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@ METHOD AND DEVICE FOR MAKING METALLIC POWDER.

@ A method and a device for making metallic
powder, by which irregularity in cooling speed is
hardly caused, high speed cooling and solidification
are made possible, and fine grain powder can easily
be obtained. Cooling liquid is spouted along the
inner peripheral surface of a cooling cylinder (1) so
that a cooling liquid layer (9) is formed which moves
while turning along the inner peripheral surface of
said cylinder (1), toward the side of a cooling liquid

discharging end of said cylinder (1); molten metal
(25) is supplied into the inner space (23) inside said
cooling layer (9); jetting gas (26) directed toward the
cooling liquid layer (9) is blown fo said molten metal
(25) for fragmentation and molten metal thus frag—
mented is supplied to the cooling liquid layer (9);
and cooling liquid containing metallic powder solidi —
fied in the cooling liquid layer (9) is discharged from
the discharging end of the cooling cylinder (1) to the
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TECHNICAL FIELD

The present invention relates to a method of
and an apparatus for producing metal powders by
supplying a molten metal to a cooling liquid layer
in a swirling movement.

BACKGROUND ART

Rapidly solidified metal powders are in the
form of fine crystal grains and can be adapted to
contain alloy elements to supersaturation, so that
the extrudates and sintered materials prepared
from rapidly solidified powders are superior to
materials prepared by melling in characteristics
and have atiracted attention as materials for mak —
ing machine parts.

The methods of producing rapidly solidified
metal powders include the rotary drum method as
disclosed in Examined Japanese Patent publication
HEI 1 —49769. With this method, a rapidly solidified
metal powder is prepared by rotating a cooling
drum having a bottom and containing a cooling
liquid to centrifugally form a cooling liquid layer
over the inner periphery of the drum, and injecting
a molten metal into the cooling liquid layer fo
divide the metal by the cooling liquid layer in a
swirling motion.

On the other hand, U.S. Patents No. 4,787,935
and No. 4,869,469 disclose methods and systems
for producing a metal powder by atomizing a mol -
ten metal stream into spherical molten droplets and
supplying the droplets to a swirling downward flow
of cooling gas within a cooling cylinder for cooling
and solidification.

The rotary drum method is adapted for a so—
called batchwise operation and therefore has the
problem of being low in productivity. Furthermore,
the speed of rotation of the cooling drum, which is
limited,poses the probelm in that it is difficult fo
give an increased flow velocity to the cooling liquid
layer and to obtain a fine powder.

On the other hand, the production methods of
the U.S. patents are adapted to continuously pre —
pare a fine powder of 0.1 micrometer in size o a
coarse powder of about 1000 micrometers. With
these production methods, however, the cooling
rate is limited to about 10> — 107 °C/sec and fails
to achieve a sufficient rapid cooling effect. Further
because the molten droplets encounter difficulity in
undergoing a swirling motion in the central portion
of the swirling cooling gas flow and are cooled at a
reduced rate, there arises the problem that the
quality of the powder produced is liable to involve
variations. Additionally, the cooling cylinder needs
to have a considerably large size to form therein a
swirling cooling gas flow which is suitable for
cooling the molten droplets. This poses another
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problem in that the methods are difficult to practice
readily in view of the installation space and equip —
ment cost.

An object of the present invention, which has
been accomplished in view of the above problems,
is to provide a method of producing metal powders
which is less likely permit variations in cooling rate,
ensures rapid solidification at a great cooling rate
and readily gives fine particles, and a production
apparatus which is suitable for practicing this
method.

DISCLOSURE OF THE INVENTION

The present invention provides a method of
producing a metal powder by injecting a cooling
liquid into a cooling tubular body along an inner
peripheral surface thereof to form a cooling liquid
layer moving toward a cooling liquid discharge end
of the tubular body while swirling along the tubular
body inner peripheral surface; supplying a molten
metal to a space inside the cooling liquid layer;
applying a gas jet as directed toward the cooling
liquid layer to the molten metal to divide the molten
metal and supply the divided molien metal to the
cooling liquid layer; and discharging the cooling
liquid containing a metal powder solidified in the
liquid layer from the cooling liquid discharge end of
the tubular body to outside. The cooling liquid
containing the metal powder is discharged to out—
side preferably through a discharge pipe attached
to a closure provided at the discharge end of the
tubular body while filling the pipe with the cooling
liquid.

The present invention further provides a pro -
duction apparatus comprising a cooling tubular
body having a cooling liquid injection channel for
injecting a cooling liquid into the tubular body
along an inner peripheral surface thereof; molten
metal supply means for supplying a molten metal
into a space inside a cooling liquid layer formed by
the cooling liquid injected from the injection chan -
nel and moving toward a cooling liquid discharge
end of the tubular body while swirling along the
tubular body inner peripheral surface; gas jet in—
jection means for producing a gas jet to divide the
molten metal and supply the divided molten metal
tfo the cooling liquid layer; and cooling liquid supply
means for supplying the cooling liquid to the cool —
ing liquid injection channel. Preferably, the tubular
body has a closure attached to its cooling liquid
discharge end, and a discharge pipe attached fo
the closure for discharging the cooling liquid
therethrough with the pipe filled with the cooling
liquid.

According to the present invention, the cooling
liquid injected from the injection channel into the
tubular body along the inner peripheral surface
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thereof moves toward an opening at the discharge
end of the body while swirling along the inner
peripheral surface, whereby a cooling liquid layer
of approximately uniform inside diameter is formed
on the inner peripheral surface of the tubular body
by virtue of the centrifugal force of the swirling
motion. This layer is formed by the cooling liquid
which is newly supplied at all times, and therefore
readily maintained at a constant temperature. Since
the cooling medium is a liquid, the medium is
superior to gases in cooling ability. For these rea—
sons, the cooling liquid layer can be small in the
radius of swirling motion and in thickness, with the
result that the cooling tubular body for forming the
layer therein can be compact.

The gas jet injected from the injection means
and directed toward the cooling liquid layer is
forced against the molten metal supplied from the
molten metal supply means into the space inside
the cooling liquid to divide the molten metal. The
divided molten metal (molten droplets) is sputtered
toward the cooling liquid layer, and all the droplets
are reliably supplied to and injected into the liquid
layer. The molten droplets injected into the cooling
liquid layer produce a vapor of the cooling liquid
therearound, whereas the vapor is rapidly released
from around the droplets. The reason is that since
the liquid layer has a flow velocity which increases
toward the center of the swirling motion, i.e., a
gradient distribution of flow velocities, the molten
droplets injected into the layer are in rotating mo —
tion. Consequently, the molten droplets have their
outer peripheral surfaces always held in contact
with the cooling liquid, are therefore cooled at a
high rate and make particles which are free of
surface contamination with the vapor. Further be —
cause the size of molten droplets to be formed by
dividing is adjustable easily by controlling the flow
velocity of the gas jet and the flow rate thereof, the
desired rapidly solidified fine powder can be pre —
pared with ease. Moreover, the cooling liquid layer
remains unchanged and stabilized in temperature
and surface condition, permitting the molien
droplets to cool under a definite condition to give a
powder of stabilized quality.

Since the cooling liquid layer is continuously
formed, the powder can be produced also con-—
finuously by continuously supplying the molten
metal and continuously applying the gas jet to the
molten metal to divide the metal and supply the
divided metal to the liquid layer. The metal powder
solidified within the cooling liquid layer is continu —
ously discharged from the liquid discharge end
opening of the tubular body along with the cooling
liquid.

It is desired to provide a closure for the liquid
discharge end opening of the tubular body and to
attach a discharge pipe to the closure so that the
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cooling liquid containing the metal powder can be
discharged to outside through the pipe with the
pipe filled with the cooling liquid. When the liquid is
discharged in this way, the space inside the cool -
ing liquid layer can be filled with the jet—forming
gas easily. The molten droplets can be prevented
from oxidation by using a suitable nonoxidizing
gas, such as inert gas or reducing gas, as this gas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary sectional view of a metal
powder production apparatus embodying the
invention;

FIG. 2 is a fragmentary sectional view of another
embodiment of apparatus;

FIG. 3 is a fragmentary sectional view of a third
embodiment of apparatus;

FIG. 4 is a fragmentary sectional view of a fourth
embodiment of apparatus;

FIG. 5 is a sectional diagram illustrating a mol -
ten metal continuous feeder;

FIG. 6 is an overall layout of metal powder
continuous production equipment;

FIG. 7 is a fragmentary sectional view of a metal
powder production apparatus used in a prep—
aration example of the invention;

FIG. 8 is a diagram showing the relation in
position between a thin stream of molten metal
and a gas jet used in the preparation example
and as seen from above;

FIG. 9 is a graph showing the particle size
distribution of metal powders prepared in the
example and a comparative preparation exam —
ple; and

FIG. 10 is a graph showing the relation between
the cooling rate and the particle size of metal
powder prepared in another preparation example
of the invention.

BEST MODE OF CARRYING OUT THE INVEN -
TION

FIG. 1 shows a metal powder production ap -
paratus embodying the present invention. The ap —
paratus comprises a cooling tubular body 1 having
an inner peripheral surface for forming a cooling
liquid layer 9 thereon, a crucible 15 serving as
means for supplying a molten metal 25 in the form
of a thin downward stream to a space 23 inside the
cooling liquid layer 9, a pump 7 serving as means
for supplying a cooling liquid to the tubular body 1,
and a jet nozzle 24 serving as gas jet injection
means for injecting a gas jet 26 for dividing the
downward stream of molten metal 25 into molten
droplets and supplying the droplets to the cooling
liquid layer 9.
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The tubular body 1 is hollow cylindrical, is
installed with its axis positioned vertically and has
an upper—end opening provided with an annular
closure 2. The closure 2 is centrally formed with an
opening 3 for supplying the molten metal to the
interior of the cooling tubular body 1 therethrough.
The cooling body 1 is formed at an upper portion
thereof with a plurality of cooling liquid injection
tubes 4 having a cooling liquid injection channel 5
and arranged at equal spacings circumferentially of
the body. The channel 5 has an outlet (discharge
outlet) which is so opened as to inject the cooling
liquid into the tubular body 1 along the inner pe -
ripheral surface tangentially thereof. The center line
of the opening portion of the channel 5 extends
obliquely downward at an angle of about 0 to about
20° with respect to a plane orthogonal to the axis of
the tubular body. The liquid injection tubes 4 are
connected by piping to a tank 8 by way of a pump
7, which forces up the cooling liquid within the tank
8 and supplies the liquid to the inner peripheral
surface of the tubular body 1 through the injection
channels 5 of the injection tubes 4. Thus the cool -
ing liquid layer 9 is formed on the inner peripheral
surface of the tubular body 1. This layer flows
down while swirling along the inner peripheral sur —
face. The tank 8 is provided with an unillustrated a
cooling liquid replenishing pipe. A cooler may be
provided suitably within the tank 8 or at an inter -
mediate portion of a channel for recycling the
cooling liquid. Water is generally used as the
cooling liquid since water is excellent in cooling
ability and inexpensive. Alternatively, oil or like
liquid for use in quenching hot metals may be
used. When water is to be used, it is desired to
remove dissolved oxygen from the water before
use. Oxygen removing devices are readily available
commercially.

A ring 10 for adjusting the thickness of the
cooling liquid layer 9 is attached to an inner pe -
ripheral lower portion of the cooling tubular body 1
with bolts removably and replaceably. The thick —
ness adjusting ring 10 limits the downward flow
velocity of the cooling liquid, whereby the cooling
liquid layer 9 can be readily formed with an ap -
proximately uniform inside diameter at a low flow
rate. The tubular body 1 has a cooling liquid dis—
charge end, i.e., a lower—end opening, which is
provided with a hollow cylindrical draining net 11. A
funnel — shaped powder collecting container 12 is
attached to the lower end of the net 11. A cooling
liquid collecting cover 13 is provided around and
covers the net 11. The collecting cover 13 is pro—
vided in its bottom with a liquid outlet 14, which is
connected to the tank 8 by piping.

The crucible 15 serving as the molten metal
supply means and disposed above the cooling
tubular body 1 is made of graphite, silicon nitride
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or like refractory and comprises a hollow cylindrical
crucible body 16 having a bottom 19, and a clousre
17 for closing an opening at the upper end of the
body 16. The crucible body 16 is provided with a
heating induction coil 18 therearound and has a
nozzle orifice 20 extending vertically through the
bottom 19. The nozzle orifice 20 is opposed to the
opening 3 of the annular closure 2. The closure 17
of the crucible 15 has a bore 21 for injecting a
pressure medium such as Ar, N> or like inert gas
and molten metal sent forward into the crucible
therethrough. The molten metal 22 within the cru-—
cible 15 is forced through the nozzle orifice 20 and
then through the opening 3 into the space 23
inside the cooling liquid layer 9 by the inert gas or
the like injected into the crucible through the in—
jection bore 21 under pressure.

Disposed in the space 23 inside the cooling
liquid layer 9 is a jet nozzle 24 for jetting a com —
pressed gas, such as air or inert gas, which is used
in the usual gas atomization process. The nozzle
24 is attached to the forward end of a compressed
gas supply pipe 27 inserted through the opening 3
of the annular closure 2 and has an orifice which is
directed toward the thin stream of molten metal 25
forced out from the nozzle orifice 20 and toward
the cooling liquid layer 9.

While the outlets of the cooling liquid injection
channels 5 are formed in the side surface of an
upper portion of the cooling tubular body 1 as
illustrated, the distance of the outlets from the
thickness adjusting ring 10, if large, results in the
likelihood that the liquid layer 9 will have a reduced
thickness at its midportion when the cooling liquid
flows down at an increased velocity. It is therefore
desirable that the outlets of the injection channels 5
be positioned between the upper face of the ad -
justing ring 10 and the midportion between the
upper end of the tubular body 1 and the upper face
of the ring 10. Even when the outlets are so posi—
tioned, the cooling liquid is centrifugally forced
upward above the outlets, forming the same liquid
layer of definite thickness as below the outlets.

The apparatus described operates in the fol -
lowing manner to produce a metal powder. First,
the pump 7 is operated to form a cooling liquid
layer 9 on the inner peripheral surface of the tu-
bular body 1. Next, the molten metal 22 within the
crucible 15 is forced out downward through the
nozzle orifice 20, with a gas jetted from the jet
nozzle 24 at a high speed as indicated at 26. The
gas jet 26 from the jet nozzle 24 is applied to the
molten metal 25 forced out from the crucible 15 in
the form of a thin stream, dividing the molten metal
25 and sputtering the resulting molten droplets
against the cooling liquid layer 9. The molten
droplets thus sputtered are injected into the cooling
liquid layer 9 which flows down while swirling and



7 EP 0 543 017 A1 8

are rapidly cooled and solidified into metal par—
ticles. In this case, the shape of the particles can
be altered from spherical to flat indefinite forms by
suitably determining the distance from the location
where the gas jet 26 collide with the molten metal
25 1o the cooling liquid layer 9. For example, if the
distance to the liquid layer 9 is small, the molten
droplets divided by the gas jet 26 are injected into
the liquid layer 9 before a soldified shell is formed
over the surface, and are divided by the liquid
layer 9 again to form fine particles of indefinite
shape. Conversely, if the distance is sufficiently
large, the solidified shell is formed over the sur-—
faces of the molten droplets, permitting the
droplets to remain substantially spherical when in—
jected into the cooling liquid layer 9.

The metal powder in the cooling liquid layer 9
then flows down over the thickness adjusting ring
10 while swirling with the cooling liquid and enters
the draining net 11 from the lower —end opening of
the cooling tubular body 1. The cooling liquid in the
net is centrifugally forced radially outward from the
net 11, whereby the metal powder has its liquid
content reduced by primary draining. The metal
powder thus drained of the liquid enters the pow —
der collecting container 12. The powder is dis—
charged from the container, futher drained of the
liquid by a centrifuge or like liquid removing device
and dried by a dryer. The cooling liquid forced out
from the net 11 is returned from the collecting
cover 13 to the tank 8 and recylced for use.

FIG. 2 shows another metal powder production
apparatus embodying the invention. Throughout
FIGS. 1 and 2, like parts are designated by like
reference numerals.

This embodiment has a cooling tubular body 1
which is installed with its axis inclined, and a cool -
ing liquid injection channel 5 formed directly in the
tubular body 1 which has a large wall thickness.
The channel 5 has an inlet formed in the outer
peripheral surface of the tubular body 1 and con -
nected to a pump 7 by piping. The body 1 has a
lower—end opening which is provided with a
funnel — shaped closure 31 for closing the opening.
The closure has a discharge pipe 33 attached to its
bottom. The interior of the pipe serves as a dis—
charge channel 32 for a cooling liquid. A thickness
adjusting ring 10 having a tapered upper face is
attached with bolts to the inner periphery of a lower
portion of the tubular body 1. The discharge pipe
33 so extends that an outer —end opening (outlet)
thereof is positioned above a tank 8, and is pro—
vided with a flow regulating valve 34 at an inter -
mediate portion thereof. The tank 8 has an upper
opening which is removably provided with a net
basket 35.

With the present embodiment, the cooling lig -
uid can be discharged with the discharge channel
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32 filled with the liquid by suitably adjusting the
opened position of the flow regulating valve 34.
This makes it possible to prevent gas from flowing
out through the discharge pipe 33 and to fill the
space 23 inside the cooling liquid layer 9 with the
gas of gas jet 26 from a jet nozzle 24. Accordingly,
the oxidation of divided molten droplets can be
prevented effectively by using an inert gas or like
nonoxidizing gas.

FIG. 3 shows a third embodiment of metal
powder production apparatus, wherein a cooling
tubular body 1 is formed in its inner peripheral
surface with outlets of cooling liquid injection
channels 5 as arranged in a plurality of (two)
stages. The number of stages of injection channels
5 and the spacing therebetween with respect fo the
axial direction of the tubular body differ in accor —
dance with the inside diameter of the tubular body,
rate of discharge of the cooling liquid, pressure of
injection, position of lower thickness adjusting ring
10, etc. A suitable number of stages may be pro—
vided as approximately equidistantly spaced apart
so as to obtain a cooling liquid layer of substan—
tially uniform inside diameter. The present em —
bodiment has a plurality of stages of cooling liquid
injection channels 5 above the thickness adjusting
ring 10. This arrangement serves to prevent the
liquid layer 9 above the ring 10 from decreasing in
thickness owing to an increase in the downward
flow velocity of the cooling liquid. The liquid layer 9
can therefore be formed easily with a substantially
uniform inside diameter and a constant swirling
velocity over an elongated region on the inner
peripheral surface of the tubular body 1, hence an
elongated cooling zone. As seen in the drawing,
the thickness adjusting ring may be provided be —
tween the stages of injection channels 5 adjacent
to each other axially of the tubular body as in—
dicated at 10A, whereby the thickness and flow
velocity of the layer 9 can be more stabilized.
However, the cooling liquid injection channel 5
provided in a single stage in combination with a
plurality of thickness adjusting rings is also effec —
tive for preventing the decrease in the thickness of
the layer 9.

With the third embodiment of FIG. 3, a buffer
flange 28 is removably attached to the inner pe -
riphery of the net 11 as by bolts. The flange 28
reduces the downward flow velocity of the cooling
liquid to ensure drainage for a longer period of time
for effective centrifugal removal of the liquid.

FIG. 4 shows a fourth embodiment of metal
powder production apparatus, which has a cooling
tubular body 1 installed with its axis inclined, and
two jet nozzles 24, 24 attached to compressed gas
supply pipes 27, 27 for producing gas jets 26
intersecting each other in a V—form in a space 23
inside a cooling liquid layer 9 on the inner periph —
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eral surface of the body. Each of the jet nozzles
24, 24 has an orifice which is in the form of a slit,
and the gas jet 26 is in the form of a film having a
given width. The intersecting gas jets are V-
shaped in section as illustrated in the drawing. A
molten metal 25 flows out from a nozzle orifice 20
of a crucible 15 downward to the region where the
V —shaped gas jets intersect, and is thereby di-
vided. The V -shaped gas jets effectively divide
the molten metal, forcing the divided molten
droplets from the region of intersection into the
inner periphery of the cooling liquid layer 9 over a
specified area for the injection of the droplets even
if the molten metal 25 flows down as somewhat
deflected. Incidentally, a jet nozzle may be used
which has a nozzle orifice in the form of an in—
verted conical slit for forming a gas jet defining an
inverted conical face, such that the molten metal is
supplied to the vertex of the jet. Alternatively, a
plurality of jet nozzles each adapted to produce a
linear gas jet may be arranged in an inverted
conical form to provide an inverted conical as—
sembly of linear gas jets for the molten metal to be
supplied to the vertex of the assembly.

With the third and fourth embodiments, the
cooling tubular body 1 is provided at its lower —end
opening with a draining net 11, through which the
gas forming the jet or jets 26 flows out. However,
the lower —end opening may be provided with the
closure 31 shown in FIG. 2 and having the dis—
charge pipe 33. The space 23 inside the cooling
liquid layer 9 can then be readily filled with the
jet—forming gas by controlling the flow regulating
valve 34 mounted on an intermediate portion of the
discharge pipe 33.

With the foregoing embodiments, the cooling
tubular body 1 is in the form of a hollow cylinder,
but is not limited to this shape. The body may be
so shaped as to have a rotationally symmetric
inner peripheral surface the diameter of which
gradually decreases toward the direction of move —
ment of the cooling liquid. For example, the body
may be in the form of a funnel. In the case where
the body is trumpet—shaped with a paraboloid of
revolution, a cooling liquid layer of uniform inside
diameter can be formed even if no thickness ad -
justing ring is used. Further with the illustrated
embodiments, the cooling tubular body is installed
with its axis positioned vertically or obliquely,
whereas this position is not limitative. The axis of
the tubular body may be in any position insofar as
cooling water can be injected into the body at a
sufficient rate so as to form a cooling liquid layer 9
on the tubular body inner peripheral surface.

Further in the case of the illustrated embodi -
ments, the thickness adjusting ring 10 has a hori—
zontal or tapered upper face, which nevertheless is
not limitative. For example, the ring may have a
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streamlined curved face extending from the outer
peripheral edge of its upper end toward the inner
peripheral edge of its lower end with a gradually
decreasing diameter. Although the moltem metal
22 in the crucible 15 is forced out through the
nozzle orifice 20 under the pressure exerted by a
pressure medium, the metal 22 may be forced out
(caused to flow out) from the nozzle orifice 20
under gravity acting on itself without using the
pressure medium.

The powders to be produced according to the
invention are not limited to those of metals having
a low melting point, such as aluminum and alloys
thereof, but include those of metals having a high
melting point, such as titanium, nickel, iron and
alloys thereof. Thus the metals to be treated are
not limited specifically.

FIGS. 5 and 6 show the overall construction of
an example of metal powder continuous production
equipment which includes the metal powder pro—
duction apparatus already described with reference
to FIG. 1 as the first embodiment and which is
adapted to carry out a sequence of operations from
the supply of molten metal through the production
of metal powder, removal of the liquid and drying.
With this equipment, the molien metal supplied
from a molten metal continuous feeder 41 is treat -
ed by the metal powder production apparatus 42
already described, a continuous liquid removing
device 43 and a continuous dryer 44 and made
into a metal powder product. One of the other
embodiments is of course usable as the metal
powder production apparatus.

The molten metal continuous feeder 41 com —
prises a container 46 made of a heat—insulating
refractory material. The container 46 has a molien
metal inlet 48 closable with a closure 47, a pipe 49
for supplying an inert gas or like pressure medium,
a discharge pipe 50 for molten metal 53 within the
container, and a bottom cavity 52 provided with an
induction heating coil 51. The molten metal 53 in
the container 46 has its temperature controlled by
the coil 51 and is fed to the crucible 15 of the
apparatus 42 through the discharge pipe 50 under
the pressure of the inert gas, such as argon gas,
injected through the supply pipe 49. The discharge
pipe 50 is heat—insulated by suitable means such
as a heat —insulating layer or induction heater.

The metal powder produced by the apparatus
42 is fed to the continuous liquid removing device
43 by way of the powder collecting container 12
along with the cooling liquid remaining after the
primary draining by the draining net 11, and is
centrifugally acted on and thereby separated from
the liquid. The continuous liquid removing device
43 comprises a rotary drum 55 flaring upward and
having an intermediate peripheral wall which is
formed by a screen plate with a multiplicity of
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small holes. The drum 55 has a multiplicity of
projecting ribs 56 on its inner periphery for up—
wardly delivering the powder separated from the
liquid. The rotary drum 55 is surrounded by a
cooling liquid collecting cover 57, from the bottom
of which the cooling liquid separated off is col—
lected in the tank 8. Provided over the drum 55 is a
metal powder collecting cover 58 having a dis—
charge chute 59.

The wet metal powder delivered from the dis —
charge chute 59 of the device 43 is subsequently
fed to the continuous dryer 44. The dryer 44
comprises a drying container 62 having a porous
membrane 61 with a multiplicity of pores, feed
means 63 having a rotary feeder for supplying the
wet material to an upper portion of the container
62, a hot air producing device 64 for supplying hot
air from the bottom of the container 62, and a
cyclone 65 for collecting fine particles from the air
discharged from the top of the container 62. A
discharge pipe 66 is attached to the side wall of
the container 62 at its upper to lower portions.

A fluidized layer 67 is formed inside the drying
container 62. The wet metal powder is vigorously
mixed with the hot air within the layer 67 for heat
exchange, rapidly dried and discharged usually in
the form of an overflow from the container through
the discharge pipe 66.

The molten metal continuous feeder, continu —
ous liquid removing device and continuous dryer
for use in practicing the present invention are not
limited to those described above, but suitable de —
vices commercially available are usable.

Metal powder preparation examples will be
described below in detail.

Preparation Example 1

The production apparatus shown in FIG. 7 was
used for preparing an aluminum alloy powder. The
cooling tubular body 1 shown was 100 mm in
inside diameter D. The cooling liquid injection
channel 5 had outlets positioned at the midpoint
between the upper end of the body 1 and the
upper end of the thickness adjusting ring 10.
Cooling water was injected into the body at a flow
rate of 0.3 m3min from the channel outlets which
were 11.5 mm in diameter. Consequently formed
above the ring 10 was a cooling liquid layer 9
which was 55 mm in inside diameter d, 50 mm in
length h and 43 m/sec in flow velocity at the
surface of the water layer.

A molten aluminum alloy (composition: Al—12
Si-1 Mg-1 Cu, in wt. %) was prepared in the
crucible 15 at 1000° C. The molten metal 22 in the
crucible 15 was pressurized by supplying argon
gas thereto at 1.0 kgf/cm?, and a thin stream of
molten metal 25, 2 mm in diameter, was injected
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from the nozzle orifice 20 of the crucible 15 into a
space 23 inside the liquid layer 9. The stream of
molten metal 25 made an injection angle 61 of 30
deg with a horizontal plane.

An air jet 26 was forced out at 5 kgf/cm? from
the jet nozzle 24 with a nozzle orifice diameter of 6
mm against the molten metal 25 in the space 23, at
an angle 62 of 45 deg between the jet 26 and a
horizontal plane. When seen from above as shown
in FIG. 8, the angle 93 made by the jet 26 with the
thin stream of molten metal 25 was 45 deg as
measured from the molten metal 25 in the swirling
direction A of the cooling liquid layer.

The aluminum alloy powder consequently ob —
tained had a particle size distribution (relation be —
tween the particle size of particular particles in the
powder and the content in wt. % of the particles of
the size based on the whole amount of the pow —
der) indicated at A in FIG. 9. The powder was
291.8 micrometers in mean particle size and 0.90
g/cm?® in bulk density. The particles were found to
be flat and indefinite in shape. This appears to
indicate that the molten droplets divided by the air
jet were divided again by the cooling liquid layer.

For comparison, an aluminum alloy powder
was prepared under the same conditions as above
except that no air jet was applied to the molten
metal. The result achieved is shown also in FIG. 9
as indicated at B. The powder was 420 microm —
eters in mean particle size and 0.70 g/cm?3 in bulk
density. This reveals that the application of the air
jet according to the invention readily produces finer
particles.

Preparation Example 2

An aluminum alloy powder having the same
composition as in Preparation Example 1 was
prepared using the apparatus shown in FIG. 2. The
cooling tubular body 1 was 200 mm in inside
diameter, and the axis of the body was inclined at
an angle of 25 deg with respect to a vertical. The
cooling liquid injection channel 5 had outlets which
were 11.5 mm in diameter and through which
cooling water was injected into the body at a flow
rate of 0.3 m3min. As a result, a cooling liquid
layer 9, 250 mm in inside diameter, 300 mm in
length and 20 m/sec in average flow velocity, was
formed between the annular closure 2 and the
thickness adjusting ring 10. The flow regulating
valve 34 was adjusted to fill the discharge channel
32 with the cooling liquid.

A molten aluminum alloy was prepared at
1000° C in the crucible 15, and the molten metal
22 within the crucible was forced out in the form of
a thin stream of molten metal 25, 2 mm in diam —
eter, from the nozzle orifice 20 of the crucible 15
vertically downward into a space 23 inside the
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liquid layer 9 by supplying argon gas to the cru-—
cible 15 at 1.0 kgf/cm?.

An argon gas jet 26 was applied at 10 kgf/cm?
from the jet nozzle 24 with a nozzle orifice diam —
eter of 6 mm to the molten metal 25 in the space
23, whereby the molten metal 25 was made into
particles. The angle made by the argon gas jet 26
with the molten metal 25 was 30 deg.

The powder obtained was 200 micrometers in
mean particle size and 1.3 g/cm?® in bulk density.
FIG. 10 shows the relation between the particle
size and the cooling rate. The cooling rate was
determined from the metal structure of particles of
the powder. The drawing shows that in the case of
the metal powder prepared according to the in—
vention, the cooling rate is 10* to 10° °C/sec even
when relatively large particles, 100 to 1000 mi-
crometers in size, are formed. This indicates that
the invention affords a microfine structure. The
drawing appears to indicate that the cooling rate for
giving particles of 0.1 micrometer in size is at least
108 °C/sec.

Next, the powder was checked for gas con-—
tents, which were found to be 12 ppm of H, and
500 ppm of O,. For comparison, an aluminum alloy
powder was prepared under the same conditions
as above except that the flow regulating valve 34
was fully opened so as not to close the discharge
pipe 33 with the cooling water. The resulting pow —
der was found to contain 20 ppm of H, and 820
ppm of O». This indicates that the product of the
invention is much lower in gas contents than the
comparative example.

Preparation Example 3

An iron alloy powder was prepared under the
same conditions as in Preparation Example 2. The
iron alloy had the composition of Fe—-1.3 C-4
Cr-3.5 Mo—-10 W-3.5 V-10 Co as expressed in
wt. %, and was melted at 1600° C.

The powder obtained was 250 micrometers in
mean particle size. When checked for gas con-—
tents, the powder was found to contain 9 ppm of
Hz, 580 ppm of O» and 720 ppm of N2. When an
iron alloy powder of the same composition as
above was prepared under the same conditions as
above except that the average flow velocity of the
cooling liquid layer was 5 m/sec, the powder was
found to contain 15 ppm of Hz, 1200 ppm of O-
and 740 ppm of Np. This reveals that as the flow
velocity of the cooling liquid layer is increased, the
molten droplets can be more rapidly separated or
released from the vapor of the cooling liquid pro—
duced therearound so as to be free from con-—
taminants more effectively.

1 cooling tubular body
4 cooling liquid injection tube
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cooling liquid injection channel
pump (cooling liquid supply means)
cooling liquid layer
5 crucible (molten metal supply means)
23 space
24 jet nozzle (gas jet injection means)
25 molten metal
26 gas jet
31 closure
33 discharge pipe
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Claims

1. A method of producing a metal powder char—

acterized in that the method comprises:

injecting a cooling liquid into a cooling
tubular body along an inner peripheral surface
thereof to form a cooling liquid layer moving
toward a cooling liquid discharge end of the
tubular body while swirling along the tubular
body inner peripheral surface,

supplying a molten metal to a space inside
the cooling liquid layer,

applying a gas jet as directed toward the
cooling liquid layer to the molten metal to
divide the molten metal and supply the divided
molten metal to the cooling liquid layer, and

discharging the cooling liquid containing a
metal powder solidified in the liquid layer from
the cooling liquid discharge end of the tubular
body to outside.

2. A method of producing a metal powder as
defined in claim 1 wherein the cooling liquid
containing the metal powder solidified in the
liquid layer is discharged to outside through a
discharge pipe attached to a closure provided
at the discharge end of the tubular body while
filling the pipe with the cooling liquid.

3. A method of producing a metal powder as
defined in claim 1 or 2 wherein water is used
as the cooling liquid, and the gas jet is formed
by an inert gas.

4. A method of producing a metal powder as
defined in claim 1 or 2 wherein the cooling
tubular body is in the form of a hollow cylinder.

5. A method of producing a metal powder as
defined in claim 1 or 2 wherein the molten
metal is supplied by gravity.

6. A method of producing a metal powder as
defined in claim 1 or 2 wherein the metal
powder discharged along with the cooling lig -
uid is continuously drained of the liquid and
subsequently dried continuously.
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11.
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An apparatus for producing a metal powder
characterized in that the apparatus comprises:

a cooling tubular body having a cooling
liquid injection channel for injecting a cooling
liquid into the tubular body along an inner
peripheral surface thereof,

molten metal supply means for supplying
a molten metal into a space inside a cooling
liquid layer formed by the cooling liquid in—
jected from the injection channel and moving
toward a cooling liquid discharge end of the
tubular body while swirling along the tubular
body inner peripheral surface,

gas jet injection means for producing a
gas jet to divide the molten metal and supply
the divided molten metal o the cooling liquid
layer, and

cooling liquid supply means for supplying
the cooling liquid to the cooling liquid injection
channel.

An apparatus for producing a metal powder as
defined in claim 7 wherein the tubular body
has a closure attached to its cooling liquid
discharge end, and a discharge pipe attached
fo the closure for discharging the cooling liquid
therethrough with the pipe filled with the cool —
ing liquid.

An apparatus for, producing a metal powder as
defined in claim 7 or 8 wherein the cooling
tubular body is in the form of a hollow cylinder.

An apparatus for producing a metal powder as
defined in claim 9 wherein a ring for adjusting
the thickness of the cooling liquid layer is
attached to the inner peripheral surface of the
cooling tubular body.

An apparatus for producing a metal powder as
defined in claim 10 wherein a plurality of rings
for adjusting the thickness of the layer are
provided.
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