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This invention relates to a process for the production
of pure aluminium, .

For the production of particularly pure aluminium, the
processes hitherto proposed have been miainly electrolytic
processes, such as so-called three-layer processes with an
electrolyte which consists substantially of cryolite, or
more recently a process using electrolytes consisting of
certain molten or dissolved complexes of organic alu-
minium compounds. The first process has a very high
current consumption of about 20 kwh. per kg. of alumin-
iom. It is tfue that the current consumption with the
second process is substantially lower, but the deposition
cannot be effécted with any current density substantial-
ly higher than 1 amp./dm.?, as a result of which the
plant to be installed assumes a relatively large size per
kg. of aluminium per hour. In addition, the electrolytes
used in this latter process are sensitive to air, and there-
fore the removal of the cathodes covered with pure alu-
minium from the electrolyte baths presents certain dif-
ficulties when this electrolytic process is used for refin-
ing aluminium,

The present invention provides a process for the pro-
ducticn of pure aluminium, which comprises decompos-
ing an aluminium compound. of the general formula
{(RR'CH—CH,),AlX, in which R and R’ represent the
same or different saturated aliphatic radicals, and X repre-
sents either the group RR'CH-—CHy,— or a hydrogen
atom, under the action of heat to form pure aluminium,
olefines and hydrogen. :

‘The form of the process of the invention. which is most
favourable from an economic peint of view-is that in
which R and R’ both represent CHj groups, i.-e. when
the aluminium compound decomposed. is aluminiom tri-
isobutyl. If aluminium triisobutyl is heated to a tem-
perature between 280 and 300° C,, it is decomposed in
accordance with the equation:

(CaHy) sAl=3C Hy+ 1% Hy+ Al

The metallic aluminium in this case is deposited in a
very pure form. The aluminium triisobutyl can be de-
composed in a single stage, but it is frequently more ad-
vantageous to carry out the decomposition in two stages.
In this case, one mol of isobutylene s initially split off
at about 150° C. with formation of diisobutyl aluminium
hydride (C4Hg);AIH and then the diisobutyl aluminium
hydride splits up at.higher temperatures according to
the equation (C4H9)2A1H:2C4H3+11/2H2+A1
Depending on the manner in which the thermal de-
composition is carried out, the aluminium: can be de-
posited in very different. forms. . When the said alumin-
ium compounds- are simply heated in a vessel, it is main-
1y & pulverous aluminium which is obtained, and this alu-
minium has subsequently to be ‘melted to convert it into
a compact form. The aluminium also frequently sep-
arates out at heated surfaces in the form of films and,
by carrying out the reaction in a suitable manner, it is
very readily . possible to achieve the result that-a thin
metal film formed in this manner progressively increases
in thickriess and finally can be stripped from the surface
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in the form of a compact aluminium sheet of appreciable
thickness. - Such a deposition in the form of aluminium
films takes place mainly when the heated surfaces are
brought into contact with the vapours of the said alu-
minium compounds, and, since the liquids have a rela-
tively high boiling point, it is preferable to work in
vacuo or even with -hydrogen as a carrier gas. Metal
films are, however, also formed if the heated surfaces,
especially metal surfaces, are brought into contact with
liquid aluminium compounds of this nature, especially
with liquid diisobutyl aluminium hydride, and the tem-
perature is kept at the lower limit of the temperature
range at which decomposition takes place with deposition
of aluminium. Depending on the nature of the surface
on which the aluminium is deposited, the limit varies
between -about 200 and 300° C., and can in each case
be determined very easily by a few experiments.

When pure aluminium is to be produced on a relative-
iv large scale, the thermal decomposition of the said
aluminium compounds is only the final stage of a proc-
ese. - In combination with the production of aluminium
triisobutyl from isobutylene, aluminium and hydrogen
by the process of the Belgian specification No. 535,235,
the process of the invention also renders possible a
purely - chemical refining  aluminium with an ordinary
degree of purity. According to this purely chemical re-
fining process, crude aluminium is initially - dissolved in
a mixture of ‘isobutylene and hydrogen to give a mixture
of aluminium triisobutyl, The aluminium triisobutyl is
separated by filtration  or by vacuum distillation from
those impurities of aluminium which remain undissolved
and then subjected to the decomposition treatment. Dur-
ing this treatment, isobutylene and hydrogen are recov-
ered, and can be returned to the first stage of the proc-
ess. .The entire cycle of the reactions is thus equivalent
to the known method of manufacturing particularly pure
so-called carbonyl iron, in which iron is initially reacted
with carbon monoxide to give liquid iron carbonyl, and
the latter is decomposed back into carbon monoxide and
iron again under the action of heat. The part of the
carbon monoxide in the refining of iron is, in the process
of the present invention, played by the iscbutylene, or
other olefine . used, together with the hydrogen.

The process-of the invention can be carried out eco-
nomically with the highest possible efficiency when iso-
butylene and hydrogen are used. It can readily be seen
that the highest possible yield per unit of volume and
time must be produced in the stage of dissolving the
crude aluminium, when - isobutylene is used, since iso-
butylene is the olefine with the lowest possible molecu-
lar weight among the group of olefines which can bs
used. In addition, of all organic aluminium compounds
which can be considered as suitable, aluminium triiso-
butyl, or. the diisobuty! alumizium hydride which can
be split off from the latter, have the highest aluminium
content. The amount of subsiance flowing through the
entire circulation system is ccusequently - Jowest when
isobutylene is used for the refining operation. - In addi-
tion, isobutylene is a very cheap clefine produced in very
large amounts in the refining of petrolenm.

1t is of course possible for the process of the inven-
tion also to be carried out with other olefines, for ex-
ample -with 2-methyl-pentene-(1) and other analogous-
ly. constructed unsymmetrically disubstituted ethylenes.

The amounts of substances censtantly used up in the
process of the invention are very small. Losses only oc-
cur during the disselution of the alumininm with the iso-
butylene and hydrogen and during the preparation of the
aluminium alkyl compounds, since here a certain pro-
portion of the iscbutylene is hydrogenated to-form iso-
butane. Even this loss can be reduced to a minimum




2,843,474

3

if the isobutane which is formed as a side product is
supplied to a separate small plant for catalytic dehydro-
genation, where it is split up into isobutylene and hy-
drogen.

“The temperature range in which decomposition of the
aluminium triisobutyl or of the diisobutyl aluminium hy-
dride takes place with deposition of aluminium has been
stated above to be 200-300° C. It is nevertheless pos-
sible to use higher temperatures, if desired. The de-
composition can also be readily carried out on a sur-
face of molten aluminium, the vapours of the com-
pounds being caused to sweep past such a surface. In
this way, isobutylene and hydrogen are constantly re-
moved, while the aluminium which is formed is readily
precipitated in a liquid condition in the molten alumin-
fum: The increased amount of aluminium can then be
continuously extracted in a manner known per se from
the bath of liquefied aluminium. - All processes should
be carried out in closed equipment since the substances
formed in the course of the process of the invention
ignite spontaneously and are readily combustible. How-
ever, operation in completely closed equipment in this
manner does not present any particular difficulties. It
is also quite common practice with many other modern
chemical or metallurgical processes. The advantages of
the process of the invention are obvious. It is not neces-
sary to install any separate electrical equipment and the
apparatus used can be quite small in relation to the amount
of material converted. :

"What we claim is:

1. A process for the production of pure aluminum
from crude aluminum containing impurities which com-
prises forming an aluminum compound of the general
formula

CH;

CH—CH;— JAIX
s

R 3
in which R represents a saturated aliphatic radical and
X represents a substituent selected from the group con-
sisting of the
CH,
CH—CHy—
R
radical and a hydrogen atom from the crude aluminum,
separating said compound from the impurities of the
crude aluminum and then decomposing said compound
under the action of heat to form pure aluminum, an
olefine and hydrogen.

2. The process of claim 1 in which R represents a
methyl radical,

3. The process of claim 1 in which the olefine and
hydrogen formed are reacted with further quantities of
crude aluminum to form further quantities of the alu-
minum compound of the general formula
’ Csa

CH—CH; JAIX
/
R 2
4. The process of claim 1 in which the aluminum
compound is
CH;3
CH—CH: JAl
R 3
in which R is a saturated aliphatic radical and the de-
composition is effected in two stages by first heating said
compound to form
CHs
CH-CH; JAIR
R 3

dnd then heating the latter at a higher temperature to
form pure aluminum, o ) :
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5. The process of claim 1 in which said aluminum
compound is contacted with a heated surface to effect
decomposition of the aluminum compound with the for-
mation of an aluminum film on said surface.

6. The process of claim 5 in which said heated sur-
face is a heated metal surface.

7. The process of claim 5 in which said heated sur-
face is that of molten aluminum,

8. The process of claim 1 in which said aluminum
compound is contacted with a heated surface to effect
decomposition of the aluminum compound with the for-
mation of a compact coating of aluminum on such heated
surface and stripping the coating from said surface to

-form an aluminum sheet.

9. The process of claim 1 in which said aluminum
compound is decomposed at a temperature between 200
and 300° C. _

10. In a process for the production of pure aluminum
the steps which comprise dissolving crude aluminum con-
taining impurities to be refined in a mixture of an ole-
fine of the formula

CH;

C=CH;
R

in which R is a saturated aliphatic radical and hydrogen
to form an aluminum compound of the general formula

C\Ifs
CH—CH; JAIX
< / .
] R 2
in which R is a saturated aliphatic radical and X is a
substituent selected from the group consisting of the
CH;

CH—CHy—
R

radical and a hydrogen atom, separating said compound
from the impurities of the crude aluminum and then
decomposing said aluminum compound to form pure
aluminum, an olefine and hydrogen.

- 11. The process of claim 10 in which said olefine is
isobutylene and said aluminum compound is aluminum
triisobutyl.

. 12. A process for the production of pure ‘aluminum
from crude aluminum containing impurities which com-
prises forming an aluminum compound of the formula

' CHz
CH—OH:—-)AIX

R 2

in which R represents a saturated aliphatic radical and
X represents a substituent selected from the group con-
sisting of the
: V CH;
R
radical and a hydrogen atom from the crude aluminum
separating said compound from the impurities of the
crude aluminum and then flowing a vapor of said com-
pound past a surface of molten aluminum to decompose
such’ aluminum compound with the formation of alu-
minum, an olefine and hydrogen, continuously removing
the hydrogen and olefine formed, and recovering the alu-
minum formed from the molten aluminum.

13. The process of claim 1 in which the decomposition
takes place in closed apparatus. .
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