
carbonate), and mixtures and combinations thereof.
[0068] Certain method embodiments may include maximizing mixing and melting in an SCM, the method comprising
(or consisting essentially of, or consisting of):

(a) melting an inorganic feedstock in an SCM using an arrangement of two or more SC burners, the SCM having a
length (L) and a width (W), a centerline (C), a north side (N) and a south side (S); and
(b) operating the arrangement of SC burners such that a progressively lower percentage of total combustion flow
rate from the SC burners occurs from SC burners at progressively downstream positions from the feed end of the
SCM up to a midpoint (M) of the SCM length (L), and such that a progressively higher percentage of total combustion
flow rate from the SC burners occurs from SC burners at progressively downstream positions from the midpoint (M)
to the melt exit end of the SCM.

[0069] Certain method embodiments may include wherein the melting using an arrangement of two or more SC burners
comprises melting with a matrix of at least two rows and at least two columns of SC burners wherein a row spans a
majority of the width (W) and a column spans a majority of the length (L) of the SCM, and wherein the operating the
arrangement of SC burners comprises operating the SC burners such that SC burners nearer the feed end of the SCM
have a flow rate r7, SC burners near the melt exit end have a flow rate r8, and SC burners near an intersection of L and
M have a flow rate rg, wherein:
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r7 > r9
r8 > rg, and
r8 ≥ r7.

[0070] Certain method embodiments may include wherein the matrix is a 3 row x 3 column matrix, and SC burners
on the N and S sides have flow rate greater than the center SC burners.
[0071] Certain method embodiments may include maximizing mixing and temperature increase in an SCM, the method
comprising (or consisting essentially of, or consisting of):

(a) melting an inorganic feedstock in an SCM using an arrangement of two or more SC burners, the SCM having a
length (L) and a width (W), a centerline (C), a north side (N) and a south side (S); and
(b) operating the arrangement of SC burners such that SC burners in a first zone of the SCM operate fuel lean, and
SC burners in a second zone of the SCM operate fuel rich, and where combustion products of the SC burners in
the first zone mix with combustion products of the SC burners of the second zone at a position in the SCM higher
than where the lean or rich combustion takes place.

[0072] Certain method embodiments may include wherein the melting using an arrangement of two or more SC burners
comprises melting with a matrix of at least two rows and at least two columns of SC burners wherein a row spans a
majority of the width (W) and a column spans a majority of the length (L) of the SCM.
[0073] Certain method embodiments may include wherein the matrix is a 3 row by 3 column matrix and the first zone
is at a midpoint (M) of the SCM length (L), and the second zone is downstream of the midpoint (M) of the SCM length (L).
[0074] Certain method embodiments may include wherein the matrix is a 3 row by 3 column matrix and the first zone
is at a midpoint (M) of the SCM length (L), and the second zone is upstream of the midpoint (M) of the SCM length (L).
[0075] Certain method embodiments may include wherein the first (lean) zone is near the feed inlet, and the second
(fuel rich) zone is immediately downstream the first zone, and including feeding small (less than 1 mm APS) particle
size batch material to the SCM in the feed inlet.
[0076] Certain method embodiments may include maximizing mixing without substantially increasing temperature in
an SCM, the method comprising (or consisting essentially of, or consisting of):

(a) melting an inorganic feedstock in an SCM using an arrangement of two or more SC burners, the SCM having a
length (L) and a width (W), a centerline (C), a north side (N) and a south side (S); and
(b) operating the arrangement of SC burners such that SC burners in a first zone of the SCM operate fuel lean, and
SC burners in all other zones of the SCM operate neither fuel rich nor fuel lean.

[0077] Certain method embodiments may include wherein the lean zone is between the feed end of the SCM and the
midpoint (M). Certain method embodiments may include wherein the lean zone is nearer the melter feed end than any
other melting zone. Certain method embodiments may include wherein the lean zone is between the midpoint (M) and
the melter exit end. Certain method embodiments may include wherein one or more SC burners is operated in pulsing
mode. Certain method embodiments may include feeding large particle size feedstock (at least 10 cm APS) to the SCM
inlet end.

Claims

1. A method of melting particulate feedstocks in a submerged combustion melter (SCM) (100, 200, 300) employing
an arrangement of one or more submerged combustion (SC) burners (26, 28, 30) emitting combustion products into
turbulent molten material, the SCM (100, 200, 300) having a length (L) and a width (W), a centerline (C), a midpoint
(M), a sidewall structure (2) having a north side (N) and a south side (S), the sidewall structure (2) connecting a
ceiling (6) and a floor (4) of the SCM (100, 200, 300), the ceiling (6) positioned above the floor (4) a height H2, the
method comprising:

(a) operating the SC burners (26, 28, 30) such that there is established a turbulent melting region (33) extending
vertically from the floor (4) to a splash region (34), the splash region (34) extending vertically between the
turbulent melting region (33) and a head space region (40), the head space region (40) extending vertically
between the splash region (34) and the melter ceiling (6);
(b) feeding the particulate feedstock into the splash region (34) through one or more inlet ports (10), the inlet
ports (10) positioned at a height H1 measured from the floor (4), where H1/H2 ranges from 0.33 to 0.67;
(c) melting the particulate feedstock in the SCM (100, 200, 300);
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(d) providing a baffle (50) extending vertically downward from a ceiling (6) of the SCM (100, 200, 300) into the
splash region (34) and perpendicular to the SCM centerline (C), the baffle (50) having a width equal to the width
(W) of the SCM (100, 200, 300), the baffle (50) positioned between the SCM feed end (F, 12) and the midpoint
(M) of the SCM (100, 200, 300), and
(e) operating the SCM (100, 200, 300) so that the splash region (34) submerges a distal end (52) of the baffle
(50), and allowing exhaust to flow out of an exhaust stack (8) of the SCM (100, 200, 300) attached to a ceiling
(6) of the SCM (100, 200, 300) along the SCM centerline (C), the exhaust stack (6) positioned between the
midpoint (M) and the exit end wall (16) of the SCM (100, 200, 300).

2. The method in accordance with claim 1 wherein the feeding of the particulate feedstock into the splash region (34)
of the SCM (100, 200, 300) is through a single feedstock inlet port (10) in a feed end (F, 12) of the SCM (100, 200,
300) positioned along the SCM centerline (C).

3. The method in accordance with claim 1 wherein the feeding of the particulate feedstock into the splash region (34)
of the SCM (100, 200, 300) is through a plurality of feedstock inlet ports (10) in a feed end (F, 12) of the SCM (100,
200, 300) positioned equidistant from the centerline (C).

4. The method in accordance with claim 1 wherein the feeding of the particulate feedstock into the splash region (34)
of the SCM (100, 200, 300) is through a single feedstock inlet port (10) in a feed end (F, 12) of the SCM (100, 200,
300) positioned along the centerline (C) and another feedstock inlet port (10) in the north side (N) or south side (S).

5. The method in accordance with claim 1 wherein
the feeding at least a portion of the particulate feedstock into a splash region (34) of the SCM (100, 200, 300)
comprises deploying one or more feed conduits (54) having an inlet in the ceiling (6) and an outlet in the splash
region (34),
feeding the portion of the particulate feedstock though the one or more feed conduits (54), the one or more feed
conduits (54) positioned between the SCM feed end (F, 12) and the SCM midpoint (M),
the baffle (50) positioned between the one or more feed conduits (54) and the SCM midpoint (M), and
operating the SCM (100, 200, 300) so that the splash region (34) submerges the feed inlet conduit exit ends (56)
and a distal end (52) of the baffle (50)7.

6. The method in accordance with claim 1 comprising feeding small particle size batch material to the SCM (100, 200,
300) into the at least one feed inlet port (10).

7. The method in accordance with claim 1 comprising feeding large particle size feedstock into the SCM (100, 200,
300) through one or more auxiliary inlet ports (10) in the inlet end.

8. The method in accordance with claim 1, wherein H1/H2 ranges from 0.4 to 0.6.

9. The method in accordance with claim 1, comprising operating the SCM (100, 200, 300) such that the turbulent
melting region (33) extends vertically from the floor (4) to the splash region (34) a height H4, and the splash region
(34) extends vertically a height H3, where H2 > H3 > H4, and where H3 > H1 > H4.

10. The method in accordance with claim 1, comprising operating the SCM (100, 200, 300) such that H3/H4 ranges
from 1.1 to 2.

Patentansprüche

1. Verfahren zum Schmelzen von partikelförmigen Einsatzstoffen in einer Tauchbrennschmelzvorrichtung (submerged
combustion melter, SCM) (100, 200, 300), bei dem eine Anordnung von einem oder mehreren Tauchbrennern (26,
38, 30) eingesetzt wird, die Verbrennungsprodukte in turbulentes geschmolzenes Material abgeben, wobei die SCM
(100, 200, 300) eine Länge (L) und eine Breite (W), eine Mittellinie (C), einen Mittelpunkt (M), eine Seitenwandstruktur
(2), die eine Nordseite (N) und eine Südseite (S) aufweist, aufweist, wobei die Seitenwandstruktur (2) eine Decke
(6) und einen Boden (4) der SCM (100, 200, 300) verbindet, wobei die Decke (6) über dem Boden (4) in einer Höhe
H2 positioniert ist, wobei das Verfahren Folgendes umfasst:

a) Betreiben der Tauchbrenner (26, 28, 30) dergestalt, dass eine turbulente Schmelzregion (33) geschaffen
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wird, die sich vertikal vom Boden (4) in eine Spritzregion (34) erstreckt, wobei sich die Spritzregion (34) vertikal
zwischen der turbulenten Schmelzregion (33) und einer Kopfraumregion (40) erstreckt, wobei sich die Kopf-
raumregion (40) vertikal zwischen der Spritzregion (34) und der Schmelzvorrichtungsdecke (6) erstreckt;
b) Zuführen des partikelförmigen Einsatzstoffes in die Spritzregion (34) durch eine oder mehrere Einlassöff-
nungen (10), wobei die Einlassöffnungen (10) in einer Höhe H1, gemessen vom Boden (4), positioniert sind,
wobei H1/H2 im Bereich von 0,33 bis 0,67 liegt;
c) Schmelzen des partikelförmigen Einsatzstoffes in der SCM (100, 200, 300);
d) Bereitstellen eines Leitblechs (50), das sich vertikal von einer Decke (6) der SCM (100, 200, 300) in die
Spritzregion (34) nach unten erstreckt und sich senkrecht zu der SCM-Mittellinie (C) erstreckt, wobei das Leit-
blech (50) eine Breite aufweist, die gleich der Breite (W) der SCM (100, 200, 300) ist, wobei das Leitblech (50)
zwischen dem SCM-Zuführende (F, 12) und dem Mittelpunkt (M) der SCM (100, 200, 300) positioniert ist, und
e) Betreiben der SCM (100, 200, 300) dergestalt, dass die Spritzregion (34) ein distales Ende (52) des Leitblechs
(50) eintaucht, und Erlauben, dass Abgas aus einem Abgasschornstein (8) der SCM (100, 200, 300) ausströmt,
der entlang der SCM-Mittellinie (C) an einer Decke (6) der SCM (100, 200, 300) angebracht ist, wobei der
Abgasschornstein (6) zwischen dem Mittelpunkt (M) und der Wand des Austrittsendes (16) der SCM (100, 200,
300) positioniert ist.

2. Verfahren nach Anspruch 1, wobei das Zuführen des partikelförmigen Einsatzstoffes in die Spritzregion (34) der
SCM (100, 200, 300) durch eine einzelne Einsatzstoff-Einlassöffnung (10) in einem Zuführende (F, 12) der SCM
(100, 200, 300), die entlang der SCM-Mittellinie (C) positioniert ist, erfolgt.

3. Verfahren nach Anspruch 1, wobei das Zuführen des partikelförmigen Einsatzstoffes in die Spritzregion (34) der
SCM (100, 200, 300) durch eine Vielzahl von Einsatzstoff-Einlassöffnungen (10) in einem Zuführende (F, 12) der
SCM (100, 200, 300), die abstandsgleich von der Mittellinie (C) positioniert sind, erfolgt.

4. Verfahren nach Anspruch 1, wobei das Zuführen des partikelförmigen Einsatzstoffes in die Spritzregion (34) der
SCM (100, 200, 300) durch eine einzelne Einsatzstoff-Einlassöffnung (10) in einem Zuführende (F, 12) der SCM
(100, 200, 300), die entlang der Mittellinie (C) positioniert ist, und eine weitere Einsatzstoff-Einlassöffnung (10) in
der Nordseite (N) oder Südseite (S) erfolgt.

5. Verfahren nach Anspruch 1, wobei
das Zuführen mindestens eines Teils des partikelförmigen Einsatzstoffes in eine Spritzregion (34) der SCM (100,
200, 300) die Anwendung einer oder mehrerer Zuführleitungen (54) umfasst, die einen Einlass in der Decke (6) und
einen Auslass in der Spritzregion (34) aufweisen,
das Zuführen des Teils des partikelförmigen Einsatzstoffes durch die eine oder die mehreren Zuführleitungen (54),
wobei die eine oder die mehreren Zuführleitungen (54) zwischen dem SCM-Zuführende (F, 12) und dem SCM-
Mittelpunkt (M) positioniert sind, und
Betreiben der SCM (100, 200, 300) dergestalt, dass die Spritzregion (34) die Austrittsenden der Zuführeinlasslei-
tungen (56) und ein distales Ende (52) des Leitblechs (50)7 eintaucht.

6. Verfahren nach Anspruch 1, umfassend das Zuführen von Chargenmaterial einer kleinen Partikelgröße zu der SCM
(100, 200, 300) in die mindestens eine Zuführeinlassöffnung (10).

7. Verfahren nach Anspruch 1, umfassend das Zuführen von Einsatzmaterial einer großen Partikelgröße in die SCM
(100, 200, 300) durch eine oder mehrere zusätzliche Einlassöffnungen (10) in dem Einlassende.

8. Verfahren nach Anspruch 1, wobei H1/H2 im Bereich von 0,4 bis 0,6 liegt.

9. Verfahren nach Anspruch 1, umfassend das Betreiben der SCM (100, 200, 300) dergestalt, dass sich die turbulente
Schmelzregion (33) vertikal von dem Boden (4) zu der Spritzregion (34) in einer Höhe H4 erstreckt und sich die
Spritzregion (34) vertikal in einer Höhe H3 erstreckt, wobei H2 > H3 > H4 und wobei H3 > H1 > H4.

10. Verfahren nach Anspruch 1, umfassend das Betreiben der SCM (100, 200, 300) dergestalt, dass H3/H4 im Bereich
von 1,1 bis 2 liegt.
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Revendications

1. Procédé de fusion de matières premières particulaires dans un dispositif de fusion à combustion immergée (SCM)
(100, 200, 300) utilisant un agencement d’un ou plusieurs brûleurs à combustion immergée (SC) (26, 28, 30) émettant
des produits de combustion en matériau fondu turbulent, le SCM (100, 200, 300) présentant une longueur (L) et
une largeur (W), une ligne centrale (C), un point médian (M), une structure de paroi latérale (2) présentant un côté
nord (N) et un côté sud (S), la structure de paroi latérale (2) raccordant un plafond (6) et un sol (4) du SCM (100,
200, 300), le plafond (6) étant positionné au-dessus du sol (4) à une hauteur H2, le procédé comprenant les étapes
consistant à :

(a) faire fonctionner les brûleurs SC (26, 28, 30) de sorte qu’une région de fusion turbulente (33) s’étendant
verticalement depuis le sol (4) jusqu’à une région d’éclaboussures (34) soit établie, la région d’éclaboussures
(34) s’étendant verticalement entre la région de fusion turbulente (33) et une région d’espace de partie supérieure
(40), la région d’espace de partie supérieure (40) s’étendant verticalement entre la région d’éclaboussures (34)
et le plafond de dispositif de fusion (6) ;
(b) alimenter la matière première particulaire dans la région d’éclaboussures (34) à travers un ou plusieurs
orifices d’entrée (10), les orifices d’entrée (10) étant positionnés à une hauteur H1 mesurée depuis le sol (4),
où H1/H2 se trouve dans la plage de 0,33 à 0,67 ;
(c) faire fondre la matière première particulaire dans le SCM (100, 200, 300) ;
(d) fournir un déflecteur (50) s’étendant verticalement vers le bas depuis un plafond (6) du SCM (100, 200, 300)
dans la région d’éclaboussures (34) et perpendiculaire à la ligne centrale de SCM (C), le déflecteur (50) pré-
sentant une largeur égale à la largeur (W) du SCM (100, 200, 300), le déflecteur (50) étant positionné entre
l’extrémité d’alimentation de SCM (F, 12) et le point médian (M) du SCM (100, 200, 300), et
(e) faire fonctionner le SCM (100, 200, 300) de sorte que la région d’éclaboussures (34) immerge une extrémité
distale (52) du déflecteur (50), et permettre à du gaz d’échappement de sortir d’un tuyau d’échappement (8)
du SCM (100, 200, 300) attaché à un plafond (6) du SCM (100, 200, 300) le long de la ligne centrale de SCM
(C), le tuyau d’échappement (6) étant positionné entre le point médian (M) et la paroi d’extrémité de sortie (16)
du SCM (100, 200, 300).

2. Procédé selon la revendication 1, dans lequel l’alimentation de la matière première particulaire dans la région
d’éclaboussures (34) du SCM (100, 200, 300) se fait à travers un orifice d’entrée de matière première unique (10)
dans une extrémité d’alimentation (F, 12) du SCM (100, 200, 300) positionné le long de la ligne centrale de SCM (C).

3. Procédé selon la revendication 1, dans lequel l’alimentation de la matière première particulaire dans la région
d’éclaboussures (34) du SCM (100, 200, 300) se fait à travers une pluralité d’orifices d’entrée de matière première
(10) dans une extrémité d’alimentation (F, 12) du SCM (100, 200, 300) positionnés à équidistance de la ligne centrale
(C).

4. Procédé selon la revendication 1, dans lequel l’alimentation de la matière première particulaire dans la région
d’éclaboussures (34) du SCM (100, 200, 300) se fait à travers un orifice d’entrée de matière première unique (10)
dans une extrémité d’alimentation (F, 12) du SCM (100, 200, 300) positionné le long de la ligne centrale (C) et un
autre orifice d’entrée de matière première (10) dans le côté nord (N) ou la côté sud (S).

5. Procédé selon la revendication 1, dans lequel
l’étape consistant à alimenter au moins une partie de la matière première particulaire dans une région d’éclabous-
sures (34) du SCM (100, 200, 300) comprend les étapes consistant à déployer un ou plusieurs conduits d’alimentation
(54) présentant une entrée dans le plafond (6) et une sortie dans la région d’éclaboussures (34),
alimenter la partie de la matière première particulaire à travers les un ou plusieurs conduits d’alimentation (54), les
un ou plusieurs conduits d’alimentation (54) étant positionnés entre l’extrémité d’alimentation de SCM (F, 12) et le
point médian de SCM (M),
le déflecteur (50) étant positionné entre les un ou plusieurs conduits d’alimentation (54) et le point médian de SCM
(M), et
faire fonctionner le SCM (100, 200, 300) de sorte que la région d’éclaboussures (34) immerge les extrémités de
sortie de conduit d’entrée d’alimentation (56) et une extrémité distale (52) du déflecteur (50)7.

6. Procédé selon la revendication 1, comprenant l’étape consistant à alimenter le SCM (100, 200, 300) d’un matériau
première de petite taille particulaire dans l’au moins un orifice d’entrée d’alimentation (10).
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7. Procédé selon la revendication 1, comprenant l’étape consistant à alimenter le SCM (100, 200, 300) d’une matière
première de grande taille particulaire à travers un ou plusieurs orifices d’entrée auxiliaires (10) dans l’extrémité
d’entrée.

8. Procédé selon la revendication 1, dans lequel H1/H2 se trouve dans la plage de 0,4 à 0,6.

9. Procédé selon la revendication 1, comprenant l’étape consistant à faire fonctionner le SCM (100, 200, 300) de sorte
que la région de fusion turbulente (33) s’étende verticalement depuis le sol (4) jusqu’à la région d’éclaboussures
(34) à une hauteur H4 et que la région d’éclaboussures (34) s’étende verticalement à une hauteur H3, où H2 > H3
> H4, et où H3 > H1 > H4.

10. Procédé selon la revendication 1, comprenant l’étape consistant à faire fonctionner le SCM (100, 200, 300) de sorte
que H3/H4 se trouve dans la plage de 1,1 à 2.
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