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This invention relates to a cathode structure 
for an electrolytic cell and more particularly to 
the cathode structure in a fused salt electrolytic 
cell. 
My invention is particularly adapted for fused 

salt electrolysis cells such as that described in 
Downs U. S. P. 1,501,756. This cell has a cen 
trally located cylindrical graphite anode and a 
coaxial cylindrical annular Steel cathode. Two 
side arms from the cathode project through the 
cell walls for the purpose of making electrical 
connection thereto. In cells of this type consider 
able difficulty is experienced through leakage of 
the electrolyte through the point where the cath 
Ode extends through the cell wall, The cell wall 
is conventionally constructed of a steel shell lined 
with refractory brick, jointed by refractory ce 
ment. This refractory seal is impervious to the 
fused Salt electrolyte but differential expansion 
of the steel cathode side arms and the refractory 
lining causes loosening of the ceramic-to-steel 
seal, thereby causing leakage along the surface 
of the cathode arms. Heretofore the only satis 
factory method for inhibiting such leakage has 
been to apply cooling so as to cause freezing of 
the molten bath along the side wall of the cell. 
While the resulting layer of Solid Salt on the 
interior surface of the ceramic cell lining around 
the cathode Side arms prevents bath leakage to a 
large degree, it is not entirely satisfactory. The 
frozen salt does not always completely prevent 
bath leakage and furthermore this method of 
preventing leakage requires additional power in 
put, equivalent to the heat removed by cooling. 
An object of the present invention is a new 

and improved electrical connection through the 
side Wall of a fused salt cell to an electrode 
thereof. A further object is to provide an im 
proved Connection for the cathode in a fused 
salt cell of the type described above. Still other 
objects will be apparent from the following de 
Scription of the invention. 

In the appended drawings, Figure 1 is a sec 
tional view of a portion of the side wall of a 
fused salt cell showing a portion of a cathode 3 
located therein and electrical connections to the 
cathode. Figure 2 is a view in perspective of a 
portion of the cathode 3 of Figure 1. Figure 3 
is in part a sectional view in the plane 3-3 
indicated in Figures 1 and 2 and in part an ele 
vation of the cell wall exterior. 
The drawings illustrate one form of the present 

invention. The side wall of the electrolytic cell 
is constructed of a cylindrical steel shell lined 
With refractory brick 2. Cathode 3 is a vertical 
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2 
cylindrical steel structure having two side arms 
;3, one of which is shown in the drawings. Cath 
ode arm 4 projects through an opening in the side 
wall of the cell. As shown in the drawings, cath 
ode arm 4 is of rectangular cross section. The 
cross-sectional shape of cathode arm 4, however, 
is immaterial as other shapes, for example, the 
circular cross-section shown in the above DOWins 
patent, also may be utilized. 
A thick steel flange 5 is Welded to the cathode 

arm at such point that plate 5 makes a close 
fit with the interior Surface of the brick lining 
2. The width of flange 5 is not less than, the 
distance between cathode arm 4 and the Sur 
rounding frame, described below. At the point 
where cathode arm 4 extends through the out 
side of the cell wall, a refractory ceramic cement 
6 is set in place, supported by a frame consisting 
of angle iron having Welded thereto steel rod 8. 
he frame is welded or otherwise fastened to 

shell f. Cement 6, which should have good di 
electric properties, serves to electrically insulate 
the cathode arm 4 from the steel shell . The 
refractory bricks 2 are preferably held together 
by a refractory ceramic cement and, if desired, 
such cement may be grouted in between plate 5 
and the brickwork. Bus bar 9, which is a con 
ventional copper bus bar, is bolted to the exterior 
end of cathode arm 4 by conventional means, 
such as bolts 0. A silver alloy layer is inter 
posed between the bus bar 9 and the cathode 
neck 4, as described below. 

All parts of the electrolytic cell not shown in 
the drawings or described herein are of conven 
tional design and will be apparent to those fa 
miliar with the construction and operation of 
fused salt electrolytic cells. 
With the above described structure, the elec 

trolytic cell may be operated with a relatively 
high neiting fused salt and under conditions 
Such that the fused salt is molten in all parts 
Of the ceil, including the interface with the cell 
Wall where the cathode arm 4 projects through 
the Wall, Substantially without bath leakage. 
When the cell is so operated, a relatively large 
amount of heat is conducted through the side 
arin , and the exterior end of the side arm be 
comes heated to such extent that if the copper 
bus bar is merely bolted to the side arm in the 
conventional manner, oxide formation at the 
Steel-copper interface occurs to such extent as 
to Seriously impair the electrical connection. The 
above mentioned Silver alloy layer interposed be 
tween the copper and the steel, in a manner here 
inafter described, effectively maintains a substan 
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tially perfect electrical connection between the 
copper and the steel at relatively high tempera 
tures, e. g., temperatures as high as 250° C. 
To apply the alloy layer, I first 'tin' the Sur 

faces of both the copper bus bar and the steel 
cathode neck at the point where connection 
is to be made. The "tinning' may be accom 
plished by any conventional method. A Suitable 
and preferred method is to heat the copper and 
Steel Surfaces, for example, With a blow torch 
and apply thereto a flux, having the following 
Composition: 

Per cent 
Lead ----------------------------------- 27.5 
Tin ------------------------------------ 5. 
Ammonium chloride -------------------- 24.7 
Zinc chloride ---------------------------- 4.1.8 
With the surfaces then heated to a temperature 
above the melting point of the silver alloy, a stick 
of the alloy is rubbed against the surfaces until 
both the copper and the steel have received a 
Substantial coating of the silver alloy which may 
vary from .002 to .005 inch thick. The silver 
alloy coatings should be made to have substan 
tially Smooth, plane Surfaces. A convenient 
method for smoothing the coatings is to wipe 
them with a cloth, while still molten. If desired, 
other methods may be used, aS by the use of Con 
ventional tools or abrasives, after cooling. The 
copper bus bar is then bolted to the cathode side 
arm, with the alloy surfaces in contact. 

If desired, pure silver, any of the various com 
mercial grades of silver, such as Sterling, may be 
used in place of the above described silver alloy, 
and such may be applied by any conventional 
manner. Generally, I prefer to use a silver al 
loy containing 20 to 50% of silver, and having 
a melting point between about 300 and 600° C. 
It is essential that the melting point be not lower 
than 300° C. to maintain a good electrical Con 
nection. For the same reason, the electrical Con 
ductivity of the alloy must at least equal that of 
the copper bus bar. Examples of Suitable silver 
alloys are: 
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The above quantities are expressed in percent 
by weight. 
The silver or silver alloy layerS may be applied 

by any conventional method which results in 
adherence to the iron and Copper Surfaces. 
Thus, it may be applied by metal Spraying 
processes or by electroplating. The thickness of 
the silver or alloy coating may vary from 0.002 
inch to as great as about 0.25 inch; but general 
ly there is no advantage in exceeding a thick 
ness of around 0.005 inch. 
Warious other modifications in the above de 

scribed structure may be made without depart 
ing from the spirit and scope of the present in 
vention. The essential features are a cell Wall 
comprising a steel shell having a refractory 
ceramic lining, a steel electrode or electrode con 
nector passing through the wall, Such steel mem 
ber being provided with a tightly fitting flange 
which fits closely against the interior Surface 
of the refractory cell lining. The flange must 
extend from the steel member for a distance at 
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least equal to the distance in the same direction, 
between the steel member and the correspond 
ing edge of the opening in the exterior steel shell. 
If desired, the flange may have larger dimen 
Sions, so as to overlap the shell opening; for 
example, the flange may extend to twice the 
above indicated distance. 
The Opening in the Steel shell must be Suf 

ficiently large to provide a space between the 
edges of the opening and the sides of the pro 
truding steel member, so that Suitable electri 
cal insulation may be inserted to insulate the 
Steel member from the steel shell. The mini 
mum distance of such spacing will depend on 
the nature of the insulating material. When 
the insulation is a refractory cement, I prefer 
a Spacing of at least two inches between the steel 
member and the shell, e.g., 2 to 6 inches. 
To maintain good electrical contact With a 

copper bus bar or other copper conductor, the 
steel member and conductor are joined through 
a layer or layers of silver or silver alloy, which 
are adherent to both the steel and the copper. 
The cell lining may be either refractory brick or 
monolithic refractory cement and an exterior 
steel shell is not essential. The invention is ap 
plicable to either cathode or anode connections 
through the side Wall of a fused salt electrolytic 
cell. While the invention is particularly useful 
for cells for the production of Sodium or other 
alkali metal by electrolysis of a molten salt bath 
comprising an alkali metal chloride, it is not re 
stricted thereto. 
My invention makes possible the operation of 

fused salt cells at relatively high temperatures in 
the range of 400 to 700° C. and under such condi 
tions that the electrolyte is substantially entire 
ly in the molten State. The herein described 
construction effectively prevents leakage of the 
electrolyte at the point where the cathode con 
nections paSS through the side walls of the cell. 
The combination of this non-leaking construc 
tion, together with means for maintaining good 
electrical connection with the bus bar at the 
high temperatures, thus makes possible cell op 
eration without cooling, with corresponding Sav 
ings in power input. 

claim: 
In a fused salt electrolytic cell adapted to oper 

ate at electrolyte temperatures of 400 to 700° C., 
a side wall comprising a steel shell interiorly 
lined with a layer of a refractory ceramic mate 
rial, a steel cathode spaced within the cell away 
from Said side Wall and an electrical assembly 
for conducting current to the cathode, said as 
Sembly comprising a steel cathode connector ex 
tending from the cathode through the side Wall 
and positioned from said shell by a distance not 
less than about two inches by means of electri 
cally insulating, refractory cement surrounding 
said connector and filling the space between the 
connector and shell, a steel flange fastened to 
and entirely surrounding said connector and 
fitted tightly against the interior refractory sur 
face of Said Side Wall, said flange extending out 
wardly from said connector for a distance, in 
any direction, not less than the distance in the 
Same direction between the connector and shell, 
a copper conductor fastened to said steel con 
nector at a point exterior of said shell, and 
relatively non-colrrodible electrically conductive 
means interposed between said connector and 
Said copper conductor to prevent oxide formation 
at a steel-copper interface, said electrically con 
ductive means consisting of two adherent coat 
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ings of a silver alloy, containing 20 to 50% by UNITED STATES PATENTS 
weight of silver and melting at about 300 to ...' 
600° C., applied respectively to the connector and NE Me..." rigo? 
the conductor, each coating being about 0.002- 1,214,808 McNitt -II- reb. 6, 1917 
0.005 inch thick. 1,501,756 Downs ------------- July 15, 1924 
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