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(57) ABSTRACT

Provided is a lance and an operation method using the same,
in which a suction hole allowing source gas to be injected into
a container, in which a reaction gas is generated, is included.
The suction hole is formed in a source gas passage where the
reaction gas is introduced into the passage. Thus the tempera-
ture of the gas injected into the container may be easily
increased without using any separate heating device, and
secondary combustion efficiency may be increased. In addi-
tion, the gas sprayed at a high temperature is provided, and
thus additional heat may be supplied into the container. Thus,
excessive use of fuel used to increase the temperature of the
container may be avoided, and thus operation costs may be
reduced and operation efficiency and productivity may be
increased.
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FIG. 2

PREPARE MOLTEN IRON IN CONTAINER }—S10

LOWER LANCE INTO CONTAINER — 520
BLOW REFINE MOLTEN IRON — S30
GENRATE REACTION GAS — S40

INTRODUCE REACTION GAS INTO LANCE |— S50

BLOW MIXED GAS INTO THE CONTAINER |— S60
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LANCE AND OPERATION METHOD USING
THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a lance and an
operation method using the same, and more particularly, to a
lance and an operation method using the same capable of
increasing a secondary combustion efficiency in a container
generating CO gas.

BACKGROUND ART

[0002] In general, molten iron is prepared in a converter
such that oxygen is supplied into the molten iron to oxidize
carbon (C), silicon (Si), manganese (Mn), etc., contained in
the molten iron. The temperature of the molten iron increases
by itself due to heat generated while the above-mentioned
components are being oxidized. Here, in general, a scrap ratio
atwhich operation is possible by using the self-generated heat
of the molten iron is approximately 20%.

[0003] Accordingly, to increase an operation ratio of the
scraps, a method in which a material capable of generating
heat by reacting with oxygen (for example, silicon (Si) or
carbon (C)) is added into the molten iron, has been used.
[0004] Alternatively, a method of using secondary combus-
tion heat, which is generated when CO gas generated during
decarburization refinement performed in the converter is
reacted with oxygen once more to be changed into CO,, is
also used. More specifically, alance is positioned over molten
iron contained in a converter, and an oxidative gas is then
supplied into the molten iron to thereby generate heat through
decarburization treatment of the molten iron.

[0005] Inthe decarburization treatment, a reaction in which
carbon (C) inthe molten iron and oxygen (O, ) in the oxidative
gas are reacted to generate CO is performed as described in
the following Formula 1. Then, a reaction of the following
Formula 2 (hereinafter, referred to as a secondary combus-
tion) is performed, in which the CO generated by the above
primary combustion and the oxygen in the oxidative gas are
reacted again to generate CO,.

C+%20,—CO [Formula 1]
CO+420,—CO, [Formula 2]
[0006] As such, the secondary combustion occurs such that

oxygen blown from a lance and CO gas generated in a con-
verter are mixed and reacted, and the blown oxygen generally
has a speed lower than the speed of sound. Accordingly, to
accelerate the secondary combustion, a method for blowing
oxygen at a speed equal to or less than the speed of sound is
required. Also, it is advantageous that a moving distance of an
oxygen jet to the molten iron is made long so as to allow the
reaction of oxygen to be maintained for a long time.

[0007] Accordingly, in related arts, the methods for reduc-
ing the flow speed of the oxygen jet to increase the secondary
combustion, such as, 1) a method in which the height of a
lance over the molten iron is raised, 2) a method in which the
oxygen jet is distributed by using a porous lance nozzle, 3) a
method in which the shape of the lance nozzle is changed.
Here, the method 3) is the easiest method for increasing the
secondary combustion, and thus methods for accelerating the
second combustion by changing the nozzle in various shapes
to make the speed of the oxygen jet to be the speed of sound
or less are used.
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[0008] For example, the secondary combustion was accel-
erated by using a lance which has an expanded portion with a
non-circular section so that the flow speed of the gas becomes
the speed of sound or more before a throat provided in the
lance, and becomes the speed of sound or less in a lower
portion of the throat.

[0009] Alternatively, a plurality of separate gas supply
holes are disposed at sidewalls of gas discharge holes of a
general porous oxygen nozzle formed in the lance. Here, a
method of reducing a flow speed of a gas jet by supplying gas
to the gas supply holes to provide a swirl flow to the oxygen
jetis used.

[0010] Alternatively, a lance, which changes a spraying
direction ofthe sprayed gas without a decrease in a flow speed
of oxidative gas sprayed from the lance and a changing in an
inclined angle of a nozzle, is proposed. That is, proposed is a
method, in which at least one nozzle in a lance provided with
at least two gas spraying nozzles periodically sprays the gas
along a direction crossing a straight line connecting a center
point of the gas spray nozzle and a center point of a lateral
cross-section of the lance. It is asserted that this method can
improve the secondary combustion, and allow base metal
attached to the wall of a converter to be uniformly melted.
[0011] Alternatively, a hole through which a control gas
may be supplied is formed at a side surface of an expanded
portion of a supersonic nozzle, and the control gas is blown
therethrough. Accordingly, methods for changing the direc-
tion of the blown oxidative gas and reducing the speed are
also used.

[0012] Also, a lance, in which expansion nozzles are dis-
posed at a front end of the lance to face each other at positions
of point symmetry with respect to the lance center, and a
straight nozzle is disposed at other positions of a same con-
centric circle, is proposed to uniformly melt the base metal
attached to the inner wall of a converter.

[0013] However, related art methods are used to generate a
secondary combustion such that oxygen at room temperature
is supplied into a converter and is reacted with high-tempera-
ture CO generated during decarburization. Accordingly, a
temperature higher than a predetermined level is required for
the combustion of CO. The second combustion does not occur
until the oxygen at room temperature is mixed with CO and
the temperature is raised. Thus, in general, in order that the
blown oxygen may be slowly reacted with CO gas from a
surface thereof, a secondary combustion may then occur, and
the entire oxygen jet to the inside thereof may be used for the
secondary combustion, the oxygen jet should move a substan-
tial distance.

DISCLOSURE OF THE INVENTION

Technical Problem

[0014] The present disclosure provides a lance and an
operation method using the same, in which secondary com-
bustion efficiency may be increased.

[0015] The present disclosure also provides a lance and an
operation method using the same, in which the temperature of
oxidative gas may be easily raised.

[0016] The present disclosure also provides a lance and an
operation method using the same, in which the flow rate of a
gas blown into a melt may be increased.

[0017] The present disclosure also provides a lance and an
operation method using the same, in which the productivity
and efficiency of a process may be increased.
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Technical Solution

[0018] In accordance with an exemplary embodiment, a
lance for blowing a source gas into a container in which a
reaction gas is generated includes a suction hole which is
formed at a gas passage and configured to introduce the
reaction gas into the passage.

[0019] The lance may include a wall body formed to extend
vertically, and configured to separate the outside and the
passage; a storage part disposed over the suction hole, and
configured to accommodate the source gas; a mixing part
disposed under the suction hole, and configured to mix the
source gas and the reaction gas therein; and a discharge part
formed under the mixing part to extend a predetermined
distance, and configured to discharge the gas into container.
[0020] The storage part may be gradually narrowed toward
the suction hole.

[0021] A discharge hole configured to discharge the source
gas to the mixing part may be formed at an end of the storage
part, and the suction hole may penetrate through the wall
body to allow the passage to communicate with the outside.
[0022] The discharge hole may include an introduction end
through which the source gas is introduced and a discharge
end facing the introduction end, the discharge hole being
gradually broadened from the introduction end toward the
discharge end.

[0023] The mixing part may be gradually narrowed toward
the discharge part.

[0024] An end of the discharge part may be gradually
broadened in a downward direction.

[0025] The suction hole may be formed to be inclined
toward the inside of the wall part.

[0026] Inaccordance with another exemplary embodiment,
an operation method for refining molten iron includes: pre-
paring molten iron in a container; lowering a lance into the
container to position the lance over the molten iron; supplying
an oxidative gas to the lance and to spray the oxidative gas to
molten iron; and introducing, into the lance, a reaction gas
generated by the oxidative gas that is sprayed to the molten
iron.

[0027] Theoperation method may further include introduc-
ing the reaction gas into the lance, and mixing the introduced
reaction gas and the oxidative gas.

[0028] The operation method may further include mixing
the reaction gas and the oxidative gas and spraying the mixed
gas into the container.

[0029] The reaction gas may be CO gas.
Advantageous Effects
[0030] Inaccordance with a lance and an operation method

using the same, the temperature of the oxidative gas blown
into molten iron may be easily raised without a separate
heating apparatus, and thus efficiency of a secondary com-
bustion may be increased. That is, a portion of high-tempera-
ture CO gas generated in a converter during a blow refinement
of molten iron is suctioned into a lance and discharged after
reacting with oxygen, and thus the gas may be discharged at
a high temperature.

[0031] Also, the CO gas is suctioned into the lance and is
blown into the container in a state mixed with an oxidative
gas, and thus a flow rate of the gas blown into the reaction
container may be increased. Accordingly, a blown amount of
the oxidative gas consumed in a process may be decreased.
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[0032] In addition, a gas sprayed at a high temperature is
supplied, and thus additional heat may be efficiently supplied
into the container. Thus, excessive use of scraps, low-price
iron sources, and heating agents which have been typically
used to increase the temperature of the container in related
arts may be avoided, and thus costs consumed in a process
may be reduced and the efficiency and productivity of a
process may be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Exemplary embodiments can be understood inmore
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0034] FIG. 1 is a view schematically illustrating a con-
verter operation process in accordance with an exemplary
embodiment;

[0035] FIG. 2 is a flowchart illustrating an operation
method in accordance with an exemplary embodiment;
[0036] FIG. 3 is a view illustrating an effect of a converter
operation due to a lance in accordance with an exemplary
embodiment;

[0037] FIG. 4 is a view illustrating a lance of Embodiment
1 in accordance with an exemplary embodiment;

[0038] FIG. 5 is a view illustrating a lance of Embodiment
2 in accordance with an exemplary embodiment;

[0039] FIG. 6 is a graph showing a temperature change in
discharged gas versus a distance from an end of a discharge
part of the lances of Embodiments 1 and 2;

[0040] FIG. 7 is a graph showing a change in a suction ratio
of'a reaction gas versus a size of the suction hole of the lance
of FIG. 5;

[0041] FIG. 8 is a graph showing a change in an average
temperature of gas at an end of a gas discharge part versus a
size of a suction hole of the lance of FIG. 5; and

[0042] FIG. 9 is a graph showing a change in a gas speed at
an end of a gas discharge part versus a size of a suction hole
of the lance FIG. 5.

EXPLANATION OF REFERENCE CHARACTERS

[0043] 1: Converter

[0044] 100: Lance

[0045] 110: Wall body
[0046] 130: Storage part
[0047] 150: Discharge part
[0048] 160: Mixing part
[0049] 170: Suction hole
[0050] 190: Discharge part

MODE FOR CARRYING OUT THE INVENTION

[0051] Hereinafter, embodiments will be described in more
detail with reference to the accompanying drawings. The
present disclosure may, however, be in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the scope of the present disclosure to those skilled in
the art. In the drawings, like reference numerals refer to like
elements throughout.

[0052] A lance and an operation method using the same in
accordance with exemplary embodiments are a lance and an
operation in which a source gas is blown into a container
generating a reaction gas. In the exemplary embodiments, the
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reaction gas may be CO gas, the container may be a converter,
and the source gas may be an oxidative gas.

[0053] FIG. 1 is a view schematically illustrating a con-
verter operation process in accordance with an exemplary
embodiment. FIG. 2 is a flowchart illustrating an operation
method in accordance with an exemplary embodiment. FIG.
3 is a view illustrating an effect of a converter operation due
to alance in accordance with an exemplary embodiment. FIG.
4 is a view illustrating a lance of Embodiment 1 in accordance
with an exemplary embodiment. FIG. 5 is a view illustrating
a lance of Embodiment 2 in accordance with an exemplary
embodiment.

[0054] A lance 100 in accordance with an exemplary
embodiment is a lance for blowing an oxidative gas into a
converter 1 where CO gas is generated, and includes a suction
hole 170 which is formed at an oxidative gas passage and
configured to introduce the CO gas into the passage.

[0055] The converter 1 is equipment for preparing molten
iron and formed in a shape of a hollow container with an open
upper side for accommodating the molten iron transferred
from a blast furnace. The converter 1 is equipment in which,
after accommodating the molten iron, a blow refinement is
performed such that an oxidative gas such as oxygen is blown
into the molten iron to oxidize and remove foreign substances
contained in the molten iron.

[0056] The lance 100 is formed to extend vertically, has a
tubular shape defining an internal passage through which the
oxidative gas supplied from a gas supply part passes, and is
generally formed to have a cylindrical shape. The lance 100
may include a wall body 110 configured to separate the out-
side and the passage; a storage part 130 disposed over a
suction hole 170, and configured to accommodate the source
gas; a mixing part 160 disposed under the suction hole 170,
and configured to mix the source gas and the reaction gas
therein; and a discharge part 190 formed under the mixing
part 160 to extend a predetermined distance, and configured
to discharge the gas into the converter 1.

[0057] The wall body 110 is provided to shield a gas pas-
sage from the outside, and the gas passage and the storage part
130 accommodating the gas are formed therein. Accordingly,
the storage part 130 and the passage may be shielded from the
outside. Also, the wall body 110 may be designed such that
cooling water flows therein to protect the lance 100 and a
nozzle from high-temperature operation environment.
[0058] The storage part 130 is formed to extend a predeter-
mined length over the suction hole 170, and the discharge part
150 for discharging an oxidative gas to the mixing part 160 is
formed at an end thereof. The storage part 130 defines a space,
in which the oxidative gas supplied from a gas supply appa-
ratus is stored, to thereby accommodate the oxidative gas. The
storage part 130 is formed to be gradually narrowed toward
the suction hole 170, and thus the oxidative gas accommo-
dated in the storage part 130 may be concentrated and moved
to the mixing part 160. Here, although, in FIGS. 4 and 5, the
storage part 130 becomes narrower by being inclined, meth-
ods of reducing the width of the storage part 130 is not limited
thereto, and thus the storage part 130 may be narrowed in
various ways. That is, when the width of the storage part 130
becomes smaller, a space of the storage part 130 may be
increased if the storage part 130 is smoothly narrowed in a
curved shape.

[0059] In the lance 100 in accordance with an exemplary
embodiment, although the storage part 130 is formed in the
same cylindrical shape as the lance 100, the shape of the
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storage part is not limited thereto, but may be modified in
various shapes. Also, the size of the storage part 130 (that is,
a space which may accommodate the oxidative gas) is not
limited thereto, but the storage part 130 may be formed in a
size such that a speed of the oxidative gas may be changed by
a pressure difference when the oxidative gas accommodated
in the storage part 130 passes the discharge hole 150.

[0060] The discharge hole 150 is formed at an end of the
storage part 130 to discharge the oxidative gas to the mixing
part 160, and includes an introduction end into which the
oxidative gas is introduced and a discharge end facing the
introduction end. Here, the discharge hole 150 may be formed
to be gradually broadened from the introduction end toward
the discharge end of the discharge hole 150. Accordingly, the
speed of the oxidative gas is increased to reach the speed of
sound when the oxidative gas passes through the discharge
hole 150, and the oxidative gas is then discharged at a speed
equal to or higher than the speed of sound when the oxidative
gas is discharged to a lower portion of the lance 100. Although
the discharge hole 150 is disposed at only a point of the lance
100, the number of discharge holes 150 may be changed
depending on the length and shape of the lance 100.

[0061] The mixing part 160 is disposed under the suction
hole 170 to mix the oxidative gas and the CO gas. Here, the
mixing part 160 may be formed to extend by a predetermined
length in order to accommodate the oxidative gas supplied
from the storage part 130 and to provide a time for which the
CO gas introduced through the suction hole 170 may be
mixed. That is, as illustrated in FIGS. 4 and 5, the mixing part
160 may be formed in a length such that the oxidative gas and
the CO gas may sufficiently react in the mixing part 160. Also,
the mixing part 160 may be gradually narrowed toward dis-
charge part 190 formed thereunder. This is because the gas
mixed in the mixing part 160 may be rapidly moved to the
discharge part 190 by virtue of the gradually narrowed shape
of the mixing part 160. More detailed description will be
given later. Also, the method in which the mixing part 160 is
formed to be gradually narrowed may be realized by allowing
the width to become smaller through a linear or curved shape,
as described in regard to the storage part 130.

[0062] The suction hole 170 is the most important compo-
nent, and is disposed at an oxidative gas passage in the lance
100 to suction external gas of the lance 100. That is, referring
to the drawing, the suction hole 170 communicates with the
outside by penetrating the wall body 110 of the lance 100. The
suction hole 170 may be formed to be inclined toward the
inside of the wall body 110 so that the oxidative gas flowing
in the lance 100 may be prevented from being discharged
through the suction hole 170 and external gas may move to the
mixing part 160 to be mixed with the oxidative gas. That is,
the suction hole 170 is inclined toward a lower portion of the
lance 100, from an external circumferential surface to the
inside of the wall body 100.

[0063] The CO gas, which is generated through reaction of
oxygen in the oxidative gas blown into the molten iron of the
converter 1 and carbon in the molten iron, is suctioned
through the suction hole 170 thus formed. The CO gas is
introduced to the mixing part 150 through a passage formed at
a portion at which the storage part 130 and the mixing part
160 overlap. That is, the oxidative gas and the carbon reacts,
so that the CO gas exists in the converter 1, and the CO gas
may be blown into the lance 100 by using a Venturi effect by
which surrounding gas is swirled into when the oxidative gas
is blown at a high speed.



US 2015/0344982 Al

[0064] The suction hole 170 may have a different optimal
size depending on the shape of the lance 100. However, since
a flow rate of the CO gas suctioned from the outside may be
decreased due to a small pressure difference when the suction
hole 170 is too large, it is desirable that the suction hole 170
may have a suitable size. Accordingly, the present disclosure
is not limited to the size and shape of the suction hole 170, but
describes only an effect of the suction hole 170 through a
change in effects in accordance with the size of the suction
hole 170 of the lance of Embodiment 2 described later.
[0065] The discharge part 190 is formed to extend by a
predetermined distance under the mixing part 160, and allow
the gas moved from the mixing part 160 to be discharged into
the converter 10. Here, the shape of the discharge part 190 is
not limited thereto, but may be formed in a direction parallel
to the gas moving direction in order that gas moving at a high
speed in the lance 100 is rapidly blown into the molten iron
through the discharge part 190. Although the discharge part
190 may be formed to have no change in width as illustrated
in the discharge part 190q illustrated in FIG. 4, the discharge
part 190 may also be formed to have an end that is gradually
broadened in a downward direction. Effect of each of the
discharge parts 190a and 1906 will be described below in
detail.

[0066] Theoperation method using the lance 100 formed as
described above in accordance with an exemplary embodi-
ment and resulting effects will be described as follows.
[0067] The operation method in accordance with an exem-
plary embodiment is an operation method for refining molten
iron, and includes: preparing molten iron in the converter 1;
lowering a lance into the converter 1 to position the lance 100
over the molten iron; supplying an oxidative gas to the lance
100 and spraying the oxidative gas to molten iron; and intro-
ducing, into the lance 100, a reaction gas generated by the
oxidative gas that is sprayed into the molten iron.

[0068] Hereinafter, the operation method will be described
in detail.
[0069] First, molten iron transferred from a blast furnace is

prepared in the converter (S10). Here, the lance 100 is low-
ered into the converter 1 to remove impurities in the molten
iron and positioned at a desired height over the molten iron
(S20).
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react with each other to generate CO gas (S40), and decar-
burization of the molten iron is performed. Hereinafter, the
generated CO gas remains in the converter and simulta-
neously floats to an upper portion of the converter 1 due to gas
characteristics.

[0071] Then, the CO gas floating upward is introduced into
the lance 100 through the suction hole 170 formed on a side
surface of the lance 100. Here, the CO gas is introduced into
the suction hole 170 due to a Venturi effect generated by the
high-speed oxidative gas blown to the molten iron.

[0072] As such, the CO gas introduced into the lance 100 is
mixed in the lance 100 with the oxidative gas previously
existing in the lance 100. Here, the temperature of the gas is
raised through the reaction of the oxidative gas and the CO
gas. Also, since the CO gas is additionally introduced into the
lance 100, an increased amount of mixed gas is blown into the
converter than that in the case where only the oxidative gas is
supplied. As a result, the flow rate of the gas blown to the
molten iron is increased, and a secondary combustion ratio is
also increased according to an increase in the temperature of
the blown gas.

[0073] Hereinafter, examples in which effects of the lance
in accordance with exemplary embodiments will be
described. However, it should be noted that these embodi-
ments are merely provided to more clearly understand the
present invention, not to limit the scope of the present inven-
tion.

[0074] FIG. 6 is a graph showing a temperature change in
discharged gas versus a distance from a discharge hole of a
lance.

[0075] A heat flow analysis by using a fluid analysis pro-
gram was performed in order to determine: whether CO gas,
which is the reaction gas surrounding the lance, is really
suctioned into the lance 100; how much the suctioned amount
is; and what an average gas temperature is when the gas is
discharged to the discharge part 190 after being reacted with
the oxidative gas, in the case where the lance in accordance
with the exemplary embodiments was used.

[0076] A calculation for analysis was performed under an
assumption of Table 1 below.

TABLE 1
Transferred Reaction gas
amount of
Converter Molten Blow oxidative  Generated Initial Heat transfer
mm Iron  refinement gas amount  temperature  coefficient
Inner (ton)  time (min) (Nm>/min) % (°C) (W/m? - K)
Height diameter 3 20 6 CO CO, 1500 10000
2065 1226 3 20 6 95 5 1500 10000
[0070] After the lance 100 is thus positioned, blow refining [0077] That is, approximately 2 ton of molten iron is

of the molten iron is started by spraying an oxidative gas
supplied from a gas supply apparatus to the molten iron (S30).
Here, the oxidative gas moves in the lance 100, and the
moving speed thereof is increased while passing the dis-
charge hole 150. The oxidative gas discharged through the
discharge part 190 may be sprayed to the molten iron at a high
speed. As such, due to blowing of the oxidative gas, oxygen
(O,) in the oxidative gas and carbon (C) in the molten iron

accommodated in a test converter having the height of
approximately 2065 mm and the inner diameter of approxi-
mately 1226 mm, then, it is assumed that approximately 95%
of CO and approximately 5% of CO, with respect to 100% of
areaction gas generated by an reaction of oxygen blown to the
molten iron and carbon in the molten iron, under a blowing
time of approximately 20 minutes and a transferred amount of
oxidative gas of approximately 6 Nm>/min. Here, the calcu-
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lation is performed under conditions that the temperature of
the initially generated reaction gas is assumed to be approxi-
mately 1500° C.; and the blow lance is cooled while heat
transfer coefficient at an inner surface thereof, is assumed to
be about 1000 W/m>K, and is cooled considering a water
cooling for minimizing high-temperature effects.

[0078] Also, the above-mentioned oxygen blowing lance
uses lances of types illustrated in FIGS. 4 and 5. The lances in
accordance with the first and second embodiments respec-
tively have suction holes 170 for suctioning surrounding gas
atalower sidewall of a single-hole supersonic nozzle, and are
formed to have different shapes extending in a downward
direction in order to investigate effects achieved in each
embodiment. Here, detailed dimensions of the lances of the
first and second embodiments are shown in Table 2 below.

TABLE 2

Dimension (mm)

a b c d e f g h i

12 17 21 10 41 191 160 200 69

[0079] Here, the calculation is performed under an assump-
tion that the suction hole 170 formed at a sidewall has a
cylindrical shape which is formed by rotating the cross-sec-
tional shapes of FIGS. 4 and 5 about a longitudinal axis.
[0080] Referring to Table 2, it may be understood that the
lance 1005 in accordance with the second embodiment illus-
trated in FIG. 5 is formed to extend longer by a length h in
comparison with the lance 100q in accordance with the first
embodiment, and a gas passage in the lance 1005 is formed to
expand, shrink, and expand from the portion of the discharge
hole 150. That is, it may be understood that an end of the
discharge part 190a through which the gas is discharged in the
lance 100a in accordance with the first embodiment has a
diameter e, and an end of the discharge part 1905 in the lance
1005 in accordance with the second embodiment has a size i
greater than e.

[0081] In Table 3, values representing calculation results
related to the suctioning of CO gas in the lances of the first and
second embodiments are shown.

TABLE 3

Reaction gas suction parameters

Speed (m/s) Flow rate (kg/s) Ratio (wt %)

Embodiment 1 75.47 0.04 28.2
Embodiment 2 117.95 0.064 45.1

[0082] Here, the speed represents a speed of the reaction
gas introduced through the suction hole formed in each of the
lances, and the flow rate is a flow rate of the reaction gas
introduced through the suction hole. Also, the ratio is a value
which is an amount of suctioned reaction gas represented in
wt % with respect to a total amount of oxygen supplied into
the converter.

[0083] The following results may be understood from Table
3 above.

Embodiment 1 vs. Embodiment 2
[0084] Itmaybeunderstood from Table 3 thata speed of the

reaction gas introduced through the suction hole is approxi-
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mately 75.47 n/s, a flow rate is approximately 0.04 kg/s, and
a suctioning ratio with respect to oxygen is approximately
28.2 wt %, in the lance 100a of Embodiment 1. Also, in the
lance 1005 of Embodiment 2, a speed of the reaction gas is
approximately 117.95 m/s, an introduced flow rate is approxi-
mately 0.064 kg/s, and a suctioning ratio with respect to
oxygen is approximately 45.1 wt %. Thus, it may be under-
stood that all reaction gas suctioning parameters are larger
than those of the lance 1004 of the first embodiment.

[0085] Here, the parameters of Embodiment 2 have higher
values than those of Embodiment 1 because efficiency of each
of the parameters is increased due to an internal shape of the
wall body extending to a lower portion of the lance 1005. That
is, why the parameters of Embodiment 2 have higher values
than those of Embodiment 1 is because the lance 1005 of
Embodiment 2 is formed in a shape such thata cross-sectional
shape of the gas passage affects the speed of the gas in the
lance 1005. More specifically, the lance of Embodiment 2 is
formed to have a shape similar to a Venturi tube, which has
upper and lower portions becoming wider like trumpets with
respect to a central portion. Accordingly, the speed of the gas
is increased and an internal pressure is decreased when the
gas passes through the central portion of the lance 1005
according to the Bernoulli’s law.

[0086] Hence, internal pressure of the lance 1005 of
Embodiment 2 is relatively lower than that of the lance 100a
of Embodiment 1. This is a phenomenon in which a reaction
gas in the converter, which has a pressure relatively higher
than the internal pressure of the lances of Embodiment 1 and
Embodiment 2, is suctioned into the lance 100. Since the
internal pressure of the lance 1006 of Embodiment 2 is lower
than that of Embodiment 1, the movement of the reaction gas
for stabilizing an external pressure and the inner pressure of
the lance is more actively performed in the lance 1005 of
Embodiment 2 than in Embodiment 1, and thus the speed,
flow rate, and ratio of the reaction gas moving into the lance
have higher values than those in Embodiment 1 (lance 1004).
[0087] It may be understood from the description above
that the reaction gas (CO gas) is introduced into the lance 100
by forming a suction hole 170 in the lance 100, and the values
of the parameters of the introduced reaction gas vary with
lance shapes. Accordingly, referring to a graph in FIG. 6, it
may be confirmed that the temperatures of the discharged gas
in Embodiment 1 and Embodiment 2 are higher than that in
comparative example when considering the distance from a
discharge hole of the lance. That is, since the temperature of
the gas mixed by the reaction of the oxidative gas and the
reaction gas (CO gas) is increased, the gas may be discharged
from the lance at a higher temperature than typical lances
from the beginning. Accordingly, since the discharging tem-
perature of the gas is maintained high from the beginning, an
environment under which oxygen contained in the gas intro-
duced into the converter may be easily react with surrounding
CO gas. Thus the secondary combustion ratio is improved.
[0088] Here, although lances with various shapes capable
of increasing the gas introduced into the lance 100 are exem-
plarily described, the shapes of the lance 100 are not limited
to those of the lance of Embodiments 1 and 2, but may be
formed to increase the secondary combustion ratio by being
modified into various shapes which have suction holes 170
and increase the suctioning speed, suctioning amount, suc-
tioning ratio of the reaction gas.

[0089] After the effects of the lance 100 of the embodi-
ments are verified through Table 3 shown above, determina-
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tion of specific dimensions is required to practically manu-
facture the lance 100. Accordingly, an experiment is
performed according to the size of the suction hole 170
formed in the lance 100. Here, the experiment is performed by
using the lance 1005 of Embodiment 2 which shows higher
parameter values between the above-described lances of
Embodiment 1 and Embodiment 2.

[0090] FIG. 7 is a graph showing a change in suction ratio
of'areaction gas versus the size of the suction hole of the lance
of FIG. 5. FIG. 8 is a graph showing a change in average
temperature of gas at an end of a gas discharge part versus the
size of a suction hole of the lance of FIG. 5. FIG. 9 is a graph
showing a change in gas speed at an end of a gas discharge
part versus the size of a suction hole of the lance of FIG. 5.
[0091] Referring to FIGS. 7 to 9, it may be understood that
as the size of the suction hole 170 of the lance 1005 is
increased, a ratio of the reaction gas introduced through the
suction hole 170, an average temperature of the gas dis-
charged through the discharge part 1905, and a speed of the
discharged gas are increased. However, it may be understood
that each of the parameters is slowly increased in comparison
with the increase in the size of the suction hole 170. As the
size of the suction hole 170 is increased, the difference
between internal and external pressures of the lance 1005
becomes smaller, and effects obtained by forming the suction
hole 170 may be rather decreased. Also, when the suction hole
170 is formed too large, it is difficult to design a cooling line.
Hence, it is preferable to form the suction hole 170 in a
suitable size. Accordingly, the most preferable size of the
suction hole 170 may be approximately 10 mm for the lance
10056 of Embodiment 2. However, the size of the suction hole
is not limited thereto, and may vary with a lance being used.
[0092] As described above, the lance in accordance with
embodiments suctions the CO gas generated by the oxygen
blowing into the molten iron in the converter accommodating
the molten iron, and mixes the oxidative gas and the CO gas
in the lance. Thus, the temperature and flow rate of the gas
discharged through the lance may be increased.

[0093] When the gas is thus blown into the converter, the
second combustion ratio is increased. Also, the high-tempera-
ture gas functions to supply additional heat into the converter,
the problems of the related arts may be solved through
increasing the use of scraps and low price iron sources, saving
in heating agents, suppressing excessive blow by a thermal
margin. Thus, production costs may be reduced and produc-
tivity may be improved.

[0094] Although the specific embodiments have been
described in the detailed description of the present invention,
it should be understood that various modifications can be
made without departing from the scope of the present inven-
tion. Therefore, the scope of the present invention should not
be limited to the described embodiments, but should be deter-
mined by the accompanying claims and equivalents thereof.

1. A lance for blowing a source gas into a container in
which a reaction gas is generated, the lance comprising a
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suction hole formed at a gas passage, and configured to intro-
duce the reaction gas into the passage.

2. The lance of claim 1, wherein

a wall body formed to extend vertically, and configured to
separate the outside and the passage;

a storage part disposed over the suction hole, and config-
ured to accommodate the source gas;

a mixing part disposed under the suction hole, and config-
ured to mix the source gas and the reaction gas therein;
and

a discharge part formed under the mixing part to extend a
predetermined distance, and configured to discharge the
gas into the container.

3. The lance of claim 2, wherein the storage part is gradu-

ally narrowed toward the suction hole.

4. The lance of claim 3, wherein

a discharge hole configured to discharge the source gas to
the mixing part is formed at an end of the storage part,
and

the suction hole penetrating through the wall body to allow
the passage to communicate with the outside.

5. The lance of claim 4, wherein the discharge hole com-

prises

an introduction end through which the source gas is intro-
duced and a discharge end facing the introduction end,

the discharge hole being gradually broadened from the
introduction end toward the discharge end.

6. The lance of claim 2, wherein the mixing part is gradu-

ally narrowed toward the discharge part.

7. The lance of claim 2, wherein an end of the discharge
part is gradually broadened in a downward direction.

8. The lance of claim 4, wherein the suction hole is formed
to be inclined toward the inside of the wall part.

9. An operation method for refining molten iron, the opera-
tion method comprising:

preparing molten iron in a container;

lowering a lance into the container to position the lance
over the molten iron;

supplying an oxidative gas to the lance to spray the oxida-
tive gas to the molten iron; and

introducing, into the lance, a reaction gas generated by the
oxidative gas that is sprayed to the molten iron.

10. The operation method of claim 9, further comprising
introducing the reaction gas into the lance, and mixing the
introduced reaction gas and the oxidative gas.

11. The operation method of claim 10, further comprising
mixing the reaction gas and the oxidative gas and spraying the
mixed gas into the container.

12. The operation method of claim 9, wherein the reaction
gas is CO gas.

13. The operation method of claim 10, wherein the reaction
gas is CO gas.

14. The operation method of claim 11, wherein the reaction
gas is CO gas.



