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The present invention relates to a process of
purifying aluminum by distillation of mixtures
thereof with other metals. B
It has previously been -observed that when a
ternary alloy of aluminum, zinc and cadmium is
heated under a reduced pressture and at a tem-
perature high enough to distill off all of the zine
and cadmium components of the alloy, a sub-
stantial part of the aluminum content of the
alloy will also be distilled off with the zinc and
cadmium.
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o ture between the meltmg point of the eutectic.
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According to the present invention it is made

possible to effect a separation or distillation of
aluminum from its alloys with iron, silicon, titan-
ium and other metals having a higher boiling
point than aluminum at the working tempera-
ture and pressure used and the vapor pressures
of which are relatively low as compared with the
vapor pressure of aluminum under similar con-
ditions of temperature and pressure. This .is
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alloy and the boiling point of aluminum. The
temperature will, of course, also depend on the
pressure prevalhng in the system.

A stream of vapors of one of the more volatile
metals above-mentioned, for example, cadmium,
is then passed in contact with the molten bath
of aluminum alloy either by bubbling the vapors
through the molten aluminum alloy or by caus-
ing them to sweep over the surface of the bath
in contact therewith.. The resulting vapor mix-
ture of the conveying metal and the aluminum
vapors is conducted to a condenser and con-
denged. Condensers of various known forms may
be used.. If the ‘condenser is of a type and so

B operated that the condensed metals are recovered

brought about by utilizing the ability of certain . -

relatively volatile metals to entrain aluminum
vapors when passed as vapors over or through
a molten bath of aluminum or an aluminum alloy.
with one of the higher boiling point metals such
as iron, silicon and titanium and thereafter sep-
arating the aluminum so removed from the en-
training metal vapors by condensation.

The relatively volatile metals selected.are those
that are either insoluble or only slightly. soluble
in lquid aluminum and generally do not mix
with aluminum. The metals that I prefer to
use for this purpose are cadmium, sodium and
potassium, although rubidium, caesium and mer-
cury, as well as alloys of two or more of these
metals, may be employed. Aluminum may be
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in the same vessel, they lend themselves to ready
separation because of the differences in their
specific gravities. - After separation, the convey-
ing metal (cadmium, in the example) may‘be
re-vaporized and returned to the alummum en-
training chamber.

Alternatively, the mixture of vapors may .,be
passed through a condenser wherein the larger
part of the aluminum vapors are condensed in
one chamber and the remaining portion with
more or less of the entraining metal is con-
densed in a second or successive chambers. Any
portion of the vapors of the entraining metal not
condensed is returned for reuse in the cycle.

o The: aluminum from the condenser can be
continuously or intermittently removed and, if
necessary, - subjected to a second distillation
under normal or reduced pressure or a substan-
tial vacuum in order to remove any small guan-

. tities of the conveying metal which may have

recovered from vapor mizxtures of these metals

and aluminum by condensing the vapor mixture
and allowing the aluminum to separate from the
conveying metal by gravity. The condensed con-
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veying metal may then be returned to the alumi- .

num-containing bath that is undergoing the sep-
aration treatment.

The invention has for an object to obtam
aluminum in a high state of purity from alumi-

45 .

num-containing alloys or impure aluminum as .-,

produced in the electric furnace and in other
ways.

Other objects and advantages will appear as
the description proceeds.

By way of specific example, an aluminum alloy, .

such gs silico-aluminum or ferro-aluminum. as
produced in the electric furnace and which:is
usually contaminated, respectively, with iron- or
silicon and also with titanium, is placed in a suit-
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able closed container and heated to a tempera= ;

remained admixed with the aluminum. By this
process a very pure aluminum is obtained.

If desired the condensed ligquid metal can be
directly returned to the aluminum vaporizing
chamber ‘and there evaporated instead of distill-
ing-vapors thereof in a- separate chamber and
then transferring these to the aluminum vapor-
izing chamber.

It is preferable to carry on the operation at a
reduced pressure or under vacuum because the
vapor pressure of aluminum increases faster
with lowering of the pressure imposed on the
system than the vapor pressures of the metals
alloyed therewith. For example, the boiling

- points of aluminum, silicon and copper at 760

mm. Hg are, respectively, 2270° C., 2355° C.,
2335° C. At a pressure of 1. mm. of mercury these
boiling points are: Aluminum, 1030° C.; silicon,
1687° C.; -and copper, 1400° C

.. Other advantages obtained by carrying ouf the,
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process at a reduced pressure are: a saving of
fuel or energy for heating and the possibility of
using metallic containers formed of relatively
inexpensive materials such as iron and iron
alloys in which te carry out the. treatment.

It will be understood that the process is appli-
cable in the recovery of aluminum from its com= '

mercial alloys as well as in purifying raw alumi-
num or thermically produced aluminum. alloys.

Various - modifications may be made in the: 1

details of the procedure involved without de-
parting from' the invention which is not o be
deemed as limited otherwise than as indicated
by the appended claims.

I claim:

1, ‘The process of separating alummum from: its
alloys with higher boiling point metals having a,
relatively lessened tendency as compared to alu-
minum to vaporize on heating at reduced pres-
sures such as iron, silicon and titanium, which
comprises heating the alley under reduced pres-
sure in the presence of vapors of a relatively
volatile metal selected from: the group consisting

of sodium, potassium, rubidium, caesium, cad-:

mium and mercury, and, while maintaining the
alloy in at least a partly liquid state and below the
boiling point of aluminum at the pressure im-
posed, withdrawing the resulting vapor mzxture
of aluminum and said selected metal from the
heating zone, and thereafter condensing the alu-
minum vapors and separating the condensed alu-
minum from said relatively volatile metal.

2. The process of separating aluminum from
its alloys with higher boiling point metals having
a relatively lessened tendency as compared to alu-
minum to vaporize cn heating at reduced pres-
sures such as iron, silicon and titanium, which
comprises forming a molten bath of the alloy and,
while adjusting the temperatire and pressure
thereof so as to minimize the vapor pressures of
the higher boiling point metals present- and at
the same time vaporizing aluminum from said
bath, entraining aluminum vapers evolved from
said bath in a current of vapors of a relatively
volatile metal selected from the group consist-
ing of sodium, potassium, rubidium, caesium, cad-
mium and mercury, and thereafter separating the
aluminum from said volatﬂe metal by condensa-
tion of the aluminum vapors. '

3. The process of separating aluminum from its

alloys with higher boiling peint metals having- a
relatively lessened tendency as compared to alu~-
-~ minum to vaporize on heating at reduced pres-
sures such as iron, silicon and titanium, which
comprigses forming a molten bath of the-alloy-and;
while maintaining a ‘substantially reduced pres-
sure and controiling the temperature within a
range insuring vaperization of aluminum from
said bath but below a temperature at which the
higher boﬂmg point metals present will exhibit
substantial vaper pressures, entraining aluminum
vapors evolved from said bath in a ecurrent of
vapors of a relatively volatile metal selected from
the group consisting of sedium, potassium, rubid-
ium, caesium, cadmium and mereury, and there-
after separating the aluminum from said volatile
metal.

4. The process of separating alummum from its
alloys with higher boiling point metals having a
relatively lessened tendenoy as eompared to alu-
minum to vaporize on heatmg at reduced pres-
sures such as iron, silicon- and titanium, which

comprises forming a molten bath of the alloy and, .

while maintaining a substantiaily reduced pres-
sure and controlling the temperature within a
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range insuring vaporization of aluminum from
said bath but below a temperature at which the
higher boiling  point metals present will exhibit
substantial vapor pressures, entraining aluminum
vapors. evolved from said bath in a current of
vapors of a relatively volatile metal selected from

" the group consisting of sodium, potassium, rubid-
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jum, caesium, cadmium and mercury, thereafter
sepa,ra,tmg the gluminum from said volatile metal
by, condensation of the aluminum vapors and re-
turmng the separated more volatile metal to the
aluminum vaporizing zone for re-use as vapors in

'entrammg additional aluminum vapors and re-

moving them from the region of said bath.
5. The process of separating aluminum from its

" alloys. with higher boiling point metals having a

relatively lessened tendency as compared to alu-
minum to vaporize on heating at reduced pres-
sures such as iron, silicon and titanium, which
comprises forming 5 molten bath of the alloy and,
while adjusting the temperature and pressure
thereof so as to minimize the vapor pressures of
the hlgher boiling point metals present and at the
same time vaporizing aluminum from said bath,
entraining aluminum vapors evolved from said
bath in a current of vapors of a relatively volatile
metal selected from the group ccnsisting of
sod1um potassium, rubidium, caesium, cadmiuin
and mercury, thereafter eondensing the vapor
mixture and subjecting the resulting condensed
mixture to grav1ty separation, and finally subject-
ing the aluminum to controlled re-distillation to
remove minor amounts of the more volatile metal
remaining therein.

6. The process of separating aluminum from its
alloys with higher hoiling point metals having a
relatively lessened: tendency as compared to alu-
minum to vaporize on heating at reduced pres-
sures- such- as iron, silicon and. titanium, which
comprises forming a molten bath of the alloy and,
while adjusting the temperature and pressure
thereof so as to minimize the vapor pressures of
the higher beiling point metals present and at the
same time vaporizing aluminum from said bath,

entraining alaminum vapors evolved from said -

bath-in a current of sedium vapors, and thereafter
condensing the mixture of sodium and aluminum
vapors and: separating the condensed: aluminum
from the sodium by gravily separation.

7. The process of separating aluminum from its
alloys with: higher boiling point metals having a
relatively. lessened tendency. as compared to alu-
minum to vaporize on heating at reduced pres-
sures such-as iron, silicon and titanium, which
comprises forming a molten bath of the alloy and,
while adjusting the temperature and pressure
thereof so as to minimize the vapor pressures. of
the higher boiling point metals present and at the
same time vaporizing aluminum from said bath,
entraining aluminum vapors evolved from said
bath in a current of cadmium vapers, and there-
after condensing the mixture. of:.cadmium and
aluminum vapors, separating the. bulk of the
cadmium from the aluminum by gravity separa=
tion, and thereafter subjecting the -aluminum to
re-distillation to drive off the residue of the cad-
mium.

8. The process of separating aluminum from its
alloys with higher boiling: point metals having a
relatively lessened tendency as compared to alu-
minum to vaporize on heating at reduced pres-
sures such as iron, silicon and titanium, which
comprises. forming a molten bath of the alloy and,
while adjusting the temperature and pressure
thereof so as to minimize the vapor pressures of
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the higher boiling point metals present and at the
same time vaporizing aluminum from said bath,
entraining aluminum vapors evolved from said
bath in a current of potassium vapors, and there-
after condensing the mixture of potassium and
aluminum vapors and separating the condensed
aluminum from the potassium by gravity sep-
aration. '

9. The process of separating aluminum from its
alloys with higher boiling point metals having a
relatively lessened tendency as compared to alu-
minum to vaporize on heating at reduced pres-
sures, which comprises heating the alloy to a
temperature between the melting point of the

alloy and the boiling point of aluminum at the :

pressure maintained, adjusting the pressure to
minimize the vapor pressures of said higher boil-
ing point metals present in the alloy, passing &
stream of vapor of a relatively volatile metal se-
lected from the group consisting of sodium, potas-
sium, rubidium, caesium, cadmium and mercury
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in contact with the molten aluminum to form
composite vapors of aluminum and the selected
relatively volatile metal and separating the alu-
minum from the said relatively volatile metal.
HIRSCH LOEVENSTEIN.
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