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3 Claims.

This invention relates to the distillation or
sublimation of impure metals, particularly for
refining metals in finely divided form.

The invention is applicable generally to the

S treatment of metals and materials containing
metals susceptible of evaporation, e. g. distilla-
tion, especially those produced in finely divided
form, such as magnesium and zinc. For pur-
poses of illustration, however, it will be described

- with particular reference to the treatment of
magnesium, to which it is especially suited.

It has heen proposed heretofore to refine such
metal-containing materials by converting them

_ to granular form and heating the granular ma-

13 terial, to effect distillation or sublimation, by
passing an electric current therethrough. Such
procedures have not become commercially prac-
tical because of disadvantages that have inhered
in them as previously proposed. The granula-

- tion may be accomplished, according to prior sug-
gestions, by mixing the powdered metal-contain-
ing material with conductors and semi-conduc-
tors of the electric current, which in the case of
magnesium might be carbon and magnesium

25 oxide, and adding to the mixture a bonding agent,

suitably a carbonizing binder, such as hydro-
carbon oils. The mixture is subjected to heat to
cause evaporation of hydrocarbon oil and to form.
a granular solid mass in which the pulverulent

30 materials are bonded by a ccked residue which is

formed in volatilization of the hydrocarbon oils.

Although by using such granular material as a
current conductor it is possible to develop the
amount of heat necessary for vaporization of the

35 magnesium to accomplish distillation or sub-
limation, this has not been commercially realiz-
able previously. One reason is that such mate-
rials have the disadvantage that their conduc-
tivity changes materially with the temperature,

40 that is to say, that the conductivity decreases
with increasing temperature. Also, as the mag-
nesium, or other metal such as zinc, which is con-
tained in the material is distilled away, the con-
ductivity decreases further. This in combina-

[
<

2

K=

. 45 tiom with the types of furnace suggested pre-

viously has acted detrimentally.

For instance, if such a material is subjected to
heating by current conduction in a shaft furnace
of circular cross secticn, such as that recom-

50 mended by Nathusius for the reduction of zinc
ores, the use of segmental electrodes is unavoid-
able and this entails variations in current con-
duction in consequence of the differences in dis-
tance beiween the cuived segmenial electrcdes.

55 This causes thie granular material, which moves

(CIL. 13-—8)

downwardly in the shaft, to be heated to varying
degrees. Through decrease of the resistance the
hotter spots are then favored, which causes fur-
ther stronger heating, so that undesirable over-
heating occurs in the charge at a few spots.
Care must be taken in the evaporation of mag-
nesium if a pure product is to be obtained, and
such variations in heating lead to disturbances
in the process and through local melting phe-
nomena may even cause complete interference
with operation.

According to the recommendations of Nathus-
ius six segmental electrodes are positioned in
three horizontal planes in the shaft, the elec~
trodes being connected to the six poles of a non-
coupied three-phase current system. Through
this it should follow that the current not only
flows horizontally across the direction of move-
ment of the granular material, but also diagon-
ally, and so lead to the greatest possible uniform-
ity of heating. But this arrangement can not
overcome the difficulties pictured hereinabove.

In the previously proposed zinc distillation ap-
paratus the vapors pass from the shaft-like distil-
lation chamber to the outside and are condensed
in a separate condenser. Such a procedure is
not practicable for the distillation of magnesium,
particularly under vacuum, because the mag-
nesium in consequence of its low specific gravity
per unit of volume possesses an Intrinsically
small heat of vaporization, which is liberated as
heat of condensation in the condensation step.
Through working in vacuum the resultant dilu-
tion causes the heat of condensation per unit vol-
ume of magnesium vapor to be significally small-
er, amounting, for example, in the case of distilla-
tion under a vacuum of 40 millimeters, to only
about 1/50th of the heat of condensation per
unit of volume of zinc vapor when distilled under
atmospheric pressure.

In order to accomplish the liquefaction of such
a dilute metal vapor in a condenser with the
greatest possible freedom from loss it is neces-
sary to cool the vapors extremely slowly in a large
surfaced condenser. But since the vapors to be
condensed carry a relatively small amount of heat
per unit of volume, the condenser must be heated
from the outside for condensation of the mag-
nesium vapors in vacuum, in order to obtain that
temperature which is necessary to condense the
metal vapor to liguid without loss. This pro-
cedure requires a certain energy input in order
to bring the condenser to the correct initial tem-
perature.

It is among the objects of the invention to pro-

&

10

20

30

40

50



—

10

15

20

25

30

35

40

45

50

55

60

65

70

75

2 2,118,973

vide a method of distilling or subliming metal
of the general type just referred to, in which the
granular material containing the metal is heated
by passage of an electric current, which provides
for unifcrmly heating the distillation stock
through its cross section, which avoids or mini-
mizes the foregoing and other disadvantages, is
readily and easily controllable, provides operat-
ing economies, and permits commercial and eco-
nomical application of the general principle in-
volved.

A further object is to provide an apparatus for
practicing the method embodied in the inven-
tion, which is compact, relatively inexpensive,
easily operated and controlled, and possesses the
advantages which characterize the method.

Among still others, another and special ob-
ject is to provide an apparatus in which the
metal vapors are received and condensed in a
condenser embodied in the distillation apparatus,
whereby to avoid the foregoing named disad-
vantages in condensation, especially of mag-
nesium vapor, and to afford maximum heat
economy and yield of purified metal.

The invention will be described in connection
with the accompanying drawings, which repre-
sent its preferred embodiment. Fig. 1 is a longi-
tudinal vertical section through the furnace;
Fig. 2 a view similar to Fig. 1 showing the upper
part of the furnace to an enlarged scale; and
Fig. 3 a cross section taken on line III—III,
Fig. 1.

The invention is practiced in connection with
granular stock. If the material is not in such
form it is granulated, advantageously by mixing
it with carbon, with or without another con-
ductor or semi-conductor, and & suitable binder.
For example, powdered magnesium is mixed with
granular carbon or granular magnesium oxide,
or both, to provide bulking agents capable of
conducting electric current, at least to some ex-
tent. To the mixture is added a binder, suitably
a material which carbonizes when heated, of
which the hydrocarbon oils constitute the pre-
ferred example. Enough oil is added to preduce
a paste. The mixture is heated to expel the ex-
cess oil and cause bonding. If heated en masse
the coked product is broken up to form granules
of suitable size.

In accordance with the invention the granular
stock is passed through a distillation chamber
of substantially rectangular cross section. For
instance it is passed downwardly through a ver-
tical shaft of square cross section in which it is
heated. Electric current is passed through the
stock in a direction transverse to the direction
of movement of the stock. To this end the cur-
rent flows through the stock in zones from one
face of the shaft to the opposed face, and in ac-
cordance with the invention this is accomplished
by the use of flat, or plate-like, electrodes dis-
posed in opposed pairs at opposite surfaces of the
shaft, the pairs being spaced longitudinaliy of
the shaft. This avoids the disadvantages at-
tendant upon the use of segmental electrodes, for
with the plate electrodes of this invention the
electrodes of an opposed pair are uniformly
spaced at all points, thus providing a conditicn
ideal for uniform flow of current through the
column of material which moves through the
shaft.

The electrodes are not connected vertically,
and being disposed in horizontal zones there are
provided current conducting zones alternating
with current-free zones. All of the electrode

plates on each side are supplied with current
at the same potential, the current being sup-
plied to the individual pairs of plates which, as
just noted, are not connected vertically. In the
apparatus provided by the invention meains are
provided for passing current to or cutting it frcrm
the individual pairs of opposed electrode plates,
according to need. The provision of conditions
for uniform current flow in a given zone, and of
means for cutting current into or from the sepa-
rate zones makes it possible to control the heat-
ing and avoid irregularities thereof, since the
flow in any zone is uniform and further heat in
any region can be suppiied or avoided by switeh-

_ ing appropriate pairs of plates into or out of the

circuit.

In order that the magnesium vapor liberated
in the distillation need not he passed to a con-
denser situated outside of the shaft furnace, the
invention provides for condensation of the vapor
in the furnace structure. To this end the vapor
is passed into a condenser which suitably divides
the shaft into two vertical halves. Preferably
this is accomplished by suspending from the top
of the distillation shaft and centrally therein a
tubular metallic member of substantially rec-
tangular section. The section of this member is
less than that of the shaft to provide a passage
on each of two sides for the distillation stock,
and it extends to a region of the furnace at which
there is attained a temperature which lies above
the boiling point of the metal. From the boitom
of the shaft there projects upwardly within the
lower end of the tubular member a similar tubu-
Jar member but of lesser cross section, whereby
the junciure of the two tubes provides a sloi-
like opening into the interior of the condenser.
The distillation stock flows on opposite sides of
the condensing chamber thus formed and at the
juncture of the two tubes it forms a natural
slope through which the metal vapor evolved
from the granular material escapes into the in-
ner condenser chamber.

In the centrally arranged condenser chamber
one, two or more tubes, closed at their lower
ends, project from above downwardly to a zone
at which the temperature in the condensing
chamber is above the condensation point of
magnesium or above that of the particular metal
being distilled. These {ubes are cooled from
within by circulation of & cooling fluid to bring
the surface of the cooling tubes to such a tem-
perature that the metal, such as magnesium, va-
por is condensed to liquid thereon and drips off
at the lower end of the tubes. Most suitably the
condenser tube wall is indirectly cooled, as de-
seribed hereinafter, for example.

The lower tubular member projects in gas-tight
manner downwardly through the bottom of the
shaft and its outer portion is filled with oil into
which the magnesium drips, in the manner de-
scribed in my application Serial No. 722,278, filed
April 25, 1934, and in the manner there described
is recovered in granular form.

Having reference now to the drawings, the ap-
paratus shown comprises a distillation shaft |
formed, for example, between refractory walls 2
enclosed within a mantle 2a. This shaft is of
substantially rectangular section, as seen in Fig.
3, and of substantially uniform aperture through-
out. An expansion space {00 may be provided
in the refractory wall if desired. Granular dis-
tillation stock S is passed downwardly through
the shaft, and electric current is passed across
the stock in a plurality of zones transverse to the
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movement of the stock between a plurality of elec-
trode plates 3 and 4 disposed in opposed pairs at
two opposite faces of the shaft. The disposition
of the pairs of electrode plates is such that the
current zones alternate with zones in which no
eurrent is passed. To avoid current scattering
the electrode plates may be somewhat shorter
than the face of the shaft, as seen in Fig. 3.
The vapor liberated from the distillation stock
is condensed in a condensing chamber formed of
rectangular tubular metallic members 5 and 6
disposed centrally in distillation shaft f. Mem-
per.5 is suspended from a gas-tight shaft cover 1
and it extends down to a region in which the
stock reaches a temperature above the boiling
point of magnesium. As seen in PFig. 3, one
dimension of member § is such that two of its
faces contact two opposed faces of shaft t, its
otlier dimension being such that there are pro-
. vided two channels 8 and 9 for the stock 3 to flow
downwardly along opposite sides of the condenser
structure. Member & projects upwardly through
the bottom of shaft { into the lower end of
member 5. Member 6 is wide enough to contact
- the inside of the walls of member § which lie
against the shaft, put its depth is less than that
of member 5, as seen in Fig. 3. Thusthe opening
in distillation channels 8 and 9 increases at the
juncture of the two condenser elements, forming
. a; slope in the distillation stock through which
the metal vapors evolved from the stock escape
through the slot-like openings (0 into the interior
of the condenser.
Most suitably members 5 and 6 are provided
. with: interengaging longitudinal outstruck noses
{1 and 12, respectively, noses (-1 being disposed
in complementary grooves formed in shaft {.
This construction fixes the pesition of the con-
denser members in the shaft and permits the two
members to move relative to one another and the
shaft as they expand or contract longitudinally.

Mounted within the condensing chamber are
a plurality of tubes 13 closed at their lower ends
and cooled interiorly by a suifable cooling fluid.
such as water, oil or air, circulated therethrough.
Advantageously the construction is such that the
condenser tubes are cooled indirectly. In the
embodiment shown the cooling fluid is intro-
duced through a tube {4 mounted within another
. tube i4a, closed at its lower end, which is dis-

posed coaxially within condenser tube 13, The
cooling fluid thus is introduced through tube (4
and is withdrawn from the top of tube (4a,
whereby the transfer of heat from the wall of con-
. denser tube (3 to the cooling fluid circulated in
tubes 14 and 18a takes place principally by radia-
tion. The construction may pe such that tubes

{4 and {d4a are movable vertically in tube 3

to vary the cooling effect in that manner. The
- cooling may be controlled also by the character
of cooling fluid used, its initiel temperature, and
the rate of flow through the condenser.

The tubes 13 are cooled to such an extent that
magnesium vapor entering through slots {0 is
condensed to liquid. The lower end of tubular
member 6 projects, in gas-tight connection,
through the bottom of the furpace and contains
a body of oil 15 into which the liquid magnesium
drips from the ends of tubes 13. The solid
granules of magnesium which collect in the oil
are removed periodically through a lock chamber
indicated schematically at 25.

The system may be evacuated, if desired,
through a pipe {6. Granular distillation stock

76 is supplied continuously to channels 8 and 9

through pipes {T and {8 provided, respectively,
with. lock valves, Or chambers, indicated sche-
matically at 19 and 29, to maintain the system
under vacuum where used, and to prevent escape
of metal vapor.

Pyrometers 21 extend through the refractory
walls 2 into channels. 8 and 9, and pyrometers 22
project into the condensing chamber, for measur-
ing the temperatures and controlling the distilla-
tion and condensation conditions. While the
pyrometers are shown at certain levels in the
distillation and condensing shafts, and also dis-
posed at various positions laterally thereof (Fig.
3), it will be understood that more or fewer
pyrometers may be used, and that their posi-
tions are more dependent on the conditions pre-
vailing and the control desired.

The granular distillation residue which reaches
the bottom of the shaft is removed by screw con-
veyors 23 and 24 whose outlets are suitably sealed
to prevent entry of air into and escape of metal
vapor from the apparatus. The granular solid
pure magnesium which collects in oil {5 is re-
moved at intervals through a lock chamber in-
dicated schematically at 25.

To avoid escape of the magnesium vapor the
cooler upper portion of the condensing chamber
and the upper ends of tubes {3 and l4c are sur-
rounded by heat jnsulated inserts 26 and 21, of
slag wool for example, which extend so far down-
wardly that a temperature Zzone is obtained
which always lies above the condensation point
of the metal.

Hydrogen is introduced from a pipe 28 into the
space befween the heat insulated insert 26 and
the wall of tube 5 to avoid a penetration of the
magnesium vapors upwardly into this portion of
the apparatus. Similarly the two feed conduits
19 and 20 are provided with conmections 29 for
the introduction of hydrogen, to provide a flow of
gas which drives any metal vapor escaping into
the upper part of the shaft through the opening
{0 into the inner condenser chamber. Hydrogen
can likewise be introduced through Sscrews 23
and 24 in order to drive the vapors evolved in the
lower part of the shaft in the direction of open-
ing 18, where they pass into the centrally ar-
ranged condensation chamber.

It will be understood ihat the entire furnace
is of gas-tight construction to avoid loss of metal
vapor or ingress of air.

In the practice of the invention using the appa-
ratus just described granular stock is fed con-
tinuously to the top of the shaft, flows dovmward-
1y, is heated by current flowing across the column
to a temperature such that the metal, magnesium
in this case, is vaporized, the vapors pass into the
condenser, which is regulated to convert them to
liquid, and the residue from the distiliation is
carried away by the sCrew conveyors. Fora defi~
nite velocity of flow of the granular material the
temperature of the stock in the separate hori-
zontal zones is sO regulated by switching current
to and from the individual opposed pairs of
plates that the desired teraperature in the zone
concerned is reached. Through this procedure
of distributing the electrical energy input in hori-
zontal separated streams, which can he alterna-
tively cut in and out, it is possible to attain the
desired temperature
in every portion of the shaft, and without energy
loss through rheostatic resistances.

various medes of accorplishing this are avail-
able in the art. By way of example, Fig. 1 shows
all of the conductor plates 4 on one side of the

for the granular material
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furnace connected by leads 30, each provided with
a switch 34a to a common bus 31 connected to one
pole of a suitable generator, either A. C. or D. C.
On the other side of the furnace current is sup-
plied by a bus 32 connected to the other pole of
the generator, but on this side each of the con-
ductor plates 3 is connected to the bus 32 by a
lead 33 containing a switch 34b, so that by
operation of switches 34a and 34b current may
be supplied to or cut off from any of the indi-
vidual pairs of opposed plates according to need.
The switches may be operated by hand upon
observation of the readings of the pyrometers,
or they may be operated automatically from py-
rometers 21 by means, such as relays, known in
the art.

The two channels formed on opposite sides of
the condenser chamber being filled with granu-
lar distillation stock, the current flows from the
electrode plates through the granular material
in one channel, e. g., 8, to the centrally disposed
metallic condenser elements 5 and 6, through the
metal walls thereof to the other side and from
here through the granular material in the other
channel, i. e., 9, to the electrode plates on the op-
posite side of the shaft. By this means the cen-
trally arranged condenser, into which the mag-
nesium vapor escapes, serves simultaneously as a
central electrode and also upon two sides is sur-
rounded by hot granular material heated to the
distillation temperature, so that there is obtained
a2 supplementary heating for the centrally dis-
posed condenser space.

Through the invention it is possible to provide
a shaft furnace with a double shaft and a cen-
trally disposed condensation chamber, to apply
as a distillation apparatus for granular material
containing magnesium or other metal, whereby
through the process of the zone-like distribution
of the current conduction and the periodic op-
eration of the current introduction to the various
zones the granular material containing magne-
sium is heated exactly to the temperatures which
are necessary to evaporate the magnesium with-
out the possibility of overheating of the granular
material. This flexibility in temperature con-
trol is of great importance, particularly in con-
nection with magnesium powder which has been
produced by electrothermic reduction of mag-
nesium oxide with carbon, for the preparation of
granular material which is to serve for distilla-
tion, to avoid overheating the madterial in the
distillation.

The magnesium powder prepared according to
my Patent No. 1,884,993 commonly contains, in
consequence of the reoxidation which can not be
wholly avoided, a certain proportion of carbon
and magnesium oxide, but for the provision of a
solid granular residue after distillation there is
added further carbon and magnesia.

Likewise it contains in consequence of the high
reduction temperature which prevails, also other
constituents of magnesite, such as iron, silicon,
caleium and aluminum in the form of free metals
or their carbides. If such material is heated over
the boiling point of magnesium under the condi-
tions of vacuum prevailing, the carbon content
of the charge may cause a reduction process to
oceur which causes formation of carbon monoxide,
which latter in the condensation prevents the
separation of liquid magnesium. Also the accom-
panying impurities, such as calcium and silicon,
can simultaneously evaporate and contaminate
the condensed magnesium and render it less
useful. It is therefore of outstanding significance

2,118,973

that the distillation process of this invention can
be so carried on that in the heating of the granu-
lar material at no point is a temperature such as
to produce these effects, say 950° C., reached or
essentially exceeded. In the use of a correspond-
ing vacuum this temperature can be essentially
lower.

The arrangement of the central condensation
chamber permits the magnesium vapor to be con-
ducted the shortest distance for condensation and
the hot granular charge of material to be distilled
serves simultaneously for heating the centrally
arranged condensation shaft.

Since the resistance of the granular material
used for distillation decreases with increasing
temperature, while on the other hand, however,
the use of the same voltage in all of the heating
zones possesses a certain advantage, the applica-
tion of a two-step distillation shaft is advanta-
geous since in the upper part of the shaft the
current path is shorter than in the lower part,
where the resistance of the material is lowered.

A regulation of the temperature relations can
also be introduced by variation of the width of
the conductor strips in the separate heating
zones, as also by the separation of the zones free
from current which alternate with the current-
carrying zones.

A further feature of importance which accrues
from the invention is the provision of an appa-
ratus in which the unbalanced pressure forces
created in the use of vacuum are applied to the
cold, or relatively cold, outer portion of the fur-
nace, such as its mantle, instead of to heated
metallic parts as has been the case with prior
distillation apparatus. Thus, the condenser is
mounted within the distillation chamber so that
for all practical purposes both sides of the con-
denser are exposed to substantially the same
pressure. The mantle, top and bottom members,
and all connections and other elements are so
associated as to form a gas-tight casing enclosing
the furnace shaft and other parts, wherefore the
casing receives the stresses due to the vacuum in
the furnace. But in the construction provided
by this invention the shaft mantle is not highly
heated, so that the mantle and its associated
parts are fully able to withstand the stresses
created by the vacuum in the furnace, in con-
trast with furnaces in which such unbalanced
forces must be taken up by more or less highly
heated metallic elements. Thus the refractory
masonry serves to form the rectangular distilla-
tion shaft and also to insulate the charge in the
shaft against loss of heat by radiation while
keeping the outer gas-tight casing cool to resist
the unbalanced forces set up by the vacuum
within the furnace.

The method disclosed herein is disclosed and
claimed in a copending application, Serial No.
48 540, filed by me on November 6, 1935, as a
division hereof.

According to the provisions of the patent stat-
utes, I have explained the principle and opera-
tion of my invention and have illustrated and
described what I now consider to represent its
best embodiment. However, I desire to have it
understood that, within the scope of the ap-
pended claims, the invention may be practiced
otherwise than as specifically illustrated and
described.

I claim:

1. An apparatus for distilling metal from ma-
terial containing it, comprising a vertical distil-
lation shaft of rectangular section of substantially
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uniform area, means for feeding material into
the top of said shaft and for removing residue
from the bottom of the said shaft, a plurality of
electrodes disposed in horizontally opposed pairs
at opposed vertical faces of said shaft, a bus bar
connecting the electrodes on one of said faces
with one pole of a source of current, and another
bus bar connecting the electrodes on the other
of said faces with the other pole of said source
of .current, for conveying current in horizontally
separated streams through the shaft, and a con-
densing chamber comprising a metallic tube of
substantially rectangular section extending down-
wardly from the top of said distillation shaft cen-
trally therein, a second metallic tube of substan-
tially the same width pbut of lesser depth than
said first-named tube extending upwardly from
the bottom of the distillation shaft into the lower
end of said first-named tube, and cooling means
disposed within said tubes.

2. An apparatus according to claim 1, with
means for switching current into and from the
individual horizontally opposed pairs of plate
electrodes.

3. An apparatus for distilling metal from ma-
terial containing it, comprising a vertical distil-
lation shaft of a rectangular section of substan-

5

tially uniform area, means for feeding material
into the top of said shaft and for removing resi-
due from the bottom of the said shaft, a plurality
of electrodes disposed in horizontally opposed
pairs at opposed vertical faces of said shaft, a bus
bar connecting the electrodes on one of said faces
with one pole of a source of current, and another
bus bar connecting the electrodes on the other of
said faces with the other pole of said source of
current, for conveying current in horizontally
separated streams through the shaft, means for
switching current into and from the individual
horizontally opposed pairs of plate electrodes, and
a condensing chamber comprising a metallic tube
of substantially the same width as said shaft
but of a depth less than that of the shaft section
extending downwardly from the top of said dis-
tillation shaft, a second metallic tube of substan-
tially the same width but of lesser depth than
said first-named tube extending upwardly from
the bottom of the distillation shaft into the lower
end of said first-named tube, said condenser di-
viding the shaft vertically into two parallel dis-
tillation conduits, and cooling means disposed
within said tubes.
FRITZ HANSGIRG.

10

20

25



