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This invention relates to electrolytic diaphragm cells 
and more particularly to improvements in the diaphragm 
of such cells. 
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Electrolytic cells with vertical diaphragms suffer from 
the drawback of a non-uniform filow through the dia 
phragm caused by differences in hydrostatic pressure on 
either side of the diaphragmat the various levels of the 
cel. This is particularly true in celsin whichtheanolyte 
and catholyte differ substantially in specific grawity, the 
greatest problem being present in cells that are designed 
to run with an empty cathode compartment, such as cer 
tain caustic and chlorine cells. In cells of this type the 
percolation rate of the electrolyte through the diaphragm 
from one compartment to the other may reach a value 
three to four times higher at the bottom than at the upper 
part of the cell. * 
– The present invention is particularly adapted to cells 
having a substantially empty cathode chamber, such as 
certain electrolytic cells for the production of sodium hy 
droxide and chlorine, though not limited thereto. The 
invention will, therefore, be described as applied to elec 
trolytic diaphragm cells operating with a substantially 
liquid free cathode chamber, adapted to produce sodium 
hydroxide and chlorine from aqueous sodium chloride 
solutions. A schematic sketch of a cell of this type is 
ilustrated in Figure 1 of the drawings. * 

In chloralkali cells, the flow of brine through the dia 
phragm is necessary to check the migration of the OH 
ions to the anode. The migration velocity of these ions, 
for example, is 0018 cm./second at a potential drop of 
1 v./cm. at 18° C. The percolation rate of the electro 
lyte through the diaphragm should, therefore, be adjusted 
to counteract this migration according to the desired den 
sity and currenteficiemcy of operation. In practice, fiows 
in excess of the figure calculated from ionic migration 
velocities are needed because of mechanical defects in the 
diaphragm, non-streamline filow, etc. 
Due to the diferent hydrostatic pressure pfevailing at 

the warious levels of the anolyte, the ideal filow or per 
colation rate with a conventional diaphragm can be ob 
tained at only one level hereinafter referred to as the 
*neutral zone.” Above this level the percolation rate is 
too slow to counteract migration of the OH ions, while 
below this level the percolation rate is suficiently rapid 
to carry substantial amounts of dissolved chlorine through 
the diaphragm. As a result, in the upper levels of the 
cell the alkaline area shifts towards the anode causing a 
lower current eficiency and the formation of chlorates, 
while near the bottom of the cell the chlorinated brine 
percolating to the cathode compartment forms hypo 
chlorite which causes corrosion of the cel aswell as re 
ducing the currenteficiency. Also, the diaphragm, which 
is generally made of asbestos, is in a high?y alkaline me 
dium in the upper portion of the cell and is in an acid 
medium in the lower portion of the cell. | 

Asbestos is attacked by hot alkali solutions, and as 
bestos leached by sodium hydroxideis susceptible to at 
tack by acid brine. As a result, the life of the diaphragm, 

3:0 

3 5 

40 

45 

50 

5 5 

60 

65 

70 

2 
whichis generally madeofasbestos, is substantially short 
ened. Where there are fluctuations in cel operation, i. e. 
Variations in voltage, variations in pressure in the chlo 
rine and hydrogen lines, etc., the so-called "neutral zone” 
tends to shift during operation. This subjects a portion 
of the asbestos diaphragm, which has been weakened 
through leaching by alkali, to attack by the acid bri?e 
and the life of the diaphragmis stillfurther shortened. 
The problem of diaphragm life and uniformity of op 

eration is further complicated by the fact that äsbestos 
paper is substantially. weakened when wet and is subject 
to failure because of this. - 
To prewent these conditions, various devices have been 

conceived. Attempts have been made to solve the prob 
lem by warying the size of the perforations in the cathode 
so that a substantially uniform percolation rate through 
the cathode is obtained. However, in order to obtain a 
uniform percolation rate through the cathode the re 
moved portion of the cathode must be so small, particu 
larly in the lower area, that a substantial amount of the 
hydrogen formed is prewented from escaping through the 
cathode. Also, the active cathode area must be substan 
tially less near the upper part of the cathode than near 
the lower part of the cathode. It has further been pro 
posed to increase the thickness of the diaphragm towards 
the bottom. However, there is substantially more mate 
rial and labor required for this type of diaphragm; it is 
dificult to obtain the proper taper, and the electrical re 
sistance is increased proportionately to the thickness of 
the diaphragm, other factors being constant. 

I have now solved this.problem of non-uniform per 
colation rate through the diaphragm, and at the same 
time have obtained a diaphragm of substantially increased 
strength by marking on the diaphragm. Surface a pattern 
which blocks out different areas of the diaphragm, the 
pattern being such as to make the permeability of the 
diaphragm inversely proportional to the hydrostatic pres 
sure head encountered in the cell. The marking material 
used serves two purposes. It makes certain portions of 
the diaphragm impervious to the electrolyte and thus en 
ables control of the percolation. It binds the asbestos 
fibers together so as to form a strengthening pattern on 
the diaphragm. This helps to maintain the shape of the 
diaphragm when wet. 

In the drawings: * - | . 

Figure 1 is a schematic view of a chlorine cell; 
Figure 2 is a section of a diaphragm showing one type 

of marking; and ! , ! , , , ..." * * * * *-- " "; " " " 

Figure 3 is a section of a diaphragm showing a different 
type of marking. 

Referring to the cell of Figure 1, 1. is the cell casing 
which has an anolyte chaimber 2 and catholyte chamber 
3. Anodes 4, which are generally made of graphite, pro 
ject downwardly into the cell and are surrounded by an 
iron perforated cathode 5. An asbestos diaphragm 6 is 
placed between the anode and cathode against the cath 
ode. Thebrine electrolyte isbrought into the cell through 
inlet 7. The chlorine is removed through outlet. 8, the 
hydrogen through outlet 9, and the sodium hydroxide 
solution through outlet 10. | ". 
The diaphragmas shown in Figures 2 and 3 has marked 

thereon, a pattern which provides uninked areas which 
progressively increase in size from the bottom to the top. 
in Figure 2, the pattern consists of a series of vertical 
inked lines 11, crossed by a series of horizontal inked 
lines 12. The vertical lines 1:1 are equally spaced where 
as the spacing between the horizontal lines 12 progres 
sively increases with increased distance from the bot 
tom. In Figure 3 the pattern is formed by vertical lines 
13. These progressively decrease in width from the bot 
tom towards the top. Forfurther strength horizontal 
lines 14 may be added. Any pattern can be used which 
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will blockout progressively larger areas of the diaphragm 
approaching the bottom. However, those patterns are 
preferred which give the greatest supporting strength to 
the diaphragm. Thus, the preferred patterns are formed 
by crossing lines, the simplest and most easily calculated 
being the series of rectangles shown in Figure 2. 
The patterns can be drawn on the diaphragm or can 

be printed by any suitable printing apparatus. Since, for 
controlling the percolation rate it is only mecessary that 
the design appear on one side of the asbestos diaphragm, 
the thickness of the paper on which the design is marked 
is not particularly critical. For greatest strength and 
life of the diaphragm, however, and for preferred opera 
tion, the design should appear on the side of the dia 
phragm which is facing the anode and is in direct contact 1 
with the main body of the electrolyte. The actual dia 
phragm may be built up of Several layers of asbestos 
paper until a diaphragm of the desired thickness has 
been obtained. In such a case only one layer of asbestos 
paper need have the design marked thereon to obtain 
uniform percolation though other layers can be so marked 
if desired. If the layer so marked is the one nearest 
the anode and the surface facing the anode is marked, 
then the markings will help to strengthen the whole dia 
phragm since the asbestos will be held between the 
printed lattice and cathode. In practicing the present 
invention it is therefore preferred that the layer closest 
to the anode always be marked even though other layers 
of the diaphragm may contain the described markings thereon. 
Various methods may be used for arriving at the size 

of the areas on the diaphragm surface to be left open. 
The following, however, is the preferred method. 
The percolation rate for different hydrostatic pressure 

heads is first obtained for the diabhragm paper which 
isto be used. This is plotted and the resulting curve is 
used in calculating the size of the open areas in the 
diaphragm. In a specific example the following figures 
were obtained: 

Hvdrostatic PressurefInch------------------- 7 Percolation Rate, cc./h.fdm.?----------------- 88 
15 
200 

25 
300 

19 
253 

The values are only relative since, in the particular case, 
they were obtained by using distilled water. The con 
ditions which exist in a cell in operation are too compli 
cated to reproduce experimentaly in obtaining percola 
tion rates and, apparently, are not mecessary. 
On the basis of the curve obtained from the abowe 

figures a second curve was prepared representing a uni 
form permeability. This was done by assuming the 
percolation rate and time as constant, the area as variable 
and substituting in the formula: * 

cOnstant 
AP=Constant; A= P 

P represents the percolation rate at warying hydrostatic 
pressures and A the area which would be required to 
keep the flow rate constant. Substituting the percolation 
data previously obtained in this equation, values can be 
obtained for a new graph representing the areas required 
to keep, a uniform percolation at the warious levels. 

In order to obtain a unit area at approximately the 
middle of the diaphragm, approximately 30” high, that 
would represent a unit, the value of the percolation rate, 
200 cc., at a hydrostatic pressure head of 15” is used, 
as a base figure. Substituting this in the equation, one 
obtains the area changing factor or the relative variation 
in area that must exist at the different hydrostatic pres 
sure levels to obtain a uniform percolation. 
For example, at 15” the area is represented as a unit 

200 
4=200 

4 
At 7” the area must be 226 times that at 15”;i. e. 

200 – =;=2,26 
5 In a similar way the following values Were obtained: 

Hydrostatic PressureInch------------------ 7 15 19 25 
Percolation Rate, cc./hr./dm.*---------------- 88 | 200 | 253 300 
Area Changing Factor----------------------- 2. 26 || 1.0 | 0.78 | 0.66 

10 f a diaphragm with rectangular markings is to be pre 
pared thesimplest method of preparation is to first assume 
definite dimensions for the unitarea at the 15* lewel. A 
suitable choice is 4” x 4”. The diaphragm is then 

- marked with parallel vertical lines 14” apart giving a con 
5 stant width to all areas. Now by multiplying 34” (25) 
by the area changing factor for any hydrostatic pressure 
height, the spacing between the horizontal lines for that 
height to give uniform percolation can readily be deter 
mined. Thus the spacing at 7" would be 25" x 2,26 
Or .565”. 4 4 w W 

Any marking material may be used which is resistant 
to the cel liquor, which will render the marked areas more 
impervious to fluid flow and which will form a strengthen 
ing pattern when marked on the diaphragm. 
Among the materials that have been found suitable for 

this purpose are chlorinated rubber, chlorinated and 
chloro-sulfonated polyethylene, highly chlorinated or 
fluorinated hydrocarbons, polyvinyl, polyvinylidene and 
acrylic latexes. The followingare ilustrative inkformula 

20 

25 

30 tions: 

Percent 
Parlon 10 C. P. (chlorinated rubber, Hercules)---- 10 
Halowax 4005 (chlorinated parafin. 70% C)----- 40 

35 Halowax 4003 (chlorinated parafin 40% Cl) ---- 5 
Stabilizer A5 –------------------------------- 2 Solvent (mixture of methyl Cellosolve and ace 

tone) ---------------------------------"- 43 
40 Exon 400 XR61 (a fluorocarbon resin) ---------- 7.0 

Halowax 4005 ------------------------------- 40.0 
Halowax 4003 ------------------------------- 2.0 
Stabilizer A5 -------------------------------- 1.0 Solvent (mixture of methyl Cellosolve and ace 

45 tone) ------------------------------------ 50.0 
Diaphragms prepared inaccordance with the present in 

vention were tested in regular chlorine cel operation over 
substantial periods of time. The printed diaphragms used 
were about 2? the thickness of the diaphragms used in 
the non-test cells producing commercial chlorine. This 
represents a substantial saving in asbestos. The voltage 
of the cells with the printed diaphragms was about 8 to 
10% lower than that of adjacent cells equipped with 

i regular diaphragms. This resulted in an 8 to 10% saving 
on power. Yet the strength of the ye obtained from 
the test cells using the printed diaphragm was within the 
same rangeas that of the other cells. None of the cel con 
tainers using the printed diaphragms showedany signs of 
internal corrosion and no hypochlorite was noted in the 
lye or excessive hydrogen in the chlorine gas produced. 
The cellswere opened and testsweremade of thelye Con 
centration at warious levels. These tests indicated that 
the flow rate of the cel1 liquod through the diaphragm 

- was substantially uniform. 
In describing the present invention the diaphragms 

have been described as used with chlorine cells of the 
empty cathode compartment type, However, the inven 
tion is not limited to cells of this type but the marked 
diaphragms of the present invention may be used to ad 
vantage in any cell where non-uniform flow Tate through 
the diaphragm, due to differences in hydrostatic pressure, isa problem. 
Havingthus describedmy invention, Iclaim: 
1. In an electrolytic diaphragm cel comprising am 

anod?, a cathode, an anolyte chamber and a catholyte 
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chamber, a preformed pervious diaphragmarranged sub 
stantially vertically between the anode and the cathode 
and having a series of impervious lines dividing the area 
of the diaphragminto pervious spaces which are progres 
sivelysmaller from the top to the bottom of the diaphragm 
to produce a uniform percolation rate throughout the 
area of the diaphragm. 

2. The diaphragm of claim 1, im which the lines form 
a series of rectangles that decrease in size from the top 
to the bottom of the diaphragm. 

3. The diaphragm of claim 1, made of asbestos with 
the lines drawn thereon. 

4. The diaphragm of claim 1, made of asbestos with 
the lines printed thereon. 

5. The diaphragm of claim 1, im which the lines are 15 

5 

10 

6 
formed of a member of the group which consists of 
chlorinated rubber, chlorinated polyethylene, chloro 
sulfonated polyethylene, highly chlorinated hydrocarbon, 
highly fluorinated hydrocarbon, polywinyl latex, poly 
winylidene latex and acrylic latex, 
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