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Application July 1, 1950, Serial No. 171,629 
(C. 204-266) 3 Claims. 

This invention relates to electrolytic cells for 
the electrolysis of sodium chloride brine, and 
more particularly relates to cells having a com 
bination of elements which increases the effi 
ciency of the electrolytic process. Moreover, the 
invention is directed to an improvement in the 
construction and operation of that type of elec 
trolytic cell for the electrolysis of sodium chloride 
brine characterized by having rows of dia 
phragm-covered, hollow, foraminous, metailic 
cathodes and rows of carbon anodes, juxtaposed 
alternately Within a containing vessel. 
In Such cells the problem of providing ade 

quate circulation of anolyte to maintain uniforn 
chloride ion concentration throughout the anode 
Compartment during the operation of the cell is 
difficult of Solution. In the regions of the anode 
Compartment Where the chloride ion concentra 
tion is relatively low, electrolysis efficiency is 
materially reduced and excessive anode erosion 
results in need for frequent and costly repairs. 

In Order to maintain uniform chloride ion con 
centration throughout the anode compartment, 
it has heretofore been proposed to maintain the 
brine in the cell in Some sort of gross move 
ment, it having been early recognized that Where 
little or no circulation occurs, except that due 
to the evolution of the anode gas, the portion of 
the brine closest to an electrolytic element soon 
becomes impoverished of the ion sought to be 
reCOvered in molecular form from the Solution 
whereby, no matter how efficiently it may other 
wise be designed, the cell fails to convert any 
more than a fraction of the ions in the solution 
to the desired molecular form. 

It has also been recognized by prior art inves 
tigators that both for efficient electrolysis and 
economical operation, it is desirable to locate 
the electrolytic elements of an electrolytic cell, 
i. e., the anodes and the cathodes, in as close 
proximity to each other as constructional con 
siderations permit. Thus, the resistance of the 
anolyte liquor to the paSSage of electric current 
therethrough is reduced and the efficiency of the 
electrolytic process accordingly increased. Fur 
ther, it is important to place as many anodes and 
cathodes in a given cell container or can, and 
at such close proXimity as possible, in order to 
conserve the cost of both the can structure and 
the floor space occupied by the entire cell. In 
particular, the Saving of floor space is a vital con 
sideration when a battery of Several hundred 
such cells is set up. 

However, the design of cells in which a rela 
tively large number of electrolytic elements are 
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combined, especially where such elements are of 
Substantially rectangular cross-section, gives 
rise to problems of impoverishment of electrolyte 
from the Solutions unless some provision is made 
in the cell for relatively rapid movement of 
Solution past the electrolytic elements, and un 
less provision is made to distribute the brine feed 
Stream efficiently Within the cell in order that 
relatively concentrated brine be in contact with 
the elements at all times. 

It has been taught to provide a Space or aisle 
dividing the anolyte chamber in half from One 
end to the other, which space is unoccupied by 
electrolytic elements and thus provides a non 
electrolytically active area, for the downward 
movement of anolyte. However, from the stand 
point of efficiency of electrolysis of brine, this 
circulation Space is purely wasted, and it is ap 
parent that Such design of a cell is undesirable 
in that a large area of the cell, which otherwise 
could be used for active work, is lost. In addi 
tion, by locating the so-called circulation area in 
the center of the cell, the warmest portion of the 
cell is devoted to downward circulation, which 
circulation accordingly must take place against 
normal convection currents. 

In the design and operation of cells of the type 
under discussion, there is also the problem of 
initially filling the cell can with sodium chloride 
brine during the critical start-up period; Subse 
quently in the operation of the cells, the brine 
feed problem remains to a lesser extent. In gen 
eral, it has heretofore been proposed at the start 
up of the cell when the anode compartment is 
being filled, to introduce the brine feed stream at 
the base of the anode compartment by means 
of a Suitable conduit entering through the cell 
top in order that the feed stream, during the 
period when the cathodes are not surrounded 
and protected by the body of anolyte, shali not, 
impinge upon the cathode diaphragms, since so 
directing the feed stream may result in erosion 
and ultimately in destruction of the diaphragans. 
After the anode compartment has been filled 
with brine and the brine level therein brought 
to a level above the tops of the anodes, some 
means of continuing feed of brine to such cells 
have been Suggested, such as sprays or the like, 
but commonly the brine feed stream has been 
SO directed as to oppose the natural circulation 
in the cell, whereby poor circulation of brine pro 
duces regions of low chloride ion concentration 
and excessive anode erosion necessarily results. 
An object of the present invention is to pro 

vide means for effecting uniform distribution of 
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chloride ions throughout the anode compartment 
of an electrolytic cell for the electrolysis of so 
dium chloride brine. 
Another object of the invention is to provide a 

brine stream feed distributor by means of which 
the numerous manipulations encountered dur 
ing the start-up period of operation of the cell 
are eliminated. 
A further object is the provision of instrumen 

talities for continued feed of brine to a cell 
during electrolysis, which feed means enhances 
optimum distribution in the anode connpartment 
of ions to be electrolyzed. 
These and other objects will be apparent to 

those skilled in the art from the description of 
an embodiment of the invention hereinbelow. 

Referring now to the drawings, 
Fig. 1 is a top-plan view of an electrolytic cell 

for the electrolysis of sodium chloride brine with 
the cover removed, showing the arrangement of 
anodes and cathodes therein, 

Fig. 2 is a partial vertical Section taken on the 
line A-A’ of Fig. 1, parts being shown diagram 
matically, 

Fig. 3 is a fragmentary detail of the Structure 
of Fig. 2, enlarged for clarity, and 

Fig. 4 is a graph of curves obtained by plot 
ting the maximum differential of chloride ion 
concentration within the anode Compartment 
against the NaOH concentration in the catho 
lyte (which is a measure of the brine feed rate 
to the cell) when the brine feed distributor is 
located as shown in Fig. 1, compared with the 
maximum chloride ion differential for the Same 
brine feed rates when brine is fed to the Sanie : 
cell in the conventional manner at a Corne' 
thereof either by a feed device which feeds above 
the tops of the anodes but below the anolyte 
level or sprays the brine above the anolyte level 
from the roof of the anode compartment, to Sub 
stantially the same position and So directed as 
not to oppose natural circulation of the anolyte. 

In the cell structure, the cell can 2 comprises 
outer walls 2a and inner walls 2b; these walls, 
With can bottom 3, form chamber 4 for the col 
lection of catholyte Solution and Cathode gas 
evolved in Cathode tubes f and half-cathodes 
20. Channels 4 are formed in Walls 2b on the 
anolyte side thereof, opposite the vertical end 
surfaces of anodes 6. The walls 2b, where ex 
posed to anolyte, are overlaid with a chemically 
inert layer insuring electrical inertness of these 
Surfaces. 
Anodes 6 are mounted in base member 6 by 

any suitable means insuring electric connection 
therewith. Thus, they may be Secured in Suit 
able slots, not shown, in member 6. Member 6 
is attached to a Suitable Source of potential and 
is overlaid with a chemically inert, non-con 
ducting coating 5, such as bitumen or the like, 
between the anodes, and between the Cell Cain 
and the base 6. Thus, electrolysis at the base of 
the cell and corrosion of the base by anolyte are 
prevented. Cathode tubes 8 extend from end 
wall to end wall of the cell and communicate 
with chamber 4 through openings 9 as shown in 
Fig. 2; at the two ends of the cell can are half 
cathodes 20 which also communicate With the 
chamber 4. Cell cover 24 rests upon the upper 
enclosing member of chamber 4 and is provided 
with a coating of suitable inert sealant material 
7 to insure isolation of the anolyte compartment 
from the atmosphere. 

In accordance with the present invention, the 
brine feed is preferably directed downwardly in 
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4. 
a channel 4 which is situated near the center 
of the bank of anodes and Cathodes and most 
suitably in the center channel 5 equidistant 
from the ends of the cell. Though the channel 
f5 acts substantially as a pipe or conduit to lead 
entering brine Substantially entirely to the bot 
ton of the cell before it is distributed to any 
extent throughout the anode compartment, it 
has been found generally unnecessary to enclose 
the channel 5 at its anode end-facing side 
in order to gain the full advantages of this pro 
posal, though that expedient may be resorted to 
if desired. 
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Brine feed nozzle 28 may be brought to the 
preferred position at the top of the channel 5 
located centrally between the end walls by any 
convenient means. Thus, brine feed line 8 may 
be directed into a nozzle 28, as shown in Fig. 3, 
in which case the brine feed line may be held in 
place by a flexible member 38, Such as a rubber 
stopper, inserted in an extension of nozzle 28; 
nozzle 28 then penetrates chamber 4 and inner 
wall 2b and is attached thereto by means of nut 
34 and gasket 36. 

In the operation of the cell of Figs. 1-3, a 
sodium chloride brine stream is fed to the cell 
through line 8, passing through nozzle 28 and 
through opening 30 into a channel 5. During 
the start-up period of the operation of the cell, 
the rate of feed of the brine into the anode com 
partment may be at Substantially any desired 
rate since the danger of directing the stream of 
brine against the diaphragm covering the cath 
Ode tubeS is Substantially precluded. The brine 
level is brought to a point somewhat above the 
upper Surface of the anodes, suitably more than 
1 inch and preferably about 1 to 4 inches above 
the anodes, and an electric current passed 
through the cell by means of electric connections 
not shown. Chlorine gas forms at the surfaces 
of the anodes 6, rises along the anodes and is 
exhausted from the cell through went 22. The 
rising chlorine, as well as the heat generated by 
electrolysis, causes upward movement of the 
anolyte in the electrolytically active region of the 
cell compartment, accompanied by further cir 
culation of the anolyte downwardly in electro 
lytically inert channels 4. 
Although the precise manner in which the feed 

nozzle 28 and channels 4 co-act with other ele 
ments in the operation of the cell to give uniform 
chloride ion concentration throughout the anode 
compartment is not completely understood, there 
is evidence that the feed stream entering through 
nozzle 28 and flowing downwardly through chan 
nel 5 into which it is directed, is dispersed later 
ally to a limited extent upon impact with the 
base of the cell, is further dispersed in its passage 
upward between anodes and cathodes in the cen 
tral portion of the cell, and finally, is rapidly and 
uniformly distributed laterally throughout the 
body of anolyte maintained above the anodes and 
cathodes, in part apparently because of the agita 
tion effected by the evolved anodic gas. In this 
connection, it has been found that the anolyte 
level is preferably maintained well above the tops 
of the electrode elements of the cell to aid in in 
Suring uniforin chloride ion distribution in the 
anolyte compartment, and cooperates with the 
feature of introducing the feed stream at a locus 
of the character of that shown in Fig. 1. 

Concurrently with the evolution of chlorine 
from the anodes, anolyte percolates through the 
porous cathode diaphragm of the metallic cath 
ode members 1-8 where it forms caustic soda and 
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hydrogen. The caustic solution and hydrogen 
eScape from Cathodes 8 into chamber 4 via open 
ings 9; the catholyte solution ultimately leaves 
the cell through take-off conduit to, here shown 
at the side of the cell opposite the side at which 
the brine feed stream is introduced into the anode 
compartment. However, the catholyte take-off 
conduit may conveniently be located otherwise 
than as shown without detrimental effect upon 
the advantages provided by the present invention. 
Hydrogen may be Suitably removed as through 
hydrogen outlet 2. 
The advantages of the present invention over 

cells of conventional design is shown in Fig. 4 of 
the drawings, wherein the maximum differential 
of the chloride ion concentration adjacent the 
point of entry of feed to the cell and in the anolyte 
at maximum distance from the point of entry of 
the feed stream into the anode compartment is 
plotted as ordinates against NaOH concentration 2 
in the catholyte, which is inversely proportional 
to the rate at which the brine is fed to the cell, aS 
abscissa. One curve is a plot of the chloride ion 
concentration when the brine feed stream is fed 
to the anolyte compartment of a cell equipped 
with channels 4, both by means of feeding slight 
ly below the anolyte level at a corner of the cell 
and by a spray nozzle depending from the top 
of the cell and impinging its spray upon the Sur 
face of the anolyte; the other curve is a plot of 
this difference in chloride ion concentration 
against rate of anolyte feed, where the feed 
stream is continuous and is directed downwardly 
in the channel 5, approximately midway between 
the ends of the anolyte compartment. It can be 
seen that where the feed procedure of the present 
invention is employed, a substantially constant 
and Small differential in the chloride ion Conce 
tration is maintained over a wide range of feed 
flow rates between the brine entering the anode : 
compartment and the chloride ion concentration 
at a maximum distance from this point. In con 
trast, a cell operating according to prior art pro 
cedure has wide differences throughout the anode 
compartment in brine concentration. In the cell 
of this invention, anode consumption, chlorate 
formation, and thus cell efficiency are consider 
ably advantageously affected over prior art prac 
tice, especial improvement being noticeable at 
higher rates of brine feed, but substantial and de- : 
sirable advantages being obtained at brine feed 
rates which produce a sodium hydroxide concen 
tration in the catholyte of 130 grams per liter 
and higher. 
While there have been described in detail cer 

tain forms of the invention and embodiments of 
its practice, the invention is not to be understood 
as being limited to the detailed disclosure as it is 
realized that changes within the scope of the in 
vention are possible, and it is further intended 
that each step in the following claims shall refer 
to all equivalent steps for accomplishing the 
same result in substantially the same or equiva. 
lent manner, it being intended to cover this in 
vention broadly in whatever form its principle 
may be utilized. 
What is claimed is: 
1. In an electrolytic cell for the electrolysis of 

brine, said cell having a base member, a frane 
mounted on said base, said frame having side 
walls and vertical hollow end sections, said end 
sections having inner and outer end Walls, said 
walls forming a liquid-containing vessel with said 
base, regularly spaced anodes mounted in said 
base parallel to said side walls and vertically disr 
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6 
posed within Said vessel, hollow foraminous-dia 
phragm covered cathodes interposed between said 
anodes and communicating With said hollow end 
sections through said inner end walls, the im 
provement which includes an electrically-insulat 
ing liquid-impervious material overlaying the 
areas of said inner end walls exposed to anolyte 
in said vessel, a vertical channel in said electrical 
ly insulating material situated substantially equi 
distant from said side walls of said frame and ex 
tending substantially from top to bottom of an 
inner end wall, and a conduit situated near the 
top of and opening into said channel for intro 
ducing brine into said vessel. 

2. In an electrolytic cell for the electrolysis of 
brine, said cell having a base member, a frame 
mounted on said base, said frame having side 
walls and vertical hollow end sections, said end 
Sections having inner aid outer end Walls, said 
walls forming a liquid-containing vessel with 
said base, regularly spaced anodes mounted in 
said base parallel to said side walls and vertically 
disposed within said vessel, hollow foraminous 
diaphragm covered cathodes interposed between 
said anodes and communicating with Said hollow 
end sections through said inner end walls, the 
improvement which includes an electrically-insu 
iating liquid-impervious material overlaying the 
areas of said inner end walls exposed to anolyte 
in said vessel, a plurality of open vertical chan 
nels in said electrically-insulating material Sub 
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stantially, coextensive vertically with an inner 
end wall, one of said channels being substan 
tially equidistant from Said Side Walls, and a con 
duit situated near the top of and opening down 
wardly into said channel equidistant from said 
side Walls for introducing brine into Said vessel. 

3. In an electrolytic cell for the electrolysis of 
brine, said cell having a base member, a frame 
mounted on said base, said frame having side 
Walls and vertical hollow end Sections, said end 
sections having inner and Outer end walls, said 
Walls forming a liquid-containing vessel With 
said base, regularly spaced anodes mounted in 
said base parallel to said side walls and vertically 
disposed within Said vessel, hollow foraminous 
diaphragm covered cathodes interposed between 
said anodes and communicating with said hollow 
end sections through said inner end Walls, the 
improvement which includes an electrically-insu 
lating liquid-impervious material overlaying the 
areas of Said inner end Walls exposed to anolyte 
in said vessel, a plurality of U-shaped vertical 
channels open toward said anodes and situated in 
said electrically-insulating material of each of 
said inner end walls, said channels being Substan 
tially coextensive vertically with an inner end 
wall, one of said channels being substantially 
equidistant from said side Walls, and a conduit 
for introducing brine into said vessel, Said conduit 
being situated near the top of and opening down 
wardly into said channel equidistant from said 
Side Walls. 

CHRISTOPHER, C. SILSBY, JR. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Nane Date 
596,157 Hargreaves -------- Dec. 28, 1897 

1,239,443 Antisell ------------ Sept. 11, 1917 
1,411,530 Statham ------------ Apr. 4, 1922 
1866,065 Stuart -------------- July 5, 1932 
2,368,861 Means -------------- Feb. 6, 1945 


