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"PRODUCTION OF METAL POWDER. 
Henry A.Golwynne, New York, N.Y. 
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(Cl. "I18-—47.3) '20. Caixas. 

This invention relates to the production of 
metal powders and has for its object improve 
ments in the method of producing metal powder. 
Among the methods of producing metal powder 

is that of atomizing molten metal with a blast 
of gas, freezing the atomized metal into 'finely 
divided solid particles, and recovering the result 
ing metal powder. Most metals have a marked 
affinity for oxygen and nitrogen at elevated 
temperatures. 
metal powder from molten metal by atomization 
with a gas because the oxides and nitrides formed 
by the reaction of oxygen and nitrogen in the 
gas with the atomized metal tend to form ator 
near and to contact and then to adhere to the l 
highly heated atomizing nozzle, thus clogging or 
otherwise impairing its usefulness. Such nozzles 
usually have a central outlet or discharge open 
in through which the molten metal is forced and 
usually a plurality of ports through which streams 
of the gas are forced against the molten metal 
discharged from the outlet. Although a great 
deal of the oxide and nitride finds its Way into 
the metal powder produced, appreciable: amounts 
contact the hot lozzle and adhere thereto as an 
aecretion or incrustation. This builds up around 
the ports, particularly, and even the outlet, even 
tually, so that they become smaller and Smaller 
and clogged eventually. As this takes place the 
size of the molten metal and gas Streaths is grad- : 
ually reduced, thus altering radically the condi 
tions under which the powder is formed. This 
affects the particle size of the product as well as 
the efficiency of the operation. Fhe nozzles Faust 
be removed, repaired - or replaced frequently. 

In the earlier attempts to produce metal powder 
by atomization, the gas employed for atomization 
and in the atomizing chamber was air or steam. 
Air is highly oxidizing and nitriding and Steah 
mildly oxidizing. They have been disearded in 
favor of so-called inert, or non-reacting gases. 
As we shall see inert gases available-commercially 
in quantities are not truly inert, and even if truly 
inert other oxidizing and nitriding influences are 
inherent in the operation. In any event various 
proposals have been advanced to atomize molten 
metal with and in the presence of Suehinert or 
non-reactive atmospheres. For example, a trickle 
or stream. of molten-metal is blasted in a chant 
ber filled with inert gas; the atomized metal is 
frozen into finely divided solid particles; and the 
resulting metal powder permitted to settle at the 
bottom of the chamber from which it is, removed 
periodically. Another proposalisto sprayholten 
magnesium into a chamber filled with cold nitro 

This makes it difficult to produce 
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gen gas deemed to be comparatively inert to the 
magnesium. Magnesium, however, has a high 
affinity for nitrogen, when either or both is heated, 
and it is impossible to spray molten Inagnesium, 
which is necessarily highly heated, in such a man 
ner without providing a Zone, even though re 
stricted in extent, conducive to the forrilation of 
an objectionable amount of magnesium nitride. 
As before the powder is removed periodically from 
the bottom of the chamber. • 

Investigators in this field have been greatly 
troubled with the problem of producing a Sufi 
ciently inert or non-reactive attraosphere in which 
to atomize the molten metal. As manufactured, 
the gas itself, for example helium, argon, etc., 
is not entirely inert because it usually contains 
a certain amount of impurities Such as oxygen 
and nitrogen. The inert gas must be conducted 
into the chamber in which the molten metal is to 
be atomized and the powder formed. Since the 
chamber is initially filled with air, the airinust 
be flushed out, or otherwise be replaced, by the 
inert gas. Since gases mix readily, the inert gas 
and air promptly intermix. In spite of careful 
precautions a residuum of air remains, and since 
the air is rich in oxygen and nitrogen, the at 
'mosphere as a Whole in the chamber is containi 
nated to that extent. The atomized metal re 
acts readily with the oxygen and nitrogen. Oxide 
and nitride incrustations then form on the nozzle 

The di Scharge 
ports of the nozzle are soon clogged and the oper 
ation must be stopped to clean or replace the 
nozzle. 
My investigations have led to the discovery that 

difficulties and disadvantages of the type dis 
Cussed may for the most part readily be overcome. 
With certain important improvements in the 
method of producing metal powder by atomizing 
molten metal with a blast of inert gas, metal pow 
ders may be produced steadily over prolonged pe 

Metal powders substantially uniform in 
quality and in particle size may be obtained. 
The operation may be so conducted as to obtain 
metal powders graded generally as to particle 
SZ8. 

In accordance with one aspect of the invention, 
a confined circulatory System-including molten 
metal atomizing, metal powder forming and pow 
der Separating, Zones–is filled initially with inert 
gaS under preSSure higher than atmospheric to 
prevent, ingress of outside air. The inert gas in 
the System is purified with respect to such im 
purities as oxygen and nitrogen, after which metal 
powder is produced therein. 



3 
Air initially present in the circulatory System 

is replaced for the most part with inert gas. The 
inert gas is introduced in the System at a high 
point and the undesired air containing oxygen 
and nitrogen is withdrawn at a low point. The 
oxygen and nitrogen in the inert gas and in the 
residue of air remaining With the inert gas in 
the System are then eliminated. 
The purification operation is advantageously 

conducted by causing the oxygen and nitrogen 
impurities in the gas to react with heated metal 
particles to form the oxide and nitride Of the 
metal. Metal powder of the kind to be produced, 
or previously produced, is preferably employed 
because it is at hand. The gas may be withdrawn 
temporarily from the system, purified, and then 
returned to the system; the entire operation be 
ing a circulatory or cyclical one until all of the 
gas in the System has been in contact with the 
heated metal for purification and has been re 
turned to the System. 
According to another aspect of the invention, 

the molten metal atomizing, retal powder form 
ing and powder separating steps are conducted 
in the confined circulatory Systern filed With the 
purified inert gas as the gas is continuously cir 
culated therethrough under preSSure higher than 
atmospheric to prevent ingress of outside air. 
This is advantageously accomplished by blasting 
a fine Stream of the molten metal circumferen 
tially with a plurality of streams of heated inert 
gas in the metal powder forming Zone filled with 
the circulating inert gas, the circulating gas be 
ing sufficiently low in temperature promptly to 
freeze the atomized retal into finely divided pair 
ticles. The circulating inert gas with metal pow 
der suspended therein is paSSed from the powder 
forming Zone to a powder-gas separating Zone; 
metal powder is separated from the inert gaS; 
the inert gas remains in the System to be reused; 
and the metal powder so separated is withdrawn 
from the System. 
To obtain the plurality of fine streams of in 

ert gas to atomize the molten metal, it is advan 
tageous to withdraw temporarily SOme of the 
inert gas from the System, place it under Sub 
Stantial positive pressure, and return it to the 
system by atomizing the molten metal. The gas 
so withdrawn from the system is preferably pre 
heated by placing it in heat-interchange relation 
ship with the body of molten metal to be atomized. 
The fine streams of heated inert gaS are then 
forced under high pressure into the stream of 
molten metal thus breaking it up into a lyriad 
of fine droplets which are then enveloped in the 
cooler inert gas circulating through the System. 
and frozen into Solid particles. If cool gas were 
used to atomize the molten metal, at least in 
the atomizers conventionally eimployed, molten 
metal would tend to freeze and adhere to the dis 
charge tip. 
Another highly advantageous expedient is to 

place the source or body of molten metal to be 
atomized under Substantial preSSure With the in 
ert gas So that molten metal may be forced as 
a stream into the atomizing Zone. To this end 
some of the inert gas is withdra Win froIn the SyS 
tem, conducted under Substantial positive preS 
sure to a confined space above the body of molten 
metal and used to force a stream of the molten 
metal to the atomizing ZOne. 
In a presently preferred practice of the inven 

tion, the circulating inert gas with metal powder 
suspended therein is passed from the powder 
forming zone through a plurality of powder-gas 
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4. 
separating zones, metal powder being Separated 
from the inert gas in each Zone and the metal 
powder so separated is withdrawn from the SyS 
tem at each Zone. 
The separation of the metal powder from the 

gas may be conducted in various way S. At the 
present tine the gas With metal poWder Sus 
pended therein is passed successively through a 
Series of cyclones. So that the separation of the 
powder may take place by dry precipitation. This 
has the advantage that powder of graded particle 
size may be selectively separated in each cyclone; 
for example, fine particles in the first cyclone, 
finer particles in the next cyclone, and so on. 
The residue of dust remaining in the gas leaving 
the last cyclone is advantageously thrown down 
by Wet precipitation, Such as by passing the gaS 
through a bag filter Wet With oil. As an addi 
tional precaution it is desirable to use a filter in 
the line going to the compressor. 
As already indicated, improvements in the ap 

parat US employed are neceSSary to obtain the 
advantages of the method. The apparatus for 
producing the netal powder Cornprises a confined 
circulatory System adapted to be illed. With gas 
under preSSure higher than atmospheric; a gas 
ometer to hold Surplus gas and to take care of 
expansion and Contraction of the gaS; a chamber 
for atomizing molten metal and chilling atomized 
metal into powder; a blower for circulating the 
gas around the system; and a separator for 
Separating the powder from the gas. 
An atomizer for the molten real extends at 

its discharge end into the chamber. The atomizer 
in turn ConnectS With the bottom portion of a 
melting furnace and means are provided for 
exerting pressure inside the furnace So that no 
ten metal at the bottom may be forced through 
the atomizer into the chamber. This pressure is 
preferably obtained With a compressor connected 
On the inlet Side with the system for the with 
drawal of some gas and on the outlet side with 
the interior of the melting furnace to place a 
layer of gas over the body of molten metal under 
Sufficient preSSure to force molten metal through 
the atomizer. The compressor preferably con 
nects on the inlet side with the system beyond 
the place or places where the powder is separated 
from the gas so that substantially powder-free 
gaS may be paSSed by the compressor to the fur 
le. 
Another advantageous arrangement is one 

adapted to use Some of the gas in the system for 
atomizing the molten metal. To this end the 
COInpreSSOr, aS efore, connects on the inlet Side 
With the System for the withdrawal of SO(ne gas 
and On the outlet Side with a conduit, in heat 
interchange relationship with the furnace foll 
melting the metal to be atomized, the discharge 
end of the conduit connecting with the atomizer 
for the molten metal so that the molten metal 
discharged from the atomizer may be blasted 
With gas preheated by the furnace. Also, as just 
described above for the furnace, the compressor 
preferably connects on the inlet side with the 
System beyond the place or places where the 
pOW der is Separated from the gas so that Substan 
tially powder-free gas may be passed by the com 
preSSOr through the preheating conduit to the 
atomizer for atomizing the molten metal. 
A combination of the features just described 

is highly desirable in practice. In other Words, 
the compressor connects on its outlet side with 
the interior of the furnace as well as With the 
atomizer, so that molten metal in the furnace 



2,688,630 ?• ??? 

5 
may be placed under pressure by the gas and 
thus: he forced from the furnace to and through 
the atomizer and so that the aolitera retal ray be 
atomized by the gas from the compreSSQr When 
it is discharged into the chamber. The COI preS 
Sor connects on the inlet side With the System 
beyond the place where the powder is separated 
from the gas so that substantially powder-free 
gas may be passed by the compressor to the furr 
nace and to the atomizer. 
The invention is adapted for the production 

of a variety of metal powders. The metal to be 
converted into powder may be essentially a pri 
mary metal or a combination of metals, Such 
as alloys. As a practical matter one of the de 
termining factors-is, of course, the melting point 
of the metal. The higher the melting point, the 
more are the difficulties encountered;-particularly 
as regards heating and Wear and tear of the 
equipment. The invention is being currently 
practiced in the production of magnesium, pow 
der, and powders of alloys of magnesium, more 
particularly alloys of magnesium and aluminum. 
While various gases inert to the metal to be 

converted to powder may be used, as, a practical 
matter the choice simirners down to one readily 
available at a relatively; low cost. For this rea 
son helium is now being used. Other inert gases, 
such as argon could, of course, be-enployed. 
The practice of the invention as described re 

sults in an unusually stable and efficient product. 
The metal powder may be stored Without ap 
pearing to ose its effectiveness in , use. In the 
case of nagnesium, the powder remains highly 
effective after storage. This is not true. Of COIn 
ventional ragnesiura powderS Such as are pro 
duced by grinding or attritional means. This 
may be due to the fact that such powders are 
produced in a relatively hot state due to the 
grinding or attritional friction, which causes the 
exposed surfaces of the particles to react with 
the surrounding gases and thus, for example, to 
take on a coating "of oxide. On the other hand, 
powder of the present invention is produced in 
a relatively cool atmosphere due to the large 
volumes of cool circulating inert gas: that envelop 
and chill the particles promptly on formation, 
and carry them away from the atomizing and 
powder forming zones. There is little or no Op 
portunity for an oxide coating to form on the 
individual particles. 

In addition the metal powder of the invention 
is highly activated thus making it very efficient 
in use. This appears to be due to the enorinos 
amount of surface area offered by a body of the 
product, far in excess of that of conventional 
metal powders. Metal powders as heretofore 
made are solid and therefore expose only an eX 
terior surface. The powder of the invention, On 
the other hand, is in the form of hollow Spheri 
cal particles. The interior surfaces and exterior 
surfaces together provide an enormous amount 
of available surface for use. This is particularly 
important, for example, in the case of magnesiuin. 
powder used for flares. Due to the enormous 
amount of available surface area the magnesium 
powder may be burned in a highly intense in 
stantaneous flash. 

it is at present believed that the particles are 
formed as the result of the mainer in which the 
inert gases are employed. As noted above, a 
portion of the inert gas is withdrawn from the 
circulatory system and conducted to and over the 
body of molten metal in the furnace under. Sub 
stantial positive pressure, in order to force molten 
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6 
metal from the furnace to the atomizer. As a 
result of this step the molten metal becomes sat 
urated with the gas at the prevailing tempera 
ture; and pressure in the melting furnace, CauS 
ing a certain: amount: of the gas to go into solu 
tion in the molten metal. When the aqltern 
metal.iscatomized, the resulting minutes droplets 
are promptly frozen by the cool circulating inert 
gas into: Solid particles. The chilling effect is SO 
rapid that the gas dissolved in the dropletS is 
quickly forced out of solution thus causing thern 
to expand into particles. 
These and other features of the invention Will 

be better Lunderstood; hy refering to the - aC60III 
panying drawings, taken in conjunction with the 
following description, in Which: 

Fig. : is a diagrammatic fiew sheet Showing 
the systemasa. Whole; 

Fig. 2 is...a side elevation of the purifier ShoWE 
in Eig.:1; 

Fig. 3 is a plan view of one of the trayS. in the 
purifier; 
:Fig. 4 is a cross-section on the line 4-4 of 

Fig. 3; 
Fig. 5 is a cross-sectional 'view of one of the 

meting furnaceS:ShGWn in Fig.; 
Fig. 6 is an enlarged cross-sectional view of 

the atomizer shown in Fig. 5; 
iFig. 7 is alongitudira Section of the chamber 

shown in Eig. for atomizing moltennetta and 
forning metal:powder; 

Fig. 8 is a transverse Section on line 8-8 of 
?ig?7; 
:Fig. :9 .is ara enlarged side View of one of the 

pOW der-gaS: Separators. ShoWninig.1; 
Fig. i0 is a similar VieW, partly in Section, 

of theioWer end:thereof; and 
Fig. ii is a front elevation of the Sane. 
Reference is made to Fig. 1 for an overal 

picture of the: apparatus. Since purification of 
the gas in the system is of initia importance, 
the mail features of its systern ; or circuit Will 
first bei deScribed. 
This includes a gasometer ..., a conduit 2, , a 

nain Conduit 3, a branch conduit. 4, a dust fitter 
5, a conduit:6, a brancheonduit , a filter 8, a 
brainch conduit :9, , a bratach conduit, f9, a fillter 
l, Fa, braneh conduit 2, a compressor 3 con 
rected on its inlet or suction; side with conduit 
6, a conduit. 4.connecting the outlet or pressure 
side of the compressor, a filter 5, a conduit S, 
a branch conduit it connecting the inlet of a 
purifier 8 surrounded by a heating furnace or 
chamber 9;having an inlet 20 for the introduc 
tions of heating gases; and an outlet 2 for the 
escape of Spent gases, and a conduit 22, connect 
ing the otilet of the; plurifieri y?With the gaSoEtter. 
The latter conduit may, of course, connect the 
system at any other Suitable point. While. Some 
Waives or closure members are indicated, it will 
be: clear that any Suitable auxiber may be en 
ployed at other points in the circuit. In general, 
it i Will be See that gaS Fray *parSS from the mai 
Systern by Way of the gaSoaeter, and rain eon 
duit 3 to and through dist filter 5, i one or : both 
filters 8 and if, to and through the compressor, 
through filter 5, purifier 8 and back into the 
System. This cyclic operation may be continued 
until all of the gaS. in the System reaches the 
desired purity. What has been described may 
he regarded as part of the main system, or in 
deed a circulating. System. Within the main circu 
lating.system. When all of the gas is purified, it 
is unnecessary to continue with the purification 
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9. is: provided with a plurality of inclined circum 

ferentially spaced discharge ports 32 adapted to 
blast Smail streams of preheated inert gas against 
a strean of note retail discharged: through 
nozzle outlet 28 at a point, or area, 34 a Suit 
able distance forward of the nozzle tip. 

Figs. I 
molten metal and forming powder therefron in 
more detail. 
tank divided essentially into an upper compart 
ment 4B, which is in the form of a trough, a 
lower compartment 4, which is essentially in 
the form of a duct; and two side compartments 

2 and 3, which are separated from each 
other as well as from the other two compart 
ments. All of the compartments extend longi 
tudinally of the chamber. The upper and low 
er compartinents are tapered in reverse Order. 
Thus, upper compartment 49 has its smallest 
cross-section at the right end of the tank, and 
its largest cross-section at the left end. The 
lower compartment or gas distributing duct is, 
on the other hand, has its largest CrOS-Section 
at the right end, where the gas is shown to en 
ter through conduit 33, and its Smallest CrOSS 
Section at the left end. 
The compartments are obtained by the use of 

opposed pairs of overlapping plates 5 to 58, 
top plates 6 to 68 and a pair of spaced side 
plates 7 and 2. They are suitably welded to 
the cylindrical wall, and to each other to provide 
an integral structure. Plates 5A to 58 are 
pitched or slanted at an angle, toward the bot 
ton of the trough, so that powder settling there 
On Will tend to Slide dOWr into the botton. Of 
the trough. Referring for a moment to Fig. 7, 
it Will be seen that an Overlying lip A is welded 
to the head of the cylindrical tank at the right 
end to provide a slot 5 between inlet conduit 
33 and upper compartment 40. Similar under 
lying lips 76 to 82 provide slots 85 to 9. 
Upper plate 6 of the duct is spaced above the 
bottom of the tank to provide a similar slot 92 
at the left end of the tank, in direct communica 
tion. With outlet conduit 36. The overlying and 
Linderlying lips are sufficiently long to cause gas 
passing therethrough to Sweep along the bottom 
of the upper compartment. In other Words, gaS 
going through slot 75 Sweeps along the top of 
plate 88, gas passing through slot 85 Sweeps 
across the top of plate 67, gas passing through 
slot 86 Sweeps across the top of plate 66, etc. 
A gas blow-off 95 is provided along the top 

of the tank. Tn case of an explosion, the blow 
off is opened to release explosive forces, thus Sav 
ing the charnber from damage. An inlet 98 
connects each side compartment with inlet con 
duit, 33. An outlet 99 connects each Side corn 
partment with outlet 36. While the side com 
partments are normally sealed from each other 
and the other compartments, it is possible for 
leaks to develop at the welded joints. It is 
therefore desirable to have an arangerent Which 
wili permit the side compartments to be cleared 
of air and filled with inert gas, and this can be 
done with the inlets and outlets referred to. 

Figs. 9, 10 and 11, show powder-gas separator 
43 in soine detail. POWder-gas separator &2 is 
advantageously of the same general construction. 

Referring first to Fig. 9, the apparatus shown 
is in the form of a combination powder-gaS Separ 
rator and collector, being specifically a conven 
tional cyclone 28), with an inlet 20 for powder 
gas and an outlet 262 for gas, and a hopper 203 
integrally secured to and depending from the 

and 3 show chamber 38 for atomizing 

It is in the form of a cylindrical 
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10. 
cyclone. The lower end of the hopper terminates. 
in a laterally extending discharge conduit 205 
at or near the outlet end of which is an upright 
relief chamber 296. A closure member 207 is 
pivotally supported at the outlet. 

Referring next to Fig. i0, it will be seen that 
relief chamber 206 provides a substantial amount 
of free space 20 at its upper end, which extends 
a suitable distance above the place where the 
chamber. joints the conduit. The top of the relief 
chamber is fitted with a screw, cap 2 provided 
with a plurality of circumferentially spaced 
handles 2 12. 
in the specific construction shown the dis 

charge outlet is at a convenient angle to cooper 
ate With closuremember 20, which is in the form 
of an enclosed chute pivotally, or hingedly con 
nected at 23 to a fixed support 2 4: The chute 
has a bottom 215, back 216, side walls 217 and 
23, a top 249 and a discharge opening 229. A. 
piece of resilient gasket material 222, Such as 
rubber, is integrally, secured to the bottom of the 
chute so that it may be brought into Sealing con 
tact with the discharge outlet. 
The discharge outlet is in the form of a pipe 

welded at its side to the main part of the con 
duit, the upper end of the pipe being ara extension 
which forms the relief chamber. The chute is 
integrally secured at its top 29 to an outer collar 
224 fitting loosely, around the lower end of the 
discharge conduit. The upper end of the collar 
is integrally secured to the lower end of a flexible 
sleeve 225 fitting loosely around the discharge 
conduit. This sleeve may be of rubber and is 

The upper end 
of the flexible sleeve is in turn integrally Secured 
to the discharge conduit. When the chute is 
moved upwardly and downwardly, the flexible 
sleeve yields sufficiently to permit the discharge 
outlet to be closed and opened. 
A handle 228 is secured to the top of the chute 

at its discharge end, so that the operator may 
readily lower the chute to Open the discharge 
cutlet and raise the chute to close the outlet. 
This is a manual operation which may remaia 
wholly in control of the operator. 

If the operator, however, should instinctively 
let go of the handle in case of fire, or for any 
other reason, or should leave the scene, Self 
closing means associated with the chute at once 
take care of such a contingency. The particular 
self-closing means disclosed include a pair of 
spring tensioning devices. 239 and 23 secured at 
their lower ends to the chute and at their upper 
end to a fixed support, in the instant construc 
tion at the upper portion of the relief chamber. 
A turnbuckle is attached to each Spring So that 
the springs may be placed under the proper 
amount of tension. When downward pressure is 
applied to the chute, such as by bearing down 
on handle 228, the springs yield sufficiently to 
permit the chute to drop away angularly from 
the discharge outlet. To make certain that the 
chute is not lowered unduly, for example, by the 
operator when excited, a chain. 234 of predeter 
mined length is fastened at its lower end to the 
chute and at its upper end to a fixed support. 
The chain fixes and limits the amount of drop for 
the chute. As a further precaution, a holding 
device 236 With a turnbuckle 233 is hooked at its 
lower end to the chute and at its upper end to a 
fixed support (not shown). When the chute is 
in its closed position, the turnbuckle is tightened. 
Pressure on handle. 228 will, therefore, not open 
the chute. This feature is particularly desirable. 
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if children or non-trained operators have acceSS 
to the apparatus. 
When, therefore, it is desired to discharge 

metal powder from the apparatus, the operator 

2 
and metal nitride. ASSuming that magnesium 
powder is to be produced, the layers are formed 
preferably of magnesium powder, about 'A' to 
'%' deep; the depth being such that the helium. 

must deliberately loosen turnbuckle 238 in order 5 may pass readily therethrough. The oxygen and 
to release holding device 236. He then applies 
downward pressure on handle 228, which causes 
chute 207 to move or open downwardly. Metal 
powder then moves by gravity from hopper 203 
through conduit 205 and its discharge outlet into 
the chute, and downwardly through the chute 
out of its discharge opening 220 into a container 
240. 

If all goes well the handle is kept down until 
the desired amount of powder runs into the con 
tainer. The handle is then lifted by the operator 
to close the discharge outlet and the holding 
device is again replaced. With the self-closing 
means in use, however, the operator need merely 
release the handle and spring-tensioning devices 
239 and 23 will lift the chute into its closed 
position. As already indicated this feature is 
particularly desirable in case of fire and if the 
Operator should let go of the handle or leave 
the scene in fright. In case of fire this is pre 
cisely what he should do for safety. 
In practicing the method of the present inven 

tion, the apparatus may be operated as follows: 
Since the circulatory System is initially filled 

with air, it is important that, it be replaced with 
a suitable inert gas, such as helium. Helium for 
this purpose is obtained commercially in cyl 
inders. With an adequate supply of cylinders 
on hand, the helium is fed into the System at One 
or more high points and air is removed there 
from at one or more low points; for example, 
referring to Fig. 1, the helium may be fed into 
gasometer and air may be withdrawn from con 
duit 36 in advance of blower 37. Whatever prac 
tice is followed a Sufficient amount of helium is 
fed into the System to flush out most of the air. 
Enough helium is thus used to place the System 
under Substantial positive pressure greater than 
atmospheric to keep outside air from seeping into 
the system. A manometer pressure of 2' water 
has worked Well. 
Since helium and air are readily miscible, no 

matter what precautions are taken an appreciable 
amount of air will be in the System after the 
flushing Operation; and Since this residue of air 
and the helium contain objectionable amounts of 
oxygen and nitrogen, purifier 8 is placed in op 
eration. As shown in Fig. 1 circulation of the 
helium through the system may be effected by 
the use of compressor f3, as well as by blower 3, 
or both. In any event helium from the system is 
passed continuously and cyclically through the 
purifier. Heating gases, such as provided by oil 
or gas burners, are fed through inlet 29 into heat 
ing chamber 9, while spent heating gases escape 
from the heating chamber through outlet 2 to 
the open atmosphere. Impure helium from the 
system is forced by compressor 3 through Con 
duit i d, fillter !5, conduit [6 and brainch conduit 

into the purifier 8. The purified helium rises 
upwardly through conduit 22 and is returned to 
the main System. 
As more particularly shown in FigS. 2, 3 and 4, 

the impure helium passes upwardly through 
layers 95 of finely divided metal particles in Su 
perposed perforated trays 82. The heating gases 
applied externally to the purifier are adapted to 
heat the metal particles to a temperature Suf 
ficiently high for the oxygen and nitrogen in 
purities to react therewith to form metal oxide 
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nitrogen impurities react with the magnesium to 
form magnesium oxide and magnesium nitride 
which are retained in the layers on the trays. In 
the particular arrangement shown, the helium 
thus purified (see Fig. 1) passes through conduit 
22 into gasometer i where it mingles with helium 
Still to be purified. 

Since the circulatory system is open, helium 
passes continuously through gasometer , con 
duits 2, 3 and 4, filter 5, conduit 6, branch con 
duit it, filter 8, brainch conduit 9, brainch con 
duit l 0, fillter ! I, brainch conduit I 2, compres 
sor 3, conduit 4, filter 5, conduit 6, branch 
conduit fit, purifier 8, conduit 22, and again 
gasometer . As this cyclic operation continues, 
helium is also forced by blower 3 through 
conduit 38, powder-gas separator 4, conduit, 
4 , powder-gas separator 2, conduit 43, fil 
ter 44, main conduit 3, branch conduit 45, filter 46, 
conduit 47, as well as branch conduit 50, filter 
5, conduit 52, main conduit 3, branch conduits 30 
and 33 into and through chamber 32, inlets 98, 
side compartments 42 and 43, outlets f 99, con 
duit :36, and back to blower 37. 
In a similar manner compressor 3 also pulls 

some of the helium from main conduit 3 through 
branch conduit 4, dust filter 5, conduit 6, branch 
conduit 7, filter 8, branch conduit 9, as well as 
branch conduit 0, filter , branch conduit 2, 
conduit 6, the compressor itself, conduit 4, filter 
5, conduit 6 past branch conduit to and 

through branch conduit 60, branch conduits 6 
and 62 to furnace 64. As more clearly shown in 
Figs. 5 and 6, helium passing through conduit 6 
goes into melting pot OC. This helium may be 
passed through conduit 63 into chamber 32. The 
helium passing through branch conduit 62 noves 
through the coils surrounding the melting pot and 
is passed into and through atomizer 6, after 
Which it mingles with helium passing through 
chamber 32. 

If furnace 74 is also placed in operating posi 
tion with respect to chamber 32, its melting pot 
may be flushed of air and filled with helium un 
dergoing purification in a manner similar to fur 
nace 64. Helium is forced by the compressor 
through conduits 6 and 79, and branch conduits 
if and 72. Helium passing through conduit 
into the melting pot may be passed through con 
duit 73 into chamber 32. Helium passing through 
branch conduit 2 is passed through the coils 
around the melting pot and finally through the 
atomizer into chamber 32. 

It will be clear from what has been said that 
if the impure helium in the system is circulated 
for a Sufficiently long time, it will continue to 
pass through the purifier until substantially all 
of the objectionable oxygen and nitrogen are re 
moved. Feriodic tests are made, with an Orset 
tester, to determine the oxygen content of the 
helium. When it is sufficiently pure the valves 
in inlet 7 and outlet 22 are closed to cut-out 
the purifier circuit. It may be cut-in from time 
to time as needed. If all goes well, the purified 
helium may be retained in the system and used 
Over a prolonged period of time. 
With the circulatory System full of purified 

helium, it is ready for the actual metal powder 
producing Operation, Referring for the moment 
to Fig. 5, which shows melting furnace 64 and its 
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auxiliary equipment in more: detail, cover dit is 
removed from charging conduit les. Ingots of 
metal to be côtv?rted into metal BÖWdef aire 
dropped into melting pot. 09. After a suitable 
amount is placed therein the cover is returned. 
The apparatus is at present, being used to produce 
magnesium powder and also magnesium-alumi 
num alloy powder. The inside dirensions of the 
pot are 24' in diameter and 42' high. A charge 
of about 180 pounds of magnesium is, thus...in 
troduced. Oil burners $8 are operated to heat. 
the pot externally until its magnesium: content. 
reaches a suitable molten temperature, from 1300 
to 1350° F. The burners are kept. in operation 
to maintain this temperature. 

Pressure-gas conduit, 6t, is opened: to admit. 
helium into the charge conduit and to) portiora 
of the pot above the - level of the molten, mag 
Yaesium. Since the pressure-gas conduit coil 
municates with the compressor the molten: mag: 
nesium is placed under' sufficient gasº" preSSurre" tio? 
force a strean of nagnesiuin. upwardly through 
moltel-metal conduit 45 to and through atorizef 

6 into atomizing and powder forfaizag chamber 
32. A pressure of 12-15 pounds per square-inch 
is applied initially to the top of the body of 
molten magnesium to start its passage through 
the conduit and the atomizer. After atomization 
of the metal is underway, the pressure is reduced 
to about 5 pounds per square inch. Helium un 
der adequate pressure by the conaPreSSoris PaSSed 
through atomizing-gas conduit 62 where it is 
heated in the coils around the malising pots. The 
preheated helium is passed through nipple 3; 
(see Fig. 6) into gas distributing chamber 23 of : 
the atomizer, from which it issues through dis 
charge ports 32 of cap 29 in a plurality of 
streams or blasts and atomizes the fine stream of 
molten magnesium discharged through nozzle : 
outlet 28 at point or area 3 a suitable distance. 
forward of the nozzle tip. The pressure of the 
helium at the nozzle varies somewhat according 
to its construction. A pressure in the neighbor 
hood of 60 pounds per square inch Works satis 
factorily with the nozzles now employed. 

Returning for a moment to Fig. 1, it will be re 
called that blower 37 causes the helium to circu 
late continuously through the System. Since 
chamber 32 is on the suction sider of the-blower, 
the helium is in effect sucked through and from 
the chamber only to be forced or pushed from 
the pressure side of the blower around the System. 
Relatively cool helium enters the chamber by 
way of branch inlet conduits 36 and 33 at the 
same end, adjacent melting furnace 64. The 
atomized magnesium is promptly enveloped and 
frozen into powder particles in the cool helitlin' 
sweeping through upper compartment 40- (See: 
Figs. 7 and 8). 
While the newly formed particles of magnesium 

powder tend to remain in Suspension i; the 
helium as the helium passes through the chani 
ber to the blower, some of it also tends to Settle 
by gravity onto plates 51 to 58: and toward the 
bottom or base of the trough of the upper cont 
partment. Additional amounts of relatively. Cool 
helium are, therefore, introduced into the upper 
compartment by way of inlet conduit, S3, AC 
cording to a present practice, the amount of 
helium entering the upper compartment by Way. 
of inlet 33 and lower compartinent or duct it 
substantially exceeds that entering by Way of in." 
et conduit 3. Some of the helium from inlet. 
33 issues as a relatively small stream through. 
slot 75, the stream being directed along-the-top: 
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of plate 68 in the bottom of the trough. Any 
magnesium powder. Settling or tending to Settle 
on that plate is, therefore, Swept up and placed. 
in suspension in the main and large current of 
gas or helium passing through the upper con 
partment. 

In a similarmianner Some helium in lower COm 
partment or duct is passes as a stream through 
slot. 83, along the top of plate f 6 at the bottom 
of the tirough of the upper compartment. Simi 
ar. Streans of helin pass through slots 86 to 
f9, so that plates 66, f35, 84, f63, 62 and 6: 
at the bottorn of the trough of the upper corn 
partment aire continuously swept with streams of 
helium. under sufficient velocity to keep the pow 
der: from settling and to keep, it in suspension. 
An additional stream of helium passes through 
duct 92 into the discharge end of the upper con 
partment. Some of the helium thus introduced 
through the Siots also spreads to the side and 
Sweeps acrossgates 5 to 58 to keep them clean. 
of powder. The inixture of gas and powder is 
under a great, deal. Of turbulence which inhibits 
settling of the powder. The powder laden gas 
is in: effect sucked from the upper compartment. 
throught outlet 36 and blown through conduit 38. 

If melting fuznace: 64 must be shut down for 
some reason, such as for repairs, melting furnace 
4 (see Fig. 1) is put in operation at the other 
end of the chamber. In this case it is advisable 

duit 34. As before, a fine stream - of molten mag-- 
nesiuna issuing from the nozzle of the atomizer 
is þolaSted with helium and the atomized mag 

... nesium is promptly enveloped in the relatively 
cool helium gas entering the upper compartment 
by way of inlet conduit 34 as well as by helium 
entering the chainber through inlet conduit 33. 
The force behind the fine stream of molten 

metal issuing from the nozzle of the atomizer at 
either end of the changer and the force of the 
helium used to atomize the strean), of molten. 
magnesium is sufficient to throw the atonized 
magnesium Substantially across the length of the 
chamber. When melting furnace 64 is in Opera 
ion, the direction of the stream of molten metal 

is in general concurrent with the streams of heli 
Um p?SSed into and through the Chamber. Còn 
the other hand, when melting furnace. 4 is in 
operation the direction of the stream of molten 
metallissuing from the 130zzle is in general coun 
tercurrent to the helium entering the upper con 
partment by way of inlet, conduit 33 but concur 
rent with the helium entering the chamber 
through inlet conduit, 34. As a result of these 
contrary movements, at least initially, the helium 
is kept in a turbulent state. In any event the 
Suction force of the blower is sufficient to draw: 
the resulting powder-gas mixture from the cham 
be. 

Still referring to Fig. 1, the magnesium powder 
laden helium is forced by blower 3 through con 
duit. 3S3. to powder-gas separator 40. As shown 
in FigS. 9, 10 and 15 and as described in Some de 
tail above, the larger powder particles are Sep 
arated selectively from the helium and smaller 
particles in cyclone. 28' andfall into hopper 203. 
After a sufficient supply of powder has collected 
in the hopper, Sone of it is withdrawn from time 
to time; care being taken not to break the powder 
sealin discharge conduit 295. So that air can enter 
the System. 
Again returning to Fig. 1, the helium contain 

ing the Smaller. particle:S of magnesit m:powderis : 
forced from powdergas. Separator 68, through. 
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conduit 4 to powder-gas separator 42. Since 
the Separator operates like the other, the same 
procedure is followed in Withdrawing powder. AS 
already indicated one or more additional powder 
gas separators may be employed. 
From the chamber to and through the powder 

gas Separators the helium undergoes a Substan 
tial drop in temperature. As it leaves the last 
powder-gas separator in the series it still contains 
Some fines Which should be removed before it 
reaches the compressor. To this end the helium 
leaving powder-gas separator 42 is passed 
through conduit 43 into dust-collector 44. In 
the present practice this is in the form of a plu 
rality of filter bags, the specific device employed 
being a Dracco dust collector. While a substan 
tial amount of the dust is thus removed from 
the helium, Some remains. 

Helium leaving dust-collector 44 passes into 
main conduit 3 and is then diverted through 
branch conduit 45, filter 46 and conduit 47 back 
to main conduit 3. This is a wet filter, of the 
oil type, which needs to be cleaned from time to 
time. When cut-out of the circuit for that pur 
p0Se, helium is diverted from main conduit 3 
through branch conduit 53, a similar filter 5 and 
conduit 52 back to main conduit 3. 
A Substantial amount of the helium thus 

treated passes continuously through main con 
duit 3 and brainch conduits 30, 33 and 3.8 back 
to chamber 32. Some of the thus treated helium 
is, however, diverted from main conduit 3 to the 
compressor. Additional steps are taken to re 
move further amounts of dust from this helium 
before it reaches the compressor. To this end 
the helium is diverted through conduit 4 into 
and through filter 5, which may be an oil filter 
similar to filters 46 and 5. Although the helium 
thus treated is substantially dust free, it usual 
ly contains Some suspended oil and moisture, 
both of which contribute to the fire hazard. 
Helium leaving the filter enters conduit 6 and 
is diverted through branch conduit , filter 8 
and conduit 9 back to conduit 6 which connects 
the inlet or Suction side of compressor 3. When 
filter 8 is cut-out for cleaning, helium leaving 
filter 5 is diverted from conduit 6 through branch 
conduit fo, filter f , and conduit 2 back to con 
duit, 6. Filters 8 and f f are advantageously of 
the pot type containing a filter layer of steel 
wool or other suitable material, through which 
the helium is passed to abstract the Suspended 
oil and moisture. 

Since the helium may pick up Sone oil and 
moisture in the compressor, it is again filtered. 
Helium leaving the Outlet or pressure side of the 
coin pressor is passed through conduit A and 
filter 5. This filter may contain a filter layer 
of felt, for example, such as a Cuno filter, which 
abstracts the oil and moisture as the helium 
passes therethrough. The helium thus treated 
for the removal of powder, fines, oil and nois 
ture is passed through the remainder of the SyS 
tem, including the purifier when cut-in, the melt 
ing pots, and the atomizers, as already described. 
Some losses of helium from the Systein are 

unavoidable, not only from minor leaks but al 
So When charging the melting furnaces, etc. Re 
placement helium must, therefore, be added 
to the system. However, by keeing the system 
under positive pressure, ingress of air is for the 
most part avoided. Such oxygen and nitrogen 
as enter by replacement helium is so small com 
pared with the total volume of helium in the 
System that their effect is of little consequence. 
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They react with the atomized magnesium or 
highly heated powder in the chamber and are 
quickly eliminated. That is, after the systern is 
in metal powder producing operation, it acts to 
purify itself So far as the extremely Small 
amounts of oxygen and nitrogen are concerned. 

It will thus be seen that a confined system 
may be provided in which an inert gas of high 
purity under positive pressure is continuously 
circulated While metal to be converted into pow 
der is melted and atomized therein. Although 
the gas initially placed in the system is not satis 
factory for the purpose, it may be so treated as 
to remove harmful impurities. After the gas is 
purified, it may be used over a long period of tine 
to produce metal powder. While various inert 
or non-reactive gases may be employed, helium 
is especially Suitable because of its availability. 
Metal powder may be produced from various 
metals and their alloys, such as magnesium, 
aluminum, zinc, cadmium, lead, etc. The prin 
cipal limitation is the ability of the materials in 
the System economically to withstand the neces. 
Sary Wear and tear. 

It will be clear to those skilled in this art that 
the practice of the invention lends itself readily 
to various modifications. The specific practice 
described is only by way of illustration. It is 
obvious, for example, that other compressors, 
purifiers, furnaces, atomizers, separators, filters, 
etc., could be used and that the units making 
up the whole can be arranged in various ways. 
What is disclosed is a highly effective arrange 
ment for producing metal powders in large 
quantities in an efficient manner. 

claim: 
1. In the method of producing metal powder 

by atomizing molten metal with a blast of in 
ert gas, freezing the atomized metal into finely 
divided Solid particles, and recovering the re 
Sulting metal powder, the improvement which 
Comprises conducting the molten raetal atomiz 
ing, metal powder-forming and powder-separat 
ing steps in Successive zones therefor of a main 
confined circulatory System filled with gas in. 
ert to the metal, circulating the gas continuous 
ly therethrough under a pressure higher than 
atmospheric to prevent ingress of outside air, 
Withdrawing continuously a relatively small por 
tion of the inert gas from the main circulatory 
System beyond the powder-separating zone and 
in advance of the atomizing and powder-form 
ing ZOnes, compressing the gas so withdrawn 
Substantially to increase its pressure above that 
at any point in the main circulatory system, and 
atomizing the molten metal in the main circula 
tory System with at least a part of the com 
preSSed gas, the compressed gas being returned 
to and mixed with the gas in the main circula 
tory System. 

2. Method according to claim 1, in which the 
circulating inert gas with the newly formed 
metal powder Suspended therein is passed from 
the powder forming Zone through a plurality of 
powder-gas Separating zones, metal powder is 
Separated from the inert gas in each latter zone, 
and the metal powder So separated is Withdrawn 
from the System at each latter zone. 

3. Method according to claim 1, in which the 
inert gas So withdrawn is specially heated, a con 
tinuous fine Stream of the molten metal is blasted 
circumferentially with a plurality of streams 
of the heated inert gas in a metal powder form 
ing zone filled with the main body of circulat 
ing inert gas, the main body of gas being suf 
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ficently low in temperature promptly to freeze 
the atomized metal into finely divided particles, 
the main body of circulating inert gas with the 
newly fermed metal powder suspended tiere 
in is passed from the powder forming zone to a 
powder-gas separating zone, mekal powder is 
separated from the main body of inert gas, aid 
the metal powder so separated is withdrawn from 
the Systern. 

4. Method according to claim 1, in which the 
main body of circulating inert gas with metal 
powder Suspended therein is passed from the 
powder forming zone to a powder-gas separat 
ing Zone, metal powder is separated from the 
main body of inert gas by dry precipitation, and 
the metal powder so separated is withdrawn froni 
the System. 

5. Method according to claim i, in which the 
main body of circulating inert gas with metal 
powder Suspended therein is passed fron the 
powder forning Zone to a powder-gas Separat 
ing Zone, metal powder is separated from the 
main body of inert gas by wet precipitation, and 
the metal powder SO Separated is withdrawn 
from the System. 

6. Method according to claim 1, in which the 
main body of circulating inert gas with metal 
powder Suspended therein is passed from the 
pOWider forning ZOne Successively through a 
Series of at least two powder gas separating 
ZOnes, coarser metal powder being Separated 
from the main body of inert gas in an earlier 
ZOne by dry precipitations, and finer neta. 
powder being separated from the main body of in 
ert gas in a later ZOne by wet precipitation. 

7. Method according to claim , in Which Sorine 
of the inert gas temporarily withdrawn from 
the System and compressed is heated before be 
ing used to atomize the molten metal. 

8. Method according to claim 1, in which Some 
Of the inert gas withdrawn from the Syster 
and compressed is conducted while under Sub 
stantial positive pressure to a confined space 
above a body of the molten metal to be atom 
ized and used to force a stream of the molten 
metal to the atomizing zone. 

9. Method according to cairn , in Which the 
gas in the system is purfied with respect to oxygen 
and nitrogen by passing it through a body of 
finely divided particles of heated metal adapted 
to react with the Oxygen and nitroger to for 
metal oxide and nitride. 

10. Method according to claim 1, in which 
gas in the system contaminated with oxygen 
and nitrogen is withdrawn from the system, 
passed through a body of heated metal pOWoder 
adapted to react with the oxygen and nitrogen, 
and the purified inert gas is returned to the 
System. 

11. Method according to claim 1, in which 
gas in the System contaminated with OXygen and 
nitrogen is passed through a plurality of thin 
beds of finely divided particles of heated metal 
adapted to react with the OXygen and nitrogen, 

12. Method according to chain. 1, in which 
gas initially in the System and contaminated 
with an objectionable amount of Oxygen and 
nitrogen, is first passed through a body of finely 
divided particles of heated metal adapted to 
react with the oxygen and nitrogen until the 
gas is purified with respect to the OXygen and 
nitrogen, and the atomizing, metal powder 
forming and powder separating steps are then 
conducted in the presence of the inert gas SO 
purified. 
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13. Method according to chain. 1, in Which as 

fine stream of the molten metal is blasted With 
inert gas So withdrawn in a metal pOWider form 
ing Zone filled with the main body of circulate 
ing inert gas, the nain body of circulating gas, 
being sufficiently low in temperature promptly 
to freeze the attorialized ineta into finely divided 
solid particles, and a streaft of the inert gas 
withdrawn froin the main body of gas is intro 
dueed at the botton of the gowder for ig Zoe 
to help keep the newly formed particles of metal 
powder in suspension during their paSSage to 
the powder separating Zone. 

14. Method according to claim 1, in which 
the inert gas so withdrawn is specially heated, 
a fine stream of the molten metal is blasted 
With the heated inert gas in a netal powder 
forming Zone filed with the main body of Cir 
culating inert gas, the circulating gas being Suf 
ficiently low in temperature promptly to freeze 
the atomized metal into finely divided particies, 
a plurality of streans of inert gas from the main 
circulatory Systern is introduced at Spaced in 
tervals along the botton of the powder forning 
ZOne to help keep the newly formed particles of 
metal powder in Suspension during their pas 
Sage from the powder forming zone to the pow 
der Separating Zone. 

15. Method according to claim 1, in Which 
a fine stream of the molten metal is blasted 
with the inert gas so withdrawn in One end 
of an elongated metal powder forming Zone 
filed with the inain body of circulating ine, 
gas, the main body of circulating gas being Sufi 
ciently low in temperature promptly to freeze 
the atomized metal into inely divided particles, 
and a plurality of Streas of inert gas from the 
main circulatory system is introduced along the 
botton of the powder forming Zone to help keep 
the newly formed particles of metal powder in 
Suspension during their passage from the poW 
der forming Zone to the powder separating Zone. 

16. Method according to cairn , in Which 
the inert gas So withdrawn is specially heated, 
a fine stream of the molten metal is blasted 
circumferentially with a plurality of fine streams 
of the heated iner, gas so Withdra Win in One end 
of an elongated metal pOW cer forning Zone 
filled with the main body of circulating inert, 
gas entering therein from the same end, the 
main body of circulating gas being Sufficiently 
low in temperature promptly to freeze the atom 
ized metal into finely divided particles, intro 
ducing the nain body of circulating inert gas 
in the powder forming Zone at the Sane end 
so that the powder and gas may nove concur 
retly through the powder iforning Zone, and 
a plurality of streams of inert gas from the 
main circulatory system is introduced along the 
bottom of the powder forming zone to help keep 
the newly formed particles of metal powder in 
SUSpension during their paSSage from the pow 
der fOrming Zone to the pOWder Separating Zone. 

1. Method according to claim 1, in which 
the gas so withdrawn from the main circula 
tory System is filtered to remove Solids there 
from before it is compressed. 

18. Method according to claim 1, in which a 
portion of the gas so compressed is used to force 
the molten metal into the atonizing zone. 

19. Method according to claim i, in which a 
part of the Withdrawn and compressed gas is 
purified With respect to oxygen and nitrogen 
by passing it through a body of finely divided 
particles of heated metal adapted to react with 
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the oxygen and nitrogen to form metal oxide 
and nitride. 

20. Method according to claim i, in which 
the gas withdrawn from the main circulatory 
System for compression is filtered to remove sol 
ids therefrom before being compressed, and at 
least a part of the compressed filtered gas is 
purified with respect to oxygen and nitrogen 
by passing it through a body of finely divided 
particles of heated metal adapted to react with 
the oxygen and nitrogen to form oxide and 
nitride. 
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