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This invention relates to apparatus for use in 
the production and recovery in solid or liquid form 
of Wolatile 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by the reduced volatile metal is withdrawn from 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 carbide, 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 
heatrequirements and in the operating and main 
tenance costs of the apparatus involved. 

It is a further object of the invention to provide 
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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 of 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 after 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 
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 Sone 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 foW of the 
vapors is retarded thereby increasing their tend 
ency to condense upon cooling surfaces defining 
the Space or disposed therein. Advantageously 
cooling surfaces are provided adjacent Or at the 
lower 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 renovable closure Which 
is positively cooled and constitutes a lower wall 
portion of the condensing chamber which may 
be removed and replaced from time to time or 
Substituted by a new cloSure. 
Other advantages and features of novelty will 

be apparent from the following description and 
accompanying diaWings in Which: 

Fig. is a vertical cross-section taken along 
the line - of Fig. 2 through a furnace embody 
ing the improved apparatus features of the pres 
ent invention and Which Will be refered to here 
inafter ilin describing a typical application of my 
improved process; 

Fig. 2 is a, Vertical longitudinal Section take 
along the line 2-2 of Fig. 1; and 

Fig. 3 is a plan View showing a series of fur 
races of the type ShoWn in FigS. and 2 arranged 
for electrical connection in a Series circuit. 
The furnace comprises a frame or casing 

provided with a refractory lining in which is 
formed a, pair of hearths or troghs 2 adapted 
to receive, as at E3, the material prepared for 
the reaction, such for example as an intermixture 
of magnesium oxide and ferrCsilicon, either locse 
ly intermingled or as briquettes. The bottom of 
each trough 2 is shown as recessed to form an 
elongated cavity or channel is to receive an elec 
tric resistance element, 5. Current is supplied to 
the resistance elements 3 through terminal con 
nections 6. The furnace is closed by a cover 7 
which is removable to permit charging of the 
furnace and le:OVal Of residue after the Opera 
tion, 

in the form shown, the furnace is generally rec 
tangula', and the pair of troughs 2 extend lon 
gitudinally thereof oil each side of a central lon 
gitudinally extending threat 3, through which 
the metal Vapors formed in the reaction zone 
í3 are withdrawn. The throat í8 communicates 
with a condenser 9 formed by diverging side 
Walls 20 and a flat botton Wall 2. The metal 
Vapol's are COOled down and Condensed on the 
side walls of the condenser 9 and on the bottom 
Wall 2. 

Preferably the removable botton Wall 2 is 
kept at a lower temperature than the Walls 2), 
in Order to increase the condensation of the metal 
Vapors on the renovable bottom. For this pur 
pose, cooling elements are provided which are 
Sinown by Way Cf eXainple as Water pipes 22. 
The furnace is preferably operated under re 

duced pressure, and is connected by a pipe 23 
to a Vacuum pump C equivalent means, not 
ShOWI. The baffle 23 Sei'Wes to prevent the metal 
Vapors from paSSing to and clogging the pipe 23 
C from passing to the pump. 
Due to the arrangement of the condensing 

Chamber With doWn Wardly diverging Side Walls, 
thereby creating an expanded Space, and to the 
provision of the Cooling bottom plate directly 
beneath the elongated discharge passage or throat 
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4. 
8, the metal vapors evolved from the reducing 
Zone and passing down Wardly through the throat 
8 are largely brought into contact with the cooled 
bottom plate or previously solidified metal col 
lected thereon and condensed, forming Solid 
masses of the reduced metal. 
The electric resistance element 5 may be an 

iron bar or other Suitable resistor body placed 
in the recessed Channel in the botton of the re 
action Zone or it can be cast into position by 
pouring molten iron or other Suitable metal into 
the recess it. This casting expedient is preferred 
When material of low tensile strength is used as 
the resistor, for example a Silico-ferro-aluminum 
ailOy With high Silicon content. 
The electric resistance may be highly increased 

by replacing the bar or molten pool by finely di 
Wided or granular material capable of passing an 
electric current in the Inanner of a resistance 
element, for eXample granular Silicon or ferro 
silicon. The furnace is preferably operated under 
high current density and low 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 ShoWin as con 
nected to a common pipe 25 leading to the vac 
uum pulIimp and provided With Suitable valves 27 
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 naintain the desired heat in 
put to the reducing Zone. . When carrying out 
the reduction of magnesium from its 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 a reduced pleSSure or Vacuum is 
maintained, 
Where herein and in the appended claims I 

haWe U.Sed 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 tern. “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 
Siun Oxide and Similar compounds, for exam 
ple ferroSilicon, Silico-aluminum, and Silico-ferro 
aluminun. 
Where in the appended claims 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. 
Warious 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, 
an elongated solid metallic resistor body disposed 
in the floor of said chamber and cooperating with 
the Walls of said chamber in defining a charge 
receiving space, a condenser associated with said 
chamber and means defining a passage thereto 
communicating with said heating chamber at a. 
point remote from the resistor, whereby vapors of 
the reduced metal evolved from said charge Will 
be led to and through said passage into Said con 
denser without coming into contact With Said 
resistor body. 

3. 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, 
an elongated solid resistor body disposed in the 
floor of said chamber and cooperating With the 
Walls of said chamber in defining a charge-re 
ceiving space, a condenser associated with said 
chamber and means defining a passage thereto 
communicating with said heating chamber at a 
point remote from the resistor, whereby VaporS 
of the reduced metal evolved from Said charge 
Will be led to and through said paSSage into said 
condenser without coming into contact With said 
resistor body, and means defining a Cooling Sur 
face in opposed relation to and beneath the out 
let from said passage, whereby vapors of the re 
duced metal led through Said passage are caused 
to pass under the influence of gravity into con 
tact with Said cooling Surface. 

4. 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, 
a pair of parallelly arranged, charge-receiving 
hearths disposed therein, an elongated Solid re 
sistor body disposed in the floor of each of said 
hearths for Supporting a charge to be reduced 
above and in contact With each of said resistor 
bodies, means defining an elongated vapor off 
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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. 

HIRSCHI LOEVENSTEIN. 
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