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This invention relates to apparatus for use in
the production and recovery in solid or liquid form
of volatile pyrophoric metals from their oxides
and other reducible compounds.

The invention has particular application in the
reduction of oxides and other reducible com-
pounds of such volatile metals as magnesium,
sodium and potassium by the use of a non-volatile
reducing agent, preferably a non-volatile reduc-
ing metal, and under operating conditions where-
by the reduced volatile metal is withdrawn from
the reducing zone in the form of vapors and con-~
densed in a cooler part of the apparatus.

In recent years this general process has been
used extensively in the production of metallic
magnesium from its oxides and other reducible
compounds by the use as a reducing agent of
ferrosilicon, silico-aluminum, silico-ferro-alumi-
num, or another alloy which supplies silicon or
another reducing metal to displace magnesium
from its oxide or other reducible compound when
heated therewith at high temperature. Other
reducing agents, such as calcium carhide, have
also been proposed. In this application of the
general process, one of the difficulties that has
been encountered has to do with the supply of
heat to the reaction and the effect of the heated
volatile vapors of the reduced metal upon the
apparatus.

Many types of furnaces have been tried for
carrying out this reaction, but these have been
unsatisfactory for various reasons and do not give
the results desired whether heated from the out-
side or from the inside. Heavy tubular retorts
made from special alloy steels heated from the
outside have a short life and are expensive. They
also have a tendency to collapse when the process
is carried on under a reduced pressure or vacuum
to promote the reaction and vaporization of the
reduced metal. This collapse can be prevented by
placing refractory material inside the tubes but
this expedient greatly reduces the thermal effect.

‘When direct heating is employed, as in arc fur-~
naces, the metal vapors interfere with the opera-
tion. Likewise, when resistance furnaces of con-
ventional forms are employed, the metal vapors
interfere with the resistance of the elements and
their life is short requiring frequent replacements.

It is an object of the present invention to over-
come these drawbacks of the earlier practices and
apparatus and to effect marked savings in the
heat requirements and in the operating and main-
tenance costs of the apparatus involved.

It is a further object of the invention to provide

10

15

20

25

30

40

56

2

an improved arrangement for condensing and re-
covering the vaporized metal.

I have found that the difficulties encountered in
the use of resistance furnaces in carrying out the
process can be eliminated by locating the resist-
ance heating elements underneath the material to
be reduced, so that these heating elements are
out of the way of the metal vapors and are pro-
tected from the metal vapors by the material
undergoing reduction.

As to the material for the heating elements,
where for example magnesium or sodium is to be
produced ordinary iron or steel may be placed
or cast in situ on the bottom of the reaction zone
of the furnace. Alternatively, when a non-vola-
tile metal is employed as the reducing agent, such
metal or an alloy thereof can be used for the
heating element. For example, ferrosilicon or
silico~-aluminum may be employed when reducing
magnesium oxide or another reducible magnesium
compound. Resistor elements formed of such
metals are so inexpensive that they can be re-
placed even affer each operation.

There is no danger that an operation may be
stopped due to burning out of a resistance ele-
ment, because even if a part of the heating ele-
ment becomes over-heated and brought to fusion
the current will still continue to pass through
this molten part of the conductor until equi-
librium is again restored.

‘While the metals cited in the above examples
have the desirable advantage for use as resistors
that they are cheap and may be frequently re-
newed without greatly adding to the cost of the

5 operation, it is to be understood that the inven-

tion is not limited to the use of such resistors.
The desirable advantages of longer life of the re~
sistance elements and non-interference by the
vapors of the reduced metal with the resistivity
characteristic of the resistors may be realized by
resort to any resistor body that is substantially
non-volatile at the temperature at which the
pyrophoric metal will freely vaporize, that is, a
body that is non-volatile and remains in a solid
state at the temperature employed. Among
others that may be mentioned are the various
nickel-chromium alloys having high resistivity.
Even carbon resistors may be used, in which case
it will usually be desirable to provide some means
for protecting the carbon body from abrasion by
the charge placed thereon or from damage that
might otherwise take place, during cleaning of
the reducing zone preparatory to introducing a
fresh charge.

Another feature of the invention resides in the
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arrangement of the condensing zone in such re-
lation to the reducing zone that the vapors of
the reduced metal are led from the reducing zone
into a large space where the rate of flow of the
vapors is retarded thereby increasing their tend-
ency to condense lpon cooling surfaces defining
the space or disposed therein. Advantageously
cooling surfaces are provided adjacent or at the
Iower side of the enlarged space so that the move-
ment of the vapors toward the cooling surfaces
will be aided by gravity, and, if other considera~
tions do not interfere, access to the condenser
and removal of the condensed metal may be fa-
cilitated by providing a remocvable closure which
is positively cooled and constitutes a lower wall
portion of the ccndensing chamber which may
be removed and replaced from time to time or
substituted by a new closure.

Other advantages and features of novelly will
be apparent from the following description and
accompanying drawings in which:

Fig. 1 is a vertical cross-section taken glong
the line [—1 of Fig, 2 through & furnace embody-
ing the improvad apparatus features of the pres-
ent invention and which will be referred to here-
inafter in describing a typical application of my
improved process;

Fig. 2 is o vertical longitudinal section taken
along the line 2—2 of Fig. 1; and

Fig. 3 is a plan view showing g series of fur-
races of the type shown in Figs. 1 and 2 arranged
for electrical connection in a series circuit.

The furnace comprises a frame or casing 0
vrovided with a reiractory lining ! in which is
formed o pair of hearths or troughs (2 adapted
to receive, as at (3, the material prepared for
the reaction, such for example as an intermixture
of magnesium oxide and ferresilicon, either locse-
ly intermingled or as kriquettes. The bottom of
each trough 12 is shown as recessed to form an
elongated cavity or channel 14 to receive an elec-
tric resistance element i5. Current is supplied to
the resistance elements 1§ through terminal con-
nections 6. The furnace is closed by a cover {7
which is Temovable to permit charging of the
furnace and removal of residue after the opera-
tion.

In the form shown, the furnace is gencrally rec-
tangular, and the pair of troughs {2 extend lon-
gitudinally thereof on each side of a central lon-
gitudinally extending threat (8, through which
the metal vapors formed in the reaction zone
i3 are withdrawn. The throat 18 communicates
with a condenser {8 formed by diverging side
walls 20 and a flat bottom wall 2. The metal
vapors are cooled dewn and condensed on the
side walls of the condenser {9 and on the bottom
wall 21.

Preferably the removable bhottom wall 21 is
kept at a lower temperature than the walls 29,
in order tec increase the condensation of the metal
vapors on the removable bottom. For this pur-
pose, cooling elements are provided which are
shown by way of example as water pipes 22,

The furnace is preferably operated under re-
duced pressure, and is connected by a pipe 23
to & vacuum pump or equivalent means, not
shown. The bafile 24 serves to prevent the metal
vapors from passing to and clogging the pipe 23
or from passing to the pump.

Due to the arrangement of the condensing
chamber with downwardly diverging side walls,
thereby creating an expanded space, and to the
provision of the coocling bofttom plate directly
beneath the elongated discharge passage or throat
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18, the metal vapors evolved from the reducing
zone and passing downwardly through the throat
18 are largely brought into contact with the cooled
bottorn plate or previously solidified metal col-
lected thereon and condensed, forming solid
masses of the reduced metal.

The electric resistance element 15 may be an
iron bar or other suitable resistor body placed
in the recessed channel in the bottom of the re-
action zone or it can be cast into position by
pouring molien iron or other suitable metal into
the recess 12, This casting expedient is preferred
when material of low tensile strength is used as
the resistor, for example a silico-ferro-aluminum
alloy with high silicon content.

The electric resistance may be highly increased
by replacing the bar or molten pool by finely di-
vided or granular material capable of passing an
electric current in the manner of a resistance
element, for example granular silicon or ferro-
silicon. The furnace is preferably operated under
high current density and lew voltage, and hence
a plurality of furnaces are preferably arranged in
a series circuit as shown in Fig. 3. For purposes
of charging and discharging any of the series,
the resistance elements thereof may be short-
circuited by means of a shunt bar 25. The pipes
23 from the individual furnaces are shown as con-
nected to 2 common pipe 26 leading to the vac-
uum pump and provided with suitable valves 21
for cutting off and turning on the vacuum to the
individual furnaces.

It will be understood that the cross-section of
the resistor bodies will be so selected with rela-
tion to the resistivity of the material used to
form the resistor body as to insure that the cur-
rent passing through the resistor will develop
heat sufficient to maintain the desired heat in-
put to the reducing zone. When carrying out
the reduction of magnesium from ifs reducible
compounds, satisfactory operating conditions will
be maintained in the reducing zone if the resistor
bodies are maintained at a temperature in the
neighborhood of 1150° C, or at lower tempera-
tures when g reduced pressure or vacuum is
maintained.

Where herein and in the appended claims I
have used the term “pyrophoric” it is to be un-
derstood as including those metals that will burn
spontaneously in air when exposed to air in
finely divided form, examples being magnesium,
sodium, potassium, and lithium.

The term “silicon” as used in certain of the
appended claims is intended to include besides
metallic silicon any of its alloys that may be
used in effecting the thermic reduction of magne-
sium oxide and similar compounds, for exam-
ple ferrosilicon, silico-aluminum, and silico-ferro-
aluminum, )

Where in the appended claims I have referred
to the term ‘“‘oxides of the pyrophoric metals,” it
is to be understood that this term is used gen-
erally to include not only the various oxides but
also other compounds of these metals that are
reducible by thermic reduction with non-vola-
tile reducing metals such as silicon and its alloys
or by other suitable non-volatile reducing agents
such as calcium carbide.

Various changes may be made in the form of
the apparatus without departing from the in-
vention which is not to be deemed as limited
otherwise than as indicated by the appended
claims.

I claim:

1. An apparatus for producing and recovering
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volatile pyrophoric metals from their oxides by
thermic reduction with a non-volatile reducing
agent, comprising an enclosed heating chamber,
a solid metallic resistor body disposed in the floor
of said chamber for supporting a charge to be
reduced above and in contact with said resistor
body and means for withdrawing vapors of said
metal from said chamber and out of contact with
said resistor body.

2. An apparatus for producing and recovering
volatile pyrophoric metals from their oxides by
thermic reduction with a non-volatile reducing
agent, comprising an enclosed heating chamber,
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take opening through the bottom of said cham-
ber intermediate and in parallel relation to said
hearths, a condenser communicating with said
opening, and means for directing vapors of the
reduced metal upward away from said resistor
bodies in their travel to said offtake,
HIRSCH LOEVENSTEIN,
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