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9 Cairns. . (C. 48- ) 
Small particles of spherical shape are required 

for various technical purposes. For example in 
the electro-technical industry magnetic particles 
of spherical shape are required for the production 
of cores for Pupin coils and recently of cores for 
high frequency purposes. Experiments have 
ShOWn that, for magnetic purposes, an extraordi 
narily dense arrangement of the particles is de 
sirable in Order to obtain a high magnetic con 
ductivity. This problem can be best solved, if 
the particles are of spherical shape and if spheres 
or balls of different diameters are mixed. The 
insulation of the particles, which is of primary 
importance especially in the construction of cores 
for Pupin coils and to an even greater extent in 
the production of cores for high frequency cois, 
can be effected most easily with spherical par 
ticies. Tine spherical shape is in this instance 
desirable for three reasons:- 

i-because a spherical surface is easiest to 
coat with an insulating layer. 
2-because the spherical shape gives the largest 

average contacting surface and consequently the 
lowest average surface pressure, so that piercing 
or rubbing through of the insulating layer is pre 
vented. 
3-because the densest arrangement and there 

fore the maximum heaping weight and the high 
est magnetic conductivity are attained by the 
Spherical shape. 
The production of such spherical particles has 

not been Successful with the known methods of 
mechanical disintegration and the reduction of 
the particles from their oxides because in this 
instance the shape of the particles is too irreg 
ular. 
The problem is solved by the process according 

to the invention. 
The fundamental idea of the invention consists 

in heating the particles indirectly, for instance 
by the heat radiated from the heated was of 
the heating chamber or heating pipe or by pro 
ducing a high frequency magnet field or by heated 
gas, while they are freely floating through the 
heating 20ne. The particles thus are melting to 
little balls. As the particles are indirectly heated 
and not.coming into direct contact with the com 
bustion gas, they can be very accurately and 
cleanly treated and it is easily possible to accu 
rately govern all conditions regarding tempera 
ture and chemical composition of the gas filling 
the heating chamber. 
A specific application of the process according 

to the invention consists in producing spherical 
magnetic particles which are required to make 

magnetic materials for higher frequencies consist 
ing of magnetic particles and insulating films be 
tween them to prevent eddy current. The initial 
material in this case may be cheap magnetic 
powder material of irregular particle shape or 5 
even metal oxide, which is reduced during the 
process to metal and melted to little balls. More 
over the particles in the same operation can be 
insulated either by slightly oxidizing the surface 
in passing them through a zone of oxidizing gas 
Or by adding to the magnetic powder a fusible 
insulating powder which will melt and form an 
insulating skin on the magnetic particle after 
cooling down. 
This process of producing magnetic particles 

will be more particularly described hereafter by 
reference to the accompanying drawing but it is 
understood that Other applications or embodi 
nents of the fundamental idea, are also lying 
within the scope of the invention. 

Fig. i shows the conversion of the single par 
ticle in different phases. 

Fig. 2 shows a particle coated with an oxide 
layer or with a layer of insulating materiai. 

Fig. 3 ShoWS an apparatus for carrying out the 
process. 

Fig. 3a, shows a modified means of Supplying 
heat to the particles. 

Fig. 4 shows a practical construction of a fur 
nace for carrying Out the process. 

Fig. 4a shows the lower end of the furnace. 
Fig. 4b shows a modified form of construction 

of the lower end of the furnace. 
In Fig. 1 the porous irregularly shaped metal 

or metal Oxide is designated by la, the gradual 
melting and reducing of the particle by b-e, 
and the absolutely spherical metallic final prod 
uct by lif. If the surface of the particles is oxid 
dized or covered with an insulating coating of 
another insulating material, a particle as shown 
in Fig. 2 will result, having an insulating skin 
p'. 
According to Fig. 3 which shows a simple fun 

damental arrangement to realize the process the 
metal powder a is supplied through a jigging 45 
sieve b into a vertical pipe C made of refractory 
material, which is heated from the outer side by 
a heating device d. The size of the particles 
Supplied and consequently the particle size of 
the final product is determined by the mesh 50 
Width. The particles drop singly through the 
pipe and are caught at the lower end thereof in 
a tray . During their free fall the particles are 
Subjected to the heat effect of a source of heat 
owing to the heat radiated by the pipe and to 55 
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2 
the heat conducted by the gas if fling the 
interior of the pipe. The melting process can 
be controlled according to the selection of ten 
perature and the falling speed of the particles, 
which can be influenced by the density of the 
gas in the interior of the pipe and by the Speed 
and direction of movement of the gas in the 
interior of the pipe. For instance the particles 
may be kept floating in a gas current, flowing 
vertically upwards. Further by the selection of 
the gas filling the interior of the pipe it is pos 
sible to oxidize the particles or to leave then 
chemically uninfluenced during the falling, or to 
successively effect for example a reduction of the 
metalic oxide delivered to metal and SubSe 
quently an oxidation of the Surface of the metal 
particles by arranging several atmospheres of a 
certain chemical composition differing from that 
of the normal air. The melted particles, owing 
to the surface stresses, will adopt a spherical 
shape and, if these liquid balls are allowed to 
solidify during further free fall, a powder is pro 
duced composed of absolutely spherical particles 
with smooth, metallically pure or oxidized sur 
face and of diameters from 0.001 to 0.5mms, and 
if these particles are caught for example in an 
oil bath heated to a Suitable temperature, it is 
possible to harden the particles which may im 
prove their magnetic characteristics. If a mix 
ture of different substances is fed into the upper 
end of the pipe, for example a mixture of me 
tallic powders or metallic oxide powders, it is 
possible to alloy the metal particles during their 
fall, the alloy being obtained in pulverous spheri 
cal form, and the composition of the final par 
ticles representing an alloy of the initial mate 
rials being charged. If on the other hand a 
mixture of a metallic powder or metallic oxide 
powder and a silicate, such as glass or another 
material, which is considerably lighter than the 
first material, is charged, the metal particles are 
coated with a glass layer during their fall, and 
consequently effectively insulated. Another pos 
Sibility of insulation consists in subjecting the 
metal particles, which have already once passed 
through such a furnace and been melted into 
spherical shape, a Second time to the same proc 
ess, covering the spherical particles with a sili 
cate paste, and carrying out the process in Such 
a manner that only the silicate melts and coats 
the metal ball with an insulating film p as shown 
in Fig. 2. The same process can be employed if 
particles of a heavy metal, such as iron, are to 
coat with a layer of a different metal, for in 
stance in order to effect a better adhesion of the 
insulating layer to be subsequently applied in a 
Similar manner. 

In Fig. 3a, the refractory pipe c is in the in 
terior of a high frequency coil n which together 
with a condenser o forms an electric oscillatory 
circuit. In this manner a high frequency al 
ternating field is produced in the interior of the 
pipe which will produce eddy current losses and 
losses from re-magnetizing in the particles, all 
these losses converting into heat so that the par 
ticles are heated from their interior. 
There are various details to be duly considered 

in order to Successfully carry out the process ac 
Cording to the invention, which will be clear 
from Fig. 4, showing a furnace for realizing the 
process. The irregular powder a passes from a 
funnel-shaped magazine g through a sieve b or 
Several Sieves b arranged in series and vibrated 
by means of a motor q into the pipe c. This 
pipe is heated by an electric resistance heating 

On its Outer side by an insulating jacketh. 

2,038,251 
d, the heated portion of the pipe being insulated 

Above 
and below the heated zone a cooling device i, 
or i is provided consisting of a cover, in which 
cold air, cold water or the like is circulating. 
A gas, such as hydrogen, may be allowed to flow 
into the pipe c through a pipe it, so that the 
particles passing through the pipe c are reduced 
or oxidation thereof is prevented. After the. 
particles have left the heated zone, they pass 
into the cooling zone iz in which, due to cooling 
of the furnace walls from outside and/or blow 
ing in of cold gas the particles are cooled down, 
and then drop, further cooling during their fall, 
into a dish l which is also still in the hydrogen 
atmosphere. The lower portion of the furnace 
may be constructed as shown in Fig. 4a, that is 
the catching dish and the discharge passage for 
the particles are no longer in the hydrogen at 
mosphere but in ordinary air atmosphere or in 
Some other oxidizing atmosphere, so that the sur 
face of the particles is oxidized. 
A further form of construction of the lower 

portion of the furnace is illustrated in Fig. 4b. 
The particles drop directly from the heating zone 
into an oil bath m where they are quenched and 
consequently hardened. Instead of sifting the 
particles into the furnace, they may as well be 
fed by blowing them in, so as to obtain a sub 
stantially homogeneous distribution of the par 
ticles over the cross section of the furnace. 

The entire process can be conducted continu 
ously in a simple manner by continually or pe 
riodically charging the initial material at the 
top and removing the finished product at the : 
bottom. 

he above described process represents a novel 
manner of treating small particles, especially 
metallic powders, and enables the simple and 
cheap production of metal powders the particles 
of which are of spherical shape and suitable 
structure. As mentioned the process particu 
larly enables the production, in a simple and 
cheap manner, of magnetic metal powders, such 
as are required for the manufacture of Pupin 
cores and high frequency coil cores, such pow 
ders easily meeting all requirements as regards 
purity of metal, spherical shape and insulated 
surface. 
With the aid of the process the metal powder 

or the metal powder alloy can be produced from 
metal Oxides which can be obtained cheaply any 
where, and to thus do away with the necessity. 
of employing the processes hitherto employed for 
this purpose, for example the iron carbonyl proc 
ess, which is very expensive and also does not pro 
duce accurately spherical particles. 

It is evident that the constructions and uses 
above set forth are only examples, and that the 
process is capable of being generally used. 
For instance, the process according to the in 

vention may be applied to any fusible pulverous 
material of irregular particle shape such as metal, 
metal oxide, ceramic substances, carbon, silicates, 
glass or the like or mixtures of any these sub 
stances. The particles may in the same opera 
tion be subjected to any thermic treatment such 
as reducing, Oxidizing, annealing, quenching, 
hardening, alloying or covering of the spherical 
particles with a layer of another substance. 

claim:- 
1. A process for changing discrete fusible pow 

der particles of irregular shape into particles of 
spherical shape, consisting in dropping said ir 
regular particles through a vertical heating 
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chamber, melting said particles by transmitting 
heating energy from a source of heat outside the 
inner walls of said chamber and allowing said 
melted particles to solidify while flying in a 
gaseous atmosphere. 

2. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
Spherical shape, consisting in dropping said ir 
regular particles through a vertical heating 
Chamber, in melting said particles by transmit 
ting heating energy from a source of heat Outside 
the inner walls of said chamber, and in deliver 
ing said particles into a liquid. 

3. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
spherical shape, consisting in dropping irregular 
particles through a heating zone in a non-oxidiz 
ing gaseous atmosphere and in melting them 
while they are flying through said Zone, without 
using combustion heat in said chamber. 

4. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
spherical shape, consisting in dropping said ir 
regular particles through a heating ZOne in a non 
oxidizing gaseous atmosphere and in chemically 
treating and melting them while they are flying 
through said ZOne, without using combustion heat 
in Said chamber. 

5. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
spherical shape, consisting in dropping irregular 
particles through a heating Zone in a hydrogen 
atmosphere and in melting them while they are 

3 
flying through said zone, without using combus 
tion heat in said chamber. 

6. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
Spherical shape, consisting in dropping said ir 
regular particles through a heating zone in a 
hydrogen atmosphere and in chemically treating. 
and melting them while they are flying through 
said Zone, without using combustion heat in said 
chamber. 

7. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
spherical shape, consisting in dropping irregular 
particles through a heating chamber filled with 
a non-oxidizing gas and melting said particles 
by the heat radiated by the walls of said heating 
chamber. 
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8. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
Spherical shape, consisting in dropping irregular 
particles through a heating chamber and melt 
ing said particles by a high frequency field pro 

20 

duced in the interior of the pipe by a coil wound 
around said chamber. 

9. A process for changing discrete fusible pow 
der particles of irregular shape into particles of 
Spherical shape, consisting in dropping irregular 
particles through a heating chamber heated by 
an electrical coil wound around said heating 
chamber, melting said particles and allowing said 
melted particles to solidify before ending their 
path. 
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