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(54) SIDE-SUBMERGED COMBUSTION SMELTING APPARATUS FOR SPRAYING 
OXYGEN-ENRICHED AIR AND PULVERIZED COAL

(57) A side-submerged combustion smelting appa-
ratus (1) for spraying oxygen-enriched air and pulverized
coal includes: a smelting furnace (100); a pulverized coal
delivery pipe (200) for delivering the pulverized coal; an
air delivery pipe (300) for delivering the oxygen-enriched
air; a plurality of coal injection assemblies (400) arranged

at intervals on two opposite side walls of the smelting
furnace (100), each coal injection assembly (400) includ-
ing a pulverized coal lance (410) and an air lance (420)
that are adjacent to each other and arranged as a pair,
and each coal injection assembly (400) at least partially
extending into the smelting furnace (100).
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Description

FIELD

[0001] The present disclosure relates to a technical
field of metallurgy. To be specific, it involves a side-sub-
merged combustion smelting apparatus with the blowing
of oxygen-enriched air and pulverized coal.

BACKGROUND

[0002] A side-submerged combustion (SSC) smelting
process is to inject oxygen-enriched air and gaseous fuel
into a molten bath through the tuyeres or lances on both
sides of a smelting furnace, and the injected gas stirs the
molten bath to accelerate heat and mass transfer and
chemical reaction in the molten bath. The SSC smelting
process is widely used in the field of non-ferrous metal
treatment (such as lead smelting, zinc slag smelting, cop-
per smelting, etc.) and solid waste treatment.
[0003] If the side-submerged combustion smelting ap-
paratus in the related art employs natural gas, coke oven
gas, and producer gas as fuels, fuel gas cannot be eco-
nomically used in fuel gas-deficient regions, which limits
the applicability of side-submerged combustion technol-
ogy.
[0004] If the side-submerged combustion smelting ap-
paratus in the related technology employs pulverized
coal as fuel, the pulverized coal and air are mixed within
the lance or the tuyere. Therefore, the oxygen concen-
tration in the air cannot be too high to ensure safety, thus
causing the hearth area efficiency and thermal efficiency
to fail to adapt to the needs of current development of
non-ferrous metal smelting industry and fail to achieve
large-scale industrial production.

SUMMARY

[0005] The present disclosure aims to solve at least
one of technical problems in the related art to a certain
extent. Accordingly, the present disclosure provides a
side-submerged combustion smelting apparatus for
spraying oxygen-enriched air and pulverized coal. The
side-submerged combustion smelting apparatus uses
the pulverized coal as a fuel, and thus has advantages
of high productivity, low operating cost, and wide appli-
cability.
[0006] To achieve above objectives, the embodiments
in the present disclosure provide a side-submerged com-
bustion smelting apparatus for spraying oxygen-enriched
air and pulverized coal. The side-submerged combustion
smelting apparatus includes: a smelting furnace, a pul-
verized coal delivery pipe configured to deliver the pul-
verized coal, an air delivery pipe configured to deliver the
oxygen-enriched air and communicated with an air
source, and a plurality of coal injection assemblies ar-
ranged at intervals on two opposite side walls of the
smelting furnace in which each coal injection assembly

includes a pulverized coal lance and an air lance adjacent
to each other and arranged as a pair, each pulverized
coal lance being in communication with the pulverized
coal delivery pipe, and each air lance being in commu-
nication with the air delivery pipe, and each coal injection
assembly at least partially extends into the smelting fur-
nace.
[0007] The side-submerged combustion smelting ap-
paratus in the embodiments of the present disclosure
can use the pulverized coal as fuel and thus has advan-
tages of the high productivity, the low operating cost, and
the wide applicability.
[0008] In addition, the side-submerged combustion
smelting apparatus based on the above embodiments in
the present disclosure can also have the following addi-
tional technical features.
[0009] According to an embodiment of the present dis-
closure, the pulverized coal lance of one of two mutually
opposite coal injection assemblies is opposite to the pul-
verized coal lance of the other of the two mutually oppo-
site coal injection assemblies, and the air lance of the
one of the two mutually opposite coal injection assem-
blies is opposite to the air lance of the other of the two
mutually opposite coal injection assemblies.
[0010] According to an embodiment of the present dis-
closure, the pulverized coal lance of one of two mutually
opposite coal injection assemblies is opposite to the air
lance of the other of the two mutually opposite coal in-
jection assemblies, and the air lance of the one of two
mutually opposite coal injection assemblies is opposite
to the pulverized coal lance of the other of the two mu-
tually opposite coal injection assemblies.
[0011] According to an embodiment of the present dis-
closure, lengths of respective portions of a plurality of
pulverized coal lances extending into the smelting fur-
nace are equal and are each 50-200 mm.
[0012] According to an embodiment of the present dis-
closure, lengths of respective portions of a plurality of air
lances extending into the smelting furnace are equal and
are each 50-200 mm.
[0013] According to an embodiment of the present dis-
closure, a portion of each pulverized coal lance that ex-
tends into the smelting furnace and a portion of each air
lance that extends into the smelting furnace are equal in
length.
[0014] According to an embodiment of the present dis-
closure, a distance between the pulverized coal lance
and the air lance in the plurality of coal injection assem-
blies is equal.
[0015] According to an embodiment of the present dis-
closure, each pulverized coal lance and each air lance
are of equal height on the smelting furnace.
[0016] According to an embodiment of the present dis-
closure, the side-submerged combustion smelting appa-
ratus further includes a pulverized coal distributor, and a
plurality of pulverized coal lances are communicated with
the pulverized coal delivery pipe by means of the pulver-
ized coal distributor.
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[0017] According to an embodiment of the present dis-
closure, the pulverized coal lance includes: an inner in-
jection pipe provided with a pulverized coal inlet, a pul-
verized coal injection port, and a pulverized coal clearing
port; an outer injection pipe fitted over the inner injection
pipe, and defining a cooling chamber together with the
inner injection pipe, the outer injection pipe being provid-
ed with a cooling gas inlet and a cooling gas injection
port both in communication with the cooling chamber; a
sealing member arranged to the inner injection pipe and
movable between a closed position where the pulverized
coal clearing port is blocked and an open position where
the pulverized coal clearing port is open; and a wear-
resistant lining provided to an inner circumferential sur-
face of the inner injection pipe.
[0018] According to an embodiment of the present dis-
closure, the air lance includes: an inner injection pipe
provided with an air inlet, an air injection port, and an
impurity clearing port; an outer injection pipe fitted over
the inner injection pipe, and defining a cooling chamber
together with the inner injection pipe, the outer injection
pipe being provided with a cooling gas inlet and a cooling
gas injection port both in communication with the cooling
chamber; and a sealing member arranged to the inner
injection pipe and movable between a closed position
where the impurity clearing port is blocked and an open
position where the impurity clearing port is open.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a schematic view of a side-submerged com-
bustion smelting apparatus for spraying oxygen-en-
riched air and pulverized coal based on a specific
embodiment of the present disclosure.
Fig. 2 is a schematic view of a side-submerged com-
bustion smelting apparatus for spraying oxygen-en-
riched air and pulverized coal based on another spe-
cific embodiment of the present disclosure.
Fig. 3 is a sectional view of a pulverized coal lance
of a side-submerged combustion smelting apparatus
for spraying oxygen-enriched air and pulverized coal
based on yet another specific embodiment of the
present disclosure.

[0020] Fig. 4 is a sectional view of an air lance of a
side-submerged combustion smelting apparatus for
spraying oxygen-enriched air and pulverized coal based
on still another specific embodiment of the present dis-
closure.
[0021] Reference numerals:
side-submerged combustion smelting apparatus 1 for
spraying oxygen-enriched air and pulverized coal, smelt-
ing furnace 100, pulverized coal delivery pipe 200, pul-
verized coal distributor 210, air delivery pipe 300, coal
injection assembly 400, pulverized coal lance 410, inner
injection pipe 411, pulverized coal inlet 4111, pulverized

coal injection port 4112, pulverized coal clearing port
4113, outer injection pipe 412, cooling chamber 4121,
cooling gas inlet 4122, cooling gas injection port 4123,
sealing member 413, wear-resistant lining 414, air lance
420, air inlet 4211, air injection port 4212, impurity clear-
ing port 4213.

DETAILED DESCRIPTION

[0022] Embodiments of the present disclosure will be
described in detail below, and examples of the embodi-
ments are shown in accompanying drawings. The same
or similar elements and the elements having same or
similar functions are denoted by like reference numerals
throughout the descriptions. The embodiments de-
scribed herein with reference to the drawings are illus-
trative, and used to generally understand the present dis-
closure. The embodiments should not be construed to
limit the present disclosure.
[0023] The side-submerged combustion smelting ap-
paratus 1 for spraying oxygen-enriched air and pulver-
ized coal based on embodiments of the present disclo-
sure will be described below with reference to the draw-
ings.
[0024] As illustrated in Figs. 1-4, the side-submerged
combustion smelting apparatus 1 based on embodi-
ments of the present disclosure includes a smelting fur-
nace 100, a pulverized coal delivery pipe 200, an air de-
livery pipe 300 and a coal injection assembly 400.
[0025] The pulverized coal delivery pipe 200 is used
to deliver the pulverized coal. The air delivery pipe 300
is used to deliver the oxygen-enriched air and is commu-
nicated with an air source. A plurality of coal injection
assemblies 400 are arranged at intervals on two opposite
side walls of the smelting furnace 100. A portion of each
coal injection assembly 400 extends into the smelting
furnace 100. Each coal injection assembly 400 includes
a pulverized coal lance 410 and an air lance 420 which
are adjacent to each other and arranged as a pair. Each
pulverized coal lance 410 is in communication with the
pulverized coal delivery pipe 200, and each air lance 420
is in communication with the air delivery pipe 300. Each
coal injection assembly 400 at least partially extends into
the smelting furnace 100. It should be understood herein
that "adjacent to each other and arranged as a pair"
means that each pulverized coal lance 410 is arranged
adjacent to one air lance 420 paired therewith, rather
than two pulverized coal lances 410 are arranged adja-
cent to two air lances 420.
[0026] By providing the plurality of coal injection as-
semblies 400, the side-submerged combustion smelting
apparatus 1 based on embodiments of the present dis-
closure can utilize the plurality of coal injection assem-
blies 400 to inject the pulverized coal and air into the
smelting furnace 100, thereby achieving uniform delivery
of the pulverized coal and air into the smelting furnace
100. Moreover, since the coal injection assembly 400
includes the pulverized coal lance 410 and the air lance
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420 arranged adjacently, each pulverized coal lance 410
being in communication with the pulverized coal delivery
pipe 200, and each air lance 420 being in communication
with the air delivery pipe 300, the pulverized coal lance
410 and the air lance 420 can be used to spray the pul-
verized coal and the air respectively. This allows the pul-
verized coal and the air to be mixed in the smelting fur-
nace 100 to prevent the mixing of the pulverized coal and
the air in the coal injection assembly 400. Therefore, the
oxygen content in the air delivered by the air lance 420
can be increased, and the hearth area efficiency and ther-
mal efficiency of the side-submerged combustion smelt-
ing apparatus 1 can be improved, thereby improving the
production efficiency of the side-submerged combustion
smelting apparatus 1, and enabling the side-submerged
combustion smelting apparatus 1 to carry out large-scale
industrial production with the pulverized coal as fuel.
[0027] Furthermore, since the side-submerged com-
bustion smelting apparatus 1 can use the pulverized coal
as the fuel, the side-submerged combustion smelting ap-
paratus 1 can not only have a reduced operating cost,
but also be applied to regions where gas fuel is scarce,
thereby improving the applicability of the side-sub-
merged combustion smelting apparatus 1.
[0028] Additionally, by providing the plurality of coal
injection assemblies 400, when a part of pulverized coal
lances 410 are worn, the remaining pulverized coal lanc-
es 410 can be used to continue delivering the pulverized
coal, and the worn pulverized coal lances 410 can be
reused after centralized maintenance at an appropriate
time. Thus, it is possible to reduce the holding time after
the furnace shutdown, avoid frequent interruption of the
normal operation of the smelting apparatus 1, and further
improve the production efficiency of the smelting appa-
ratus 1.
[0029] Further, since the pulverized coal and the air
are delivered through the pulverized coal lance 410 and
the air lance 420 respectively, once the pulverized coal
lance 410 is clogged or damaged, the air delivery in the
air lance 420 will not be affected. Compared with a mul-
tilayer-channel lance used in the related art, it is possible
to ensure the delivery of oxygen-enriched air while clear-
ing the clogged pulverized coal lance 410, and improve
the safety and reliability of the smelting apparatus 1.
Moreover, in a case where the same amount of pulver-
ized coal is injected and the injection pressure is the
same, since the pulverized coal and the air are delivered
through the pulverized coal lance 410 and the air lance
420 respectively, the quantity of the pulverized coal lance
410 and the pipeline for delivering the pulverized coal
can be reduced, which can further prevent the pulverized
coal from clogging the pipeline and the pulverized coal
lance 410 on the one hand, and can reduce the cost of
the smelting apparatus 1 on the other hand.
[0030] Therefore, the side-submerged combustion
smelting apparatus 1 based on embodiments of the
present disclosure is able to use the pulverized coal as
the fuel, and has the advantages of high productivity, low

operating cost, and wide applicability.
[0031] The side-submerged combustion smelting ap-
paratus 1 according to specific embodiments of the
present disclosure will be described below with reference
to the drawings.
[0032] In some specific embodiments of the present
disclosure, as illustrated in Figs. 1-4, the side-submerged
combustion smelting apparatus 1 according to embodi-
ments of the present disclosure includes the smelting
furnace 100, the pulverized coal delivery pipe 200, the
air delivery pipe 300, and the coal injection assembly
400. The air source can deliver oxygen-enriched air to
the air delivery pipe 300.
[0033] Fig. 1 illustrates the side-submerged combus-
tion smelting apparatus 1 according to a specific embod-
iment of the present disclosure. As illustrated in Fig. 1,
the pulverized coal lance 410 in one of two mutually op-
posite coal injection assemblies 400 is opposite to the
pulverized coal lance 410 in the other of two mutually
opposite coal injection assemblies 400, and the air lance
420 in the one of two mutually opposite coal injection
assemblies 400 is opposite to the air lance 420 in the
other of two mutually opposite coal injection assemblies
400. Thus, the pulverized coal and air injected into the
smelting furnace 100 can be evenly distributed, so that
the pulverized coal can be fully combusted.
[0034] Fig. 2 illustrates the side-submerged combus-
tion smelting apparatus 1 according to another specific
embodiment of the present disclosure. As illustrated in
Fig. 2, the pulverized coal lance 410 in one of two mutually
opposite coal injection assemblies 400 is opposite to the
air lance 420 in the other of two mutually opposite coal
injection assemblies 400, and the air lance 420 in the
one of two mutually opposite coal injection assemblies
400 is opposite to the pulverized coal lance 410 in the
other of two mutually opposite coal injection assemblies
400. Likewise, the pulverized coal and air injected into
the smelting furnace 100 can be evenly distributed, so
that the pulverized coal can be fully combusted.
[0035] Optionally, as illustrated in Figs. 1 and 2, lengths
of respective portions of a plurality of pulverized coal lanc-
es 410 that extend into the smelting furnace 100 are equal
and are 50-200 mm. By doing so, the pulverized coal can
be combusted more fully, and the smelting apparatus 1
can achieve an optimal combustion effect, so as to im-
prove the production efficiency of the side-submerged
combustion smelting apparatus 1.
[0036] Further, as illustrated in Figs. 1 and 2, lengths
of respective portions of a plurality of air lances 420 that
extend into the smelting furnace 100 are equal and are
each 50-200 mm. By doing so, the pulverized coal can
be combusted more fully, and the smelting apparatus 1
can achieve the optimal combustion effect, so as to im-
prove the production efficiency of the side-submerged
combustion smelting apparatus 1.
[0037] Advantageously, as illustrated in Figs. 1 and 2,
a portion of each pulverized coal lance 410 that extends
into the smelting furnace 100 and a portion of each air
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lance 420 that extends into the smelting furnace 100 are
equal in length. In this way, the pulverized coal injected
into the smelting furnace 100 by the pulverized coal lance
410 can be sufficiently mixed with the air injected from
the air lance 420 adjacent to the pulverized coal lance
410, so that the pulverized coal can be sufficiently com-
busted.
[0038] Specifically, as illustrated in Figs. 1 and 2, a
distance between the pulverized coal lance 410 and the
air lance 420 in the plurality of coal injection assemblies
400 is equal. In such a way, the combustion in the smelt-
ing furnace 1 becomes more sufficient, and the temper-
ature in the smelting furnace 1 is more uniform.
[0039] More specifically, each pulverized coal lance
410 and each air lance 420 are of equal height on the
smelting furnace 100, which can facilitate the control over
a liquid level in a molten bath of the side-submerged com-
bustion smelting apparatus 1, and be convenient for the
injected air to fully stir the molten bath.
[0040] As illustrated in Figs. 1 and 2, the side-sub-
merged combustion smelting apparatus 1 further in-
cludes a pulverized coal distributor 210, and the plurality
of pulverized coal lances 410 are communicated with the
pulverized coal delivery pipe 200 through the pulverized
coal distributor 210. Thus, the pulverized coal delivered
to each of the pulverized coal lances 410 can be uniform
to ensure uniform combustion in the smelting furnace
100.
[0041] Figs. 3 and 4 illustrate the side-submerged com-
bustion smelting apparatus 1 according to some specific
embodiments of the present disclosure. As illustrated in
Fig. 3, the pulverized coal lance 410 includes an inner
injection pipe 411, an outer injection pipe 412, a sealing
member 413, and a wear-resistant lining 414. The inner
injection pipe 411 is provided with a pulverized coal inlet
4111, a pulverized coal injection port 4112, and a pulver-
ized coal clearing port 4113. The outer injection pipe 412
is fitted over the inner injection pipe 411, and defines a
cooling chamber 4121 together with the inner injection
pipe 411. The outer injection pipe 412 is provided with a
cooling gas inlet 4122 and a cooling gas injection port
4123 both in communication with the cooling chamber
4121. The sealing member 413 is arranged to the inner
injection pipe 411 and is movable between a closed po-
sition where the pulverized coal clearing port 4113 is
blocked and an open position where the pulverized coal
clearing port 4113 is open. The wear-resistant lining 414
is provided to an inner circumferential surface of the inner
injection pipe 411. Therefore, when the pulverized coal
lance 410 is working normally, the pulverized coal clear-
ing port 4113 is blocked off by the sealing member 413,
so that the pulverized coal cannot pass through the pul-
verized coal clearing port 4113; and when the inner in-
jection pipe 411 needs to be cleaned, the sealing member
413 can be moved to the open position to clean the inner
injection pipe 411 through the pulverized coal clearing
port 4113 to prevent the pulverized coal from clogging
the inner injection pipe 411, thereby ensuring the relia-

bility of the delivery of the pulverized coal.
[0042] In the related art, during the replacement of the
pulverized coal lance, the smelting apparatus has to stop
working temporarily, and the liquid level in the molten
bath of the smelting apparatus is lowered below the
height of the pulverized coal lance, which seriously af-
fects the operating rate. However, for the side-sub-
merged combustion smelting apparatus 1, the pulverized
coal lance 410 is cleaned through the pulverized coal
clearing port 4113, without need to lower the liquid level
in the smelting apparatus 1 or shut down the smelting
apparatus 1, such that the production efficiency of the
smelting apparatus 1 is ensured, and the large-scale in-
dustrial production using pulverized coal as raw material
is realized.
[0043] In addition, by providing the cooling chamber
4121, cooling gas can be utilized to cool the outer injec-
tion pipe 412 and the inner injection pipe 411 to prevent
temperature of the portion, extending into the smelting
furnace 100, of the pulverized coal lance 410 from being
too high, thus prevent the pulverized coal lance 410 from
being damaged due to excessive temperature, and pro-
long the service life of the pulverized coal lance 410. By
providing the wear-resistant lining 414, it is possible to
prevent the inner injection pipe 411 from being worn, re-
duce the wear of the inner injection pipe 411 caused by
the pulverized coal scouring an inner wall when the pul-
verized coal is delivered by the pulverized coal lance 410,
and prolong the service life of the pulverized coal lance
410.
[0044] Specifically, when a part of pulverized coal lanc-
es 410 are clogged, unclogged pulverized coal lances
410 can be used to continue maintaining the normal op-
eration of the smelting apparatus 1, and the clogged pul-
verized coal lances 410 can return to work after they are
cleaned through the pulverized coal clearing port 4113
in time. During the cleaning, the pulverized coal lance
410 can be switched from injecting pulverized coal to
injecting nitrogen by means of the pulverized coal dis-
tributor 210, to facilitate the cleaning of an operator and
improve the operating environment of the operator.
[0045] Optionally, the wear-resistant lining 414 can be
a ceramic lining, and the cooling gas can be nitrogen.
[0046] Specifically, as illustrated in Fig. 4, the air lance
420 includes an inner injection pipe 411, an outer injec-
tion pipe 412 and a sealing member 413. The inner in-
jection pipe 411 is provided with an air inlet 4211, an air
injection port 4212, and an impurity clearing port 4213.
The outer injection pipe 412 is fitted over the inner injec-
tion pipe 411 and defines a cooling chamber 4121 to-
gether with the inner injection pipe 411. The outer injec-
tion pipe 412 is provided with a cooling gas inlet 4122
and a cooling gas injection port 4123 both in communi-
cation with the cooling chamber 4121. The sealing mem-
ber 413 is arranged to the inner injection pipe 411 and
is movable between a closed position where the impurity
clearing port 4213 is blocked and an open position where
the impurity clearing port 4213 is open. Therefore, when
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the air lance 420 is working normally, the impurity clearing
port 4213 is blocked off by the sealing member 413, so
that the air cannot pass through the impurity clearing port
4213; and when the inner injection pipe 411 needs to be
cleaned, the sealing member 413 can be moved to the
open position to clean the inner injection pipe 411 through
the impurity clearing port 4213 to prevent impurities from
clogging the inner injection pipe 411, thereby ensuring
the reliability of the air delivery. Additionally, by providing
the cooling chamber 4121, the cooling gas can be utilized
to cool the outer injection pipe 412 and the inner injection
pipe 411 to prevent temperature of the portion, extending
into the smelting furnace 100, of the air lance 420 from
being too high, thus prevent the air lance 420 from being
damaged due to excessive temperature, and prolong the
service life of the air lance 420.
[0047] In the specification, it is to be understood that
terms such as "central," "longitudinal," "transverse,"
"length," "width," "thickness," "upper," "lower," "front,"
"rear," "left," "right," "vertical," "horizontal," "top," "bot-
tom," "inner," "outer," "clockwise," "counterclockwise,"
"axial," "radial," and "circumferential" should be con-
strued to refer to the orientation as then described or as
shown in the drawings under discussion. These relative
terms are for convenience and ease of description, and
do not require that the present disclosure have a partic-
ular orientation or be constructed or operated in a par-
ticular orientation. Thus, these terms should not be con-
structed to limit the present disclosure.
[0048] In addition, terms such as "first" and "second"
are used herein for purposes of description and are not
intended to indicate or imply relative importance or sig-
nificance or to imply the number of indicated technical
features. Thus, the feature defined with "first" and "sec-
ond" may comprise one or more of this feature. In the
description of the present disclosure, "a plurality of’
means two or more than two, unless specified otherwise.
[0049] In the present disclosure, unless specified or
limited otherwise, the terms "mounted," "connected,"
"coupled," "fixed" and the like are used broadly, and may
be, for example, fixed connections, detachable connec-
tions, or integral connections; may also be mechanical
or electrical connections; may also be direct connections
or indirect connections via intervening structures; may
also be inner communications of two elements, which
can be understood by those skilled in the art according
to specific situations.
[0050] In the present disclosure, unless specified or
limited otherwise, a structure in which a first feature is
"on" or "below" a second feature may include an embod-
iment in which the first feature is in direct contact with
the second feature, and may also include an embodiment
in which the first feature and the second feature are not
in direct contact with each other, but are contacted via
an additional feature formed therebetween. Furthermore,
a first feature "on," "above," or "on top of’ a second feature
may include an embodiment in which the first feature is
right or obliquely "on," "above," or "on top of’ the second

feature, or just means that the first feature is at a height
higher than that of the second feature; while a first feature
"below," "under," or "on bottom of’ a second feature may
include an embodiment in which the first feature is right
or obliquely "below," "under," or "on bottom of’ the sec-
ond feature, or just means that the first feature is at a
height lower than that of the second feature.
[0051] Reference throughout this specification to "an
embodiment," "some embodiments," "an example," "a
specific example," or "some examples," means that a
particular feature, structure, material, or characteristic
described in connection with the embodiment or example
is included in at least one embodiment or example of the
present disclosure. Thus, the appearances of the phras-
es in various places throughout this specification are not
necessarily referring to the same embodiment or exam-
ple of the present disclosure. Furthermore, the particular
features, structures, materials, or characteristics may be
combined in any suitable manner in one or more embod-
iments or examples. In addition, those skilled in the art
can combine or incorporate different embodiments or ex-
amples, as well as features in different embodiments or
examples described herein, without any contradiction.
[0052] Although embodiments of the present disclo-
sure have been shown and described, it would be appre-
ciated by those skilled in the art that the above embodi-
ments are explanatory and cannot be construed to limit
the present disclosure, and changes, alternatives, mod-
ifications and variations can be made in the embodiments
without departing from scope of the present disclosure.

Claims

1. A side-submerged combustion smelting apparatus
for spraying oxygen-enriched air and pulverized coal
comprising:

a smelting furnace;
a pulverized coal delivery pipe configured to de-
liver the pulverized coal;
an air delivery pipe configured to deliver the ox-
ygen-enriched air, and communicated with an
air source; and
a plurality of coal injection assemblies arranged
at intervals on two opposite side walls of the
smelting furnace, wherein each coal injection
assembly comprises a pulverized coal lance and
an air lance adjacent to each other and arranged
as a pair, each pulverized coal lance being in
communication with the pulverized coal delivery
pipe, and each air lance being in communication
with the air delivery pipe, and each coal injection
assembly at least partially extends into the
smelting furnace.

2. The side-submerged combustion smelting appara-
tus based on claim 1, wherein the pulverized coal
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lance in one of two mutually opposite coal injection
assemblies is opposite to the pulverized coal lance
in the other of the two mutually opposite coal injection
assemblies, and the air lance in the one of the two
mutually opposite coal injection assemblies is oppo-
site to the air lance in the other of the two mutually
opposite coal injection assemblies.

3. The side-submerged combustion smelting appara-
tus based on claim 1, wherein the pulverized coal
lance in one of two mutually opposite coal injection
assemblies is opposite to the air lance in the other
of the two mutually opposite coal injection assem-
blies, and the air lance in the one of the two mutually
opposite coal injection assemblies is opposite to the
pulverized coal lance in the other of the two mutually
opposite coal injection assemblies.

4. The side-submerged combustion smelting appara-
tus based on claim 1, wherein lengths of respective
portions of a plurality of pulverized coal lances ex-
tending into the smelting furnace are equal and are
each 50-200 mm.

5. The side-submerged combustion smelting appara-
tus based on claim 1, wherein lengths of respective
portions of a plurality of air lances extending into the
smelting furnace are equal and are each 50-200 mm.

6. The side-submerged combustion smelting appara-
tus based on claim 1, wherein a portion of each pul-
verized coal lance that extends into the smelting fur-
nace and a portion of each air lance that extends
into the smelting furnace are equal in length.

7. The side-submerged combustion smelting appara-
tus based on claim 1, wherein a distance between
the pulverized coal lance and the air lance in the
plurality of coal injection assemblies is equal.

8. The side-submerged combustion smelting appara-
tus based on claim 1, wherein each pulverized coal
lance and each air lance are of equal height on the
smelting furnace.

9. The side-submerged combustion smelting appara-
tus based on claim 1, further comprising a pulverized
coal distributor, a plurality of pulverized coal lances
being communicated with the pulverized coal deliv-
ery pipe by means of the pulverized coal distributor.

10. The side-submerged combustion smelting appara-
tus based on any one of claims 1 to 9, wherein the
pulverized coal lance comprises:

an inner injection pipe provided with a pulverized
coal inlet, a pulverized coal injection port, and a
pulverized coal clearing port;

an outer injection pipe fitted over the inner injec-
tion pipe, and defining a cooling chamber togeth-
er with the inner injection pipe, the outer injection
pipe being provided with a cooling gas inlet and
a cooling gas injection port both in communica-
tion with the cooling chamber;
a sealing member arranged to the inner injection
pipe and movable between a closed position
where the pulverized coal clearing port is
blocked and an open position where the pulver-
ized coal clearing port is open; and
a wear-resistant lining provided to an inner cir-
cumferential surface of the inner injection pipe.

11. The side-submerged combustion smelting appara-
tus based on any one of claims 1 to 9, wherein the
air lance comprises:

an inner injection pipe provided with an air inlet,
an air injection port, and an impurity clearing
port;
an outer injection pipe fitted over the inner injec-
tion pipe, and defining a cooling chamber togeth-
er with the inner injection pipe, the outer injection
pipe being provided with a cooling gas inlet and
a cooling gas injection port both in communica-
tion with the cooling chamber; and
a sealing member arranged to the inner injection
pipe and movable between a closed position
where the impurity clearing port is blocked and
an open position where the impurity clearing port
is open.
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