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This invention relates ‘to the -production of
meta] powders and has for’ its object improve-
ments inthe method of producing metal powder.
‘Among the methods of produging metal powder

ig that of atomizing molten metsl with a- ‘blast
of gas, freezing the atomized mefal into ‘finely
divided solid particles, ang recovering the result-
ing metal powder. Most metals have a marked
‘affinity ‘for oxygen and nitrogen at elevated
temperatures.
metal powder from molten metdl by atomization
with a gas because the oxides and nitrides formed
by ‘the reaclion of oxygen and nitrogen ‘in"the
gas with the atomized metal teng to form at-or

near and to contact and ‘then ‘to-adhere to the -

highly heated atomizing nozzle, thus clogging or
otherwise impairing its-usefulness. -Such: ‘nozzles
usually have g 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 irto
the metal powder produced, appreciable: amounts
econtact the hot nozzle -and adhere-thereto as'an
aecretion or incrustation. This'builds up around
the ports, particularly, and even-the-otitlet, even-
tually, -so that'they become smaller and smaller
and clogged eventudlly. As this takes place the

size of the molten metal and - gas streams:is grad- ¢

ually reduced, thus altering radically the condi-
tions ‘under ‘which the pewder i ‘formed. ‘‘This
affects the particle size: of the sroduct as well as
‘the efﬁmency of the operation. Fhenozzles must
‘be removed, repaired-or ‘replaced frequently.

In the eaflier attempts to produce metal powder
by atomization, the gas employed for atomization
and in-the atomizing chamber was air er steam.
Alr is highly exidizing and nitriding and -sheatm
mildly oxidizing. They have ‘been ‘diseardedin
favor of so-called inert-or -non-reacting gases.
Ag we-shall see inert-gases available commercially
in-quantities are not-truly inert,-and-even’if truly
inert ether ozidizing- and'-nitriding influences are

inherent in the eperation. In-any-event various :

‘propesals have been advanced to atemize molten
metal -with -and ‘in .the presenece of such inert:or
nen-reactive atmospheres. For example, a-frickle
or-stream-of molten -metal is-blasted in'a-cham-
ber filled with ‘inert gas; the dtomized metdl -is
frozen into finely divided-solid particles;-and the
yesulting metal powder-permitted to settle:at the
‘bottom of the chamber from which ‘it is.removed
periodically. Another:proposaliste spraymolten
magnesmm into-a-c¢hamberflled with cold:nitro-

This makes it difficult toproduce °
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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 maghesium,
which is necessarily highly heated, in such a man-
ner without providing a zone, even though re-
stricted in extent, conducive to the formation 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 suffi-
ciently inert or non-reactive atmosphere in which
to atomize the molten metal. As manufactured,
the gag itself, for example helium, argon, eic.,
is not entirely inert because it usually ccontains
a certain amount of impurities such as o0Xygen
ang nitrogen., The inert gas must be conducted
into the chamber in which the molten metal is to
be atomized and the powdér formed. Since the

‘chamber is initially filled with air, the air must

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 exygen and nitrogen, the at-

‘mosphere as a-whole in the chamber-is contami-
nated to that extent.

The atomized metal re-
acts readily with the oxygen and nitrogen. Oxide
and nitride incrustations then form on the nozzie
‘The discharge
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

size.

In-accordance with cne aspect of the-invention,
a - confined eirculatory 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 iners gas in
the system is purified with respect to such im-
purities as-oxygen andnitrogen, after which- metal

‘powder is produced therein,
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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 he withdrawn
temporarily from the system, purified, and then
returned to the system; the entire operation be-
ing a circulatory or cyclical ione 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, metal powder form-
ing and powder separating steps are conducted
in the confined circulatory system filled 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 metal into finely divided par-
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 wbtain the plurality of fine streams of in-
ert gas to atomize the moiten metal, it is advan-
tageous to withdraw temporarily some o¢f 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 myriad
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 employed, 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 withdrawn from the sys-
tem, conducted under substantial positive pres-
sure to a confined space above the hody 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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separating zones, metal powder being separafed
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 ways. At the
present time the gas withh 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-
paratus employed are necessary to obtain the
advantages of the method. The apparatus for
producing the metal powder comprises a confined
circulatory system adapted to be filled 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 cn"culatmg the
gas around the system; and a separator for
separating the powder from the gas.

An atomizer for the molten metal 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 moi-
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-
nace.

Another advantageous arrangement is one
adapted to use some of the gas in the system for
atomizing the molten metal. 'To this end the
compressor, as before, connects on the inlet side
with the system for the withdrawal of some gas
and on the outlet side with a conduit in heat-
interchange - relstionship with the furnace ior
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
powder 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 connecis on its outlet side with
the interior of the furnace as well as with the
atomizer, so that molten metal in the furnace
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may :he -placed under pressure by the (gas .and
thus ke forced from:the furnace to.and:through
the atomizer and:so that the:molten metal may he
atomized by the gas from the compressor-when
it.is discharged: into the.chamher. The compres-
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. fur~
nace-and to the atomizey.

The invention is-adapted for the production
of a variety of metal powders. The metal to be
converted into powder .may.be-essentially a bri-
mary .metal or & combinatien of metals, -such
as-alloys. As a practical:matter one-of the de-
termining faetors-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 he used, as.a bractical
matter the choice simmers .down to.one readily
available at a relatively:low cost. For this rea-
son helium is now being used. Qther inert gases,
such as argon could, of course, be-employed.

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 lose its effectiveness in-.use. In the
case of magnesium, the powder remains highly
effective after storage. .This is not true of con-
ventional magnesium powders such as are pro-
duced by grinding or attritiongl 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 ecoating-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-liftle-or no op-
portunity ‘for an oxide codting ‘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 enormous
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 magnesium
powder used for flares. Due to ‘the enormous
amouni. 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 manner in:which the
inert gases are employed. .As noted above, a
portion of the inert.gas is.withdrawn .irom 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

10

15

20

25

30

35

40

50

bt

0

65

70

5

metal from the furnace to the:atomizer. -As-d
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. rmolten -metal. When the molten
metdl is-atomized, the resulting -minute-droplets
are:promptly frozen by the cool circulating inert
gas.into:selid particles. The chilling:effect:is:s0
rapid ‘that ‘the gas -dissolved ‘in ‘the droplets ‘is
quickly foreed-aut-of selution thus:causing them
toexpandintoparticles.

“These:and. ather features-of:the invention will
be better:understood hy :referring to the-aceom-
panying:drawings, takenin conjunction.with. the
following: description,:in whiech:

:Fig. 1 isa (diagrammatic flaw sheet showing

the system asa: whole;

Fig. 2 is. 9 side elevation of the purifier shawn
nPBig.:1;

‘Fig. 3:is'a plan view of-ane of the trays.in the
purifier; .

Fig. 4 is a cross-section .on ‘the line #—4 of
Fig.3; :

Fig. -5 is.a cross=sectional view .of .one of the
metting furnaces:shawn in'Fig. 1;

:Fig. .6 iis an -enlarged cross-sectional -view of
the atomizershown in:Fig. 5;

Fig. 7:is:a!longitudinal:section of:the chamber
shown’inFig. 1 {or atomizing - molten-metal and
forming metal - powder;

‘Fig.:8 -is a:transverse :section.on line §—8 of
Pig./l;

Fig.9:is an :enlarged side view of .one of the
powder-gas separators:shown in Fig.:1; :

‘Fig. 10 :is a -similar -view, partly in section,
of the'lower:end thereof; and

‘PFig. 11 is:a front elevation of:the same.

Reference .is ‘'made ‘to ‘Fig. '1 for :an .overall
picture:of ‘the:apparatus. -Since purification. of
the .gas 'in .the system :is .of "initial importance,
the main :features -of :its 'system or eircuit will
first be:deseribed.

"This :includes - a :gasometer 4, a conduit 2,.a
main conduit 8, a branch conduit:4,.a dust-filter
5, a ‘conduit ’6, a branch eenduit 7, a:filter 8, a
branch conduit :9, a branch conduit {9, a filter
i1, ra -braneh -conduit :£2, .a .compressor .13 con-
nectad -on:its:inlet;ar:suection :side with: conduit
8,:a:conduit {4 eonnecting: the .outlet or:pressure
side of the compressor, a filter 15, a:conduit .18,
a braneh conduit :#7 cconnecting ~the /inlet .of a
purifier (48 surrcunded by :a heating :furnace or
chamber 19:having -an inlet 20 for the introdue-
tion:of heating gases:and:an outlet .2{ for the
escape of spent gases, and a:conduit 22. connect-
ing: the outlet.of the: purifier with:the gasomster.
The latter conduit :may, -of .course, .conneet the
system-at any: other suitable point. While:some
valves or-¢losure members are.indieated, it will
be -¢lear-that -any suitable number may be em-
ployed-at-other points'in the circuit. ‘In general,
it will'be seen-that gas may: pass: from the main
system by way of ‘the gasometer: and main eon-
duit 3 to -and-through dust filber '5, one or both
filters 8 -and -1 f, to and through the compressor,
through filter 1%, purifier ‘18 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
be 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, if
is.unnecessary to.continue with the purification
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operation and it may be shut-off until again
needed.

The main system or circuit for producing the
metal powder will now be traced. It includes
a branch conduit 30 connecting main conduit 3
with a bonnet 3i at one end of a molten metal
atomizing and powder forming chamber 32 for
providing cool inert gas with which to freeze
the atomized metal to powder. Another branch
conduit 83 also connects main conduit 3 with
the lower portion of the chamber in order to
supply additional gas for keeping the newly
formed metal powder in suspension, as will be
described in more detail below. A branch conduit
34 similar to branch conduit 30, connects main
conduit 3 with a bonnet 35 at the other end of
the chamber. Conduit 36 connects the same or
discharge end of the chamber with a blower 31, a
conduit 38, a powder-gas separator 40, a conduit
41, another powder-gas separator 42, a conduit
43, and a filter 44 which in turn connects main
conduit 3. A branch conduit 45 connects the
main conduit with a filter 46 and a conduit 471.
Similarly a branch conduit 50 connects the main
conduit with a filter 51 and conduit 52. In prac-
tice it is customary to alternate use of filters
46 and 51, so that while one is being cleaned or
otherwise serviced, the other is used.

The next system or circuit to be traced is the
one having to do with the use of gas to force a
fine stream of molten metal fo the atomizer and
the use of gas to atomize the stream of molten
metal. It includes conduit {6, from the ouflet
or pressure side of compressor 13 and a branch
conduit 68 terminating in branch conduits 61
and 62. Branch 61 connects with a conduit 63
one end of which connects with the interior of
a melting furnace 64 and the other end of which
connects with the interior of chamber 32. A
vonnet 65 connects the furnace to bonnet 31 of
the atomizing and powder forming chamber.

A similar arrangement is provided for the other
end of the chamber and includes a branch con-
duit 70 connecting conduit 16 and terminating
in branch conduits Ti and 72. Branch T{ con-
nects with a conduit 73 one end of which connects
with the interior of a melting furnace 74 and the
other end of which connects with the interior of
chamber 32. A bonnet 15 connects the furnace
t0 bonnet 85 of the atomizing and powder form-
ing chamber.

Figs. 2, 3 and 4 show the purifier in detail. It
is cylindrical in form with a closed bottom 80
(see Fig. 2) resting on supports 81 on the bottom
of the interior of the heating chamber. Super-
posed trays or baskets 82 rest on an inner flange
support 83 integrally secured to the side wall of
the purifier, the flange being located . directly
above inlet 7. An imperforate cover 85 is se-
curable to the top of the purifier by means of a
plurality of bolts &6 through an outer flange
87. All joints of the purifier are gas tight
so that heating chamber gases cannot enter the
purifier and so that gases inside the purifier can-
not escape into the heating chamber.

The trays (see Figs. 3 and 4) are generally
cylindrieal in shape, being formed of a band of
sheet metal 30 with a turned in bottom flange
91 and a similar turned in top flange 92. A cir-
cular piece of coarse mesh circular screen 94
rests on and is secured to the bottom flange.
A circular piece of fine mesh screen 95 in turn
rests on the coarse mesh screen, the latter serv-
ing as a firm support for the former. A relatively
thin layer of finely divided metal particles 96,
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8
such as maghesium powder, if magriesitm powder
is to be produced, rests on the screen. A handle

or bar 97 is secured to the underside of upper
flange 92,

In preparing the purifier for use, the top of
heating chamber 19 is removed, cover 85 of puri-
fier I8 is also removed and loaded trays or bas-
kets 82 are placed therein, one superposed on the
other. In the case of the bottom tray, its bot-
tom flange 91 rests on inner flange support 83.
Lower flange 91 of the second tray will rest on
upper flange 92 of the first tray, etc. The puri-
fier is provided with a sufficient number of the
loaded trays. Cover 85 is then returned and
bolted securely to outer flange 871 with bolts 86;
after which the top of the purifier is returned.

Melting furnace 64 is shown in detail in Fig. 5.
It rests on a dolly 99 so that it may be wheeled
into and away from operating position with re-
spect to chamber 32. The furnace is formed of
a rectangular heating chamber 81 surrounded
by a metal casing 92 lined with refractory brick
83. The chamber is surmounted by a removable
top 95. A plurality of spaced openings 971 are
provided through the side walls near the bottom
of the chamber into each of which is fitted an
oil or gas burner 98. Three such burners are at
present employed.

A stack 99 is mounted on the top for the es-
cape of spent heating gases. A melting pot 106
rests on supports 181 at the bottom of the heat-
ing chamber. The top of the melting pot is
provided with a removable cover (02 securable to
an outer flange 103 by means of a plurality of
bolts {04 to provide a non-leaking joint. A metal
charging conduit 106 extends through the top
of the heating chamber and communicates with
the interior of the melting pot. It is secured
to cover 102 by means of a plurality of bolts 187.
A removable cover 110 fits over the top of the
charging conduit and can be screwed thereon
to make a leak-proof joint. Branch conduif §3
for inert gas connects with the charging con-
duit above furnace top 95. A pyrometer ({2 ex-
tends through the top and cover {62 well into
the interior of the meiting pot. Branch con-
duit 62 for inert gas extends into heating cham-
ber 91 and is spirally wound around the melting
pot. The discharging end of the conduit ex-
tends into the interior passageway {4 of brick-
lined furnace bonnet 65. A conduit {i5 for the
passage of molten metal extends from near the
bottom of the melting pot upwardly through its
cover 102 and into passageway 1i4 of furnace
bonnet 65 where it connects with an atomizexr
i 16 extending through end-cover {7 into cham-
ber bonnet 31. The two bonnets are connectible
with bolts {18. The furnace bonnet is provided
with an opening i20 in close proximity to the
atomizer and is fitted with a burner §22 adapted
to supply heating gases at and around the atom-
izer.

Atomizer {16 is shown in more detail in Fig. 6.
It is in a form of a main body portion (24
hollowed out at one end to receive the discharge
end of conduit (15 from the melting pot and hol-
lowed out at the other end to receive an atomiz-
ing nozzle 125 and fto form a gas distributing
chamber 26 around the nozzle. 'The tip end of
the nozzle, with discharge outlet {28, extends
through cap (29 screwed onto the other end of
the main body portion. Conduit 62 for inert
gas connects with a nipple 130 communicating
with the gas distributing chamber., Cap 129
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iz provided. with a plurality of: inclined: circum-
ferentially spaced discharge ports 132 adapted to
hlast small streams of preheated inert-gas-against
a stream. of molten metal discharged: through

nozzle outlet 128 at a point. or area 134 a suit=

able distance forward of the nozzle tip.

Pigs, 7 and: & show chamber 32: for atomizing
molten metal znd forming powder therefrom in
more detail.
tank divided: essentially into an-upper compart-
ment 140, which is in the form of’a trough, a
lower compariment 141, which is essentially in
the form of a duct; and two side compartments
142 and 042, which are separated from each
other ag well as from the other two compart-
ments. All of the compartments extend longi-
tudinally of the chamber. The upper and low-
er compartments are tapered in reverse order.
Thus, upper compartment {48 has ifs smaliest
cross-section at the right end of the tank; and
its largest cross-section at the left end. The
jower compartment or gas distributing duct 151,
on the other hand, has its largest cros-section
at the right end, where the gas is shown {o en-
ter through conduit 83, and its smallest cross-
section at the left end.

The compartments are obtained by the use of
opposed pairs of overlapping plates {51 to 1968,
top plates 16! to 168 and a pair of spaced side
plates {T{ and {72. They are suitably welded to
the cylindrical wall and to each other to provide
an integral structure. Plates (5i to 158 are
pitched or sianted at.an angle, toward the bot~-
tom.of the trough, so that powder settling there-
on will tend to slide down into the bottom of
the trough. Referring for a moment to ¥ig. 7,
it will be seen that an overlying lip 174 is welded
to the head of the cylindrical tank at the right
end to provide a slot 175 between inlet conduit
43 and upper compartment 140. Similar under-
lying lips §78 to {82 provide slots i85 to 191.
Unpper plate 161 of the duct is spaced above the
botiorn of the tank to provide a similar slot 192
ot the left end of the tank, in direct eommunica~
tion with outlet conduit 86. The overlying and
underlying lips are sufficiently long to cause gas
passing therethrough to sweep along the bottem
of the upper compartment. In other words, gas
going through slot 178 sweeps along the top of

plate 188, gas passing through slot {85 sweeps ,

scross the top of plate {67, gas passing through
slot 186 sweeps across the top of plate. 168, ete.
A gas blow-off 195 is provided along the top
of the tank. Tn case of an explosion, the blow-
off is openead to release explosive forees, thus sav-
ing- the chamber from damage. An inlet 198
connects each side compartment with inlet con-
duit 33.  An outlet 199 connects each side com-
partment with outlet 3§, 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 arangement which
will 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
a9 in some detail. Powder-gas separator 42 is
advantageously cf the same general construction.
Referring first to. Fig. 9, the apparatus shown
is in the form of a combination powder-gas sepa-
rator and collector, being specifically a. conven-
tional cyclone 209, with an inlet 281 for powder-
gas and an outlet 282 for gas, and a hopper 203
integrally secured to and depending from the

It is in the form of a cylindrieal
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cyclone. Thelower-end.of the hopper terminates.
in a laterally extending discharge conduit 205
ot or near the outlet end of which isan upright
relief chamber 208. A closure member 20T is
pivotally supported atithe outlet.

Referring next to Fig. 10, it wiil be seen that
relief-chamber. 208 provides a substantial amount
of free space 248: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 @ screw. cap 244 provided
with. a. plurality of: circumferentially spaced
rendles 212,

Tn. the: specific ‘construction shown. the: dis-
charze outlet is-at a convenient angle to cooper~
ate with closure member 207; which is:in the form
of an enclosed chute pivotally or hingedly. con-
nected at 213 to o fixed support 244; The chute
has & bottom 215, back 216; side walls 217 and
214, = top 249 and a discharge opening 220. A
piece of' resilient gasket material 222; such as
rubber; 1§ integrally secured to the bottom of‘the
chute:so that it may be brought into-sealing. con-
tact-with the discharge cutlet.

The discharge outlet is in the form of a. pipe
welded at its side to-the main part of the con-
4duit, the upper end of the pipe being an extension
which forms the relisf chamber: The chute is
integrally 'seeured atits top 219:toan outer-collar
294 fitting loosely- around the lower end: of the
discharge conduit. The upper end:of the-collar
is integrally secured $0 the lower end of o flexible
sleeve 225 fitting loosely around: the discharge
conduit. This sleeve may be of rubber and is-
adapted to act like. & bellows. ‘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
steeve yields sufficiently to permit the discharge-
ouslet to beclosed 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 remain
wholly in control of the operator.

Tf the- operator, however, should instinctively
1et, o of the handle in case of fire, or for any
ather reason; or should leave the scene, self-
closing means asseciated with the chute at-once
take care of such a contingency. The particular
self-closing means disclosed include a pair of
spring tensioning devices 286 and 231 secured at
their lower ends to the chute -and at their upper
end to a fized suppord, 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 & 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 238 is hooked atb its
lower end to the chute and at its upper end toa
fixed support (not shown). When the chube 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
must deliberately loosen turnbuckle 238 in order
to release holding device 236. He then applies
downward pressure on handle 228, which causes
chute 267 to move or open downwardly. Metal
powder then moves by gravity from hopper 263
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-
ticn, 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 31. 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 {3, as well as by blower 37,
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 26 into heat-
ing chamber 19, while spent heating gases escape
from the heating chamber through outlet 21 to
the open atmosphere. Impure helium from the
system is forced hy compressor 13 through con-
duit 14, filter 15, conduit {6 and branch conduit
{7 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 88 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 im-
vurities to react therewith to form metal oxide
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and metal nitride. Assuming that magnesium
powder is to be produced, the layers are formed
preferably of magnesium powder, about %'’ to
Y%2'" deep; the depth being such that the helium
may pass readily therethrough. The oxygen and
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 { where it mingles with helium
still to be purified.

Since the circulatory system is open, helium
passes continuously through gasometer 1, con-
duits 2, 3 and 4, filter 5, conduit 8, branch con-
duit 7, filter 8, branch conduit 9, branch con-
duit 10, filter {1, branch conduit 2, compres-
sor {3, conduit {4, filter 15, conduit {8, branch
conduit 17, purifier 18, conduit 22, and again
gasometer . As this cyclic operation continues,
helium is also forced by blower 27 through
conduit 38, powder-gas separator 40, conduit
41, powder-gas separator 42, conduit 43, fl-
ter 44, main conduit 3, branch conduit 45, filter 46,
conduit 47, as well as branch conduit 50, filter
51, conduit 52, main conduit 3, branch conduits 30
and 33 into and through chamber 32, inlets 198,
side compartments 142 and 143, outlets 199, 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 §, branch
conduit 7, filter 8, branch conduit 9, as well as
branch conduit 190, filter {1, branch conduit 12,
conduit 6, the compressor itself, conduit {4, filter
I5, conduit {8 past branch conduit {7 to and
through branch conduit 60, branch conduits 61
and 62 to furnace 64.. As more clearly shown in
Figs. 5 and 6, helium passing through conduit &1
goes into melting pot 188. This helium may he
passed through conduit 63 into chamber 32. The
helium passing through branch conduit 82 moves
through the coils surrounding the melting pot and
is passed into and through atomizer 115, after
which it mingles with helium passing through
chamber 32.

If furnace T4 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 16 and 18, and branch conduits
Tt and 12. Helium passing through conduit 71
into the melting pot may be passed through con-
duit 73 into chamber 32. Helium passing through
branch conduit 72 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, Periodic tests are made, with an Orset
tester, to determine the oxygen content of the
helium. When it is sufficiently pure the valves
in inlet 7T 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: detall; cover- 118! is
removed from charging conduitr 186: Ingots of
metal to be converted into metsl: powder are
dropped into melting pot 100, After a suitable
amount is placed therein the cover is returned.
The apparatus is at present being wsed ‘to produce
magnesium powder and also magnesium-alumi-
num alloy powder. The inside dimengions:of the
pot are 24’ in diameter ahd 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 magnesius: content
reaches a suitable molten temperature, from 13007
to 1350° ¥. The burners: are kept: in operation
to maintain thig temperature.

Pressure-gas: conduit’ 61 is: opened: to: admit’
helium into the charge conduit and:top:portion:
of the pot above the-level of: the molten. mag=
nesium. Since the pressure-gay cohduit com-
municates with the compressor the molten:mag=
nesium is placed under sufficient gas pressure to:
force o stream of maghesium: upwardly through:
molten-rmetal conduit 115 to and throughatomizer:
116 into atomizing and powder forming chamber
32. A pressure of 12-15 pounds per-square ineh
is appled. 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 Uy thecompressoris passed
through. atomizing-gas  conduit: 62 where it is:
heated in the coils around the melbing pos. The:
preheated helium is. passed: through: nipple: 138:

(see Fig. 8) into gas distributing chamber {128-0f g

the atomizer, from which it issues through dis-
charge ports 182 of cap 1258 in a plurality of
streams or blasts and atomizes thefine strearm of
molten magnesium discharged through nozzle
outlet 128 at voint or area {8% a sultable distance.
forward of the nozzle tip. 'The pressure of the-
helium at the nozzle varies somewhat: aceording:
to its construction. A pressure in the neighbor~
hood of 60 pounds per square inch  works satis—
factorily with the nozgles now employed.

Returning for a moment to Fig. 1, it-will be re--
ealled that blower 37 causes the helium- to circu-
late continuously through the- system: Sinee
chamber 32 is on the suction side-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 eunters the chamber by~
way of branch inlet conduits 88 and: 33:at the
same end, adjmeent melting furnace 4.  The
atomized magnesium is promptly enveleped and:
frozen into powder particles in. the coel helium:
sweeping through upper compartment. 140- (see-
Figs. 7 and 8.

While the newly formed particles of magnesium
powder tend to remain in. suspension. in: the
helium as the helium: passes through the cham-
ber to the blower, some of it also tends-to- settle:
by gravity onto:plates 151 to 158 and toward:the

bottom or base of the trough of the: upper:com-- ¢

partinent. Additional amounts-of relatively coel.
helium are, therefore, introduced-into. the upper:
compartment by way of. inlet -conduit: 8. Ao~
cordihg to a present practice, the amoeunt of
helium eatering the upper compartment by way:
of inlet 33 and lower compartment: or duct: {41
substantially excesds that entering oy way of in=
et conduit 3% Some of the hellur:from inlet:
38 issues: as a relatively small stream: through:
slot: 175; the stream: being directed atong:the:top:
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of: plate '188: in. the-bottom of the trough. Any
magnesitim: powder settling or tending- to: setth
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 com-

partment:.

In a similarmanner scme helivm:in lower com-
partment or duct i84 passes as-a stream through
slot- 18%-nlong the top of plate 167 at: the bottom
of the trough:of. the upper compartment. Simi-
lar streams of helivm: pass through slots 188 to
194; so that plates. 196, 165, 164, 183, 162 and 161
at! the bottom of the trough of the upper com-
partment are continuously swept with streams of
helivim-under sufficient velocity to keep the pow-
der- from settling and. to keep.it in suspension.
An: additional: stream of helium passes through
duct 192 into the discharge end.of the upper com~
partment. Some: of the helium thus introduced
through the: slots also:spreads to the side and:
sweebg across'plates: 451 to 158 to keep them clean.
of powder: The mixture of gas and powder is
under;a great deal of turbulence whieh inhibits
settling: of the powder. The powder laden gas

. is in-effect sucked from the upper compartment.

through outlet-38 and blown through conduit 38.

If melting furnace: 84 must be shut down for
some reason, such-as for repairs, melting furnace
14 (see Fig. 1) is.put in operation at the other
end: of the-chamber. In this case it'is advisable
duit 38. Asbefore, a fine stream of molten mag-
nesium issuing from the nozzle of: the atomizer
is blasted 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 chamber through inlet conduit 23.

The force behind the fine stream of molten
nietal issuing from. the nozzle of the atomizer at
either end of the champer and the force of the
helium used: to atomize the stream. of molten.
magnesium is sufficient to throw the atomized
magnesium substantially across the length of the
chamber. When melting furnace 064 is in opera-

ion.the direction: of the stream of molfen. metal

is in general.concurrent with the streams of heli-
um: passed into and through the chamber. On
the other hand, when  melting furnace 74 is in
operation the direction of the stream of melten
metalissuing from the nozzle is in general coun-
tercurrent to the helium entering the upper com-
partment by way of inlet conduit: 38 but concur-
rent: with' the helium -entering the chamber
through inlet conduit 34. As a result of these
contrary movements, at least initially, the helivm
is kept in a turbulent state. In any-event the
suction foree of the blower is sufficient to draw
the resulting powder-gas mixture from the cham-
ber: - '

Still referring to Pig. 1, the magnesium powder
laden helium is forced by blower 37 through con-
duit: 28 to powder-gas separator 40. As'shown
in Figs: 9, 10 and 11 and-as deseribed in some de-

. tail above, the larger powder particles are sep-

arated selectively from the helivm: and smaller
particles in cyclone 288 and fall into hopper 203:
After g sufficient supply of powder has collected
in the hopper, some of it'is withdrawn from time
to time; care beingitaken not to break the powder
seal in discharge conduit' 285 so that air can enter
the system.

Again returning:to Fig. 1, the helium contain-
ing the smaller particles-of magnesittm powder:is:
forced. from: powder-gas . separator: 9. through.




2,638,630

15

conduit 41 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 pewder-
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 48, 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-
pose, helium is diverted from main conduit 3
through branch conduit 58, a similar filter 51 and
conduijt 52 back to main conduit 3.

A substantial amount of the helium thus
treated passes continuously through main con-
duit 3 and branch conduits 38, 23 and 84 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 51. 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 § and
is diverted through branch conduit 7, filter 8
and conduit § back to conduit 6§ which connects
the inlet or suction side of compressor i3. When
filter 8 is cut-out for cleaning, helium leaving
filter § is diverted from conduit 6§ through branch
conduit 10, filter {i, and conduit 12 back to con-
duit 6. Filters 8 and {1t 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 some oil and
moisture in the compressor, it is again fiitered.
Helium leaving the outlet or pressure side of the
compressor is passed through conduit {4 and
filter 15. 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, c¢il and mois-
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. system 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 system is
in metal powder producing operation, it acts to
purify itself so far as the extremely small
amounts of oxygen and nitrogen are concernad.

It will thus be seen that a confined system
may be provided in which an inert gas of high
purity under positive pressure is confinuously
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 time
to produce metal powder. While varicus inert
or non-reactive gases may be employed, helium
is especially suitable because of its availability.
Metal powder may be produced from varicus
metals and their alloys, such as magnesium,
aluminum, zihe, 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,
ete., could be used and that the units msaking
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.

I 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 maetal atomiz~
ing, metal powder-forming and pewder-separat-
ing steps in successive zones therefor of a main
confined circulatory system filled with gzas 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 zons ansd
in advance of the atomizing and powder-form-
ing zones, compressing the gas so withdrawn
substantially to increase its pressurs 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 latier 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 circulafing inerf gas with the
newly formed metal powder suspended there-
irt is passed from the powder forming zone to a
powder-gas separating zone, metal powder is
separated from the main body of inert gas, and
the metal powder so separated is withdrawn from
the system.

4, Method according fo 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 from
the system.

5. 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 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
powder forming zone successively through a
series of at least two powder gas separating
zones, coarser metal powder being separatied
from the main body of inert gas in an earlier
zone by dry precipitations, and finer metal
powder being separated from the main body of in-
ert gas in a later zone by wet precipitation.

7. Method according to claim 1, in which some
of the inert gas temporarily withdrawn from
the system and compressed is heated hefore be-
ing used to atomize the molten metal.

8. Method according to claim 1, in which some
of the inert gas withdrawn from the system
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 claim 1, 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 nitrogen to form
metal oxide and nitride.

10. Methed 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 powder
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 nifrogen.

12. Method according to claim 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 io
1eact 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 claim 1, in which @
fine stream of the molten metal is blasted with
imert gas so withdrawn in a metal powder form-
ing zone filled with the main body of cireulat~
ing inert gas, the main body of circulating gas
being sufficiently low in temperature promptly
to freeze the atomized metfal into finely divided
solid particles, and a stream of the inert gas
withdrawn from the main body of gas is imtro-
duced at the bottom of the powder forming zone
to help keep the newly formed particles of metal
powder in suspeunsion during their passage to
the powder separating zone.

14. Method according to eclaim 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 metal powder
forming zone filled with the main body of cir-
culating inert gas, the circulating gas being suf-
ficiently low in tempersiure promptly to freeze
the atomized metal into finely divided particles,
a plurality of streams of inert gas from the main
circulatory system is introduced at spaced in-
tervals along the bottom of the powder forming
zone to help kesp 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
2 fine stream of the molten metal is blasted
with the inert gas so withdrawn in one end
of an elongated metal powder forming =zone
filled with the main body of circulating iner:
gas, the main body of circulating gas being suffi-
ciently low in temperature promptly to freeze
the atomized metal into finely divided particles,
and a plurality of streams of inert gas from the
main circulatory system is introduced along the
kottom 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 claim 1, 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 inert gas s0 withdrawn in one end
of an elongated metal powder forming 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 main hody of circulating inert gas
in the powder forming zone at the same end
s0 that the powder and gas may move concur-
rently through the powder forming 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.

17. Method according to claim 1, in which
the gas so withdrawn from the main circula-
tory system is filtered to remove solids there-
from hefore 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 atomizing zone.

19. Method according to claim 1, 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 References Cited in the file of this patent
and nitride. , , _ , UNITED STATES PATENTS

20. Method according to claim 1, in which
the gas withdrawn from the main circulatory Number ~ Name . Date
system for compression is filtered to remove sol- 5 1,351,865 ~ Nicol ... Sept. 7, 1920
ids therefrom before being compressed, and at 1,614,566  Marx oo Jan. 18, 1927
least a part of the compressed filtered gas is 1,869,025  Seastone —--—------ July 26, 1932
purified with respect to oxygen and nitrogen 2,402,441 Paddle __._o——_—- June 18, 1946
by passing it through a body of finely divided 2,450,081  Burkhardt ... Sept. 28, 1946

particles of heated metal adapted to react with 10
the oxygen and nitrogen to form oxide and
nitride.

HENRY A. GOLWYNNE.




