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(54) GRANULAR METAL PRODUCTION DEVICE

(57) There is provided a granular metal production
device capable of making molten metal into granular
metal with a particle size equal to or smaller than a
predetermined particle size even when the height is
regulated. When molten metal flows from an upper first
flow path (9) into a lower second flow path (10) in a
discharge port (4) provided in a bottom part (3a) of a
container (3), the molten metal in the first flow path (9)

collides with a step (11) at an inlet of the second flow path
(10) formed by an opening area difference, causing a
rapid velocity fluctuation. This generates a velocity dis-
tribution of flow velocity in the cross section of the molten
metal flowing down from the second flow path (10), and
the velocity distribution enables reliable granulation of
the molten metal colliding with the collision structure (5) to
be scattered.
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Description

Technical Field

[0001] The present invention relates to a granular me-
tal production device, and particularly relates to a gran-
ular metal production device for producing granular metal
by allowing molten metal to flow down and collide with a
collision structure for granulation, followed by solidifica-
tion.

Background Art

[0002] Such a granular metal production device in-
cludes one described in PTL 1 below, for example. In
the granular metal production device, hot iron produced
in a blast furnace or the like is poured into a container
(trough), and thereafter the hot iron at a predetermined
flow rate overflowing from a predetermined place in the
container is allowed to flow down by free fall. The flow of
the hot iron is allowed to collide with the inclined surface
of a first inclined platen inclined at a predetermined angle,
and is partially scattered into the air and granulated. The
hot iron flowing down along the inclined surface of the first
inclined platen without scattering is allowed to collide with
the inclined surface of a second inclined platen arranged
under the first inclined platen and inclined at a predeter-
mined angle, and is scattered into the air and granulated.
The granulated hot iron falls into cooling water retained in
a lower water tank, followed by cooling and solidification,
to be collected as granular iron which is granular metal by
a conveyor. PTL 1 describes that the number of the
inclined platens to be provided may be three or more.

Citation List

Patent Literature

[0003] PTL 1: JPH 5‑154607 A

Summary of Invention

Technical Problem

[0004] In such granular iron production, it is essential
that the hot iron becomes granular iron with a particle size
equal to or smaller than a predetermined particle size,
and particularly that the granulated hot iron does not stick
each other with cooling water contained thereinside as
described below. To achieve this condition with the gran-
ular metal production device described in PTL 1, it is
required to maintain a large flow-down velocity of the hot
iron to collide with the inclined platen, particularly the
inclined platen on the last stage, and this requires that the
distance in the height direction between the inclined
platens is increased. However, when the distance in
the height direction between the inclined platen is se-
cured, there is such a problem that the entire granular

metal production device becomes excessively large in
the height direction. Conversely, when the height of the
granular metal production device is regulated, it becomes
difficult to make the hot iron (molten metal) into granular
iron (granular metal) with a particle size equal to or
smaller than a predetermined particle size.
[0005] The present invention has been made in view of
the above-described problem. It is an object of the pre-
sent invention to provide a granular metal production
device capable of making molten metal into granular
metal with a particle size equal to or smaller than a
predetermined particle size even when the height is
regulated.

Solution to Problem

[0006] To achieve the above-described object, the pre-
sent invention provides the following (1) to (6).

(1) A granular metal production device according to
the present invention for producing granular metal by
allowing molten metal stored inside a container to
flow down from the container and collide with a
collision structure for granulation, followed by solidi-
fication, including: a first flow path and a second flow
path configured to allow the molten metal to flow
down from the container toward the collision struc-
ture and provided at upper and lower positions in a
continuous state, in which the upper end opening
area of the second flow path located below is smaller
than the lower end opening area of the first flow path
located above, and the lower end of the first flow path
and a step are provided at an upper end opening
position of the second flow path.
(2) The granular metal production device according
to the present invention, in which both the first flow
path and the second flow path are provided inside a
bottom part of the container in the granular metal
production device according to (1) above.
(3) The granular metal production device according
to the present invention, in which the step is evenly
provided on the upper end opening peripheral edge
of the second flow path in the granular metal produc-
tion device according to (1) or (2) above.
(4) The granular metal production device according
to the present invention, in which the hydraulic dia-
meter of an upper end cross-section of the second
flow path is 10% to 80% in size of the hydraulic
diameter of a lower end cross-section of the first flow
path in the granular metal production device accord-
ing to any one of (1) to (3) above.
(5) The granular metal production device according
to the present invention, in which the second flow
path has a flow path length smaller than a flow path
length of the first flow path in the granular metal
production device according to any one of (1) to
(4) above.
(6) The granular metal production device according
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to the present invention, in which the flow path length
of the second flow path is 50% or less of the flow path
length of the first flow path in the granular metal
production device according to (5) above.

Advantageous Effects of Invention

[0007] According to the granular metal production de-
vice of the present invention, when the molten metal flows
from the upper first flow path into the lower second flow
path, the molten metal in the first flow path collides with
the step at an inlet of the second flow path formed by an
opening area difference, causing a rapid velocity fluctua-
tion. This generates a velocity distribution in the cross
section of the molten metal flowing down from the second
flow path, and the velocity distribution enables reliable
granulation of the molten metal colliding with the collision
structure to be scattered. As a result, even when the
height of the device is restricted, the molten metal can
be made into granular metal with a particle size equal to or
smaller than a predetermined particle size.

Brief Description of Drawings

[0008]

FIG. 1 is a schematic overall configuration view
illustrating one embodiment of a granular metal pro-
duction device according to the present invention;
FIG. 2 is a detailed view of a discharge port of hot iron
provided in a bottom part of a container in FIG. 1;
FIG. 3 is an explanatory view of a velocity distribution
of molten metal flowing down from a second flow
path in FIG. 2;
FIG. 4 is an explanatory view of the action of the
molten metal flowing down from a first flow path and
the second flow path in FIG. 2; and
FIG. 5 is an explanatory view of the action of molten
metal flowing down from a conventional flow path.

Description of Embodiments

[0009] Hereinafter, one embodiment of a granular me-
tal production device according to the present invention is
described in detail with reference to the drawings. The
embodiment described below exemplifies devices or
methods for embodying the technical idea of the present
invention, and the technical idea of the present invention
does not specify the materials, shapes, structures, ar-
rangement, and the like of constituent components to the
materials, shapes, structures, arrangement, and the like
of the embodiment described below. The drawings are
schematic. Therefore, it should be noted that the relation
between the thickness and the planar dimension, the
ratio, and the like are different from the actual relation,
ratio, and the like. The drawings include portions different
in mutual dimensional relationships and ratios.
[0010] FIG. 1 is a schematic overall configuration view

illustrating one embodiment of a granular metal produc-
tion device. The granular metal production device of this
embodiment is a device for producing granular iron as
granular metal from hot iron, which is molten metal, as
with PTL 1 above. Hereinafter, the hot iron is treated as
molten metal and the granular iron is treated as granular
metal. The granular iron production device is a facility for
mass-producing granular iron with a particle size of about
10 mm, for example. For example, the hot iron conveyed
with a torpedo car 1 is poured into a hot iron trough 2, and
then allowed to flow into a receiving container 3 to be
temporarily retained in the receiving container 3. The hot
iron stored in the receiving container 3 is allowed to flow
straightly downward at a predetermined flow rate from a
discharge port 4 provided in a bottom part 3a of the
receiving container 3. The hot iron flowing down from
the receiving container 3 freely falls to collide with the
upper surface of a collision structure 5 arranged below.
The upper surface of the collision structure 5 is flat, and
therefore the hot iron is scattered from the upper surface
of the collision structure 5 toward the outside of the outer
periphery. This scattering granulates the hot iron, and
thereafter the resultant hot iron is allowed to fall into
cooling water in a water tank 6 arranged below.
[0011] The granular hot iron falling into the cooling
water is cooled and solidified to be granular iron, which
is granular metal. Under the scattering range of the
granular hot iron inside the water tank 6, a granular iron
chute 7 for accumulating the solidified granular iron is
provided. The granular iron falling into the water from an
upper end opening part of the granular iron chute 7 is
accumulated in a chute center part along a funnel-
shaped inclined surface formed by the conical surface
of a truncated cone, and then allowed to fall again into the
cooling water from a lower end opening part. Then, the
granular iron falls into the water on the upper surface of a
net belt of a net conveyor 8 to be conveyed by the net
conveyor 8 to the upper outside of the water tank 6. The
temperature of the cooling water increases due to the
high-temperature hot iron. Therefore, the device is con-
figured to take in low-temperature cooling water. In addi-
tion, the device can be configured to cool the cooling
water or both the configurations can also be used in
combination.
[0012] As described in PTL1 above, the granular iron is
easy to dissolve, and therefore easy to use. Various
granular iron production methods have been developed,
but, as described above, the method is increasingly
spreading which includes bringing the hot iron allowed
to flow down from the receiving container 3 into collision
with the collision structure 5 to scatter the hot iron in the
form of granules for granulation, and allowing the resul-
tant hot iron to fall into the cooling water for cooling and
solidification. The temperature of the hot iron when the
hot iron falls into the cooling water is as high as about
1200°C to 1500°C. When the hot iron of such a high-
temperature (overheated) comes into contact with the
water, the heat of the hot iron is removed as the water
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evaporates, but a film boiling state occurs in which a
vapor film is formed between the outer surface of the
hot iron and the cooling water. In the film boiling, evapora-
tion occurs in the vapor film due to heat transferred
through the vapor film from the heated surface. The film
boiling has a low cooling capacity, and, for example,
merely has a heat transfer coefficient of about one-hun-
dredth of that of nucleate boiling, in which no vapor film is
generated. Therefore, when the film boiling continues for
a long time, the granulated hot iron cannot be sufficiently
cooled, and the granulated hot iron sticks each other in
the cooling water in some cases. When the granular iron
sticks each other (combined), the number of clumps of
the granular iron of a size difficult to convey increases,
making it difficult to convey the granular iron. Further,
when the cooling water is contained inside the combined
granular iron, there is such a risk that the cooling water
evaporates and causes a steam explosion.
[0013] The best way to avoid such a problem is to
ensure that the granulated hot iron is cooled and solidified
as it is without combined to be granulated to have a
particle size equal to or smaller than a predetermined
particle size when the hot iron falls into the cooling water.
Thus, PTL 1 above installs two or more stages of inclined
plates, which are the collision structures 5 for the flowing-
down hot iron, so that the hot iron can be granulated to
have a particle size equal to or smaller than a predeter-
mined particle size. However, when a multi-stage inclined
platen is provided, the device (facility) increases in size in
the height direction as described above. This has a
disadvantage of increasing the facility cost or the con-
struction cost in addition to the problem arising when the
height is restricted. Further, the inclined platen, which is
the collision structure 5, is exposed to the high-tempera-
ture hot iron, and therefore requires regular mainte-
nance. An increase in the number of the inclined platens
also increases the frequency of replacement of the colli-
sion structure 5, resulting in an increased maintenance
cost.
[0014] In the granular iron production device of this
embodiment, the hot iron colliding with the collision struc-
ture 5 to be scattered can be granulated to have a particle
size equal to or smaller than a predetermined particle size
by devising the discharge port 4 of the hot iron provided in
the bottom part 3a of the receiving container 3. FIG. 2 is a
detailed view of the discharge port 4 of the hot iron
provided in the bottom part 3a of the receiving container
3. The receiving container 3 of this embodiment is struc-
tured such that the inside of an iron shell in an upwardly
open box shape is covered with firebricks as with a
tundish used in continuous casting, and is provided with
the discharge port 4 of the hot iron in the bottom part 3a.
The discharge port 4 is configured such that an upper first
flow path 9 provided in a firebrick portion of the bottom
part 3a of the receiving container 3 and a lower second
flow path 10 provided in an iron shell portion are vertically
arranged to be continuous with each other. Accordingly,
the hot iron in the receiving container 3 passes through

the discharge port 4 from the first flow path 9 in the
firebrick portion to the second flow path 10 in the iron
shell portion, and flows down under the container 3. The
cross-sectional shapes of both the first flow path 9 and
the second flow path 10 are circular shapes.
[0015] In this embodiment, as is clear from FIG. 2, the
cross-sectional area of the second flow path 10 located
below is smaller than the cross-sectional area of the first
flow path 9 located above, and the lower end of the first
flow path 9 and a step 11 are provided at an upper end
opening position of the second flow path 10. In this
embodiment, both the first flow path 9 and the second
flow path 10 have cylindrical shapes, and therefore, when
the cross-sectional area of the second flow path 10
located below is smaller than the cross-sectional area
of the first flow path 9, the lower end of the first flow path 9
and the step 11 are formed at the upper end opening
position of the second flow path 10. What is important
about the discharge port 4 of the hot iron of this embodi-
ment is that the step 11 projecting from the lower end of
the first flow path 9 is formed at the upper end opening
position of the second flow path 10 as described later. For
the formation of the step 11, the upper end opening area
of the second flow path 10 located below may be smaller
than the lower end opening area of the first flow path 9
located above.
[0016] The present inventors have variously investi-
gated requirements for granulating the hot iron to have a
particle size equal to or smaller than a predetermined
particle size after colliding with the collision structure 5
without requiring a significant flow-down distance of the
hot iron before colliding with the collision structure 5. The
collision structure 5 is constituted by a refractory sub-
stance and is arranged such that the upper surface
(collision surface) of the collision structure 5 is located
directly vertically below the discharge port 4 of the hot
iron. The hot iron colliding with the upper surface of the
collision structure 5 is scattered so as to spread outward
from the outer periphery of the collision structure 5. To
make the spread of the scattering hot iron even over the
entire outer periphery of the collision structure 5, the
collision surface of the collision structure 5 desirably
has a circular shape. Similarly, to stabilize the spread
of the scattering hot iron, the collision surface of the
collision structure 5 is desirably flat (horizontal surface).
[0017] The hot iron scattering radially outward from the
circular and flat upper surface (collision surface) of the
collision structure 5 spreads in a spherical shape like an
umbrella (see FIGS. 4, 5). The hot iron is granulated
outside an umbrella-shaped continuously spreading re-
gion. Therefore, when the umbrella-shaped spread (re-
gion) is large, the hot iron is connected in a film shape,
making it difficult to granulate the hot iron. More specifi-
cally, the present inventors have found that, when the
umbrella-shaped spread (region) can be reduced, the
granulation of the hot iron is facilitated, and thus the
particle size can also be reduced. Further, the present
inventors have found that the more stable the flow of the
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hot iron before colliding with the collision structure 5, the
larger the umbrella-shaped spread after the collision, and
accordingly, to reduce the umbrella-shaped spread, a
velocity distribution may be imparted to the flow velocity
in the cross section of the flow of the hot iron flowing down
from the discharge port 4. When the flow velocity is
uniform in the cross section of the flow of the hot iron,
a uniform velocity distribution is likely to be maintained
even when the hot iron collides with the collision struc-
ture, and the hot iron after colliding with the collision
structure spreads in a film shape, forming a large um-
brella and forming relatively large particles in many
cases.
[0018] To impart the velocity distribution to the flow
velocity in the cross section of the flow of the hot iron
as described above, it is supposed to provide an obstacle
at an outlet of the discharge port 4, for example. More
specifically, by providing an obstacle at the outlet of the
discharge port 4, the velocity near the obstacle de-
creases, making it possible to impart the velocity distri-
bution to the flow velocity in the cross section of the flow of
the hot iron. However, a nearly solid substance (slag)
referred to as slag sometimes flows in the hot iron. There-
fore, it is not practical to provide an obstacle at the outlet
of the discharge port 4 because there is a risk that the
outlet of the discharge port 4 is clogged with the slag, so
that the flow is hindered or the discharge port 4 is blocked.
[0019] Thus, the present inventors have focused on
providing the velocity distribution by emphasizing the
inflow of the hot iron from the surroundings near the outlet
of the discharge port 4 in place of providing an obstacle at
the outlet of the discharge port 4. To obtain the velocity
distribution of the flow velocity in the cross section of the
flow of the hot iron, an element generating the velocity
distribution in the cross section may be added to the flow
of the hot iron before the hot iron flows down from the
receiving container 3. In this embodiment, when the hot
iron flows from the upper first flow path 9 into the lower
second flow path 10, the hot iron collides with the step 11
at the opening upper end position of the second flow path
10, and the hot iron flows into a center part from the
peripheral wall side of the first flow path 9. As described
above, when the step 11 reduced in diameter is provided
in the middle of the flow path of a fluid, stagnation occurs
in the outermost portion of the step 11, and the fluid is
concentrated so as to flow into the center part from the
peripheral wall side inside the step 11. As a result, the
velocity distribution in which the flow velocity in the center
part of the cross section is larger than the flow velocity in
the peripheral wall is generated in the second flow path
10.
[0020] FIG. 3 schematically illustrates the flow veloci-
ties with and without the velocity distribution in the cross
section of the flow of the hot iron to simulate the scattering
state of the hot iron after the collision. The radial position
in the cross section is expressed by a ratio of the radial
position to the diameter of the cross section. The two-dot
chain line in the figure indicates a state in which the flow

velocity in the cross section of the flow of the hot iron was
constant at an average velocity Ve, i.e., no velocity dis-
tribution. The solid line in the figure indicates that the flow
velocity in the center part of the cross section of the flow of
the hot iron before the collision was about twice the
average velocity Ve, while the flow velocity in a peripheral
part of the cross section was set to almost zero. More
specifically, the latter is the flow velocity of the hot iron by
the discharge port 4 in this embodiment, and the former is
the flow velocity by a conventional discharge port 4 of the
hot iron with no step.
[0021] The scattering state of the hot iron after the
collision in accordance with the flow velocity in the cross
section of the flowing-down hot iron was simulated as
described below. When the discharge port 4 contains
only the second flow path 10, for example, and the dis-
charge port 4 of the hot iron has no step, i.e., there is no
velocity change in the flow velocity in the cross section of
the flowing-down hot iron, a hot iron film spreads in an
umbrella shape, and the hot iron on the outside of the
umbrella-shaped spread tends to connect, so that the hot
iron is difficult to granulate to have a particle size equal to
or smaller than a predetermined particle size (see FIG. 5).
On the other hand, when the discharge port 4 of the hot
iron has the step 11, i.e., when there is a velocity change
in the flow velocity of the hot iron in the flow-down cross-
section, the umbrella-shaped hot iron film becomes
small, and the hot iron is granulated to have a uniform
particle size on the outside of the umbrella-shaped
spread, and the particle size is small (see FIG. 4). This
is considered to be because the hot iron colliding with the
upper surface (collision surface) of the collision structure
5 partially collides with each other. When the particle size
of the granulated hot iron is uniformly small, the granu-
lated hot iron is uniformly cooled and solidified after falling
into the cooling water, and therefore the resultant hot iron
is difficult to stick each other in the cooling water. Accord-
ingly, the particle sizeof the granular iron after cooling can
be made small, and there is no risk of a steam explosion.
[0022] In this embodiment, the cross sections of the
first flow path 9 and the second flow path 10 are set to
circular shapes, but the cross sections of the flow paths 9,
10 may have shapes other than the circular shapes. The
size of the flow path when the cross section has a circular
shape can be expressed by the diameter, whereas the
size of the flow path when the cross section has a non-
circular shape can be expressed by the hydraulic dia-
meter. The hydraulic diameter DH is expressed below
using a cross-sectional area A and a perimeter P.

[0023] The step 11 formed with the lower end of the first
flow path 9 at the opening upper end position of the
second flow path 10 is desirably even on the upper
end opening peripheral edge of the second flow path
10. To cause a rapid velocity fluctuation in the hot iron
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flowing in the first flow path 9 in a step portion and
generate the velocity distribution of the hot iron in the
cross section of the second flow path 10, the hydraulic
diameter of the upper end cross-section of the second
flow path 10 is required to be 80% or less of the hydraulic
diameter of the lower end cross-section of the first flow
path 9. On the other hand, when the upper end opening
area of the second flow path 10 is excessively small, the
velocity distribution of the hot iron is difficult to generate in
the cross section of the second flow path 10, and there-
fore the hydraulic diameter of the upper end cross-sec-
tion of the second flow path 10 is set to 10% or more of the
hydraulic diameter of the lower end cross-section of the
first flow path 9. A peripheral edge portion of the first flow
path 9 may be chamfered at the upper end opening
position of the first flow path 9.
[0024] When the flow path length of the second flow
path 10 is excessively large, there is such a risk that the
flow velocity of the hot iron is stabilized while the hot iron
is passing through the second flow path 10, and a suffi-
cient velocity distribution cannot be obtained in the cross
section of the hot iron flowing down from the discharge
port 4. Therefore, the flow path length of the second flow
path 10 is smaller than the flow path length of the first flow
path 9, and the flow path length of the second flow path 10
is preferably set to 50% or less of the flow path length of
the first flow path 9. Supposing that the second flow path
10 is a pipeline, when the pipeline length increases, a
boundary layer to be generated on the pipeline inner wall
develops, and the velocity distribution of the hot iron in the
cross section generated in the step portion is disre-
garded. This phenomenon is supposed to occur when
the pipeline length is about 20 times the pipeline dia-
meter, and therefore the flow path length of the second
flow path 10 is desirably smaller than 20 times the hy-
draulic diameter of the second flow path 10. The flow path
length of the second flow path 10 may be set to a smaller
one of 50% or less of the first flow path 9 or 20 times or
less the hydraulic diameter of the second flow path 10.
When the flow path length of the second flow path 10 is 0,
the effect of the rapid velocity change of the hot iron by the
step 11 cannot be obtained, and therefore the flow path
length of the second flow path 10 is desirably larger than
1% of the hydraulic diameter of the second flow path 10.

EXAMPLES

[0025] The following description gives an example of a
hot iron discharge port model used in the simulation
above. In this model, the size of the hydraulic diameter
of the second flow path 10 was set to 76% of the hydraulic
diameter of the first flow path 9, and the flow path length of
the second flow path 10 was set to 7% in size of the
hydraulic diameter of the second flow path 10. For the
simulation, Fluent (2021R1) of Ansys, Inc., which is fluid
simulation application software, was used. The physical
properties of a fluid simulating hot iron were set as
follows: the fluid density was 8000 kg/m3, the fluid visc-

osity was 0.055 Pa·s, and the fluid surface tension was
0.9 N/m. Air was assumed as the gas, and the physical
property values provided in the Fluent were used. As
calculation conditions, the calculation was performed by
unsteady calculation, and the multi-phase flow was cal-
culated using the volume of fluid (VOF) method without
considering a turbulence model. An inflow condition from
the receiving container 3 into the discharge port 4 was set
such that a fluid (hot iron) flows in at a uniform velocity of 4
m/s.
[0026] As described above, FIG. 5 illustrates the scat-
tering state of the hot iron after the collision by a conven-
tional granular iron production device with no step in the
middle of the discharge port 4 and FIG. 4 illustrates the
scattering state of the hot iron after the collision by the
granular iron production device in the embodiment with
the step 11 reduced in diameter at the upper end opening
position of the lower second flow path 10. As is clear from
FIG. 5, in the conventional granular iron production de-
vice in which the velocity distribution of the flow velocity is
absent or small in the cross section of the flow of the hot
iron before the collision, the umbrella of the film of the hot
iron scattering after the collision is large, and, as a result,
the granulated hot iron is connected on the outside of the
umbrella of the hot iron film. In the state in which the
granulated hot iron is connected as described above, it is
difficult to obtain granular iron with a particle size equal to
or smaller than a predetermined particle size and it takes
time to cool the connected granulated iron in the cooling
water, and therefore the granular iron is likely to stick
each other. On the other hand, as illustrated in FIG. 4, in
the granular iron production device in the embodiment in
which the velocity distribution of the flow velocity is large
in the cross section of the flow of the hot iron before the
collision, the umbrella of the film of the hot iron scattering
after the collision is small. The fact that the umbrella of the
hot iron film is small indicates that the hot iron in the
scattering state is in a state of being easily separated
from each other, and particles of the hot iron formed on
the outside of the umbrella have a uniform and small
particle size. The granular iron having a uniformly small
particle size is rapidly and individually cooled and solidi-
fied in the cooling water, and therefore the granular iron is
difficult to stick each other.
[0027] Thus, in the granular iron production device of
this embodiment, when the hot iron flows from the upper
first flow path 9 into the lower second flow path 10, the hot
iron in the first flow path 9 collides with the step 11, which
is formed by an opening area difference, at the inlet of the
second flow path 10, causing a rapid velocity fluctuation.
This generates the velocity distribution of the flow velocity
in the cross section of the hot iron flowing down from the
second flow path 10. The velocity distribution enables
reliable granulation of the hot iron colliding with the colli-
sion structure 5 to be scattered. As a result, even when
the height of the device is restricted, the hot iron can be
made into the granular iron with a particle size equal to or
smaller than a predetermined particle size.

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 556 137 A1 12

[0028] Due to the fact that both the first flow path 9 and
the second flow path 10 are formed inside the bottom part
3a of the receiving container 3, the flow-down distance of
the hot iron from the receiving container 3 to the collision
structure 5 can be shortened, making it possible to re-
duce the dimension in the height direction of the device.
[0029] The step 11 is evenly provided on the upper end
opening peripheral edge of the second flow path 10,
making it possible to increase the amount of the hot iron
flowing into the center part from a peripheral wall part of
the first flow path 9 and increase the velocity distribution
of the flow velocity in the flow-down cross-section of the
hot iron. As a result, the hot iron after the collision with the
collision structure 5 and cooling can be reliably made into
granular iron with a particle size equal to or smaller than a
predetermined particle size.
[0030] By setting the hydraulic diameter of the upper
end cross-section of the second flow path 10 to 10% to
80% in size of the hydraulic diameter of the lower end
cross-section of the first flow path 9, the velocity distribu-
tion of the flow velocity can be reliably generated in the
cross section of the hot iron flowing down from the second
flow path 10.
[0031] By setting the flow path length of the second
flow path 10 to be smaller than the flow path length of the
first flow path 9, preferably 50% or less of the flow path
length of the first flow path 9, the velocity distribution of
the flow velocity in the cross section of the hot iron flowing
down from the second flow path 10 can be maintained.
[0032] The granular metal production device accord-
ing to the embodiment is described above, but the pre-
sent invention is not limited to the configurations de-
scribed in the above-described embodiment, and can
be variously altered within the scope of the gist of the
present invention. For example, although the first flow
path 9 and the second flow path 10 are formed inside the
bottom part 3a of the receiving container 3 in the above-
described embodiment, these flow paths 9, 10 may be
formed in a region where the hot iron flows down from the
inside of the receiving container 3 toward the collision
structure 5. By forming the first flow path 9 and the second
flow path 10 inside the bottom part 3a of the receiving
container 3, the distance in the height direction from the
receiving container 3 to the collision structure 5 can be
shortened, making the device compact.
[0033] The above-described embodiment gives a de-
tailed description only about the case of producing gran-
ular iron from hot iron. However, the granular metal
production device of the present invention is similarly
applicable to any metal insofar as granular metal is
produced by allowing molten metal stored in the contain-
er 3 to flow down and collide with the collision structure 5
for granulation, followed by solidification.

Reference Signs List

[0034]

3: receiving container (container)
3a: bottom part
4: discharge port
5: collision structure
6: water tank
9: first flow path
10: second flow path
11: step

Claims

1. A granular metal production device for producing
granular metal by allowing molten metal stored in-
side a container to flow down from the container and
collide with a collision structure for granulation, fol-
lowed by solidification,
the granular metal production device comprising:

a first flow path and a second flow path config-
ured to allow the molten metal to flow down from
the container toward the collision structure and
provided at upper and lower positions in a con-
tinuous state, wherein
an upper end opening area of the second flow
path located below is smaller than a lower end
opening area of the first flow path located above,
and a lower end of the first flow path and a step
are provided at an upper end opening position of
the second flow path.

2. The granular metal production device according to
claim 1, wherein both the first flow path and the
second flow path are provided inside a bottom part
of the container.

3. The granular metal production device according to
claim 1 or 2, wherein the step is evenly provided on
an upper end opening peripheral edge of the second
flow path.

4. The granular metal production device according to
any one of claims 1 to 3, wherein a hydraulic dia-
meter of an upper end cross-section of the second
flow path is 10% to 80% in size of a hydraulic dia-
meter of a lower end cross-section of the first flow
path.

5. The granular metal production device according to
any one of claims 1 to 4, wherein the second flow
path has a flow path length smaller than a flow path
length of the first flow path.

6. The granular metal production device according to
claim 5, wherein the flow path length of the second
flow path is 50% or less of the flow path length of the
first flow path.
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