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3,055,821 
DAPHRAGMELESS MONOPOELAR 

ELECROLYTC CELL 
Arthur J. Hones, Tonawanda, and William C. Gardiner, 

Niagara Fais, N.Y., assignors to Olin Mathieson (Cheans 
ical Corporation, a corporation of Wirginia 

Filed Mar. 7, 1960, Ser. No. 3,021 
3 Claims. (C. 204-270) 

This invention relates to improvements in electrolytic 
cells. More particularly it relates to diaphragmless, mon 
opolar electrode cells useful for a variety of electro 
chemical purposes. 
The electrolytic cell of the present invention generally 

comprises a cell container, anode and cathode assemblies 
and suitable accessory parts. 
The cell container is a rectilinear box with three closed 

sides and a fourth side in which is formed a rectangular 
anode port which is appropriately flanged to receive the 
anode assembly. The two sides perpendicular to the 
anode port side can be single sheets but preferably are 
double walled sides with suitable internal baffles and 
fittings to provide cooling water jackets. The cell con 
tainer is open and flanged at the top to receive the cell 
cover. A feed inlet is provided at a convenient point 
in the cell container, suitably through the single Walled 
cathode side or anode port side. A valved drain is ad 
vantageously provided in the bottom of the cell container 
to permit removal of the liquid contents of the cell when 
necessary. The cell is supported on insulating legs at 
tached to the bottom of the cell container. 
The cathode assembly consists of a plurality of ver 

tically disposed steel sheets integrally attached, suitably 
by welding, to the inside surface of the side of the cell 
container which is opposite the anode side. The cathode 
sheets extend across the cell and partly through the 
opening in the anode side and are supported by welding 
to the lower and upper ledges of the port in the anode 
side of the cell container. The cathode sheets are suit 
ably spaced to receive an anode between each adjacent 
pair of cathode sheets. The thickness of the cathode 
sheets may vary from about 0.1 to 0.5 inch. Standard 
0.25 inch steel plates are particularly suitable. Using 
anodes of a thickness of 0.1 to 0.125 inch, the spacing 
between the cathode sheets is appropriately about 0.5 
inch. The cathodes and entire cell container are cathodi 
cally protected against corrosion since in use they are 
covered by electrolyte. Thus, ordinary iron or mild steel 
is suitable for cathode sheets and cell container. 
The cathode assembly has a width less than that of 

the cell container and an electrolyte mixing and circula 
tion zone is provided around the sides of the cathode 
assembly. 
The anode assembly consists of a series of vertically 

arranged titanium sheets coated with a platinum metal. 
The individual plates are mounted perpendicularly on 
a heavier titanium sheet into which the electrodes are 
press-fitted or welded. Press-fitted anodes are particularly 
advantageous in that they are easily removed and re 
placed when re-plating becomes necessary. The anode 
sheets are suitably from about .05 to 0.5 inch in thickness. 
In this range commercially available sheets 0.1 and 0.125 
inch in thickness are particularly suitable. The cathode 
spacing is selected to accommodate the anode thickness 
and desired inter-electrode spacing. For example, when 
the anodes are 0.1 inch thick, and the cathodes are 0.25 
inch thick the cathodes are appropriately 0.75 inch be 
tween centers. It is convenient to arrange the dimension 
of the cell to utilize sheets of commercially available 
size, for example, 4 x 8 feet. Alloys consisting prin 
cipally of titanium may also be used as the base metal 
of the anodes. 
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2. 
The platinum may be applied to the titanium anodes 

in any suitable manner, for example by the process de 
Scribed in Australian application 36,758, of 1958 by 
Jansen, opened to public inspection April 1, 1958, or by 
the process described in Australian application 49,837 
of 1958 by Imperial Chemical industries, Ltd., opened 
to public inspection July 23, 1958, or by other suitable 
methods. Other metals of the platinum group may also 
be used. The platinum coating on the anodes appro 
priately covers an area of the anodes equal to that over 
lapped by the cathodes. The coating need not be ap 
plied to the stubs of the anodes or to the titanium base 
plate to which they are attached. 
The anode assembly is inserted into the cell container 

containing previously fitted cathodes, interleaving the 
anodes and cathodes and bolting the titanium base plate 
of the anode assembly to the flanges defining the rectangul 
lar port of the anode side of the cell container. The 
titanium plate is insulated from the flanged surfaces by 
means of a non-conducting gasket which may be soft 
Tubber or any other suitable material. The bolts are 
insulated by any suitable means, for example, by "Mi 
carta' sleeves and washers. 
The anodes and cathodes are separated and Spaced 

by means of depending spacers suitable in the form of 
bars or rods of insulating material, for example, glass 
or "Teflon.” The spacers are supported by means of 
retainers lying transversely across the top of the anodes 
and cathodes and fabricated of similar non-conductive 
materials. The retainers are Suitably "Teflon sheets 
slotted or punched to receive the bars or rods which de 
pend between the electrodes. The retainers and Spacers 
are suitably held in place by means of bolts welded to 
the top end of the cathode plates. 
The cell cover is also a rectilinear box suitably flanged 

to fit on the cell container and to provide ample space 
for cell gas to disengage from the cell liquor. An open 
ing at the top of the cell cover permits the removal of 
cell gas and an outlet near the bottom of one side is 
provided for effluent cell liquor. The cell cover may be 
made of plastic or other corrosion resistant material, for 
example, titanium or glass lined steel. Suitable plastics - 
include polytetrafluoethylene or polytrifluovinyl chloride. 
A plastic coating may be applied to steel using "Kel-F' 
(polytrifluovinylchloride) dispersion or by an other suit 
able means. 

Since titanium is only a fair conductor of electricity, a 
thin sheet of copper or aluminum is advantageously ap 
plied, for example, by silver brazing to the titanium anode 
base plate to improve current distribution. A similar 
current distributing sheet is advantageously applied to the 
cathode side of the cell container. Bus connections, for 
example, copper bars, are applied by similar means to the 
copper sheets covering the titanium anode base plate and 
the cathode side of the cell container. 
The cells of this invention are constructed very simply 

and effect a considerable saving of space over known 
monopolar cells of the same capacity. The particular 
design of this invention also effects an important saving 
in the cost of expensive titanium over designs in which 
the anodes extend to or through the gas-disengaging space 
in the top of the cell. All of the surface of the anodes 
of the present design are below electrolyte level and are 
Working Surfaces. However, the base plate to which the 
anodes are fitted is necessarily titanium which resists the 
corrosive action of the electrolyte and evolved gases even 
though not cathodically protected. The cells are par 
ticularly advantageous when a group of them are arranged 
in series with bus bars between the cathode assembly of 
one cell and the anode assembly of the adjacent cell. 
The cells can be closely spaced and the bus bars are then 
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very short. An external scurce of current is applied to 
the cathodes of one terminal cell and the anodes of the 
other terminal cell. Advantageously connections for 
cooling water, electrolyte feed, electrolyte effluent and 
gas effluent are arranged to permit easy access. One cell 
can be shorted out by appropriate bus connections and 
removed as a unit without interrupting operations, 
The cells of this invention are especially suitable for 

the electrolysis of sodium chloride to sodium chlorate. 
They are particularly designed for operation at tempera 
tures higher than usual in the art of producing chlorates. 
In use, strong sodium chloride brine which may also con 
tain dissolved sodium chlorate (recycle brine, refortified 
with sodium chloride), is introduced through the feed 
inlet near the bottom of the cell container. The brine 
circulates in the cell, being lifted upward between the 
electrodes by evolved hydrogen gas and flows downward 
near the sides of the cell. Mixing is excellent. The 
brine, enriched in chlorate is removed through the brine 
outlet in the cell top and treated to recover sodium chlo 
rate. Hydrogen and any other evolved gases are disen 
gaged in the cell top and leave by the gas outlet in the 
top. 

In chlorate service, the novel cells operate at approxi 
mately three times the current density of conventional 
graphite anode chlorate cells. The platinum coated titan 
inum is extraordinarily resistant to oxidation, corrosion 
and erosion even attemperatures above 100° C. Where 
as graphite anodes wear away and inter-electrode dis 
tances and, therefore, resistance increase in use, the plat 
inum-on-titanium anodes maintain the original close spac 
ing between electrodes indefinitely. High conductivity 
is maintained and the cells retain their original high 
efficiency. Because of their high, constant current den 
sity, space requirements for the novel cells are about one 
third that for conventional cells. Operating costs are 
markedly reduced. 
A particular embodiment of the invention is described 

in the accompanying drawings. FIGURE 1 is a side view, 
partly in elevation and partly in section of the electrolytic 
cell of this invention and FIGURE 2 is section 2-2 of 
FIGURE 1 taken just above the electrodes. The cell box 
11 has a drain 12 and a flange 13 at the top. Two op 
posite sides have inner walls 14 and outer walls 15. The 
outer walls are fitted with inlets 16 at the bottom and 
outlets 17 near the top thus providing jackets for cooling 
water. The cell also has a brine inlet 13 near the 
bottom of one side. Flanged surfaces 19 define the port 
in the anode side of the cell container 11. The port 
defined by flange 9 is partially covered by titanium base 
plate 20 of the anode assembly and fastened thereto by 
bolts 21. Soft rubber gasket 25 is applied between the 
flange 19 and the titanium plate 20 to insulate the anode 
base plate from the cathodic container. The bolts are 
insulated from the flange 18 by "Micarta' sleeves and 
gaskets (not shown). In FIGURE 1, titanium plate 20 
is cut away revealing cathodes 22 and anodes 33. 
A sheet of copper 23 is bonded to the major portion 

of the surface of the titanium base plate of the anode 
assembly. A similar sheet of copper 23 is applied to the 
opposite side of the cell for current distribution to cath 
ode 22. Bus connections 24 are applied to the copper 
sheet 23 covering the titanium base plate 20 and the 
cathodic side wall opposite. The cell is supported on in 
sulating pedestals 37. 
FIGURE 1 shows cell top 26 with gas outlet 27 and 

liquor outlet 28. The lower edge of cell top 26 carries 
flange 29 which is bolted to flange 13 at the top of the 
cell container 11 by means of bolts 30 and nuts 31. A 
soft rubber gasket 32 is applied between flanges 29 and 
13. Electrical insulation is not necessary between these 
Surfaces, 

O 

15 

20 

25 

30 

35 

40 

50 

5 5 

60 

70 

4. 
FIGURE 2 additionally shows titanium anode base 

plate 20 with anodes 33 interleaved between cathode plates 
22. To maintain properly the inter-electrode distances, 
glass rods 34 are suspended as spacers vertically between 
the electrode plates. They are held in position by "Tef 
lon' retainers 35 lying on top of the electrodes. The re 
tainers are formed from a sheet of "Teflon' about one 
half inch thick drilled to receive the spacers 34. Re 
tainers 35 are held in place by bolts 36 welded to the top 
edge of the terminal cathode sheets. 

Example 
A cell, designed and constructed as described above 

has 20 platinum coated titanium sheets 2 by 2.5 feet by 
0.1 inch thick spaced 0.75 inch on centers. They are 
press-fitted into slots in a 0.375 inch thick titanium anode 
base plate 19 by 36 inches bolted to the flanges of a rec 
tangular port of the same dimensions in the side of the 
cell container. Cathode sheets 0.25 inch thick by 2 by 
2.7 feet are welded to the inside of the opposite side of 
the cell container. The spacing is 0.75 inch on centers. 
The overall dimensions of this cell excluding bus bars 
are 2.1 by 2.3 by 4 feet 6 inches high. A typical con 
ventional chlorate cell to produce the same amount of 
chlorate, requires a cell about 3 feet by 8 feet by 4 feet 
high. The floor space actually occupied by the cell of 
the present example is about 4.8 square feet while the 
area occupied by a conventional cell with the same daily 
chlorate capacity is thus about 24 square feet. The side 
mounted anodes require about one-third less titanium 
than top-mounted anodes would. 
What is claimed is: 
1. An electrolytic cell comprising a ferrous rectilinear 

cell container, an anode assembly and a cathode assem 
bly, the cell container having a bottom, three closed 
sides and a fourth side having an anode port defined by 
a rectangular flange in a plane parallel to the plane of 
the fourth side, a cathode assembly integral with and 
perpendicular to the side of the cell container opposite 
the fourth side and formed of vertically disposed steel 
cathode sheets spaced to receive an anode sheet between 
each adjacent pair of cathode sheets, an assembly of ver 
tically arranged, platinum coated titanium anode sheets 
integral with a titanium anode base plate cloising the 
port in the fourth side of the cell container and electri 
cally insulated therefrom, insulating spacers between each 
pair of adjacent anode and cathode sheets and a top 
attached by fluid-tight means to the cell container, a gas 
outlet and a liquor outlet in the top and a liquor inlet 
in the cell container. 

2. The electrolytic cell of claim 1 in which the two 
sides perpendicular to the fourth side are double walled 
sides with cooling water inlets and outlets. 

3. A series of electrolytic cells comprising a plurality 
of the cells of claim 1, the cathode assembly of each 
cell being electrically connected to the anode assembly of 
the adjacent cell with the proviso that the cathode assem 
bly of one terminal cell of the series and the anode assem 
bly of the other terminal cell of the series are electrically 
connected to an external source of electric current. 
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