
801,964 2 W. R. OPE ET AL 
CATHODE ASSEMBLY FOR ELECTROLYTIC CELLS 

Aug. 6, 1957 

Filed Nov. 6, 1953 

  

  

  

  

  





2,80i,964 
3 

rent density, a typical cathode current density being about 
3 amperes/square centimeter. Good results may be ob 
tained within a broad range depending upon the cell 
characteristics and operating conditions. Generally, a 
cathode current density between one-half and six am 
peres/square centimeter has been found satisfactory. 
Within this current density range titanium metal will be 
deposited on and adhere to the cathodic surfaces of the 
cathode. ? . 

The instant invention relates to an improved cell struc 
ture and more particularly to an improved cathode as 
sembly, the construction of which is based on the dis 
covery that when electrolyzing titanium tetrachloride in 
a fused salt bath, a superior titanium metal deposit char 
acterized by large crystals of high purity and ductility 
will form on the cathodic surfaces of the cathcde basket 
when a relatively high concentration differential of the 
reduced halides, i. e. titanium trichloride and titanium 
dichloride, is maintained in the electrolytic bath within the 
basket cathode, and that this condition exists provided the 
cathodic surfaces of the basket are so arranged as to 
provide regions within the basket cathode wherein elec 
trolytic reduction of the metal is rapid and substantially 
unimpeded, alternating with regions wherein the reduc 
tion of the metal halide to metal is less rapid. 

In its broadest aspects, therefore, the invention relates 
to an improved electrolytic cell of the fused salt bath type 
comprising an anode, a cathode assembly, including a 
cathodic basket, and a source of direct current connected 
to the anode and to the cathode assembly respectively, 
the cathode assembly being constructed and arranged so 
that the refractory metal halide introduced into the fused 
salt bath will be reduced electrolytically to the low valent 
halide, i. e., titanium dichloride, and from thence to 
metal relatively rapidly in the peripheral regions and in 
the center region respectively of the cathodic basket; 
and less rapidly in the regions of the cathodic basket in 
termediate its periphery and center portion. 

Referring to Figure 1, the apparatus shown consists of 
a substantially rectangular cell housing 10 formed of 
refractory brick or an equivalent material and divided 
into an anode and cathode compartment A1 and 52 re 
spectively by means of a vertical barrier 13 which is 
joined at its upper end to the top wall 14 of the cell, its 
lower end being spaced above the bottom of the cell to 
provide a passage connecting the anode compartment with 
the cathode compartment. The aforesaid top wall 14 
of the cell-seals the respective compartments from the 
atmosphere and is adapted to support the anode and 
cathode assembly of the respective compartments. The 
anode 15 comprises a metal rod, the upper end of which 
is supported in a bushing i6 which, in turn, is secured 
With a gas tight seal in an aperture in the top wall 14 
of the cell. A conductor 7 is secured to the upper end 
of the anode for connecting the latter to a source of 
electric current. During the operation of the cell, chlorine 
gas is released at the anode, and consequently the top 
wall of the anode chamber is provided with a vent 18 
by which the chlorine may escape from the cell. 
The cathode assembly 19, which forms the subject 

matter of the instant invention, is supported in the cathode 
compartment of the cell in a manner to facilitate removal 
of the cathode assembly therefrom for the purpose of 
recovering the refractory metal, and to this end is sup 
ported from a cover member 20 which is removably 
mounted in a suitable aperture in the top wall 14 of 
the cell. 
As has been pointed out above, the cell is adapted to 

be filled or partially filled with an electrolyte, as indi 
cated at 21, in which the anode 5 and the cathode 
assembly 19 are suspended, the electrolyte comprising a 
molten halide salt of an alkali or alkaline earth metal 
including magnesium which is maintained in the molten 
condition by means of graphite electrodes 22 located 
at the bottom of the cell. 
As shown in Figures 1 and 2, the cathode assembly 

s 

4. 
19 comprises, in general, a cathode tube 23 and a cathode 
basket 24. The cathode tube 23, which serves to intro 
duce a vaporous refractory metal halide, as for example 
titanium tetrachloride, into the electrolyte, may be formed 
of nickel, stainless steel, iron or other suitable metal 
and is supported at its upper end from the cover member 
20 of the cathode compartment of the cell by an elec 
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trically insulating bushing 25. A flexible feed tube 26 
is connected at one end to the upper end of the cathode 
tube 23, its other end being connected to a source of 
refractory metal halide (not shown). The lower end 
of the cathode tube 23 is shown with an enlargement 
comprising essentially a bell shaped mouth 27 which is 
adapted normally to extend into the electrolyte 2i be 
neath the surface thereof. Although the bell shaped 
mouth is preferred, it will be understood that this con 
struction is not critical to the successful operation of 
the cathode assembly; and that the lower end of the 
cathode tube may have a straight wall or wall of other 
configuration. 
The cathode basket 24, as shown in Figure 3, is sub 

stantially circular in cross section comprising substantially 
cylindrical side walls 28 formed of perforated sheet metal 
preferably titanium metal although iron or steel may 
be used; and a perforated sheet metal bottom 29 Sup 
ported at its outer edge on a circumferential flange 30 
which projects inwardly from the bottom edge of the 
cylindrical side walls 28 of the basket. While circular 
baskets are preferred inasmuch as refractory metal de 
posits of superior crystalline structure are obtained there 
from, it will be understood that the disclosure of a circular 
basket does not preclude the use of baskets of rectangular 
or other cross section. The bottom 29 of the cylindrical 
basket is provided with a relatively large substantially 
centrally located aperture 31 from which a perforated 
metal tube 32 projects upwardly into the basket, the 
lower end of the perforated metal tube 32 being open 
while the upper end is closed by an imperforate end 
wall 33. 
The cathode basket 24 is supported from the tubular 

cathode 23 in substantially concentric relationship thereto 
by means of metal straps 34, preferably four in number, 
which are secured to the upper edge of the perforated 
basket at four circumferentially spaced points there 
around and are attached at their upper ends to a metal 
collar 25, or equivalent device, secured on the lower end 
of the tubular cathode 23 immediately above its bell 
mouth 27. The bottom of the cathode basket rests on 
a transverse shelf 39 directly over a circular opening 
therein which, as shown in Figure 1, is only slightly 
smaller in diameter than the diameter of the basket by 
which arrangement ions in the electrolyte below the 
shelf 39 are precluded from passing upwardly in the 
electrolyte except through the perforated bottom of the 
basket, 
As shown, the tubular cathode 23 is connected by a 

lead 36 to a current source 37, and since the cathode 
basket 24 is, in turn, connected to the tubular cathode by 
the metallic Straps 34, which constitute electrical con 
ductors, both the tubular cathode 23 and the perforated 
basket cathode 24 are cathodic. 
The present invention is based on the discovery that 

by this construction and in particular provision of the 
perforated tube 32 which projects upwardly from the 
bottom of the basket cathode adjacent the bell mouth of 
the cathode tube 23, the halide of the refractory metal 
being introduced into the bath by the cathode tube is 
reduced to metal especially rapidly at the peripheral 
portions of the basket as well as that central portion 
therof defined by its perforated tube 32; and relatively 
slowly in that annular portion of the basket between its 
walls and the concentric walls of its perforated tube 32. 
On the basis of this fact it has bene postulated that in 
accordance with the construction of the improved basket 
of this invention, the distribution of current to the cathodic 
Surfaces is such that the low valent halide, i. e. titanium 
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dichloride is formed and reduced substantially immedi 
tely to metal not only in proximity to the peripheral walls 
of the cathode basket but also in proximity to the periph 
eral walls of the perforated center tube of the basket 
whereas the higher valent halide, i.e. titanium trichloride, 
is formed intermediate the aforesaid regions of divalent 
chloride, but is reduced less rapidly to metal and that, 
therefore, a high concentration differential of reduced 
halides is maintained in the bath, as a consequence of 
which the metal crystals which form on the cathodic 
surfaces of the basket are characterized by relatively large 
size and high ductility. L S S SSS S S S S SSS SSS SL 

It has also been observed that by providing the perfo 
rated tube 32 in the center of the basket, considerable 
less electrical energy is utilized in maintaining the re 
quired current density on these cathodic surfaces of the 
basket than that required for the type of basket cathode 
shown and described in the above-identified copending 
application with which as high as 5 or 6 faradays of cur 
rent have been required to maintain the necessary current 
density on all areas of the basket. By providing the 
improved basket cathode construction of this invention, 
substantially the theoretical current requirement of from 
about four to four and one-half faradays of current will 
suffice to maintain the required current density over the 
cathodic surfaces of the basket on which the refractory 
metal is deposited. 
Although the cathodic basket shown in Figures 1, 2 

and 3 embodies a substantially flat perforated bottom 
characterized by a single upwardly extending perforated 
tube 32, it will be appreciated that it is within the pur 
view of the invention to provide the cathode basket with 
more than one perforated tube in the bottom thereof, as 
well as obvious modifications thereof, such as for example 
baskets having bottoms of conical or concave configura 
tion. 
The cell is operated by heating the fused salt bath to 

a predetermined temperature and then energizing the 
anode 15 and basket cathode assembly 19 respectively, 
the electric current being regulated so that about four 
to four and one-half faradays of current are introduced 
into the electrolyte for each mol of refractory metal 
halide fed into the molten salt bath by way of the hollow 
cathode. While the exact manner in which the crystals 
of metal grow within the basket is not known and would 
be extremely difficult to determine due to the constant 
circulation of reduced chlorides in the bath, it has been 
postulated that crystal growth is from the peripheral and 
center regions of the bath within the basket correspond 
ing to the regions of low concentrations of titanium di 
chloride. 

In this connection it has been noted that some metal 
may grow outwardly from the periphery of the basket 
and form a so-called "bustle' around the bottom edge 
thereof; and that after prolonged periods of operation 
the metal bustle has sometimes grown to such proportions 
as to engage the surrounding walls of the cathode cham 
ber, thereby inhibiting removal of the basket from the cell. 
To circumvent this contiguency a metal hood, such as 

indicated at 38 in Figures 1, 2 and 3, may be supported 
from the basket cathode so as to extend thereover in a 
manner to form an annular barrier between the wall of 
the basket and the adjacent wall of the cathode chamber 
12. Hence, any outward growth of metal from the basket 
will be prevented by the hood 38 for engaging the wall 
of the cell and consequently, following the completion 
of each run, the basket may be removed from the cell 
with ease and dispatch. 
From the foregoing description it will be evident that 

the invention provides, in its broadest aspects, an im 
proved type of electrolytic cell of the fused salt bath type 
characterized by a cathode assembly which is specifically 
designed both to maintain a high concentration differen 
tial of reduced halides in the fused salt bath within the 
confines of the cathode assembly but also to introduce 
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the halides of a refractory metal into the fused salt bath 
therein to be solubilized and reduced to a refractory metal 
within the cathode basket; and that the specific design of 
the cathode assembly for effecting these functions em 
bodies, in its broadest sense, cathodic elements designed 
to effect substantially complete electrolytic reduction of 
the halides in regions of the bath defined by the periphery 
and central portions respectively of the basket cathode 
and less complete electrolytic reduction of the halides in 
regions intermediate these portions of the basket. 

In accordance with these structural features of the in vention, deposits of refractory metal of unusually large 
crystal structure are formed, the metal being of a high 
purity and ductility. Moreover, electrolysis of the fused 
salt bath is carried out at unexpectedly high current effi 
ciencies. . . . . . . . . 

While this invention has been described and illustrated 
by the examples shown, it is not intended to be strictly 
limited thereto, and other variations and modifications 
may be employed within the scope of the following claims. 
We claim: 
1. In an electrolytic cell for the production of a refrac 

tory metal, said cell having a chamber for containing a 
fused salt bath, anode and cathode compartments in said 
chamber, an anode in said anode compartment and a 
source of electric current connected to said anode; a cath 
ode assembly in said cathode compartment, said cathode 
assembly comprising a tubular cathode having open ends 
and a cathodic basket attached thereto having perforated 
side walls and a bottom wall; feed means connected to 
the upper open end of said tubular cathode for feeding a 
refractory metal halide into said fused salt bath; said 
source of electric current connected to said cathode assem 
bly for electrolyzing said fused salt bath, thereby to reduce 
said refractory metal halide to metal, said cathodic basket 
having a perforated tube projecting upwardly from the 
bottom thereof and terminated by an imperforate end 
wall below the bottom open end of said tubular cathode 
to maintain a concentration differential of reduced refrac 
tory metal halides in said fused salt bath within said 
cathodic basket during the reduction of said refractory 
metal halide to metal; and an imperforate cathodic metal 
lic hood connected to and arranged to circumscribe the 
side walls of said cathodic basket, thereby to confine said 
metal to said cathodic basket. 

2. In an electrolytic cell for producing a refractory 
metal, said cell having a chamber for containing a fused 
salt bath, anode and cathode compartments in said cham 
ber, an anode in said anode compartment, and a source 
of electric current connected to said anode; a cathode 
assembly in said cathode compartment, said cathode as 
sembly comprising a tubular cathode having open ends 
and a cathodic basket attached thereto having perforated 
side walls and a bottom wall; feed means connected to 
the upper open end of said tubular cathode for feeding 
a refractory metal halide into said fused salt bath; said 
Source of electric current connected to said cathode as 
sembly for electrolyzing said fused salt bath, thereby to 
reduce said refractory metal halide to metal, said cathodic 
basket having a perforated tube arranged to project up 
Wardly from the bottom of said basket cathode said tube 
being open at its lower end and provided with an imper 
forate end-wall at its upper end below the open bottom 
end of said tubular cathode to control the distribution of 
Current to the cathodic surfaces of said tubular cathode 
and said cathodic basket respectively and thereby main 
tains a concentration differential of reduced refractory 
metal halides in said fused salt bath within said cathodic 
basket during the reduction of said refractory metal halide 
to metal and an imperforate cathodic metallichood con 
nected to the upper edges of the side walls of said cath 
odic basket and arranged to circumscribe said side walls 
in spaced parallel relationship thereto thereby to confine 
said metal to said cathodic basket. 

3. In an electrolytic cell for producing a refractory 
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metal, said cell having a chamber for containing a fused 
salt bath, anode and cathode compartments in said cham 
ber, an anode in said anode compartment, and a source 
of electric current connected to said anode; a cathode 
assembly in said cathode compartment, said cathode as 
sembly comprising a tubular cathode having open ends 
and a cathodic basket attached thereto having perforated 
side walls and a bottom wall having a central aperture; 
feed means connected to the upper open end of said 
tubular cathode for feeding a refractory metal halide 
in said fused salt bath; said source of electric current 
connected to said cathode assembly for electrolyzing 
said fused salt bath, thereby to reduce said refractory 
metal halide to metal, said cathodic basket having a per 
forated metal tube secured over the central aperture in the 
bottom of said basket and projecting upwardly from the 
bottom thereof said tube being open at its lower end and 
provided at its upper end with an imperforate end-wall 
opposite the bottom open end of said tubular cathode to 
control the distribution of current to the cathodic sur 

8 
faces of said tubular cathode and said cathodic basket 
respectively and thereby maintain a concentration differ 
ential of reduced refractory metai halides in said fused 
salt bath within said cathodic basket during the reduction 
of Said refractory metal halide to metal and an imper 
forate cathodic metallic hood connected to the upper 
edges of the side walls of said cathodic basket and ar 
ranged to circumscribe said side walls in parallel rela 
tionship thereto thereby to confine said metal in said 
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l0 cathodic basket. 
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