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ELECTROLYTIC FUSION CELLS AND METHOD 
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14,164/60 
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The present invention relates to cells for fusion elec 
trolysis having a cathode arranged centrally within an 
anode. 
When carrying out fusion electrolysis for obtaining 

metals, cells are usually employed in which the cathode, 
which serves for metal deposition, is as a rule rod-shaped 
and is located centrally within an annular anode. The 
temperature of the melt in which the cathode is sub 
merged is generally within the range of about 400 to 
900 C. Thus, the cathode is subjected to strong cor 
rosion due partly to the comparatively high temperature 
of the melt and partly to the composition of the latter. 
It has already been proposed to cool the cathode in cells 
of the construction just described. 
According to the present invention, a cell for fusion 

electrolysis comprises a cathode arranged centrally with 
in an anode, the cathode being supported by a cathode 
Supporting device which serves also as a current supply 
lead for the cathode and has a cooling system. 
An embodiment of the present invention will now be 

described in further detail with reference to the accom 
panying drawings of which 

FIG. 1 is a diagrammatic section of the basic construc 
tion of the embodiment, and 

FIG. 2 is a sectional view of the cooling arrangement 
of the cathode-supporting device. 

FIG. 1 shows the basic construction of the cell which 
consists of the rod-shaped cathode 10 arranged centrally 
within an anode 12 of annular or sleeve-like form. The 
cathode is made from a highly corrosion-resistant metal, 
for example nickel. The annular anode 2 is made of 
graphite. The anode is contained in a crucible 19, for 
example of graphite, containing a melt 14. Generally, 
alkali metal chloride melts, such as sodium chloride or 
potassium chloride or the eutectic mixtures of such 
chlorides are used in which the metal is dissolved in 
the form of the chloride, fluoride or fluoride double salt. 
A cylindrical diaphragm 16 is located between the cath 
ode 10 and the anode 12 to separate the cathode space 
from the anode space, in order to protect the separated 
metal from the halide liberated on the anode wall. The 
anode 12 and the crucible 19 are contained in a housing 
18 which, at the same time, serves as a thermal insula 
tion, electric heating coils 20 being located between the 
housing 18 and the crucible 19 for heating the melt. 
Above the cell is located a protective housing 22 ar 

ranged to prevent oxygenous atmosphere entering the 
cell so that the separated metal cannot absorb oxygen 
from the atmosphere when being removed from the cell. 
Usually an inert atmosphere, for example argon or 
helium, is maintained within the protective housing 22. 
The cathode 10 is supported at its upper end by a sup 
porting device 24 which serves not only as a mechanical 
Supporting means but also as a current supply lead. 

... During the process of electrolysis the supporting device 
24 submerges slightly below the melt level 58. The 
Supporting device 24 passes through a gland 26 in the 
upper part of the protective housing 22. 
When sufficient metal has been deposited on the cathode 

10 the cathode is removed upwardly by the supporting 
device 24 and the deposited metal removed from the 
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2 
cathode. To do this, a sleeve-like stripping device 28 
is employed with a receptacle 21 to prevent metal stripped 
off by the sleeve 28 when the cathode is withdrawn 
upwardly falling back again into the melt. Arrange 
ments of that form are described, for example, in U.S. 
patent application Ser. No. 122,524, filed July 7, 1961, 
now Patent No. 3,156,638. 
The cathode-supporting device which serves also as 

a current supply lead for the cathode has a cooling 
System. Cooling may be effected by any desired fluid 
coolant, for example by a liquid coolant such as water, 
oil, etc. or by a gaseous coolant. 
FIG. 2 shows in diagrammatic form part of the em 

bodiment of FIG. 1 and shows a cathode-supporting 
device with cooling. The support rod 24 has a cooling 
sleeve 40 which extends over the entire length of the rod 
and which is spaced uniformly from the rod, thus creat 
ing a cooling space having the shape of a cylindrical 
cavity. Coolant is introduced into this cooling space 
through a feedpipe 46 and removed at the upper portion 
of the sleeve 40 through a discharge pipe 44. A pipe 
48 is set into the rod 24 to facilitate entry of the coolant 
into the sleeve 40 at the lowest point of the latter. 

Obviously, the embodiment just described is only one 
of many alternative ways of cooling the support. It is 
also possible, for example, to employ instead simply a 
rod 24 having a large central bore through which the 
coolant is conducted. A preferred flow direction can 
be imparted to the coolant by the inclusion, for example, 
of baffle plates in the bore. In the embodiment shown, 
the cathode itself is secured to the lower end of the 
Support rod by means of a threaded boss 50 on the 
device 24. 
A particularly advantageous subsidiary feature of the 

invention is the use of a cathode in the form of a hollow 
body. That cathode has an upper short solid portion 
52 with a threaded bore which enables connection to the 
supporting device to be made. The hollow portion of 
the cathode which consists of a hollow cylinder 54 is 
fastened to the supporting device. The hollow cylinder 
is closed at the bottom end by means of a closure 56. 
The degree of cooling is such that the temperature of 

the cathode is higher and the temperature of the support 
ing rod lower than the freezing temperature of the melt. 
During a single deep immersion of the cathode in the 
melt and Subsequent withdrawal to working level a 
layer of solidified melt forms on the cooled support rod. 
The cathode temperature is determined by the coolant 
temperature in the supporting device and is affected by 
the type of connection between cathode and the lower 
end of the supporting device which controls heat transfer 
from the cathode to the supporting device. At the same 
time, the temperature of the supporting device can be 
kept at a level which is above the dew point of the va 
pours produced above the melt. By thus arranging the 
temperatures maintained in the individual parts of sup 
porting device and cathode, the best-possible protection 
of supporting device and cathode against corrosion is 
achieved. By always keeping the temperature of the 
support rod below the freezing temperature of the melt, 
the support rod is coated with a salt layer which severely 
reduces if not prevents access of corrosive substances; 
it must be remembered, however, that the freezing melt 
is, of course, not free from pores. 
On the other hand, the temperature of the support rod 

is decreased to such an extent that the corrosive action 
of any Substances which may still reach the metal surface 
is very considerably reduced. That makes superfluous 
the employment of a graphite sleeve for the protection of 
the support rod which, in such cells, would otherwise 
have to be employed. The employment of such a graphite 
sleeve does not of course afford absolute protection, since 
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the corrosive substances can still diffuse through the graph 
ite sleeve and penetrate into the narrow gap between sleeve 
and support rod. Once having penetrated, these sub 
stances exert a very strong corrosive action upon the Sup 
port rod at this point. 

Holding the temperature of the support rod at a value 
above the dew point of the vapours produced in the at 
mosphere above the melt prevents condensation of such 
Vapours on the surface of the support rod. In any case, 
it is necessary to keep the temperature of the support rod 
above 100 C. so that under no circumstances is water 
allowed to condense upon this rod. The existence of con 
densed water leads to a large increase in corrosion of 
the holding rod because halides contained in the atmos 
phere, and particularly chlorine, form acids, for example 
hydrochloric acid, with any condensed water on the sup 
port rod, and the acids have a censiderably stronger ac 
tion than the corresponding dry halide. 

Heat flow from the cathode to the support rod is mini 
mized by suitable design of the connection between those 
parts. For example, in the embodiment described above, 
the cathode is fastened to the holding rod by means of 
a thread which is designed in such a way that the contact 
Surface which determines the heat flow is considerably 
Smaller than the cross section of the support rod. The 
thread has the further advantage that the cathode can 
easily be separated from the support rod. Other construc 
tions may be used, for example a reduction of the cross 
Section of the lower end of the holding rod by turning or 
drilling reduces heat transfer. 

In a cell embodying the present invention, a cooling 
effect is produced especially on the support rod where 
it is desired. The cathode itself is only slightly cooled, 
on the other hand. The temperature difference produced 
at the junction between cathode and support rod enables 
the cooling effect to be adjusted in such a way that the 
temperature of the support rod can safely be kept below, 
and that of the cathode safely above the freezing tempera 
ture of the melt. At the same time, reduction of heat 
transfer ensures that a comparatively low heat loss oc 
curs in a direction outwardly of the melt. Thus, the 
thermal energy required to maintain the melt temperature 
is kept at a minimum. Considerable advantages are also 
Secured by the employment of a hollow cathode. The 
hollow cathode has a lower thermal capacity which means 
that when the cathode penetrates the melt, only a com 
paratively small amount of thermal energy is removed 
from the melt, in order to raise the cathode to the melt 
temperature. Therefore, when the cathode is periodically 
removed in order to remove deposited metal, and subse 
quently introduced again, a comparatively small amount 
of heat is removed from the melt. Furthermore, there is 
the advantage that once the cathode has been withdrawn 
from the melt in order to remove the metal, the cathode 
cools very quickly because the amount of heat contained 
in the cathode is small. Cooling by the cooling sleeve 
of the protective housing 23 is therefore sufficient to cool 
the cathode very quickly, and this again is very desirable 
for the removal of the metal from the cathode so as to 
prevent the separated metal from absorbing gas. As is 
known, when the cathode is withdrawn from the melt, the 
cathodic protection of cathode against corrosion by melt 
Substances does no longer exist at first. However, after 
the removal cooling sets in very quickly so that any sub 
stances still present solidify and then in practice exert no 
further corrosive action. 

If necessary, the cooling effect can be varied in intensity 
during the different periods of the working cycle such 
that, for example, during the separation, cooling is pro 
vided to the extent required for maintaining the above 
mentioned temperatures of cathode and cathode support. 
When the cathode has been removed from the melt, how 
ever, cooling is intensified so that quicker cooling of the 
withdrawn cathode and the removed metal takes place. 
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4 
A further advantage of the arrangement described 

above, apart from the considerably reduced risk of corro 
sion of the cathode, is a quickened working cycle, due to 
the fact that the amount of heat contained in the hollow 
cathode is comparatively small. That results in a short 
ened cooling time. Further, due to the reduced risk of 
corrosion, the cathode can be re-employed without diffi 
culty when the metal has been removed. This has not 
been possible hitherto because usually the cathode had to 
be cleaned after every separation cycle, in order to pre 
vent progressive corrosion. The present arrangement 
therefore provides, first of all, a considerably more favor 
able exploitation of performance and energy, due to the 
reduced heat losses, and also an improved cell perform 
ance in time, because of the shorter stopping periods re 
quired during removal and re-introduction of the cathode. 
All this is achieved although only a single cathode is 
employed. 
What is claimed is: 
1. A cell for fusion electrolysis comprising an annular 

anode, a cathode centrally positioned within said anode, 
and a cathode-supporting device, said supporting device 
being mounted for vertical movement and extending ver 
tically from said cathode, housing means surrounding 
said supporting device, said housing means being capable 
of receiving the cathode when the supporting device is 
upwardly withdrawn, said supporting device serving as a 
current supply lead to said cathode and having incor 
porated therein a cooling system employing a circulating 
fluid coolant, said cathode having the form of a hollow 
cylindrical element and being releasably joined to the said 
cathode-supporting device by a joint having such a con 
figuration as to reduce heat transfer from the cathode to 
the supporting device. 

2. A method for operating a fusion electrolysis cell 
as in claim 1 for the fusion electrolysis of a melt which 
comprises maintaining the temperature of the cathode 
above the freezing temperature point of the melt and the 
temperature of the cathode-supporting device below the 
freezing temperature of the melt and above the dew point 
of the vapors above the melt. 

3. A cell for fusion electrolysis as defined in claim 
1 wherein the cathode-supporting device is releasably 
connected to the cathode by screw-joint means and has 
circumferential cooling channels for maintaining tempera 
ture of said device at a predetermined level. 

4. Cell of claim 3 wherein the screw-joint means com 
prises a threaded screw member of diameter substantially 
less than the diameter of the supporting device and the 
cathode, said screw member being integral with said sup 
porting device and releasably joined to said cathode, 
whereby said cathode is supported and whereby heat trans 
fer between said supporting device and said cathode is 
minimal. 

5. A method of operating the cell of claim 3 for the 
fusion electrolysis of a melt comprising maintaining the 
cathode temperature above the freezing point of the 
melt, while maintaining the supporting device tempera 
ture below the freezing point of the melt but above the 
dew point of the vapors of the melt. 
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