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This invention relates to the production of 
aluminum of substantially any desired high 
degree of purity, by the electrolytic refining 
of impure aluminium or aluminum alloys; 
and includes the process, the steps thereof, 
and the apparatus herein disclosed. 

It has been proposed in the past to produce 
pure aluminum by means of an electrolytic iefining process corresponding to the process 
generally used for refining other metals, for 
instance, copper, but it is believed that none 
heretofore proposed has been entirely suc 
cessful for commercial operation. This fail 
ure is partly due to difficulties arising from 
the construction of the apparatuses formerly 
used and which involve a very high consump 
tion of energy and require an Emely, Cae ful supervision of the electrolysis, whereby 
high expenses for wages, etc. are caused. Be 
sides, an essential impediment of carrying 
out such processes in practice is the fact that, 
with regard to the high temperatures in 
question, and to the relatively high anodic 
current densities required, the selective ac 
tion of the different electrolytic solution ten 
sions of the individual metals cannot be 
come effective. Thus, it has been heretofore 
considered to be inherently impractical to 
use chlorides as inain constituents for pre 
paring the fused electrolyte or bath, because 
in such molten baths the silicon contained in 
the anodic aluminum alloys would be dis 
solved, and then deposited on the cathode 
along with the aluminum, thereby incor 
porating an intolerable impurity with the 
aluminum deposited on the cathode. 
The general objects of the present inven 

tion are to afford an aluminum refining 
process and apparatus of improved efficiency 
and reliability of action, and of convenience 
and economy of operation. Aparticular ob 
ject is to overcome the above recited difficul 
ties presented by prior known refining proc 
esses; and other and further objects and ad 
vantages of the invention will be pointed out 
in the hereinafter following description of 
one or more illustrative embodiments there 
of, or will be apparent to those skilled in the 
subject. To the attainment of such objects 
and advantages the present invention consists 

in the novel aluminum refining process and 
apparatus and the novel features of reaction, Operation, step, arrangement and combina. 
tion herein described or illustrated. 
The present invention is based upon our 

discovery that all the drawbacks and difficul 
ties mentioned above are overcome by using 
as electrodes an anode of the material to be 
refined as well as a metallic cathode, both in a solid state and under temperature con ditions avoiding the customary fusing of 
the electrodes. s 

Under our invention the electrolyte to be 
employed must have a melting point lower 
than the melting point of the anode material 
to be refined as well as that of the cathode 
metal and thus render it practicable to op 
erate with such low anodic current densities 
as will permit of making the best of the ad 
vantages resulting from the high electrolytic 
Solution tension of aluminum in comparison 
with that of the metals usually present as 
alloying constituents. 
The current concentration in the elec 

trolyte can in this case be reduced, so that 
only a minimum consumption of energy is. 
required for the flow of the current. The 
distance between the anodes and the corre sponding cathodes is fixed by any suitable 
means in a manner to give the best possible 
results of electrolytic deposition combined 
with a minimum consumption of energy. 

It has been ascertained by us that, for the 
electrolyte, a great number of double salts 
of aluminum chloride with chlorides of al 
kali metals or alkali earth metals fully meet 
the purposes stated above. Besides, other 
halogen salts can be used, the bromides and 
iodides, of course, being of less technical 
importance because of their high price; fur 
thermore, sulphides can be used; whereas 
fluorides by themselves will not be desirable 
because of their high melting points; how 
ever; they may be advantageously used as 
additions to the salts mentioned above. In 
a very simple embodiment of our invention 
electrolysis is performed with aluminum 
potassium chloride or aluminum-sodium 
chloride or both of these chlorides as a molten electrolyte. 
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When using an electrolyte of the compo 

sition NaCl. AiCl, or aluminum sodium chlo 
ride, the process can be carried out at a tem 
perature between 150° and 300° C. By add 
ing further aluminum chloride, the tempera 
ture of the bath can be reduced even more, 
whereas in the presence of less aluminum 
chloride the temperature of the bath can be 
'aised up to 600° C. Generally speaking we 
find it possible to lower the melting point of 
the electrolyte by using suitably composed 
mixtures of salts. IBy the aid of various salt 
mixtures of the kind it is possible to carry out 
our electrolytic process at temperatures from 
80° to 600° C. Besides using in the electro 
lyte various alkali metal salts, certain alkali 
earth metal salts, such as, for instance, cal 
cium, strontium, lithium or magnesium chlo 
rides may be added to the aluminum halide; 
this latter group comprising metals whose 
hydroxides have alkaline properties but less 
marked than with the potassium group or al 
kali metals. 
We prefer working with anodic current 

densities between 1 and 10 amperes or even 
less; however, they may be increased above 
10 amperes, in which case the voltage of the 
bath is raised. Still, in the most frequent 
cases the current densities are approximately 
one ampere per square decimeter. At the 
cathodes refined aluminum is deposited in a 
fairly compact form. Satisfactory results 
are obtained with cathodic current densities 
of about 1 to 10 amperes per square decimeter; 
however, it is quite possible to produce a co 
herent cathodic metal deposit when using 
current densities above 10 amperes per square 
decimeter. In this case the electrolyte is 
preferably agitated. Putting up with the 
requirement of larger expanse of surface, 
one can even operate with current densities 
below 1 ampere. 

It is thus seen that by the process de 
scribed, pure aluminum can be produced from 
various materials, such as aluminum of com 
mercial grades produced by the electrolysis 
of a bath of aluminum dissolved in cryolite 
as commonly used at present (Hall process) 
as well as waste or chips of aluminum and 
aluminum alloys. A particular advantage is 
that the process is workable with aluminum 
alloys directly produced from suitable raw 
materials by thermic reduction or by electrol 
ysis, and contairing the natural proportions 
of the accompanying substances present in 
these raw materials. For instance, aluminum 
alloys are produced from bauxite, clay (ka 
olin) or the like, by thermal reduction (with 
carbon or coke) in an electric furnace. In the 
case of using bauxites, which contain but lit 
tle iron, or which are practically free thereof, 
the material after being finely ground may 
be directly introduced into the electrolytic 
bath of the Hall process, without being pre 
viously purified and converted into alumina, 
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thus saving considerable cost. In this case, 
the resulting product is a crude aluminum 
relatively rich in silicon and poor in iron, 
and frequently with a small content of tita 
nium. If aluminum manufactured by the 
customary fluoride electrolysis is used as 
anode material, it is possible to produce a re 
fined metal having a metallic aluminum con 
tent as high as 99.9 per cent or higher. 
In accordance with our process, aluminum, 

because of its high electrolytic solution ten 
sion, will first be dissolved out of the anodes 
in the course of electrolysis, while other met 
als such as iron and silicon are left undis 
solved, and can be collected and commercially 
utilized as anode residues either in the shape 
of loose particles or of coherent skeletons. 
Next to aluminum, iron has the greatest tend 
ency to enter into the solution. This can be 
obviated by taking care that, at any stage, the 
anode alloy, contains as much silicon as is 
requisite for maintaining the whole of the 
iron present combined with the silicon (in the 
form of ferro-silicon, FeSi) which will not 
enter the solution. Any free silicon in excess 
may be converted into large crystals by suit 
able thermal treatment of the anode alloy 
when being manufactured, for instance, by 
causing the anode alloy to cool at a very slow 
rate when solidifying from the molten state. 
After having grown to a suitable weight 

the cathodes are removed from the bath. The 
pure metal can be brought into commercial 
form in remelting furnaces as commonly used 
in aluminum works, or in any other way. 
In commencing our electrolytic process 

preferably aluminum sheets, or matrix sheets 
of other metals, as cathodes, are suspended in 
the bath, these sheets being thin plates suit 
ably shaped to the dimensions of the cell and 
bath. Since a great number of these cathode 
sheets, connected for example in parallel, are 
suspended at one time in the bath, it is feasi 
ble to replace the individual cathodes with 
out interrupting the electrolytic process. Be 
cause of this and of the continuous progress 
of the electrolyte from cell to cell the entire 
process is truly a continuous and uninterrupt 
ed one in a practical sense. 
In the accompanying drawings Fig.1 is a 

longitudinal vertical section of a series of 
units constituting an apparatus embodying 
features of the invention and by which the 
described method may be carried out, the 
elements shown largely in diagram. 

Fig. 2 is a diagrammatic plan view of the 
apparatus shown in Fig. 1, but with a modi 
fication in the electric wiring diagram. 

Fig. 3 is a diagrammatic sectional view 
of a modified form of apparatus, and Fig. 
4 is a similar view showing a further modi 
fication. 

Referring to Fig. 1 the successive electro 
lytic units, tanks or cells 11, 11, etc., can be 
composed of any suitable material, whether 
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conducting or non-conducting, which resists 
injury from the molten electrolyte. The 
second cell 11 is shown set at a slightly lower 
level than the first cell, and this arrange 
ment may be carried through to the end of 
the series so that the electrolyte can flow by 
gravity from the first unit to the final one, 
from where it is led by any suitable means 
to the first one again, or to the first cell of 
another series. An inlet pipe 12 is shown 
leading into the upper part of each cell, and 
an outlet pipe 13 leads from the lower part 
of each cell at the end opposite to the inlet. 
Each outlet 13 may be extended upwardly 
and connected with the succeeding inlet 12, so 
as to maintain the desired progress of flow. 
When the cells are constructed of conducting 
material, it is preferable to connect the in 
lets and outlets 12 and 13 by an insulating 
joint or coupling 14, as shown, and so pre 
vent electric conduction from cell to cell. 
Immersed in the molten electrolyte 15 are 

shown a series of cathodes 16 and alternated 
with them a series of anodes 17. Each cath 
ode may consist of a matrix plate or sheet 
acting as a carrier upon which the aluminum 
is to be electrolytically deposited. For this 
purpose plates of pure aluminum may be em 
ployed, but other metals may sometimes be 
used. When the aluminum deposit on each 
cathode has grown up to a substantial thick 
ness, the cathode may be removed from the 
electrolytic bath, whereafter the aluminum 
deposit may be stripped off by mechanical 
means, or subjected to any further treat 
ment, along with the carrier or matrix sheet 
when composed of pure aluminum. A fresh 
matrix sheet may be inserted in place of 
each one removed. Each anode 17 is shown 
as a plate or sheet of the impure aluminum 
which is to be refined, such as ordinary com 
mercial aluminum or an alloy produced di 
rectly from raw material with natural im 
purities, as described. The anodes and cath 
odes are suspended or immersed in the elec 
trolyte and any support or mounting may be 
used which permits them to be set or ad 
justed to maintain the proper spacing be 
tween them. 

Preferably the anode plates and the cath 
ode plates in each cell are connected in par 
allel. The several cathodes 16 are shown 
connected together by a conductor 18, and 
the several anodes by a conductor 19. When 
a series of cells is employed, the successive 
cells are connected in series with the source 
of current or line wires. Thus as shown in 
Fig. 2 the conductor 18 connecting the cath 
odes of one cell may be connected across by 
a conductor 20 with the conductor 19 con 
necting the anodes of the succeeding cell, 
thus giving a series connection. In either 
case the entire series of cells will be oper 
ated to cause the electrolytic deposition of 
aluminum as a continuous process while the 
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electrolyte progresses from cell to cell, being 
caused to flow. from the last cell of a series 
to the first one again, or to the first cell of 
another series, or otherwise. 
The connecting pipes 12 and 13 in Figs. 1 

and 2 carry the progressing liquid from the 
lower part of one cell to the upper part of the 
next cell, so that in each cell the material 
enters at one level and leaves at another, 
thus improving the circulation and thor 
oughness of the operation. This may be va 
ried as indicated in Figs. 3 and 4. 
In Fig. 3 the first cell 21 discharges by 

gravity into the second cell 21. Each cell 
near the overflow point may be provided with 
a partition wall 22 extending downwardly 
nearly to the bottom, so that the electrolyte 
is drawn from the lower part of the cell, and 
passes up through the outlet passage 23, 
thence by a spout 24 discharging into the 
upper part of the succeeding cell. By this 
arrangement, the V 
through each cell is forced to descend from 
the topmost level to the bottom level, as well 
as traveling from one end of the cell to the 
other, thus producing an intensive agitation 
and thorough mixing so as to prevent in pov 
elishment of individual portions of the elec trolyte. 
Other arrangements may be employed to 

improve the circulation and mixing of the 
electrolyte. Thus in Fig. 3 the electrolyte 25 
is compelled to pass underneath each cathode 
26, the cathode being the full width of the 
cell, but not reaching to the bottom; whereas 
it is coimpelled to ascend along the surface 
of each anode 27, between it and a cathode, 
and progress through a passage or slot or 
row of apertures 28 near the upper level of 
the liquid, for example formed directly in 
the anode, which also is the full width of the 
cell; so that the flow will be up and down 
through the length of each cell, and finally 
from the spout into the succeeding cell. 
The electric connections in Fig. 3, and in 

Fig. 4 as well, as shown of the series kind, corresponding with Fig. 2. 
In the arrangement shown in Fig. 4, the 

cells 31 and 31 may be arranged at descend 
ing levels as before, but in this case the par 
tition wall 32 is shown arranged near the first 
end of each cell, forming an iniet passage 
33 receiving the electrolyte from the over 
flow or spout 34 of the preceding cell. The 
electrodes are of the full width of the cell, 
and may be arranged as in Figs. 1 and 2, or 
as in Fig. 3, the former being illustrated in 
electrodes 16 and 17. 
For the purpose of maintaining the elec 

trolyte in a molten condition and at a tem 
perature most favorable for the reactions, 
each cell may be heated in any suitable man 
ner, for example by making use of the heat 
produced by the electrical resistance of the 
electrolyte itself to the direct electrolytic 

electrolyte progressing 
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current; or the heat may be furnished by a 
secondary alternating current, or by a suit 
able source of external heat. 
We claim: 
1. The electrolytic refining process of pro 

ducing metallic aluminum of a high degree 
of purity from less pure metallic material 
which consists in passing an electric current 
from a solid anode of the less pure metal to 
a solid cathode through a molten electrolyte 
having a melting point lower than that of 
either electrode, and capable during elec 
trolysis of dissolving the aluminum of the 
anode, while maintaining a temperature hot 
ter than the melting point of the electrolyte 
but insufficient to melt the electrodes. 

2. The electrolytic refining process of pro 
ducing metallic aluminum of a high degree 
of purity from less pure metallic aluminum 
which consists in passing an electrolytic cur 
rent from an anode composed of the less pure 
metal in a solid state to a cathode composed 
of metal in a solid state through a continuous, 
non-aqueous molten electrolytic bath having 
a melting point lower than that of either elec 
trode and maintained above its melting point 
but below the melting points of the elec 
trodes, said bath comprising metal salts and 
capable during the electrolysis of dissolving 
the aluminum of the anode and depositing 
aluminum upon the cathode. 
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40 

3. The aluminum refining process as in 
claim 1 and wherein is employed a solid anode 
comprising an aluminum alloy containing 
silicon and iron in the proportion of at least 
one atom of silicon to one atom of iron. 

4. The aluminum refining process as in 
claim 1 and wherein the electrolyte contains 
halogen salts of aluminum and of a metal 
the hydroxide of which has alkaline prop 
erties. 

5. The continuous electrolytic refining 
process of producing metallic aluminum of 

a high degree of purity from less pure me 
tallic aluminum which consists in maintain 
ing a system of anodes composed of the less 
pure metal in a solid state and a system of 
cathodes composed of metal in a solid state 
continuously immersed in a molten electro 
lytic bath composed of metal salts and capa 
ble during the electrolysis of dissolving out 
the aluminum of the anode and depositing 
aluminum upon the cathode, while maintain 
ing such bath hotter than the melting point 
of its ingredients, and passing an electric 
current from the anodes to the cathodes and 
progressively circulating the electrolyte 
through the system. - 

6. The process as in claim 1 and wherein 
the electrolysis is carried on with low current 
densities, approximately one ampere per 
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square decimeter, thereby taking maximum 
advantage of the high solution tension of 
aluminum in dissolving it selectively from 
the anode. - 

7. The art of producing highly refined 
aluminum from raw material containing 
silicon in excess of iron along with alum 
inum, consisting in, first, reducing such 
raw material by heat and causing the result 
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70 
ant molten alloy to cool at a very slow rate, 
thereby to crystallize the excess of silicon, 
and second employing such cooled reduced 
alloy as a solid anode, and passing an elec 
trolyzing current from such anode to a solid 
cathode through a molten electrolyte having 
a melting point lower than that of either 
electrode and capable during electrolysis of 
dissolving the aluminum of the anode, while 
maintaining a temperature between the melt 
ing point of the electrolyte and the melting 
points of the electrodes. 
In testimony whereof, we affix our signa 

tures. 
JULIUS WEBER, 
HANS HAUSER. 
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