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(54) BOTTOM-BLOWING PLUG

(57) A bottom blowing plug to be attached to a large
combined blowing converter and having a high durability.
This plug has a plurality of through holes at a central
portion of an upper surface of a plug body which inter-
sects with a gas blow-in direction. When Su cm2 is area
of the upper surface and So cm2 is area of an opening
group portion surrounded by centers of openings of out-
ermost ones of the through holes, So/Su ≤ 0.25 and Su ≥
400 cm2. Density of the openings constituting the group
of openings, which is expressed by the number of open-
ings divided by the area So of the opening group portion,
is 0.6 to 3.9 opening/cm2.
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Description

Technical Field

[0001] The present invention relates to a bottom blow-
ing plug to be attached to a bottom of a combined blowing
converter capable of processing 150 t or more of molten
iron at a time and to blow gas into molten iron.

Background Art

[0002] Conventionally, a bottom blowing plug for blow-
ing gas having a plurality of through holes which gas
passes through is placed at a bottom portion of a vessel
such as a converter, and inert gas (e.g., argon gas) is
supplied from the bottom portion of the vessel through
the bottom blowing plug and made to stir molten metal.
Owing to this stirring, the molten metal in the vessel is
equalized in temperature and component and purified.
An example of such a bottom blowing plug is a bottom
blowing plug having thorough holes whose openings in
an upper surface of the plug to contact molten metal are
located at vertices of regular triangles (for example, see
Patent Document 1).

Citation List

Patent Literature

[0003] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. S61-207505

Summary of Invention

Technical Problem

[0004] In recent years, large combined blowing con-
verters capable of processing 150 t or more of molten
iron at a time have been demanded in order to obtain
high quality steel at a high productivity.
[0005] It is an object of the present invention to provide
a bottom blowing plug which is suitable for such a large
combined blowing converter.
[0006] In the abovementioned conventional bottom
blowing plug, the through holes are placed at a higher
density by locating openings of the through holes at ver-
tices of triangles than a density of through holes placed
by locating openings at vertices of squares. However,
the number of through holes which one conventional bot-
tom blowing plug has is not many.
[0007] The inventors have focused on durability en-
hancement of a bottom blowing plug caused by an in-
crease in number of through holes in one bottom blowing
plug while the amount of gas from each one of the open-
ings is kept at an appropriate level, and thus sought to
provide a bottom blowing plug having a higher durability.

Solution to Problem

[0008] A bottom blowing plug of the present invention
as a solution to this problem is a bottom blowing plug to
be attached to a combined blowing converter capable of
processing 150 t or more of molten iron at a time, and
comprising a plug body having an upper surface to con-
tact the molten iron, the upper surface having a group of
openings comprising openings of at least 30 through
holes and inert gas being injected at 20 to 60 Nl/min from
each one of the openings, wherein
the group of openings is located at a central portion of
the upper surface of the plug body, and when Su cm2 is
area of the upper surface and So cm2 is area of an open-
ing group portion where the group of openings is located,
So/Su ≤ 0.25 and Su ≥ 400 cm2, and density of the open-
ings constituting the group of openings, which is ex-
pressed by the number of openings divided by the area
So of the opening group portion, is 0.6 to 3.9 open-
ing/cm2.
[0009] The bottom blowing plug of the present inven-
tion is to be attached to a large combined blowing con-
verter capable of processing 150 t or more of molten iron
at a time. The converter is shaped of a barrel or a pear,
and has a shaft around which the converter can be freely
tilted back and forth. When molten pig iron is poured in
or steel is taken out, the converter is tilted. In fining (re-
acting), the converter is kept upright and pure oxygen
under high pressure is blown in from the top and at the
same time such gas for stirring as argon gas and nitrogen
gas is blown in.
[0010] A large combined blowing converter to be used
is a converter capable of processing 150 t or more of
molten iron, generally about 250 to 350 t of molten iron
at a time from the bottom.
[0011] A first feature of the bottom blowing plug of the
present invention is that the area Su cm2 of an upper
surface of the plug body to contact molten metal is as
large as 400 cm2 or more. Durability of the bottom blowing
plug enhances as the area Su cm2 of the upper surface
gets larger. The area Su cm2 of the upper surface is at
least 400 cm2, but as the area Su cm2 of the upper surface
increases to 800 cm2 or more or 1200 cm2 or more, du-
rability further enhances. It should be noted that shape
of the upper surface of the bottom blowing plug can be
shapes of upper surfaces of conventional bottom blowing
plugs as they are, such as circles, squares, rectangles,
trapezoids, and fan shapes.
[0012] A second feature is that the upper surface of
the bottom blowing plug of the present invention has a
great number of openings. The number of openings is at
least 30 and preferably 70 or more or 110 or more.
[0013] When Su cm2 is area of the upper surface and
So cm2 is area of an opening group portion where the
group of openings is located, a formula So/Su ≤ 0.25
needs to be satisfied. The area So cm2 of the opening
group portion herein means an area surrounded by a
polygon or a polygon-like shape formed by connecting
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centers of adjacent openings on an outermost contour
of the group of openings. The area So cm2 of the opening
group portion is 25 % or less of the area Su cm2 of the
upper surface and the opening group portion is located
at a central portion of the upper surface. These two mean
that the opening group portion is located at a consider-
able distance from the periphery of the upper surface and
that an area between the periphery of the upper surface
and the opening group portion is as extremely large as
75 % or more of the area Su cm2 of the upper surface.
[0014] Density of the openings constituting the group
of openings, which is expressed by the number of open-
ings divided by the area So cm2 of the opening group
portion, is 0.6 to 3.9 opening/cm2. Size of the openings
is about 1 to 3 mm in diameter. When density of the open-
ings is low, that is, the number of openings per unit area
is small, openings each having a large opening area are
employed. When density of the openings is high, open-
ings each having a small opening area are employed.
[0015] Relative arrangement of the openings consti-
tuting the group of openings can be that the openings
are formed in the upper surface of the plug body so as
to be respectively located at vertices of regular triangles
with sides of P mm. More specifically, a central opening
at a center of the group of openings is located at a center
of a regular hexagon having vertices at six openings at
a distance of P mm from the central opening, and all the
other openings are located at vertices or on sides of reg-
ular hexagons which are concentric around the central
opening.
[0016] Moreover, relative arrangement of the openings
constituting the group of openings can be that the open-
ings are formed in the upper surface of the plug body so
as to be respectively located at vertices of squares with
sides of P mm.
[0017] Furthermore, relative arrangement of the open-
ings constituting the group of openings can be that the
openings are formed in the upper surface of the plug
body so as to be respectively located on circumferences
of concentric circles whose radiuses are different by P
mm. Note that it is preferred that the openings are located
on the same circumferences and distance between ad-
jacent openings is P mm, which is the same as the dif-
ference in radius, but it is acceptable that distances be-
tween some adjacent openings are not P mm.
[0018] Although it is preferred that relative arrange-
ment of the openings is regular arrangement with a pitch
P as mentioned before, arrangement which lacks regu-
larity is acceptable.
[0019] Herein, the value of P can be 6 to 12 mm.
[0020] Note that it is also preferred that the openings
are concentrated at a central portion of the upper surface
of the bottom blowing plug. In order to concentrate the
openings, it is preferred to employ most concentrated
arrangement in which all three adjacent openings are
located at vertices of a regular triangle.
[0021] More specifically, a first regular hexagon is
formed which have vertices at six openings located at a

distance of P mm in centrifugal directions from an open-
ing at a center of a group of openings (hereinafter referred
to as a central opening) in an upper surface of one bottom
blowing plug. The first regular hexagon has openings one
at each of the six vertices; the first regular hexagon has
six openings in total. A second regular hexagon is formed
at a distance of P mm in the centrifugal direction from
the first regular hexagon, and has openings one at each
of six vertices and one at each center of six sides; the
second regular hexagon has 12 openings in total. The
second regular hexagon is distant from the central open-
ing by 2 X P mm, and is a regular hexagon which is con-
centric with the first regular hexagon about the central
opening. Similarly, a third regular concentric hexagon at
an additional distance of P mm in the centrifugal direction
has 18 openings, a fourth regular concentric hexagon
has 24 openings, a fifth regular concentric hexagon has
30 openings, a sixth regular concentric hexagon has 36
openings, a seventh regular concentric hexagon has 42
openings, and an eighth regular concentric hexagon has
48 openings.
[0022] The total number of openings within the second
regular concentric hexagon in the upper surface of the
plug body is the total of one central opening, six openings
on the first regular concentric hexagon, and 12 openings
on the second regular concentric hexagon, which is 19.
The total number of openings within the third regular con-
centric hexagon is 37. The total number of openings with-
in the fourth regular concentric hexagon is 61. The total
number of openings within the fifth regular concentric
hexagon is 91. The total number of openings within the
sixth regular concentric hexagon is 127. The total number
of openings within the seventh regular concentric hexa-
gon is 169. The total number of openings within the eighth
regular concentric hexagon is 217.
[0023] Since the opening group portion is located at a
considerable distance from the periphery of the upper
surface, the bottom blowing plug of the present invention
attains good spalling resistance, which makes a great
contribution to durability enhancement.
[0024] Openings located at vertices of polygons of the
opening group portion are the closest ones to the periph-
ery of the upper surface of the bottom blowing plug. In
order to locate all the openings at positions as distant
from the periphery of the upper surface as possible, it is
possible to provide no opening at a position closest to
the periphery on an outermost contour of the opening
group portion. Similarly, it is possible to provide no open-
ing at a position second closest to the periphery on the
outermost contour of the opening group portion, and it is
also possible to provide no openings at positions third,
fourth, etc. closest to the periphery on the outermost con-
tour of the opening group portion.
[0025] When shape of the upper surface of the bottom
blowing plug is a rectangle or a trapezoid, there is a pos-
sibility that an opening at a certain vertex on the outer-
most contour or an opening on a side adjacent to the
opening at the certain vertex is inevitably closer to the
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periphery of the upper surface than openings located
around other vertices. In such a case, it is possible not
to provide the opening at the certain vertex or the opening
on the side adjacent to the opening at the certain vertex.
Upon not providing an opening which is close to the pe-
riphery, a necessary distance from the periphery to an
opening closest to the periphery can be secured and at
the same time a larger number of openings can be pro-
vided. Thus a higher spalling resistance can be secured.
[0026] Moreover, preferably distance from the periph-
ery of the upper surface of the plug body to a closest
opening located at a shortest distance from the periphery
is longer than distance from the closest opening to the
central opening. Owing to this, the distance from the pe-
riphery of the upper surface to the closest opening to the
periphery can be secured long and a high spalling resist-
ance can be obtained.
[0027] It should be noted that the amount of inert gas
injected from each one of the openings of the bottom
blowing plug of the present invention is 20 to 60 Nl/min.
Controlling the amount of inert gas injected in this range
keeps a wear rate of the bottom blowing plug due to
processing of molten iron low and thus allows an increase
in number of processing times of a converter.

Advantageous Effects of Invention

[0028] In the bottom blowing plug of the present inven-
tion, the upper surface of the plug body to contact molten
metal has a large area, and the number of openings in
the upper surface is large. Moreover, the group of open-
ings in the upper surface of the plug body is concentrated
in the central portion of the upper surface, and the area
So cm2 of the opening group portion where the group of
openings is formed is 25% or less of the area Su cm2 of
the upper surface, and the distance from the opening
group portion to the periphery of the upper surface is
long. Therefore, this plug body has a good spalling re-
sistance and thus has a high durability. Furthermore,
since inert gas is injected at 20 to 60 Nl/min from each
one of the openings, wear of the plug body is suppressed
and thus durability is enhanced.
[0029] In addition, the area So cm2 of the opening
group portion of the plug body is 25 % or less of the area
Su cm2 of the upper surface and the distance from the
periphery of the upper surface to the closest opening at
the shortest distance from the periphery is longer than
the distance from the closest opening to the central open-
ing. These two ensure that all the openings are distant
from the periphery of the upper surface and thus a more
reliable, higher spalling resistance can be expected.
[0030] Furthermore, the bottom blowing plug of the
present invention is to be used for a large combined blow-
ing converter, and allows the converter to produce high
quality steel at a high productivity.

Brief Description of Drawings

[0031]

[Fig. 1] Fig. 1 is a longitudinal cross sectional view
of a bottom blowing plug of Example 1.
[Fig. 2] Fig. 2 is a top view of the bottom blowing plug
of Example 1.
[Fig. 3] Fig. 3 is a top view of a bottom blowing plug
of a modification of Example 1.
[Fig. 4] Fig. 4 is a top view of a bottom blowing plug
of Example 2.

Description of Embodiments

[0032] Embodiments of the present invention will be
described in detail with reference to the drawings.

Example 1

[0033] Structure of a bottom blowing plug of the
present example will be described with reference to Figs.
1 and 2. The bottom blowing plug of the present example
has a plug body 2 having an upper surface 2a which
intersects with a gas blow-in direction (the direction of
the arrow A1), and pipes 1 each having a through hole
la regularly embedded in the plug body 2.
[0034] The pipes 1 are placed at a pitch P on a number
n (= 6) of regular hexagons Hn which are concentric
around a center O of the upper surface 2a of the plug
body 2. Sides of a most inner hexagon H1 has a length
approximating the pitch P. The term "approximating"
herein means not being exactly P mm but falling within
a certain range.
[0035] In the present example, P is 12 mm and an inner
diameter of each of the pipes 1 is 2 mm. A group of open-
ings constituted by all openings comprises a central
opening of a pipe at a center, and 127 openings at ver-
tices or on sides of six regular concentric hexagons. The
opening group portion is a hexagonal portion formed by
connecting centers of openings of six pipes A, B, C, D,
E and F located at vertices of the outermost regular con-
centric hexagon H6. Area So cm2 of this opening group
portion is 135 cm2. The upper surface of this bottom blow-
ing plug is a trapezoid having an upper base W1 mm of
250 mm in length, a lower base W2 mm of 350 mm in
length, a height L mm of 300 mm in length. Area Su cm2

of the upper surface is 900 cm2. Therefore, the area So
cm2 of the opening group portion of the bottom blowing
plug of the present example is 15 % of the area Su cm2

of the upper surface, and distance from an opening on
an outermost contour of the opening group portion to the
periphery of the upper surface is long. Therefore, the
bottom blowing plug of the present example has a good
spalling resistance and thus has a good durability.
[0036] Moreover, since the number of openings is 127
and the area So cm2 of the opening group portion is 135
cm2, density of the openings constituting the opening
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group portion is 0.94 opening/cm2.

Modification of Example 1

[0037] A top view of a bottom blowing plug of a modi-
fication of Example 1 is shown in Fig. 3. The bottom blow-
ing plug of this modification is the same as that of Exam-
ple 1, except that six pipes are removed from the pipes
located at the vertices and on the sides of the outermost
regular concentric hexagon of the bottom blowing plug
of Example 1. The removed pipes are four pipes marked
with the reference characters A, C, D and E in Fig. 2, one
pipe next to the pipe with the reference character C to
the right and one pipe next to the pipe with the reference
character E to the right, that is, six pipes in total.
[0038] As apparent from Fig. 3, since six pipes at cor-
ners of the regular hexagon are not present, a shape
connecting pipes on an outermost contour resembles a
rounded trapezoid. In the bottom blowing plug of this
modification, pipes constituting closest openings, which
are closest to the periphery of the upper surface, are two
pipes marked with the reference character J and the ref-
erence character K in Fig. 3. Distance from the closest
openings to the periphery of the upper surface is 84 mm,
and distance from the closest openings to a central open-
ing is 66 mm. Therefore, in the bottom blowing plug of
this modification, distance from the periphery of the upper
surface to the closest openings at a shortest distance
from the periphery is longer than distance from the clos-
est openings to the central opening. Owing to this, all the
openings can be distant from the periphery of the upper
surface and a more reliable, higher spalling resistance
can be expected.
[0039] Since the number of openings is 121 and the
area So cm2 of the opening group portion is 131 cm2,
density of the openings constituting the group of open-
ings is 0.92 opening/cm2.

Example 2

[0040] Structure of a bottom blowing plug of the
present example will be described with reference to Fig.
4. The bottom blowing plug of the present example is
obtained by changing the shape of the upper surface 2a
of the plug body 2 of the bottom blowing plug of Example
1 shown in Fig. 1 to a rectangle. Like the bottom blowing
plug of Example 1, the bottom blowing plug of the present
example has an upper surface 2a which intersects with
a gas blow- in direction, and pipes 1 each having a
through hole la regularly embedded in a central portion
of the plug body 2.
[0041] A group of pipes comprises 100 pipes 1 and the
pipes are located at four corners of squares with sides
of 8 mm formed by 10 vertical lines and 10 horizontal
lines at a pitch P of 8 mm. A center O of an upper surface
2a of the plug body 2 is located at a center of the group
of pipes.
[0042] In the present example, P is 8 mm and an inner

diameter of each of the pipes 1 is 2 mm. Area So cm2 of
an opening group portion is 52 cm2. The upper surface
2a of the bottom blowing plug is a rectangle of 280 mm
in length (W3) and 300 mm in width (W4) and has an
area Su of 840 cm2. Therefore, the area So cm2 of the
opening group portion of the bottom blowing plug of the
present example is 6.2 % of the area Su cm2 of the upper
surface. Distance from a periphery of the upper surface
to a closest opening located at a shortest distance from
the periphery is 104 mm. Distance from the closest open-
ing to a central opening located at a center of the group
of openings is 51 mm. Therefore, the distance from the
periphery of the upper surface to the closest opening is
longer than the distance from the closest opening to the
central opening. Therefore, the bottom blowing plug of
the present example has a good spalling resistance and
thus has a good durability.
[0043] Since the number of openings is 100 and the
area So cm2 of the opening group portion is 52 cm2, den-
sity of the openings constituting the group of openings is
1.92 opening/cm2.
[0044] The group of openings of Example 1 has open-
ings at the vertices and on the sides of regular concentric
hexagons, while the group of openings of Example 2 has
openings at the vertices and on the sides of squares.
However, arrangement of the openings does not need
to have strong regularity. Besides, although the descrip-
tion of the present invention says that the group of open-
ings is located at the central portion of the upper surface,
the term "central" is not used in a strict meaning and the
central portion can be a portion close to a center.

Reference Signs List

[0045]

1a Through hole
2 Plug body
2a Upper surface
P Pitch

Claims

1. A bottom blowing plug to be attached to a combined
blowing converter capable of processing 150 t or
more of molten iron at a time, and comprising a plug
body having an upper surface to contact the molten
iron, the upper surface having a group of openings
comprising openings of at least 30 through holes and
inert gas being injected at 20 to 60 Nl/min from each
one of the openings, wherein
the group of openings is located at a central portion
of the upper surface of the plug body, and when Su
cm2 is area of the upper surface and So cm2 is area
of an opening group portion where the group of open-
ings is located, So/Su ≤ 0.25 and Su cm2 ≥ 400 cm2,
and
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density of the openings constituting the group of
openings, which is expressed by the number of
openings divided by the area So of the opening group
portion, is 0.6 to 3.9 opening/cm2.

2. The bottom blowing plug according to claim 1,
wherein a pitch P of adjacent ones of the openings
is 6 to 12 mm.

3. The bottom blowing plug according to claim 1 or 2,
wherein relative arrangement of the openings con-
stituting the group of openings is that the openings
are formed in the upper surface of the plug body so
as to be respectively located at vertices of regular
triangles or squares having sides of P mm.

4. The bottom blowing plug according to claim 1, 2 or
3, wherein distance from a periphery of the upper
surface to a closest one of the openings located at
a shortest distance from the periphery is longer than
distance from the closest one of the openings to a
central opening located at a center of the group of
openings.
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