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Sidney G. ûsborne, deceased, late of St. Davids, Ontario, 
Canada, by Canada Trust Company, administrator, St. 
Catharines, Üntario, Canada, and George T., li/iiìier, 
Lewiston, NX., assignors to Hooker Chemical Corpora 
tion, Niagara Fails, NX., a corporation of New York 

Filed Aug. 3, 1960, Ser. No. ¿$7,331 
13 Ciaims. (Cl. 2MP-87) 

This application is a continuation-impart of our c0 
pending application Serial No. 267,846, ñled January 23, 
1952, now U.S. 2,967,807, and of our co-pending appli 
cation Serial No. 327,182, tiled December 22, 1952, now 
abandoned. 

This invention relates to improvements in the electro 
lytic decomposition of chemical compounds and the pro 
duction of useful products therefrom. Further, this in 
vention relates to novel methods for .advantageously em 
ploying the loss in current etiiciency inherent in the use 
of permselective diaphragms in electrolytic cells, caused 
by undesirable leakage, migration or adsorption of a use 
ful product of electrolysis into or through the diaphragm, 
under the intluence `of a concentration gradient. More 
particularly, this invention involves a method which re 
sults in the production of an additional product of the 
cell in an added compartment of a multicompartment 
electrolytic cell, which comprises reacting a chemical re 
agent With the liquid or soluble products appearing in the 
additional compartment as a result of undesirable leakage, 
migration or adsorption into or through the permselec 
tive diaphragm. Still further, this invention relates to a 
novel structure of permselective diaphragms for use in the 
electrolytic decomposition of chemical compounds which 
avoids the loss of current eñiciency .and provides for sep 
arate recovery of another product of the cell in which it 
is used. Still more particularly this invention relates to 
methods and apparatus for the production and separate 
recovery of hydrogen, chlorine, caustic soda and soda 
ash by the electrolytic decomposition of an aqueous so 
lution of sodium chloride in an electrolytic cell separated 
into three compartments by permselective diaphragms. 

Permselective diaphragms are characterized by their 
substantial impermeability to liquids and by their selec 
tive permeability to ions of one charge and substantial 
impermeability to ions of the opposite charge when wet 
with an electrolyte and under the infiuence of an elec 
trical current. Permse'lective diaphragms which selec 
tively permit the passage of `anions are designated as 
anionic; those which selectively permit the passage of 
cations are designated as cationic. The practical utiliza 
tion of permselective diaphragms in electrolytic cells for 
the electrolytic decomposition yof chemical compounds, 
and the separate recovery of the products resulting there 
from, depend upon the presence of >a polar medium, gen 
erally Water, being present in the pores of the diaphragm; 
that is to say, permselective diaphragms must be Wet with 
solvent in order to function in accordance with this in 
vention. Such diaphragms and certain methods and ap 
paratus for employing them in the electrolytic decomposi 
tion of chemical compounds are more fully set forth in 
our co-pending application for Letters Patent S.N. 267, 
846 tiled January 23, 1952. 

In our co-pending application S.N. 267,846 there is dis 
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closed the fundamental concept of simultaneously con 
trolling both molecular yand ionic migration during the 
electrolysis of chemical compounds between the elec 
trodes of an electrolytic cell, by electrolyzing the chem 
ical compound in a cell separated into electrode com 
partments, by Áone or more permselective diaphragms. 
By this means, and under ideal conditions, including sub 
stantially one hundred percent permselectivity of the 
permselective diaphragms employed and complete im 
permeability to solvents, substantially all of the electrical 
current introduced during electrolysis will be carried 
through the permselective diaphragm by ions of one 
charge, because permselective diaphragms do not permit 
the passage of the ions of opposite charge. However, 
neither one hundred percent permselectivity nor complete 
impermeability to solvents in such diaphragms has yet 
been achieved in practice. 

It follows therefore, that in practice, even under the 
most perfect conditions, that there is a minor transfer 
of such polar medium or solvent through the diaphragm 
and a minor transfer of undesirable ions in the direction 
opposite to desired particularly high speed ions, because 
of the presence of such solvent; and that, this causes a 
decrease in ampere eñ’iciency and a loss of other advan 
tages. In addition, there is also a loss in the permselec 
tivity of such .a diaphragm, with increasing concentration 
of the products of electrolysis contained in one or more 
of the electrode compartments. The decreasing perm 
selectivity with increasing caustic concentration appears 
to follow the curve of typical adsorption isotherms. 
Thus, when permselective diaphragms .are used in elec 
trolytic cells, the current efficiency decreases with increas 
ing concentration of the pro-duct in its electrode compart 
ment of the cell, corresponding to the proportional loss 
of permselectivity of the diaphragm. Although we do 
not Want to be held to this explanation, our invention may 
'be more easily understood by illustrating the case of pro 
ducing caustic soda in terms of it. 

For example, when sodium hydroxide and elemental 
chlorine are produced by the electrolytic decomposition 
of an aqueous solution of sodium chloride brine in an 
electrolytic cell in which the brine at the anode is sep 
arated from the caustic soda produced at the cathode, by 
a cationic permselective diaphragm, the diaphragm oper 
ates in two distinct manners, the ñrst advantageously and 
the second adversely. 

First, during electrolysis sodium ions migrate from the 
anolyte to the cathode, and upon reaching the cationic 
permselective diaphragm, which divides the cell into sep 
arate anode an-d cathode compartments, are permitted 
passage through the diaphragm from active point to ac~ 
tive point in the pores of the cationic permselective dia 
phragm because such diaphragm permits passage of such 
sodium cations, thus permitting the isolation and separate 
recovery yof sodium hydroxide in the cathode compart 
ment and also permitting an increase in its concentration 
with continued electrolysis. But the second mode oiïsets 
this advantage because, under the influence of the concen 
tration gradient, sodium hydroxide diffuses into the dia 
phragm from the cathode compartment in the direction 
toward the anode by adsorption because of the presence 
of the polar solvent in the pores of the diaphragm, thus 
causing a serious loss in current eñiciency and other dis 
advantages. The effects of this secon-d described mode 
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of operation of permselective diaphragms are suñicient 
to negate some of the important advantages resulting 
from the first describe-d method of operation for the perm 
selective diaphragm. 

This is vfurther illustrated, for example, by employing a 
presently available ca-tionic permselective diaphragm in a 
two compartment electrolytic cell for the electrolysis of 
an aqueous solution of sodium chloride to hydrogen, caus 
tic soda and chlorine and observing the current etiiciencies 
at various concentrations of caustic in the catholyte. The 
current efficiency of such cell is found to decrease from 
75 percent at a caustic concentration in the catholyte of 
ten grams sodium hydroxide per liter to 46 percent cur 
rent efiiciency as the caustic concentration is increased in 
the catholyte to 500 grams sodium hydroxide per liter. 
The following tabulation gives these and other current 
efficiencies which We have experimental-ly determined at 
various -caustic concentrations: 

Caustic concentration, g.p.l.: Current eñiciency, percengt 
10 ____________________________________ __ 7 

50 ____________________________________ __ 69 

100 ___________________________________ __ 62 

300 ___________________________________ __ 52 

500 ___________________________________ __ 46 

600 ___________________________________ __ 46 

These data constitute a typical adsorption isotherm and at 
concentrations of caustic in the catholyte of 500 grams 
sodium hydroxide per liter and above, the current ellicien 
cy remains at 46 percent. This indicates that the per 
cent permselectivity of the diaphragm has been reduced 
to zero percent and that the advantages to be realized by 
using the permselective diaphragms are offset by the de 
leterious effects of adsorption of caustic into the perm 
selective diaphragm. Under these conditions of high caus 
tic concentration in the catholyte, the diaphragm appar 
ently operates simply as a porous diaphragm in the man 
ner that an asbestos diaphragm will operate to show a 
current eñiciency of about 46 percent irrespective of the 
concentration of caustic in the catholyte. Thus in the 
case of using a permselective diaphragm for making high 
concentration caustic or in the case of using an asbestos 
diaphragm for making caustic soda of any strength, ap 
proximately half the current input is being carried by ions 
of one charge while approximately the other half is car 
ried by ions of the opposite charge. 

In our co-pending application, S.N. 267,846, we have 
proposed to increase the percent permselectivity of the 
permselective diaphragm‘at a given caustic strength, that 
is to say, to offset the elfects of the undesirable adsorption 
of sodium hydroxide into the cationic diaphragm from 
the cathode compartment in the direction toward the an 
ode compartment, by using two diaphragms in the elec 
trolytic cell thereby forming a center compartment be 
tween them, into which water is introduced whereby the 
concentration of the caustic soda in contact with the dia 
phragm facing the anode, and subject to adsorption by 
such diaphragm, is very dilute in comparison to the caus 
tic soda being produced in the cathode compartment, 
whereby the loss in permselectivity of the diaphragm fac 
ing the anode is correspondingly reduced and current ef 
ñciency correspondingly increased, then transferring the 
weak caustic soda solution so produced in the center com 
partment to the cathode compartment, by way of a con 
duit in communication between the center and cathode 
compartments. Another technique for offsetting the in 
ei’ûciency of permselective diaphragms, which is disclosed 
in our co-pending application for patent, involves employ 
ing a porous diaphragm facing the cathode and permit 
ting a slow percolation of electrolyte through it in the' 
direction toward the cathode thereby protecting the cati 
onic permselective diaphragm which faces the anode from 
the strong caustic in the cathode compartment. Still an 
other technique for offsetting the ineliìciency of the perm 
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4 
selective diaphragms, disclosed in our co-pending applica 
tion above referred to, based on our finding that the dif 
fusion coefficient for sodium carbonate through a perm 
selective diaphragm is of the order of about one tenth of 
the diffusion coefficient for sodium hydroxide through 
such diaphragms under the same conditions, involves 
passing carbon dioxide into the catholyte in the cathode 
compartment of the cell, or outside the cell, to cause the 
formation and separation of sodium carbonate rather than 
caustic soda. 
We have now found that the losses in current efficiency 

may be minimized and an additional product of the cell 
may be realized by employing a permselective diaphragm 
structure of this invention in the electrolysis of chemical 
compounds in an electrolytic cell, said structure being 
composed of two diaphragms having the same kind of 
permselectivity separated from each other to form a cen 
ter compartment containing an inlet for introducing a 
chemical reactive with the products of electrolysis migrat 
ing from the electrode compartments into said compart 
ment and an outlet for removing the products so produced. 
We have now also found that we can increase the per 

cent permselectivity of permselective diaphragms in proc 
esses and apparatus for the electrolysis of alkali metal 
chloride brines by approximately the amount of permse 
lectivity lost due to adsorption and with the realization of 
a fourth product of the cell, alkali metal carbonate, by 
effecting the electrolysis of an aqueous alkali metal chlo 
ride solution in an electrolytic cell divided into an anode 
compartment containing brine, a center compartment, and 
a cathode compartment, by two cationic permselective 
diaphragms, carbonating the solution in the center corn 
partment with carbon dioxide and separately recovering 
the alkali metal carbonate so produced and alkali metal 
hydroxide produced in the cathode compartment, in ad 
dition to separately recovering the chlorine and hydrogen 
which are also produced. 
We have also found that We can eifectively regulate the 

ratio of alkali metal carbonate to alkali metal hydroxide 
produced in accordance with our invention, by controlling 
the concentration of caustic soda producd in the catholyte. 
This finding is of vast commercial signiiicance because it 
allows for maintaining an economic balance in the pro 
duction of these two basic commodities of commerce, ac 
cording to the needs of commerce. 
We have also found that the advantages of employing 

permselective diaphragms in electrolytic cells for the elec 
trolytic decomposition of chemical compounds may be 
realized, without the concomitant undesirable effects re 
sulting from the adsorption and diffusion of liquid or solu 
ble products of electrolysis from one electrode compart 
ment toward the opposite electrode, and with the produc 
tion of a separately recoverable added product of the cell, 
by effecting the electrolysis of the chemical compound in 
an electrolytic cell divided into an anode compartment, 
an added compartment and a cathode compartment, by 
two permselective diaphragms, introducing a chemical re 
agent reactive with the liquid or soluble products of elec 
trolysis produced in the electrode compartments, into the 
solution ofthe center compartment and separately recov 
ering the added product of the cell so produced and the 
catholyte so produced, in addition to separately recovering 
any gaseous products which are also separately produced 
at the electrodes. 

In order that this invention may be more readily under 
stood it is described with speciñc reference to certain pre 
ferred embodiments thereof and with reference to FIG 
URE I, which is a diagrammatic sketch illustrating the 
electrolysis of an aqueous solution of sodium chloride at 
the anode, the carbonation of the solution in the center 
compartment of our three compartment electrolytic cell 
with carbon dioxide, whereby hydrogen, chlorine, sodium 
carbonate and caustic soda are separately produced and 
recovered; and, with reference to FIGURE II which is 
a perspective view of a permselective diaphragm structure 
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of this invention: however, our invention is not to be con 
strued as limited thereto, as will be apparent from the 
modifications discussed hereinafter, except as deñned in 
the appended claims. 

Referring to FIGURE I, which is a diagrammatic sketch 
illustrating specific embodiments of this invention: the 
electrolytic cell comprises a vessel 1 separated into an 
anode compartment 2, a center compartment 3 and a 
cathode compartment 4 by two cationic permselective 
diaphragms 5 and 6. The anode compartment contains 
an anode 7 in contact with sodium chloride brine 8. The 
anode compartment also contains a brine inlet 9, a brine 
outlet 10 and chlorine outlet 11. The cathode compart 
ment contains a cathode 12 in contact with water or caus 
tic 13. The cathode compartment also contains a water 
inlet 14, a caustic outlet 15 and a hydrogen outlet 16. 
The center compartment 3 is provided with inlets 17 for 
introducing water 13 and carbon dioxide 19 into the center 
compartment of the cell, which is positioned between the 
cationic permselective diaphragm facing the anode and 
cationic permselective diaphragm facing the cathode, des 
ignated herein as 5 and 6, respectively. The center com 
partment is also provided with an outlet 29 for removing 
the sodium carbonate solution which is produced under 
the conditions maintained during electrolysis. In addition 
the electrolytic cell contains any other necessary acces 
sories for the given electrolysis. 

Referring to FIGURE II which is a perspective view of 
a permselective diaphragm structure of this invention com 
posed of two sheets or membranes 5 and 6 having the 
same kind of permselectivity, i.e. both are cationic or both 
are anionic. The permselective diaphragms are separated 
from each other by a gasket type separator 21 containing 
inlet 17 and outlet 20. The separated diaphragms form 
compartment 3 which contains an electrolyte comprising 
a chemical reactive with the products of electrolysis mi 
grating into said compartment from the electrode compart 
ments during electrolysis, some of the unreacted migratory 
products of electrolysis and the reaction product of these 
substances with each other. 

Referring back to FIGURE I, in accordance with this 
invention a saturated solution of sodium chloride brine 
8 is fed into the anode compartment 2 of the cell 1 through 
brine inlet 9. Depleted brine is removed from the anode 
compartment through brine outlet 10. Chlorine produced 
is removed from the cell through outlet 11. A starting 
solution of sodium carbonate is introduced into compart 
ment 3 in order to lower the voltage at the start of elec 
trolysis, then water 1S and carbon dioxide 19 are fed into 
the center compartment of the cell through inlet 17. The 
sodium carbonate solution produced in the center com 
partment during the electrolysis is removed from the cell 
outlet 20. The caustic soda produced in the cathode com 
partment 4 is removed through outlet 15. Hydrogen 
which is also produced in the cathode compartment is 
removed through outlet 16. Water can be introduced 
into the cathode compartment through inlet 14 in pre 
determined amounts in order to produce caustic soda of 
the desired concentration. In an alternative mode of 
operation the cathode compartment may acquire water 
through the diaphragm 6 by electro-osmosis, especially if 
the particular diaphragms employed have minor leakage 
points. In such case the amount of water introduced 
through inlet 14 will be correspondingly minimized or en 
tirely eliminated. Another alternative mode of operation 
involves introducing the carbon dioxide necessary to cause 
the formation of sodium carbonate, which is the fourth 
product of the cell in accordance with this invention, into 
the solution produced in the center compartment of the 
cell, at a point removed from the electrolytic cell, such as 
at a point subsequent to outlet 20 and circulating the 
sodium carbonate solution so produced back into the 
center compartment to favor maintaining a substantially 
uniform concentration of sodium carbonate throughout 
the solution and adding water as necessary to do this. 
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Our findings to the effect that the percent permselec 

tivity of permselective diaphragms at a given caustic con 
centration can be increased by approximately the amount 
of permselectivity lost due to adsorption, and, with the 
realization of an additional product of the cell are best 
exempliñed by data taken from a curve based on actual 
electrolysis of a saturated aqueous solution of sodium 
chloride, producing different concentrations of caustic in 
an electrolytic cell designed and operated after the prin 
ciples depicted in the attached figure, in accordance with 
this invention and the foregoing description. 

(B asis N 2120) 

Caustic Soda Ash 
Current Current 

Caustic Concentra- Eíìiciency Efficiency Total Current 
tion, gpl. N aOH and Percent and Percent Eñiciency 

Production Production as 
as Caustic Soda Ash 

Percent Percent Percent 
75 2O 95 
69 26 95 
62 33 95 
52 43 95 
46 49 95 
46 49 95 

These figures show that the deleterious effect of adsorp 
tion of a desired product into permselective diaphragms 
can be transformed into an advantage by producing an 
other useful product and that the proportions of the two 
products produced, which can be separately recovered, 
can be varied as desired. More particularly the data also 
show that 95 percent current efficiency can be consistent 
ly maintained during electrolysis in the electrolytic cell 
regardless of the concentration of sodium hydroxide in 
the catholyte being produced and that the lost current ef 
ñciency based on caustic duc to adsorption is advanta 
geously employed in making sodium carbonate. The 
proportion of caustic soda to soda ash which is produced 
under a given set of conditions of caustic concentration 
in the catholyte in an electrolytic cell having a total over 
all current efñciency of 95 percent is also given by the 
data in the tabulation. For example, if it is desired to 
maintain approximately even distribution between the two 
products, under the conditions obtained during the elec 
trolysis depicted, this can be realized by maintaining the 
concentration of sodium hydroxide in the catholyte at 
about 500 grams per liter. 

It has long been desired to maintain an economic bal 
ance between the amount of chlorine and caustic soda pro 
duced electrolytically. However, because of the basic 
laws of electrochemistry, equivalent amounts of these 
commodities must necessarily be produced in the elec 
trolysis of salt. The present invention provides economic 
and feasible means for electrolyzing brine so that chlorine 
is produced with the production of an equivalent amount 
of alkali in the form of caustic soda and soda ash in 
ñexible predetermined ratios, thereby allowing for an 
economic balance between these products as the demand 
varies. 
The following examples are given to further illustrate 

this invention and should not be construed as limiting ex 
cept as defined in appended claims. 

Example l 

A saturated solution of sodium chloride brine was in 
troduced into the anode compartment of a three com 
partment electrolytic cell designed after the principles 
depicted in the attached drawings. The anode compart 
ment, which contained a graphite anode, was separated 
from the center compartment by a cationic permselective 
diaphragm and the cathode compartment, which con 
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tained a steel cathode, was separated from the center 
compartment by another cationic permselective mem 
brane. The brine was continuously introduced into the 
cell and circulated within the anode compartment through 
a conduit in communication with the brine inlet and out 
let. A solution of sodium carbonate containing about 
138 grams per liter Na2CO3 was introduced into the 
center compartment of the electrolytic cell to lower the 
initial voltage of the cell. This solution was maintained 
in circulation in the center compartment through a con 
duit connecting the inlet and outlet. Carbon dioxide was 
introduced into the solution circulating in the center com 
partment at a point in the outside conduit which con 
nected the center compartment’s inlet and outlet so that 
the solution circulated under the power of the gas lift 
thereby created and so that the concentration of sodium 
carbonate was substantially evenly distributed throughout 
the solution both inside and outside the cell. The cathode 
compartment was filled with water. The cell was op 
erated to produce sodium carbonate, sodium hydroxide, 
chlorine and hydrogen. A cell temperature of about 60 
degrees centigrade at a current density of 90 amperes per 
square foot on the diaphragms and a voltage of 4.65 volts 
were observed. The current efficiency on the caustic soda 
was measured by employing a copper coulometer and 
found to be 73.8 percent of theory at a NaOH concentra 
tion of 65.6 grams per liter of sodium hydroxide in the 
catholyte, and, the current efficiency on the sodium car 
bonate at a Na2CO3 concentration of 190 grams per liter 
was found to be 21 percent of theory. The over-all cell 
Current efficiency measured 94.7 percent of theory. 

Example 2 

In another experiment for the electrolysis of saturated 
solution of sodium chloride brine, in a manner after the 
foregoing example, the current eñiciency on caustic soda 
was found to be 54.8 percent of theory at a NaOH con 
centration of 326.4 grams per liter of sodium hydroxide 
in the catholyte, and, the current efficiency on the sodium 
carbonate at a Na2CO3 concentration of 420 grams per 
liter was found to be 40.0 percent of theory. The over 
all cell current efñciency measured 94.8 percent of theory. 
The permselective diaphragms employed in the elec 

trolytic decompositions described in the preceding ex 
amples can be constructed using ion exchange resins Which 
have been formed 4into continuous thin sheets. When a 
cation active ion exchange resin is employed a cationic 
permselective membrane is produced, i.e., one Which se 
lectively permits passage of cations through its structure 
from one compartment of the cell to the next adjacent 
compartment in the direction toward the attraction of its 
electrode under the iniiuence of an impressed voltage 
and when wet with electrolyte. When an anion active 
ion exchange resin is employed an anionic permselective 
membrane is produced, i.e., one which selectively per 
mits passage of lanions through its structure from one 
compartment of the cell to the next adjacent compart 
ment in the direction toward the attraction of its elec 
trode under the iniiuence of an impressed voltage and 
when wet with electrolyte. Successful diaphragms for 
use in electrolysis of alkali chloride brines have been 
constructed using cation exchange resins of an “Amber 
lite” type which have been formed into continuous sheets. 
These diaphragms .are described in United States Patents 
2,681,319 and 2,681,320. Such sheets are continuous, 
nonporous, self-supporting, pliable, permselective mem 
branes or pellicles which comprise a matrix-such as 
a synthetic hydrocarbon type plastic, or vulcanized, nat 
ural or synthetic rubber or polyethylene or polyisobutyl 
ene, or polyvinyl chloride, or copolymers of vinyl chlo 
ride and vinyl esters of lower aliphatic acids-having 
distributed intimately and uniformly therein particles of 
an insoluble, infusible ion-exchange resin, said particles 
being of such :a size as to pass through a United States 
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Standard sieve No. 50 andbeing present in said diaphragm 
in an amount equal to twenty-live to seventy-five percent 
of the total weight of the diaphragm. The degree of 
perfection attainable in operation when using such dia 
phragms in electrolysis is among other things a function 
of its tightness, or the number of macropores or leakage 
points occurring between the resin particles in the sheet 
or fiber. ' 

The permselective diaphragm structures of this inven 
tion may be made in a number of diiferent Ways, de 
pending on various factors particularly in geometric de 
sign of the cell itself. One method is to use two sheets 
of membrane at least one of which is made in accord 
ance with United States Patent 2,681,319 or United` 
States Patent 2,681,320, separated by a gasket-type spacer 
having the inlets and outlets to the resulting compart 
ment positioned either in the spacer or through the 
membranes. Another method involves forming a con 
tinuous envelope from the said “Amberlite” type perm 
selective diaphragm and allowing a space between the 
folded sheets to form the special compartment. When 
the cell design is such as to require large sheet-like 
permselective diaphragms to be spaced from each other 
by a gasket-type spacer We have found it desirable to 
reinforce at least one of the diaphragms by placing a 
grid against the face of the diaphragm in order to pre 
vent buckling. The grid may consist of a rigid screen 
or 4similar type structure of suitable material of con 
struction disposed across the entire surface of the dia 
phragm. If la diaphragm buckles inward toward the 
center compartment of the permselective diaphragm 
structure of this invention due to pressure from an ad 
jacent compartment a grid is positioned in contact with 
the face of the diaphragm in said center compartment 
between the two diaphragms and is adapted to prevent 
buckling and contact lbetween the diaphragms. If a dia 
phragm Ibuckles outward toward an adjacent compartment 
due to pressure from the center compartment of the 
permselective diaphragm structure of this invention, a 
grid is positioned in the adjacent compartment, in con 
tact with the face of the diaphragm and is adapted to 
prevent buckling and contact with the electrode if the 
next adjacent compartment is an electrode compartment. 
The scope of this invention is not to be construed as 

limited to the specific electrolysis depicted in the above 
examples, but is to include the electrolysis of all those 
compounds which give products of fast moving ions which 
result in undesirable back-migration effects through irn 
perfect permselective membranes. Among the preferred 
chemical compounds which can be electrolyzed in ac 
cordance with the method of this invention are solutions 
of soluble inorganic salts such as the aqueous solutions 
of the alkali and alkaline earth metal bromides, chlorides, 
sulfates, acid sulñtes, etc. The ,alkali metal salts such 
as lithium and potassium which are very soluble and 
electrolyzable in water can be successfully electrolyzed 
in the same manner as the sodium salts depicted above. 
For example, in the electrolysis of sodium sulfate solu 
tions las described in our copending application S.N. 
267,846 ñled January 23, 1952, the salt is introduced 
into the center compartment of a three compartment 
electrolytic cell, separated from the cathode compartment 
by a cationic permselective membrane and separated from 
the anode compartment by an anionic permselective mem 
brane, if the hydroxyl ions produced in the catholyte 
have a tendency to back-migrate due to an ineñicient 
cationic permselective diaphragm, another cationic perm 
selective membrane may be added between the center and 
cathode compartments forming, in effect, a fourth com 
partment whereby an acidic reagent such as carbon dioxide 
may be added to improve the over-all current efficiency and 

' obtain other important advantages las discussed herein 
before. (Similarly, if the hydrogen ions have a tendency 
to back-migrate due to .an inefficient anionic permselec 
t1ve diaphragm an additional anionic permselective mem 
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brane may be added between the anode and center com 
partment forming in effect an additional compartment 
whereby a basic reagent may be added to improve the 
over-al1 current efficiency and obtain other important ad 
vantages as discussed hereinbefore.) 

Thus, .a preferred embodiment of this invention com 
prises the use of a permselective diaphragm type struc 
ture in an electrolytic decomposition cell into which a 
reactive chemical selected from the group consisting of 
acidic and basic substances is introduced in the center 
compartment of said structure, which chemical is re 
active with ions selected from the group consisting of 
hydroxyl and hydrogen or hydronium ions which leak, 
back-migrate, or are absorbed into said center compart 
ment of the permselective diaphragm structure. 

Chemical reagents other than carbon dioxide may be 
used in accordance with this invention for realizing the 
improvements described. The reagent selected will de 
pend upon the salt to be electrolyzed and the product 
which is desired. Inorganic and organic acids or sub 
stances capable of reactint7 with bases such as SO2, HCl, 
H23, H5904, acetic acid, benzoic acid, etc. may all be 
used to react with the migrating hydroxyl ions coming 
from the cathode compartment through the imperfect 
cationic permselective membranes. Similarly where it is 
desired to add a base into an additional compartment to 
prevent fast moving hydrogen ion-s from reducing the 
current etiiciency by being lost because of leakage in the 
anionic permselective membrane, the choice of this base 
will depend upon the salt to be electrolyzed and the 
product which is desired, as above. Alkali metal hy 
droxides or carbonates are among the preferred com 
pounds to be used. In either case the product need not 
.be water soluble, but this is desirable especially where 
the reagent is introduced directly into the cell compart 
ment. The metallic salts corresponding to the acid or 
base introduced into the center compartment of the dia 
phragm structure of this invention will of course be 
produced lby the reaction between the acid or base and 
the hydroxyl or hydrogen ions. For example, when the 
reagent added is sulfur dioxide the additional product 
produced by the cell will be sodium suliite; by controlling 
the proportion of chemical reactant introduced, sodium 
bisulñte may be produced. 
The operating conditions such as current density, 

applied voltage, temperature, feed and product concen 
trations, various additives and other conditions familiar 
to those skilled in the art are considered to be unrelated 
in so far as limiting the scope of this invention. 
The purity of the products in accordance with this 

invention are of exceptionally high standard and are in 
accordance with the disclosure of our co-pending appli 
cation referred to above. By operating an electrolytic 
cell embraced within the scope of this invention, partic 
ularly as depicted in the foregoing examples and descr-ip- " 
tion with reference to the drawings, elemental chlorine 
having a purity of 99.0 percent can ‘be consistently ob 
tained and substantially pure hydrogen with no detectable 
impurities is also consistently obtained. The liquid prod 
ucts of »the cell are likewise of exceptional purity. A 
typical analysis of these products is as follows: 

Diaphragm Structure Center Com Catholyte Solution 
partment Solution 

43.0 percent NaOH 18.0 percent N :12003 
02s# NaCl . 6.0# Naci . 

1,000# NaOH (dry basis) m (dry basis) 

0.09# Naoios . 0.06# Naoioa , 
1,000# NaOH (du bams) 1,000# NMC()3 (dry basis) 
4.0 p.p.m. Fe (soin. basis) 0.8 p.p.m. Fe (soln. basis) 

Thus, in accordance with this invention substantially pure 
products of the cell can be separately recovered in high 
concentrations. 
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Although we have described our invention with respect 
to certain specific embodiments thereof we do not intend 
to be limited thereto except as delined in the following 
claims. 
We claim: 
1. In the process for the electrolytic ldecomposition of 

an aqueous solution of an inorganic salt in an electrolytic 
cell having an anode compartment containing anode 
means separated from a cathode compartment contain 
ino cathode means by a diaphragm unit structure com 
prising two essentially continuous non-porous permselec 
tive diaphragm-s having t-he same kind of permselectivity 
and spaced from each other to form a central compart 
ment of said unit structure, said central compartment 
having an inlet and an outlet which are in external com 
munication with each other through a conduit, and at least 
one of said diaphragms comprising (a) a matrix which is 
polymeric material from the class consisting of polyethyl 
ene, polyisobutylene, vulcanized natural and synthetic 
rubber, polyvinyl chloride and copolymers of vinyl chlo 
ride and vinyl esters of lower aliphatic acids and (b) parti 
cles of an insoluble -infusi‘ble ion-exchange resin intimately 
and uniformly dispersed throughout said matrix, said 
particles 'being of such size as to pass through a United 
States Standard sieve size No. 50 and being present in 
said diaphragm in an amount equal to twenty-tive per 
cent to seventy-tive percent of the total weigh-t of said 
diaphragm, the improvement which comprises: introduc 
ing the `said salt solution into an electrode compartment; 
effecting the electrolysis of said solution by impressing a 
decomposition voltage across the electrodes of said cell, 
whereby a product of electrolysis migrates into said cen 
tral compartment; introducing into said external conduit 
a chemical compound reactive with said product of elec 
trolysis to form a reaction product which under the con 
ditions of electrolysis has a diíîusion coefficient through 
the diaphragm no greater than about the diffusion co 
efficient of carbonate ion through the diaphragm; and 
separately recovering the products of the cell so pro 
duced. 

2. îlîhe process of claim 1 wherein the said reactive 
chemical compound introduced is one which when dis 
solved in water is a base, and the product of electrolysis 
is hydrogen ion. 

3. The process of claim It wherein the said reactive 
_chemical compound is one which when dissolved in water 
1s an acid, and the product of electrolysis is hydroxyl ion. 

4. The process of claim 3 wherein the compound is 
carbon dioxide. 

5. The process of claim 3 
sulfur dioxide. 

6. In a process for the electrolytic decomposition of 
an aqueous solution of an alkali metal salt in an elec 
trolytic cell having an anode compartment containing 
anode means separated from a cathode compartment 
containing cathode means >by a diaphragm unit structure 
comprising two essentially continuous non-porous cationic 
permselective diaphragms and spaced from each other to 
form a central compartment of said unit structure, said 
central compartment having an inlet and an outlet which 
are an external communication with each other through 
a conduit, and at least the diaphragm facing the cathode 
compartment comprising (a) a matrix which is polymeric 
material from the class consisting of polyethylene, poly 
isobutylene, vulcanized natural and synthetic rubber, poly 
vinyl chloride and copolymers of vinyl chloride and vinyl 
esters of lower aliphatic acids and (b) particles of an in 
soluble infusible cation exchange resin in-timately and 
uniformly dispersed through said matrix, said particles 
being of such as size as to pass through a United States 
Standard sieve size No. 50 and being present in said dia 
phragm in an amount equal to twenty-five percent to 
seventy-tive percent of the total weight of said diaphragm, 
the improvement which comprises: introducing the said 

wherein the compound is 
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salt Solution into the anode compartment; effecting the 
electrolysis of said solution by impressing a decomposi 
tion voltage across the electrodes of said cell, whereby 
hydroxyl ions migrate into said central compartment from 
said cathode compartment; introducing into said external 
c-onduit a chemical compound which when dissolved in 
water is an acid reactive with said hydroxyl ions -to form 
a reaction product which under the conditions of elec 
trolysi-s has a diffusion coefficient through the diaphragm 
no greater than about the diffusion coeñicient of carbonate 
ion through the diaphragm; and separately recovering the 
products of the cell so produced. 

7. In a process for the electrolytic decomposition of 
an aqueous solution of an alkali metal chloride in an 
electrolytic cell to produce hydrogen, chlorine, alkali 
metal hydroxide and an additional product of the cell, 
having an anode compartment containing anode means 
separated from a cathode compartment containing cath 
ode means by a diaphragm unit structure comprising two 
essentially continuous non-porous cationic permselective 
diaphragms and spaced from each other to form a central 
compartment of said unit structure, said central com 
partment having an inlet and an outlet which are an 
external communication with each other through a con 
duit, and at least the diaphragm facing the cathode corn 
partment comprising (a) a matrix which is polymeric 
material from the class consisting of polyethylene, poly 
isobutylene, vulcanized natural and synthetic rubber, poly 
vinyl chloride and copolymers of vinyl chloride and vinyl 
esters of lower aliphatic acids and (b) particles of an 
insoluble infusible cation exchange resin intimately and 
uniformly dispersed throughout said matrix, said particles 
being of such size as to pass through a United States 
Standard sieve No. 50 and being present in said Íilm in 
an amount equal to twenty-tive percent to seventy-five 
percent of the total weight of said diaphragm, the im 
provement which comprises: introducing the said alkali 
metal chloride solution into the anode compartment, 
effecting the electrolysis of said solution by impressing 
a decomposition voltage across the electrodes of said 
cell, whereby hydroxyl ions migrate into said central 
compartment from said cathode compartment; introduc 
ing into said external conduit carbon dioxide to react 
with said hydroxyl ions; and separately recovering the 
products of the cell so produced. 

8. The method of effecting the electrolytic decomposi 
tion of an aqueous solution of an inorganic salt com 
prising introducing the said solution into the anode com 
partment of an electrolytic cell means having an anode 
compartment containing anode means separated from a 
cathode compartment containing cathode means by a dia 
phragm unit structure means comprising two essentially 
continuous non-porous permselective diaphragm means 
having the same kind of permselectivity and spaced from 
each other to form a central compartment of said unit 
structure means, said central compartment having an inlet 
means and an outlet means which are in external commu 
nication with each other through conduit means, and at 
least one of said diaphragms being formed by combining 
a supporting material with an ion-exchange resin dispersed 
therein and polymerized to an insoluble infusible condi 
tion and sealed to substantial impermeability to passage 
of liquids and gases and ions of a given sign while pass 
ing ions of the opposite sign and being composed of ma 
terial having the characteristics of an ionized salt pair; 
effecting the electrolysis of said solution by impressing a 
decomposition voltage across the electrodes of said cell, 
whereby a product of electrolysis migrates into said cen 
tral compartment; introducing into said external conduit 
means a chemical compound reactive with said product 
of electrolysis to form an additional product which under 
the conditions of electrolysis has a diffusion coeñ’icient 
through the diaphragm no greater than about the diffu 
sion coeflicient of carbonate ion through the diaphragm; 
and separately recovering the products so produced. 
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9. The method of effecting the electrolytic decomposi 

tion of an aqueous solution of an alkali metal chloride 
to hydrogen, chlorine, alkali metal hydroxide and an 
additional product comprising introducing the said solu 
tion into the anode compartment of an electrolytic cell 
means, having an anode compartment containing anode 
means separated from a cathode compartment contain 
ing cathode means by a diaphragm unit structure means 
comprising two essentially continuous non-porous cati 
onic permselective diaphragm means and spaced from 
each other to form a central compartment of said unit 
structure means, said central compartment having an 
inlet means and an outlet means which are an external 
communication with each other through conduit means, 
and at least the diaphragm means facing the cathode 
compartment being formed by combining a supporting 
material with an ion-exchange resin dispersed therein and 
polymerized to an insoluble infusible condition and sealed 
to substantial impermeability of passage of liquids and 
gases and anions while passing cations and being com 
posed of an ionized salt pair, effecting the electrolysis 

’ of said solution by impressing a decomposition voltage 
across the electrodes of said cell, whereby hydroxyl ions 
migrate into said central compartment from said cathode 
compartment; introducing into said external conduit car 
bon dioxide to react with said hydroxyl ions to form an 
additional product; and separately recovering the prod 
ucts so produced. 

10. The method of effecting the electrolytic decom 
position of an aqueous solution of an alkali metal salt 
to alkali metal hydroxide and an additional product com 
prising introducing the said salt and water into the anode 
compartment of an electrolytic cell means having an 
anode compartment containing anode means separated 
from a cathode compartment containing cathode means 
by a diaphragm unit structure means comprising two 
essentially continuous non-porous cationic permselective 
diaphragm means and spaced from each other to form 
a central compartment of said unit structure means, said 
central compartment having an inlet means and an outlet 
means which are an external communication with each 
other through conduit means, and at least the diaphragm 
means facing the cathode compartment being formed by 
combining a supporting material with an ion-exchange 
resin dispersed therein and polymerized to an insoluble 
infusion condition and sealed to substantial impermea 
bility to passage of liquids and gases and anions while 
passing cations and being composed of material having 
the characteristics of an ionized salt pair, effecting the 
electrolysis of said solution by impressing a decomposi 
tion voltage across the electrodes of said cell, whereby 
hydroxyl ions migrate into said central compartment from 
said cathode compartment; introducing into said external 
conduit a chemical compound reactive with said hydroxyl 
ions to form an additional product which under the con 
ditions of electrolysis has a diffusion coeflicient through 
the diaphragm no greater than about the diifusion coefli 
cient of carbonate ion through the diaphragm; and sepa 
rately recovering the products so produced. 

11. The process of claim 1 wherein the said reactive 
chemical compound is H28. 

12. The process of claim 1 wherein the said reactive 
chemical compound is H3PO4. 

13. The process of claim 1 wherein the said reactive 
chemical compound is C12. 
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