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TITLE OF THE INVENTION 

        Metal Powder Production Apparatus 

 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] 

        The present invention relates to a metal powder 

production apparatus for producing metal in the form of fine 

particles (metal powder) by causing high pressure gas fluid 

to collide with molten metal flowing down from a molten 

metal nozzle. 

 

2. Description of the Related Art 

[0002] 

        As a method of producing metal in the form of fine 

particles (metal powder) from molten metal, an atomize 

method including a gas atomize method and a water atomize 

method are available.  According to the gas atomize method, 

molten metal is let flow down from a molten metal nozzle at 

a lower portion of a dissolution tank for storing molten 

metal therein, and inert gas is blown against the molten 

metal from a gas injection nozzle formed from a plurality of 

injection holes located around the molten metal nozzle.  The 

molten metal flowing down from the molten metal nozzle is 

divided into a large number of fine metal droplets by the 

inert gas flow from the gas injection nozzle and is sprayed 

into a spray tank.  The metal droplets drop inside the spray 

tank and coagulate while being spheroidized by the surface 
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tension.  Consequently, spherical metal powder is recovered 

on the downstream side with respect to a hopper at the 

bottom of the spray tank. 

[0003] 

        In recent years, needs for metal powder having a 

particle size smaller than that of metal powder that has 

been demanded for the atomize method is increased as 

materials or the like used for a metal three-dimensional 

printer by which a large amount of metal particles is 

stacked to model a desired shape of metal.  Although the 

particle size of metal powder from the past used for powder 

metallurgy, welding, and so forth have been, for example, 

approximately 70 to 100 μm, the particle size of metal 

powder that is used in a three-dimensional printer is as 

fine as, for example, 20 to 50 μm. 

[0004] 

        As a method of efficiently producing fine metal 

powder using a metal powder production apparatus, a method 

is available which increases the metal flow rate (amount of 

molten metal to be flowed down into the spray tank).  In 

this case, the orifice diameter of the molten metal nozzle 

(molten metal nozzle cross sectional area) is increased to 

increase the outflow metal amount.  If the outflow metal 

amount increases, then it becomes necessary to increase also 

the gas pressure of the gas injection nozzle for the 

atomization of metal powder.  However, the particle size 

distribution of powder obtained by this becomes a broad 

distribution, which is different from a sharp distribution 
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before the increase in the molten metal nozzle sectional 

area.  Further, if the gas pressure is increased, then it 

becomes necessary to increase the height of the spray tank 

in order to prevent metal adhesion to the bottom of the 

spray tank (chamber), and this may possibly degrade the 

maintainability of the metal powder production apparatus.  

Further, it may possibly become necessary to change the 

material or the thickness of the molten metal nozzle to 

increase the durability of the molten metal nozzle.  In this 

manner, if the outflow metal amount is increased, then it 

becomes necessary to change various design conditions and 

operation conditions according to the increased outflow 

metal amount, and increased time is required for adjustment. 

[0005] 

        In order to solve the problem described above, Patent 

Document 1 (PCT Patent Publication No. WO2012/112052) takes 

a countermeasure to increase the metal flow rate for one 

spray tank not by increasing the outflow metal amount per 

one molten metal nozzle but by increasing the number of 

molten metal nozzles in a spray tank.  Since this does not 

change the sectional area of each molten metal nozzle and 

does not require increase (change) in the gas pressure 

either, the change in particle size distribution before and 

after the outflow metal amount increase can be suppressed in 

comparison with that in an alternative case in which the 

outflow metal amount per one molten metal nozzle is 

increased.  Further, since the gas pressure is not changed, 

also metal adhesion to the spray tank can be prevented and 
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also the necessity to change the height of the spray tank, 

that is, the height of the device, decreases.  Furthermore, 

it is made possible to provide a metal powder production 

apparatus that does not necessitate change in design and 

operation conditions when the outflow metal amount is 

increased and that can efficiently produce fine metal powder 

without changing the body shape of the spray tank. 

 

Prior Art Document 

Patent document 

[0006] 

        Patent document 1: PCT Patent Publication No. 

WO2019/112052 

[0007] 

        However, if the number of molten metal nozzles is 

increased as in Patent Document 1, WO2019/112052, then also 

the number of gas injection nozzles increases similarly.  If 

the number of gas injection nozzles increases, then the 

injection gas amount is increased as much and the pressure 

in the spray tank is increased, resulting in the possibility 

that the exhaust speed of the metal powder production 

apparatus may decrease and the production efficiency of 

metal powder may decrease.  Further, if the number of spray 

nozzles is increased, then there is the possibility that 

sprayed metal droplets may collide with the inner wall of 

the spray tank, resulting in decrease in the yield.  

Therefore, it is necessary to appropriately manage also the 

distance between the spray nozzles and the side wall of the 
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spray tank. 

[0008] 

        It is an object of the present invention to provide a 

metal powder production apparatus that can suppress decrease 

in the production efficiency of metal powder per one spray 

nozzle even if the number of spray nozzles each configured 

from a molten metal nozzle and a gas injection nozzle is 

increased in a spray tank. 

 

SUMMARY OF THE INVENTION 

[0009] 

        According to one aspect of the present invention, 

there is provided a metal powder production apparatus 

including a spray tank, and a plurality of spray nozzles 

each including a molten metal nozzle that lets molten metal 

flow down into the spray tank and a gas injection nozzle 

that injects gas from a plurality of injection holes to the 

molten metal flowing down from the molten metal nozzle, in 

which a sectional area A1 [mm
2
] of the spray tank has a 

value obtained by multiplying the number n of the spray 

nozzles by a predetermined area value c1, n being an integer 

equal to or greater than 2. 

[0010] 

        According to the present invention, even if the 

number of the spray nozzles in the spray tank is increased, 

since decrease in the exhaust rate can be suppressed, 

decrease in the production efficiency of metal powder per 

one spray nozzle can be suppressed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

        FIG. 1 is a view depicting an overall configuration 

of a gas atomize apparatus according to an embodiment of the 

present invention; 

        FIG. 2 is a cross sectional view depicting associated 

members of a gas injector of the gas atomize apparatus 

according to the embodiment of the present invention; 

        FIG. 3 is a perspective view of the gas injector 

according to the embodiment of the present invention; and 

        FIG. 4 is a diagrammatic view depicting a relation 

between gas injection directions from a plurality of 

injection holes configuring a first gas injection nozzle and 

a flow-down region of molten metal from a first molten metal 

nozzle. 

 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

[0012] 

        In the following, an embodiment of the present 

invention is described with reference to the drawings. 

[0013] 

        FIG. 1 is a view depicting an overall configuration 

of a gas atomize apparatus that is a metal powder production 

apparatus according to the embodiment of the present 

invention.  Referring to FIG. 1, the gas atomizer device 

depicted includes a dissolution tank 1, a gas injector 200, 
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an injection gas supply pipe (injection fluid supply pipe) 

3, and a spray tank 4.  The dissolution tank 1 accommodates 

therein a crucible (also referred to as tundish) 100 in 

which molten metal 7 that is metal in the form of liquid is 

stored.  The gas injector 200 blows high pressure gas (gas 

fluid) against molten metal 8 that is flowed down as a trick 

stream from the crucible 100 through a molten metal nozzle 

11 (hereinafter described) to pulverize the molten metal 8 

into a plurality of fine particles (metal particles) 15 to 

spray the molten metal as liquid.  The injection gas supply 

pipe 3 supplies high pressure gas to the gas injector 200.  

The spray tank 4 is a vessel that is held in inert gas 

atmosphere and in which liquid metal in the form of fine 

particles sprayed from the gas injector 200 is quenched and 

solidified while dropping. 

[0014] 

        Preferably, the inside of the dissolution tank 1 is 

kept in inert gas atmosphere. 

[0015] 

        The spray tank 4 is a cylindrical vessel having the 

same diameter at an upper portion and a middle portion 

thereof.  A hopper 2 is provided at a lower portion of the 

spray tank 4.  The hopper 2 is provided in order to recover 

solid metal in the form of powder solidified during dropping 

in the spray tank 4 and is configured from a collection 

portion 5 and a taper portion 41.  The taper portion 41 has 

a diameter that decreases toward the collection portion 5 

from a point of view of promoting recovery of metal powder 
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by the hopper 2.  The taper portion 41 is connected at a 

lower end thereof to an upper end of the collection portion 

5.  The collection portion 5 is located on the downstream 

side in a flowing direction of inert gas, and a gas piping 

61 is connected to the collection portion 5.  From the gas 

piping 61, inert gas 6 is discharged to the outside of the 

apparatus together with solidified metal powder.  When 

generating swirling flows in the collection portion 5 by the 

inert gas 6 to exhaust the gas to the outside of the 

apparatus, then the metal powder can be recovered in a high 

efficiency.  As the shape of the collection portion 5, a 

cylindrical shape having the bottom (bottom face) can be 

selected.  To the downstream of the gas piping 61, a powder 

separator (cyclone) for generating swirling flows may be 

connected.  Thus, metal powder is recovered at the bottom of 

the collection portion 5 or the bottom of the cyclone. 

[0016] 

        FIG. 2 is a cross sectional view depicting associated 

members of the gas injector 200 of the gas atomize apparatus 

according to the embodiment of the present invention, and 

FIG. 3 is a perspective view of the gas injector 200 of the 

embodiment of the present invention.  It is to be noted 

that, in FIG. 3, the molten metal nozzles 11A and 11B 

depicted in FIG. 2 are omitted for the convenience of 

illustration. 

[0017] 

        (Molten metal nozzles 11A and 11B) 

        Referring to FIG. 2, two molten metal nozzles 11A and 
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11B are attached to the bottom of the crucible 100.  The 

molten metal nozzles 11A and 11B are provided so as to let 

molten metal 7 in the crucible 100 flow down therefrom into 

the spray tank 4, and project vertically downwardly from the 

bottom face of the crucible 100.  The two molten metal 

nozzles 11A and 11B may have the same shape and have, in the 

inside thereof, a vertically elongated hole extending in the 

vertical direction through which the molten metal 8 is 

flowed down.  This vertically elongated hole serves as a 

molten metal flow path along which the molten metal is 

flowed vertically downwardly from the bottom of the crucible 

100.  The number of such molten metal nozzles 11 to be 

provided in the crucible 100 is not limited to two and may 

be, for example, three or more. 

[0018] 

        The molten metal nozzle (first molten metal nozzle) 

11A and the molten metal nozzle (second molten metal nozzle) 

11B have opening ends 21A and 21B positioned at a lower end 

thereof such that the opening ends 21A and 21B are arranged 

so as to project from the bottom face of the gas injector 

200 and face the space in the spray tank 4, respectively.  

The molten metal in the crucible 100 is flowed down as 

molten metal flow 8 through the inside of the molten metal 

nozzles 11A and 11B and is released (flowed down) into the 

spray tank 4 through the opening ends 21A and 21B. 

[0019] 

        The first molten metal nozzle 11A and the second 

molten metal nozzle 11B have a minimum inner diameter that 
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is defined by the diameter of an orifice (orifice diameter) 

not depicted that is provided in the inside of the first and 

second molten metal nozzles 11A and 11B, and this orifice 

diameter (minimum diameter) contributes to the magnitude of 

the diameter of molten metal to be introduced into the spray 

tank 4 (to the magnitude of the diameter of a flow-down 

region 27 hereinafter described).  The minimum inner 

diameter of each of the molten metal nozzles 11A and 11B can 

be set to a value equal to or smaller than the diameter of 

each of the opening ends 21A and 21B. 

[0020] 

        As the minimum inner diameter of the molten metal 

nozzles 11A and 11B, preferably a numerical value within the 

range of 0.5 to 3.0 [mm] is selected.  If the minimum inner 

diameter is smaller than 0.5 [mm], then the molten metal is 

likely to be solidified in the inside of the nozzle to close 

the nozzle, and if the minimum inner diameter is greater 

than 3.0 mm, it is difficult to produce powder of a fine 

particle size. 

[0021] 

        (Gas injector 200) 

        As depicted in FIG. 2, the gas injector 200 having a 

substantially cylindrical outer shape includes a plurality 

of molten metal nozzle insertion holes 12A and 12B in which 

the plurality of molten metal nozzles 11A and 11B are 

inserted, respectively, and gas injection nozzles 71 (71A 

and 71B) that inject gas to molten metal flowing down from 

the molten metal nozzles 11A and 11B to pulverize the motel 
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metal, respectively.  The gas injector 200 has a cylindrical 

outer shape of a hollow structure to be filled with high 

pressure inert gas and has, in the inside thereof, a gas 

flow path 50 in which gas flow is to be formed around each 

of the plurality of molten metal nozzle insertion holes 12A 

and 12B.  The gas flow path 50 is supplied with high 

pressure gas from the injection gas supply pipe 3 connected 

to a gas inlet hole (not depicted) provided on a side face 

of the gas injector 200 (side face of the cylindrical 

shape).  It is to be noted that, though not depicted, heat 

insulating material is inserted preferably between the 

dissolution tank 1 and the gas injector 200 from a point of 

view of prevention of heat transmission from the dissolution 

tank 1. 

[0022] 

        (Molten metal nozzle insertion holes 12A and 12B) 

        The molten metal nozzle insertion hole 12A and the 

molten metal nozzle insertion hole 12B are two cylindrical 

through-holes having axes (Cm1 and Cm2) parallel to the 

center axis (Cg0) of the cylindrical gas injector 200 as 

depicted in FIG. 3.  The center between the molten metal 

nozzle insertion hole 12A and the molten metal nozzle 

insertion hole 12B can be located on a linear line on which 

the center of the cylindrical gas injector 200 is located, 

and the molten metal nozzle insertion hole 12A and the 

molten metal nozzle insertion hole 12B can be located such 

that the distances from the center axis Cg0 of the gas 

injector 200 to the center axes Cm1 and Cm2 of them are 
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equal to each other.  The first molten metal nozzle 11A and 

the second molten metal nozzle 11B are inserted in the 

molten metal nozzle insertion hole 12A and the molten metal 

nozzle insertion hole 12B, respectively.  The center axes 

Cm1 and Cm2 of the molten metal nozzle insertion hole 12A 

and the molten metal nozzle insertion hole 12B can be made 

coincide with the center axes of the holes of the first 

molten metal nozzle 11A and the second molten metal nozzle 

11B, respectively.  The following description is given 

assuming that the center axes Cm1 and Cm2 of the two molten 

metal nozzle insertion holes 12A and 12B coincide with the 

center axes of the holes of the molten metal nozzles 11A and 

11B, respectively. 

[0023] 

        (Gas injection nozzles 71 (71A and 71B)) 

        Each of the gas injection nozzles 71A and 71B is 

formed from a plurality of injection holes (through-holes) 

91 located so as to draw a circle 90 (refer to FIG. 4) 

around each of the plurality of molten metal nozzle 

insertion holes 12A or 12B.  The gas injection nozzles 71A 

and 71B inject gas from the pluralities of injection holes 

91 to molten metal flowing down from the molten metal nozzle 

insertion holes 12A and 12B, respectively.  Here, that one 

of the two gas injection nozzles 71A and 71B which forms the 

plurality of injection holes 91 located around the molten 

metal nozzle insertion hole 12A is referred to as gas 

injection nozzle (first gas injection nozzle) 71A, and the 

other one of the two gas injection nozzles 71A and 71B which 
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forms the plurality of injection holes 91 located around the 

molten metal nozzle insertion hole 12B is referred to as gas 

injection nozzle (second gas injection nozzle) 71B. 

[0024] 

        (Spray nozzles 20A and 20B) 

        The first gas injection nozzle 71A and the first 

molten metal nozzle 11A configure a first spray nozzle 20A 

that sprays liquid of molten metal into the spray tank 4, 

and the second gas injection nozzle 71B and the second 

molten metal nozzle 11B configure a second spray nozzle 20B 

similarly.  In other words, the gas atomize apparatus of the 

present embodiment includes two spray nozzles of the first 

spray nozzle 20A and the second spray nozzle 20B. 

[0025] 

        As depicted in FIG. 1, preferably the taper portion 

41 is not positioned but the collection portion 5 is 

positioned on extension lines of the center axes Cm1 and Cm2 

of the two molten metal nozzle insertion holes 12A and 12B 

(center axes of the two molten metal nozzles 11A and 11B).  

If metal powder drops onto the taper portion 41, then it 

sometimes stays on the taper portion 41 without moving to 

the collection portion 5.  However, where the two molten 

metal nozzles 11A and 11B are located in such a manner as in 

the present embodiment, the ratio of the amount of metal 

powder that drops directly into the collection portion 5 

from within metal powder produced by the two spray nozzles 

20A and 20B can be made higher than the ratio of the amount 

of metal powder that drops to the taper portion 41.  
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Therefore, the yield of metal powder can be enhanced. 

[0026] 

        FIG. 4 depicts a relation of gas injection directions 

25 from the plurality of injection holes 91 configuring the 

first spray nozzle 20A and a flow-down region 27 of molten 

metal from the first molten metal nozzle 11A.  It is to be 

noted that illustration of the first molten metal nozzle 11A 

is omitted in FIG. 4. 

[0027] 

        In FIG. 4, the gas injection directions from the 

plurality of injection holes 91 configuring the plurality of 

first gas injection nozzles 71A are represented by the gas 

injection directions 25, and each injection hole 91 is 

formed by forming a through-hole having the center axis 

coincident with the corresponding linear line 25 in the 

bottom of the gas injector 200.  The plurality of injection 

holes 91 are located at equal distances on a circle that is 

concentric with respect to the center axis Cm1 of the first 

molten metal nozzle insertion hole 12A on the bottom of the 

gas injector 200.  In FIG. 4, the circle formed from the 

plurality of injection holes 91 is represented as circle 90.  

The gas injection directions (linear lines 25) from all of 

the injection holes 91 configuring the plurality of first 

gas injection nozzles 71A pass a common focus 26.  In other 

words, the gas injection directions from all of the 

injection holes 91 are concentrated on one point (focus 26).  

The focus 26 is positioned in the substantially cylindrical 

flow-down region 27 defined by the outer diameter of the 
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molten metal flowing down from the first molten metal nozzle 

11A (not depicted in FIG. 4).  The diameter of the flow-down 

region 27 can be suitably adjusted in accordance with the 

minimum diameter (orifice diameter) of the holes configuring 

the first molten metal nozzle 11A.  It is to be noted that, 

although description is omitted, also the second gas 

injection nozzle 71B is formed similarly to the first gas 

injection nozzle 71A. 

[0028] 

        Further, although the injection holes 91 in the 

present embodiment are provided such that the gas injection 

directions (linear lines 25) from the injection holes 91 of 

each of the gas injection nozzles 71A and 71B pass the 

common focus 26, a different configuration is permissible.  

For example, the injection holes 91 may be provided such 

that the gas injection directions are displaced by a 

predetermined angle from the focus 26. 

[0029] 

        (Sectional area A1 of spray tank 4) 

        Referring back to FIG. 1, the spray tank 4 is formed 

such that the sectional area A1 [mm
2
] of the spray tank 4 in 

a transverse section S1 of a cylindrical portion of the 

spray tank 4 is equal to a value obtained by multiplying a 

predetermined area value c1 by the number n (n is an integer 

equal to or greater than 2) of the spray nozzles 20 in the 

spray tank 4.  That is, the sectional area A1 is represented 

by the expression (1) given below.  Specifically, where the 

number of the spray nozzles 20 is n, the sectional area A1 
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of the spray tank 4 increases to n times.  It is to be noted 

that, if the number of the spray nozzles 20 is n, then also 

the number of each the metal nozzles 11 and the gas 

injection nozzles 71 is n. 

[0030] 

        Sectional area A1 = c1 × n     … expression (1) 

[0031] 

        It is to be noted that the value of c1 can be 

selected from within a predetermined range.  Specifically, 

c1 is preferably set to a value that satisfies the following 

expression (2): 

        61,250π [mm
2
] ≤ c1 ≤ 80,000π [mm

2
]     … expression (2) 

[0032] 

        Where the number of the spray nozzles 20 is 2 (n = 2) 

and c1 has a value within the range of the expression (2) as 

in the present embodiment, since the relation of A1 = c1 × 2 

= (φ1/2)
2
 × π is established, the diameter φ1 of the spray 

tank 4 in the transverse section S1 can take the range of 

the expression (3) given below: 

        700 [mm] ≤ φ1 ≤ 800 [mm]     … expression (3) 

[0033] 

        If the sectional area A1 of the spray tank 4 is 

determined on the basis of the expression (1) above in 

response to the number n of the spray nozzles 20 in the 

spray tank 4, then since pressure change in the spray tank 4 

can be suppressed even if the number of the gas injection 

nozzles 71 in the spray tank 4 is changed and the injection 

gas amount is changed, the exhaust rate of gas can be 
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maintained irrespective of the number n of the spray nozzles 

20.  Consequently, even if the number n of the spray nozzles 

20 in the spray tank 4 is changed, metal powder can be 

discharged smoothly together with gas, and therefore, it can 

be suppressed that the production efficiency of metal powder 

drops.  Further, if the sectional area A1 of the spray tank 

4 is determined on the basis of the expression (1) above, 

then metal droplets sprayed by the spray nozzles 20 do not 

collide with the inner wall of the spray tank 4, and it has 

been found by the inventors that also it can be prevented 

that the production efficiency of powder drops by adhesion 

of metal to the inner wall of the spray tank 4. 

[0034] 

        It is to be noted that, from the point of view of 

keeping the discharge rate of gas, it is preferable that not 

only the sectional area A1 of the cylindrical portion of the 

spray tank 4 but also the sectional area of each of various 

portions configuring the gas flow path on the downstream 

side of the cylindrical portion of the spray tank 4 (for 

example, of each of the taper portion 41, the collection 

portion 5 and the gas piping 61) are increased to n times in 

response to the number n of the spray nozzles 20.  Here, a 

sectional area A2 of the gas piping 61 is exemplified. 

[0035] 

        (Sectional area A2 of gas piping 61) 

        The gas piping 61 is formed such that the sectional 

area A2 [mm
2
] of the gas piping 61 in a cross section S2 has 

a value obtained by multiplying a predetermined area value 
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c2 by the number n (n is an integer equal to or greater than 

2) of the spray nozzles 20 in the spray tank 4.  That is, 

the sectional area A2 is represented by the expression (4) 

given below.  Specifically, where the number of the spray 

nozzles 20 is n, the sectional area A2 of the inert gas 6 

increases to n times. 

[0036] 

        Sectional area A2 = c2 × n        … expression (4) 

[0037] 

        It is to be noted that the value of c2 can be 

selected from within a predetermined range similarly to c1.  

Specifically, c2 is preferably set to a value that satisfies 

the following expression (5): 

        1,250π [mm
2
] ≤ c2 ≤ 2,812.5π [mm

2
]     … expression (5) 

[0038] 

        Where the number of the spray nozzles 20 is 2 (n = 2) 

and c2 has a value within the range of the expression (5) 

above as in the present embodiment, since the relation of A2 

= c2 × 2 = (φ2/2)
2
 × π is established, the diameter φ2 of 

the gas piping 61 in the cross section S2 can be assumed to 

be within the range of the expression (6) given below: 

        100 [mm] ≤ φ2 ≤ 150 [mm]     … expression (6) 

[0039] 

        (Height h of spray tank 4) 

        The height h of the spray tank 4 is preferably set to 

a value within the range of 2 to 4 [m] irrespective of the 

number of the spray nozzles 20 in the spray tank 4.  This is 

because, if the height h is set smaller than 2 [m], then 
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metal before solidification sticks to the bottom of the 

spray tank 4, resulting in the possibility that the yield of 

metal powder may decrease, but where the height h is set 

greater than 4 [m], this increases the height of the metal 

powder production apparatus and results in increase in the 

possibility that the operability or the cleanability (ease 

of cleaning) may decrease or the installation place may be 

restricted. 

[0040] 

        (Distance D between two adjacent spray nozzles) 

        The distance D between two adjacent ones of the 

plurality of spray nozzles 20 is preferably set to 20 to 40 

[mm].  This is because, where the distance D is set smaller 

than 20 [mm], there is the possibility that, before molten 

metal droplets sprayed from the spray nozzles 20 are 

solidified, they may collide with each other and the yield 

of metal powder may decrease, and where the distance D is 

set greater than 40 [mm], there is the possibility that it 

may be difficult to attach a plurality of molten metal 

nozzles 11 to one crucible 100. 

[0041] 

        (Gas pressure of gas injection nozzles 71) 

        The gas pressure of the gas injection nozzles 71 is 

preferably set within the range of 3 to 10 [MPa] although it 

depends upon the specifications of the apparatus. 

[0042] 

        (Dissolved amount of molten metal per one molten 

metal nozzle) 
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        The dissolved amount (dissolved mass) of molten metal 

to be flowed down to one molten metal nozzle 11 is 

preferably set to 10 to 20 [kg] expressed in terms of iron.  

This is because, if the dissolved amount for one molten 

metal nozzle 11 exceeds 20 [kg], then the possibility that 

the molten metal nozzle 11 may be abraded and damaged by 

molten metal increases, and if the dissolved amount is 

smaller than 10 [kg], then it is difficult to suppress the 

initial amount of molten metal waste (molten metal waste 

amount required for preheating of the molten metal nozzle 

11) according to the number n of the molten metal nozzles 

11.  It is to be noted that, in a case where the molten 

metal nozzles 11 are integrated with the crucible 100, 

exchange of a molten metal nozzle 11 is performed together 

with the crucible 100. 

[0043] 

        Adjustment of the dissolved amount for each molten 

metal nozzle 11 can be performed through the adjustment of 

the number n of the molten metal nozzles 11 to be attached 

to one crucible 100 and the dissolved amount in the crucible 

100 (that can be rephrased as the size (dimension) or the 

volume of the crucible 100).  However, the size of the 

crucible 100 to which the molten metal nozzles 11 are to be 

attached preferably is fixed even if the number n of the 

spray nozzles 20 increases.  The reason is that a crucible 

of a large size is difficult to produce and is likely to 

become expensive. 

[0044] 
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        Where the dissolved amount (magnitude) in the 

crucible 100 is insufficient with respect to a dissolved 

amount that is defined by the number of the molten metal 

nozzles 11 attached to the crucible 100, a different 

crucible (second crucible) for pouring molten metal 7 into 

the crucible (first crucible) 100 may be placed in the 

dissolution tank 1.  The different crucible (second 

crucible) is changeable in size and quantity.  For the 

different crucible (second crucible), a crucible having no 

molten metal nozzle provided thereon is used.  Where the 

dissolved amount in the crucible (first crucible) 100 is 

insufficient with respect to the number n of the molten 

metal nozzles 11, it is sufficient if the molten metal 7 is 

poured every time from the different crucible (second 

crucible) into the crucible (first crucible) 100 to refill 

the molten metal 7.  That is, in a case where the dissolved 

amount in the crucible 100 is, for example, 20 [kg] and 

molten metal of an amount greater than 20 [kg] is required, 

it is sufficient if a different crucible of the tiltable 

type is installed in the dissolution tank 1 and metal is 

dissolved by an amount corresponding to the shortage in the 

different crucible such that, if the molten metal in the 

crucible 100 decreases, then the molten metal is 

supplemented into the crucible 100 from the different 

crucible. 

[0045] 

        (Advantageous effects) 

        In the metal powder production apparatus of the 
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embodiment described above, the shape of the spray tank 4 is 

defined such that the sectional area A1 [mm
2
] of the spray 

tank 4 has a value obtained by multiplying the predetermined 

area value c1 by the number n (n is an integer equal to or 

greater than 2) of the spray nozzles 20 as represented by 

the expression (1).  Where the shape of the spray tank 4 is 

defined in this manner, even if the dissolved amount per 

unit device is increased by increasing the number n of the 

spray nozzles 20 in the spray tank 4, the exhaust rate of 

gas can be maintained and it can be prevented that liquid 

metal sprayed from the spray nozzles 20 collides with and 

sticks to the inner wall of the spray tank 4, and therefore, 

decrease in the production efficiency of metal powder for 

each spray nozzle 20 can be suppressed.  Further, in this 

case, if the sectional area of the spray tank 4 is increased 

in response to increase in the number n of the spray nozzles 

20, then since there is no necessity to adjust the spraying 

conditions for each spray nozzle 20 (the orifice diameter of 

the molten metal nozzle 11, gas injection pressure (gas 

pressure) of the gas injection nozzles 71, and so forth), 

the metal powder production apparatus is facilitated in 

terms of design, production, and operation.  Further, even 

if the number n of the spray nozzles 20 in the spray tank 4 

is increased, since the outflow molten metal amount from the 

molten metal nozzle 11 in each spray nozzle 20 and the gas 

pressure of each gas injection nozzle 71 are fixed, also the 

flying distance required for solidification of liquid metal 

sprayed from each spray nozzle 20 is fixed.  That is, even 
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if the number n of the spray nozzles 20 is increased, the 

production amount of powder of the same quality can be 

increased easily without changing the overall height of the 

device (generally, there is a tendency that, if the 

apparatus increases in size, then the quality of powder 

changes or degrades). 

[0046] 

        It is to be noted that, although the embodiment 

described above exemplifies the case in which the number n 

of the injection nozzles 20 is 2, the number n of the 

injection nozzles 20 may be three or more. 

 

Description of Reference Characters 

[0047] 

1: Dissolution tank 

2: Hopper 

3: Injection gas supply pipe 

4: Spray tank 

5: Collection portion 

6: Inert gas 

8: Molten metal flow 

11: Molten metal nozzle 

12: Molten metal nozzle insertion hole 

15: Metal fine particle 

20: Spray nozzle 

21: Opening end 

27: Molten metal flow-down region 

41: Taper portion 
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50: Gas flow path 

71: Gas injection nozzle 

91: Injection hole 

200: Gas injector 
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What is claimed is: 

 

        1.  A metal powder production apparatus, comprising: 

        a spray tank; and 

        a plurality of spray nozzles each including a molten 

metal nozzle that lets molten metal flow down into the spray 

tank and a gas injection nozzle that injects gas from a 

plurality of injection holes to the molten metal flowing 

down from the molten metal nozzle, wherein 

        a sectional area A1 [mm
2
] of the spray tank has a 

value obtained by multiplying the number n of the spray 

nozzles by a predetermined area value c1, n being an integer 

equal to or greater than 2. 

        2.  The metal powder production apparatus according to 

claim 1, wherein 

        the predetermined area value c1 satisfies 61,250π 

[mm
2
] ≤ c1 ≤ 80,000π [mm

2
]. 

        3.  The metal powder production apparatus according to 

any one of claims 1-2, further comprising: 

        a gas piping connected to the spray tank on a 

downstream side of gas flow, wherein 

        a sectional area A2 [mm
2
] of the gas piping has a 

value obtained by multiplying the number n of the spray 

nozzles by a predetermined area value c2. 

        4.  The metal powder production apparatus according to 

claim 3, wherein 

        the predetermined area value c2 satisfies 1,250π [mm
2
] 

≤ c2 ≤ 2,812.5π [mm
2
]. 
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        5.  The metal powder production apparatus according to 

any one of claims 1-4, wherein 

        a distance D between two spray nozzles that are 

adjacent to each other from among the plurality of spray 

nozzles is 20 to 40 [mm]. 

        6.  The metal powder production apparatus according to 

any one of claims 1-5, wherein 

        a dissolved amount of the molten metal per one molten 

nozzle is 10 to 20 [kg] expressed in terms of iron. 

        7.  The metal powder production apparatus according to 

any one of claims 1-6, wherein 

        a height H of the spray tank is 2 to 4 [m]. 

        8.  The metal powder production apparatus according to 

any one of claims 1-7, further comprising: 

        a crucible to which the molten metal nozzle is 

attached and into which molten metal is stored, wherein 

        size of the crucible is fixed even if the number n of 

the spray nozzles increases. 

        9.  The metal powder production apparatus according to 

any one of claims 1-8, wherein 

        gas pressure of the gas injection nozzles is 3 to 10 

[MPa]. 


