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This invention relates to an improved design for ves 
sels in which highly corrosive materials are to be processed 
or reacted at elevated temperatures. The principles here 
in disclosed may be readily adapted to the design of the 
containers ‘for highly heated corrosive liquids generally. 
More particularly, this invention may be utilized to advan 
tage in the construction of cells intended to be employed 
in the electrolytic recovery of metals by a fused salt elec~ 
trolysis. _ 

vFor the purpose of illustration, this invention will be 
described as applied to the recovery of transition metals, 
but it will be appreciated that this is not to be taken as 
a limitation thereon since similar considerations will apply 
to other speci?c processes for the recovery of other prod 
ucts by fused salt electrolysis or by fused salt reactions. 

In the recovery of transition metals, one of the more 
promising procedures which has been intensively inves 

' tigated is electrolysis of molten salts. It has been found 
that most of the ordinary materials of construction are 
rapidly attacked by the corrosive molten salts constituting 
the fused bath, or by such other products of the elec 
trolysis' as elemental or combined ?uorine or chlorine. 
The attack is particularly severe since the operating tem 
peratures are often as high as 900° C. The choice of a 
material of construction has often vbeen found therefore 
to be limited to commercial graphite or carbon. Because 
of the highly corrosive nature of the fused salt and be 
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cause of the porosity of commercial carbon crucibles, par- ' 
ticularly in large sizes, a de?nite limit is thus placed upon 
cell ‘size, and therefore cell capacity. ' 
The prior art has long been aware of the possibility of 

increasing the life of furnace refractories-by permitting 
some of the contents of the furnace to freeze and to form 
a protective frozen shell which thereafter serves as a con 
tainer for the corrosive molten contents of the furnace. 
In applying such a teaching to an electrolytic cell, it is 
necessary to sacri?ce the advantages attendant on the use 
of the container or crucible as one of the electrodes, since 
the frozen salt shell generally does not conduct electricity. 
Thus, in prior art electrolytic cells, additional electrodes 
of relatively limited area must be provided to replace the 
container as an electrode. 
By the practice of this invention, it now becomes pos 

sible to conduct the electrolysis in a frozen salt shell, 
while at the same time utilizing the container or crucible 
as one electrode. As a result, it becomes possible to 
conduct the desired electrolysis of a fused bath in a con 
tainer which is nowise limited as. to size or'capacity, ex 
cept for the strength of the materials, employed in its 
construction, while at the same time preserving the purity ~ 
of the electrolytic product obtained. Furthermore, be 
cause of the virtually limitless size of the electrolytic cell, 
much higher electrical charges may be used in the elec 
trolysis. 
These and other advantages will become apparent from 

the following speci?cations and claims in which? 
. Figure 1 is a schematic representation of ‘an electrolytic 
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cell constructed in accordance with this invention seen 
in section with the cover removed and before the charge 
is present. 

‘Figure 2 is a schematic representation of a similar sec 
tion of the vessel containing a molten charge. 
As shown in Figure 1, an electrolytic cell constructed 

in accordance with this invention includes an outer shell 
10 of any suitable structural material, the principal func 
tion of which is to ‘support and contain the materials 
within its con?nes. Generally, shell 10 is of metal such 
as steel. Surrounding shell 10 is a heat exchange means 
12 for controlling the temperature of shell 10 within any 
desired range. The heat exchange means may comprise 
a plurality of perforated pipes by means of which heated 
or cooled fluid is continuously sprayed on shell 10, or it 
may comprise a coil disposed in intimate contact with 
shell 10, through which a heated or cooled ?uid is caused 
to circulate. Any suitable means may be provided as 
the heat exchanger. 

Within shell 10 there is disposed a container 14 con 
structed of carbon or graphite or other suitably inert, 
electrically conductive material. The container 14 serves 
as one of the electrodes in the preferred use of the cell 
shown. Where the vessel constructed in accordance with 
the invention herein disclosed is to be employed as a 
reaction vessel, not involving any electrolysis, the inner 
container 14 may be constructed of an electrically non 
conductive material such as a ceramic, without sacri?cing 
certain other bene?ts obtained in the practice of our 
invention. ’ 

> Because, in accordance with this invention, a certain 
amount of leakage may be tolerated without a failure of 
the cell, the inner crucible 14 may be constructed of 
pieces of graphite or carbon or other material. These 
pieces need only ?t reasonably closely together as they 
are not required to form a leakproof impervious vessel. 
In this way vessels of any size may be fabricated from 
relatively small, standard shapes much in the same man 
ner that carbon shells have been installed in the lower 
portions of blast furnaces. Common sizes for present day 
carbon blocks are pieces slightly larger than 1 foot by 2 
feet in section by three to ?ve feet in length. 

Between the inner crucible 14 and the outer metallic 
shell 10, there is disposed a thermally insulating material 
16 such as carbon black, lamp black, or powdered carbon 
or graphite, or even powdered metal, or other material 
having the required inertness toward the contents of 
crucible 14 and the desired relatively poor thermal con 
ductivity. 

Crucible 14 is adapted to contain a melt 13 composed 
essentially of one or more molten salts. In the electrolytic 
production of a transition metal one such bath migh con 
tain one or more alkali metal halides or alkaline earth 
metal halides in combination with various transition metal 
compounds as described in U. S. Patents 1,815,654; 
1,835,025 and 1,861,625 among others. Suspended in the 
bath are one or more cathodes 20 and one or more im 
mersion type heaters 22 for maintaining the bath molten. 
The above cell is constructed in the following manner: 
After the volume required of vessel 14 and the tem 

peratures at which bath 18 and outer shell 10 are to oper 
ate have been ascertained, the thickness of thermal insu 
lation is computed to provide a zone intermediate of 
shell 10 and crucible 14 in which a temperature will be 
obtained corresponding to the temperature at which the 
molten material in vessel 14 becomes a solid. 
To vassemble the apparatus, shell 19 is positioned on a 

suitable support and a layer of thermal insulation of the 
desired thickness is provided in the bottom of shell 10. 
The thermal insulation may be disposed in the form of a 
loose powdery or granular material, or it may be tamped 
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in place, or formed into a plastic mixture with a tem 
porary plasticizer such as water or methylcellulose and 
poured in place ‘and baked. Next a bottom is constructed 
for vessel 14 from standard ?at shapes of carbon, graphite 
or other suitably inert materials which may be interlocked 
if desired. Gradually, the sides of vessel 14 are built up 
and the space between vessel 14 and shell 10 is gradually 
?lled with insulation. Heat exchanger 12 is then posi 
tioned adjacent shell 10 and, as shown in Figure 2, a heat 
ing means 22 and one or more electrodes 20 are posi 
tioned within the vessel 14. Means are provided to con 
nect electrodes 20 and vessel 14 to a source of potential, 
in the event that it is desired to conduct an electrolysis 
in the vessel. 

In operation, once the components have been assem 
bled, the bath or reaction mixture is melted by means of 
heaters 22 positioned within the vessel. When molten as 
shown in Figure 2, the contents of vessel 14 tend to leak 
either through any pores or discontinuities in the walls 
of the vessel into the thermal insulation 16. Heat ex- ' 
changer means 12 is operated so as to restrict the leakage 
to a region corresponding to a zone 15 therein by adjust 
ing the heat transfer so that a portion of the liquid be 
comes solid in a zone 17 after leaking through crucible 
14. in this manner, the entire contents of vessel 14 re 
mains molten throughout the vessel and the vessel may 
properly function as one electrode in any electrolysis 
conducted therein. 
The above described cell is in marked contrast with 

prior art cells operated heretofore with a lining formed 
of frozen salts. Since the‘solidi?ed salt is non-conductive, 
it is necessary to insert an anode and a cathode in the 
bath, in order to conduct an electrolysis. As shown in 
the ?gure, the frozen lining and the anode and cathode 
occupy a considerable traction of the volume of crucible 
and thus diminishes the ei?ciency of the operation. Fur 
thermore, the area of both the anode and cathode is but 
a small fraction of the area of crucible 14 of Figure 1 and 
hence, the electrical capacity of such cells is substantially 
less than that of the cell of Figure l, of equal volume. 
A further precaution concerning the construction and 

operation of vessels as described above should be men 
tioned. When operating at temperatures at which the 
carbonaceous materials employed tend to oxidize, or in 
instances in which the contents of the vessel tend to react 
detrimentally with the normal atmosphere, it will be ap 
preciated by those skilled in the art that precautions must 
be taken to prevent such undesirable developments. Usu 
ally it su?ices to provide a cover 24 extending over the 
vessel, whereby a controlled atmosphere of any desired 
composition may be maintained above the contents of 
the vessel and in contact with the exposed portions of the 
inner vessel 14. Cover 24 may be provided with open 
ings through which heating means 22, electrodes 20, con 
nections 26 to a source of a suitable atmosphere and the i 
like, may be positioned. 
We claim: 
1. An electrolytic cell comprising: an outer supporting 

shell, an inner electrically conductive slightly porous shell 
spaced at least a predetermined minimum distance from 
the outer shell and adapted to contain a body of elec 
trolyte, heating means positioned in the electrolyte con 
tained in the inner shell, thermal insulation ?lling the 
volume between the outer shell and the inner shell, at 
least one electrode positioned within the inner shell in 
contact with the electrolyte, a source of potential, leads 
connecting the source of potential with the inner shell and 
with the said electrode whereby an electrolysis may'be 
conducted in the inner shell and means ‘to maintain the 
outer supporting shell at a temperature sut?ciently below 
the melting temperature of the electrolyte that‘there are 
provided three zones in the thermal insulation between the 
inner shell and the outer shell as follows: a ?rst zone adja 
cent the inner shell and containing some electrolyte in 
liquid form, a second zone adjacent the‘ outer shell con 
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taining only thermal insulation and a third zone between 
the two in which any electrolyte present is in solid form. 

2. An electrolytic cell comprising: an outer supporting 
shell, an inner electrically conductive slightly porous shel 
spaced at least a predetermined minimum distance from 
the outer shell and adapted to, contain a body of molten 
salt, heating means positioned in the molten salt con 
tained in the inner shell for maintaining the salt in molten 
condition, thermal insulation ?lling the volume between 
the outer shell and the inner shell, at least one electrode 
positioned within the ‘inner shell in contact with the 
molten electrolyte, a source of potential, leads connect 
ing the source of potential with the inner shell and with 
the said electrode whereby an electrolysis may be con 
ducted in the inner shell, and means to maintain the 
outer supporting shell at a temperature su?lciently below 
the melting temperature of the electrolyte that there are 
provided three zones in the thermal insulation between 
the inner shell and the outer shell as follows: a ?rst zone 
adjacent the inner shell and containing some electrolyte 
in liquid form, a second zone adjacent the outer shell 
containing only thermal insulation and a third zone be 
tween the two in which any electrolyte present is in solid 
form. 

3. An electrolytic cell comprising: an outer supporting 
shell, an inner electrically conductive slightly porous shell 
of carbonaceous material spaced at least a predetermined 
minimum from the outer shell and adapted to contain a 
fused salt electrolyte, heating means positioned within 
the fused salt for maintaining said salt in molten condi 
tion, thermal insulation ?lling the volume between the 
outer shell and the inner shell, at least one electrode posi 
tioned within the inner shell in contact with the electro 
lyte, a source-of potential, leads connecting the source of 
potential with the inner shell and with the said electrode 
whereby an electrolysis may be conducted in the inner 
shell and means to maintain the outer supporting shell 
at a temperature su?iciently below the melting tempera 
ture of the electrolyte that there are provided three zones 
in the thermal insulation between the inner shell and the 
outer shell as follows: a ?rst zone adjacent the inner shell 
and containing some electrolyte in liquid form, a second 
zone adjacent the outer shell containing only thermal in 
sulation and a third zone between the two in which any 
electrolyte present is in solid form. 

4. A method of containing corrosive liquid materials 
which comprises: providing a porous inert container for 
corrosive liquid, establishing therein a body of liquid 
corrosive material, maintaining the body of liquid at an 
elevated temperature by a heating means positioned within 
the body of liquid, disposing an outer support shell spaced 
from the inner container, introducing a comminuted ther 
mally insulating material into the space between the 
outer shell and the container and maintaining the tempera 
ture of the outer shell so as to establish three zones in 
the thermal insulation as follows: a ?rst zone adjacent 
the inner container in which the corrosive material is 
present in liquid form in the thermal insulation, a second 
zone adjacent the outer shell in which the thermal in 
sulation alone is present, and an intermediate zone be 
tween the ?rst Zone and the second Zone in which the 
corrosive material is present in the form of a solid. 

5. A method of electrolyzing a corrosive fused electro 
lytic salt bath which comprises: providing a porous inert 

- electrically conductive container for the salt bath, es 
tablishing therein a fused salt bath of the corrosive elec 
trolyte, maintaining the fused salt bath in fused condition 
by heating means positioned within the bath. disposing 
an outer support shell spaced from the inner container, 
introducing a comminuted thermally insulated material 
into the space between the outer shell and the container, 
immersing at least one electrode in the fused salt bath, 
impressing a potential through the salt bath by suitably 
connecting the immersed electrode ‘and the container to 
a source of potential whereby the fused electrolyte is 
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