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[.57] ABSTRACT 
A method and apparatus for the electrolysis of an 
aqueous solution containing alkali metal ions, for ex 
ample, the electrolysis of brine to produce chlorine 
and caustic. In one embodiment, a composite mem 
brane comprising at least an ionconductive polymer 
and a metal permeable to alkali metal is used in an 
electrolytic cell. An illustration of such a polymer is a 
per?uorocarbon polymer containing sulfonic acid or 
sulfonate groups, in intimate contact with a layer of 
mercury. Another aspect is the use of elevated pres 
sures or other techniques substantially to eliminate the 
presence of normally gaseous products from the elec 
trolyte. For example, high pressures may be employed 
to dissolve chlorine in a brine electrolyte and/or liq 
uefy it. In another aspect, sodium sulfate is electro 
lyzed in a cell comprising a composite membrane, a 
foraminous anode, and a diaphragm between the com 
posite membrane and anode; the oxygen produced is 
withdrawn through the anode. 

23 Claims, 7 Drawing Figures 
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PROCESS FOR ELECTROLYZING AQUEOUS 
SODIUM OR POTASSIUM ION SOLUTIONS 

BACKGROUND 

Several industrial processes are based on the electrol 
ysis of aqueous salt solutions. One important applica 
tion is that of the electrolysis of sodium chloride brine 
to produce sodium hydroxide and chlorine. In this elec 
trolysis, as in others involving electrolysis of aqueous 
salt solutions, one method is to separate the anolyte 
and the catholyte compartments of the cell using a po 
rous separator. Hereinafter the term “diaphragm" will 
be used for a porous separator which permits electro 
lyte to pass through without any signi?cant change in 
composition. 

In this method hydrogen and caustic soda are pro 
duced at the cathode which is within the catholyte 
compartment of the cell while chlorine is produced at 
the anode which is within the anolyte compartment. 
The salt brine passes through the diaphragm from the 
anolyte to the catholyte compartment. The cathodes 
are usually of iron screening while the anodes are of 
graphite or platinized titanium. The diaphragm is usu 
ally asbestos. 
Diaphragm cells require a flow of solution sufficient 

to insure that the back-diffusion of sodium hydroxide 
into the anolyte is avoided or minimized. This is neces 
sary to avoid chlorate in the anolyte and loss of current 
efficiency. When using the minimum amount of brine 
flow within the diaphragm to avoid chlorate formation, 
only about half of the sodium chloride is converted. 
The spent anolyte must the-n be evaporated to concen 
trate the caustic soda and to crystallize the salt. Finally 
the ‘salt is ?ltered or centrifuged from the caustic solu 
tion. It is the usual practice to purify the brine feed to 
the process to reduce the content of impurities which 
clog the diaphragms; also it is usual to renew the dia 
phragms at regular intervals. 
Attempts have been made to build diaphragm cells 

using permselective membranes in place of the dia 
phragms. This does not provide a solution to the princi‘ 
pal problem. All of the membranes which offer reason 
ably high electrical conductivity and chemical resis 
tance are also subject to considerable back-diffusion 
and electromigration of hydroxyl ions, the rate of 
which increases with the concentration and tempera 
ture of the catholyte. 
A second type of cell for chlorine and caustic soda 

production is the mercury cell in which electrolysis of 
the brine results in production of a sodium amalgam at 
the cathode and chlorine at the anode. The amalgam is 
reacted with water, producing a salt-free solution of 
caustic soda together with hydrogen. In this method a 
diaphragm is not required because caustic soda solu 
tion is formed in a separate piece of apparatus or com 
partment from the one containing brine solution and 
chlorine. 

ln one embodiment of a mercury cell, puri?ed so 
dium chlorine brine is fed into a slightly sloped horizon 
tal trough on the bottom of which the cathode mercury 
flows concurrently with the brine. Above the mercury 
and within the brine are horizontal anodes of graphite 
or platinum-, or platinum family-coated titanium. 
These anodes are suspended from gas tight covers of 
the trough. Current is supplied to the anodes by rods 
suspended from, and sealed in, holes in these covers. 
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2 
The brine is confined within the trough by mercury 

syphons at the ends of the trough. Typically the con~ 
centration in the cell is reduced from 315 to 275 g/l 
NaCl and the brine leaves the trough by an over?ow. 
Conventionally, it is fed to the trough by a valve and ro 
tameter. After leaving the cell, the brine is dechlori 
nated by a combination of HCl addition and vacuum 
and air stripping, resaturated, puri?ed and returned to 
the cell with its pH at about 7.0. 

Electricity is led into the mercury by connections to 
the steel trough bottoms with bus-work. Anode rods 
that project above the cover, and usually have to be 
vertically adjustable. are connected to the main bus 
work by pigtails, clamps, soldered rods or similar hard 
ware. To stop operation of each trough, short circuit 
switches that connect the anode bus-work to the cath 
ode buswork are usually provided. 
The covers, sidewalls, end boxes, seals and, at times. 

most of the bottom of the trough are covered with cor 
rosion resistant material, usually hard rubber. The life, 
before repair or replacement becomes necessary, 
hardly ever exceeds ?ve years and is often much less. 
This assemblage of components is commonly called the 
primary cell. 
The mercury ?owing out of the primary cell contains 

sodium, plus impurities such as calcium, magnesium 
and iron that may not have been fully removed in the 
prepurification of the brine. To remove the sodium, 
thus making caustic soda, the mercury is washed with 
distilled water. This operation is performed in contact 
with graphite, leading to the production of caustic solu 
tion, hydrogen gas and relatively sodium-free mercury, 
which is pumped back to the inlet box of the primary 
cell. The apparatus for this is conventionally called the 
secondary cell or denuder. in present practice, it is ei 
ther a horizontal trough with graphite grids, or a short 
tower with graphite packing. If it is a trough, it is ar 
ranged either alongside or under the primary cell; if it 
is a tower it is usually arranged on the discharge end of 
the primary cell, with the pump underneath the tower 
and a long pipe under the primary cell that conducts 
the mercury back. 
To understand the function of the mercury cathode 

in a mercury chlorine-caustic cell, consider the elec 
trolysis of a sodium chloride solution between a steel 
cathode and a graphite anode. Chlorine is evolved at 
the anode and hydrogen at the cathode, while caustic 
soda is formed simultaneously at the latter, according 
to the reaction: 
2NaCl + 2H2O = 2NaOH + Clz + H2 

With no separation of the anolyte and catholyte, the 
following secondary reactions occur: 
2NaOH + C1,, = NaOCl + NaCl + H20 
3 NaOCl = NaClOa +2NaCl 
C (Graphite) + 2NaOCl = 2NaCl + C02 
Cl2 + H2 = 2HCl (Explosion) 
Obviously such a cell does not serve the purpose of 

producing caustic soda and chlorine. On the other hand 
in a mercury cell, and utilizing a mercury cathode, if 
the mercury is relatively pure, hydrogen will not be 
evolved on the cathode preferentially to the discharge 
of sodium, and the mercury will become sodium amal 
gam, in accordance with the following: 
2NaCl —> 2NA(Hg) + C12 

because the hydrogen overvoltage on a mercury sur 
face is higher than the voltage required to deposit so 
dium into such a surface. The overvoltage is the voltage 
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of an electrode above that theoretically required to dis 
charge a gas on its surface. 

lfthe mercury contains more than a few tenths of one ‘ 
percent of sodium, or traces of magnesium, nickel or 
similarly low hydrogen overvoltage metals, hydrogen 
and caustic soda rather than sodium amalgam will form 
to a greater or lesser extent. When this happens, the 
current efficiency drops, graphite consumption in 
creases and the chlorine gas in the cell, or in the uncon 
densable gas left after most of the chlorine is liquefied, 
becomes explosive because of hydrogen admixture. 
The reverse effect is desired when making caustic 

and hydrogen from amalgam. lf clean sodium amalgam 
is placed in a beaker and water or caustic is poured 
over it, little or no reaction takes place, because hydro 
gen does not readily discharge from a mercury surface. 
Ifa piece of graphite is partly dipped into the mercury, 
hydrogen bubbles can be observed rising from the 
graphite very near the mercury surface, the water or 
causticbecome more alkaline and the amalgam is de 
nuded of its sodium. Thus, under operating conditions 
the denuder is a short-circuited battery in which the 
amalgam is the anode and the graphite the cathode. 
This process produces a pure concentrated caustic, 

normally about 50%, compared to about 1 1% concen 
tration for the diaphragm cell. However, the circulation 
of mercury, the exposure of the mercury surface to salt 
brine where it is always denuded to a greater or lesser 
extent, and other problems inherent in the technology 
have always forced the design into large, expensive, 
complicated equipment occupying large buildings and 
leading to inevitable mercury pollution from skimming 
operations and the like. Furthermore, mercury cells are 
extremely sensitive to impurities in the sodium chloride 
solution as these increase the denuding of the amalgam 
that takes place during electrolysis, resulting in a high 
and frequently explosive hydrogen content of the chlo 
rine. 
The problems of circulation of mercury may be 

avoided if the configuration is one in which the mer 
cury is used as a membrane, one face of which is the 
cathode in the brine which undergoes electrolysis, the 
other face of which is in contact with the caustic soda 
solution. In this manner the deposition of sodium in the 
amalgam occurs simultaneously with denuding at the 
opposite face. 
Attempts to achieve this have invariably led to a de 

sign wherein the mercury is either supported in syphon 
like superimposed channels or on porous or woven ma 
terials, essentially on a diaphragm. When the mercury 
is supported in syphons, the long path that the sodium 
metal must travel through the mercury results in over 
concentration of sodium at the cathode surface accom 
panied by hydrogen evolution on the cathode surface 
and into the chlorine and, if the mercury is supported 
on a diaphragm, the eventual result has always been 
that the resistance increases because gas bubbles be 
come entangled in the pores. Furthermore, deposition 
of metallic impurities such as iron in the pores results 
in wetting of these impurities by mercury accompanied 
by mercury leaking through the diaphragm and being 
lost. 
A variation in the mercury cathode cell is disclosed 

in US. Pat. No. 2,749,301. The mercury cathode is 
supported on a porous diaphragm of a woven plastic 
fabric or asbestos cloth. The brine flows beneath the 
cathode on the anode surface. A very large, and thus 

20 

25 

30 

35 

45 

50 

55 

65 

4 
uneconomical, ?ow of brine must be pumped through 
the space between the anode and the diaphragm to 
avoid the blanketing of the diaphragm by gas bubbles. 
However, with a high flow rate, bubbles of chlorine as 
well as hydrogen from the mercury layer above the dia 
phragm slowly become entangled in the diaphragm and 
reduce the efficiency of the process. 
An object of the present invention is to provide novel 

processes and apparatus for the electrolysis of alkali 
metal solutions. It is also an object of this invention to 
overcome certain de?ciencies which exist in presently 
used electrolysis cells and processes. 
_ These and other objects will be set forth more fully 
in the following detailed description. 

THE INVENTION 

This invention is directed to processes and apparatus 
for the electrolysis of aqueous solutions containing al 
kali metal ions, as illustrated by the electrolysis of so 
dium chloride solution to form chlorine, sodium hy 
droxide and hydrogen. The alkali metal ions will be in 
solution with anions of the mineral acids, and/or hy 
droxyl ion, and/or anions of organic acids. Examples of 
such aqueous solutions are solutions of the chlorides. 
bromides, sulfates, sulfites, phosphates, acetates and 
hydroxides of sodium and potassium. 

in one embodiment of the invention a composite 
membrane is used to separate the cathode products 
from the electrolyte. The composite membrane is char 
acterized by a membrane (which is a solid polymer or 
resin) facing the anode, and a layer of metal permeable 
to alkali metal in intimate contact with the membrane. 
The term membrane is used for a material which exhib 
its high ion permeability, and relatively low permeabil 
ity with respect to the anolyte. In a further aspect of 
this invention the presence of a gas phase in the elec 
trolyte adjacent to the composite membrane is avoided, 
either by operation above atmospheric pressure under 
conditions wherein normally produced gaseous prod 
ucts are liquefied or dissolved in the electrolyte, or by 
operation with the anode covered with an electrolyte 
permeable diaphragm or an anionpermeable mem 
brane and with removal of the anode products through 
the anode. In still another aspect of this invention, cell 
modules, consisting of electrolytic and denuding com 
partments separated by composite membranes are 
stacked to provide‘distributed series flow of electrical 
current from cell to cell, while fluids ?ow uniformly to 
and from the cell modules within electrically noncon 
ducting channels, tubing or piping. 

It is characteristic of the composite membrane that 
in its application to the electrolysis of an aqueous alkali 
salt solution, alkali metal ions migrate from the aque 
ous solution through the membrane into the layer of 
metal and then pass out of the metal layer. 
For the most advantageous utilization of this inven 

tion it is obvious that the electrical resistance to the 
electromigration of alkali metal ions within the mem 
brane should be low and that the transport capacity of 
the metal layer for the alkali metal should be high to 
provide the maximum unit capacity for the composite 
membrane and the minimum requirement of electrical 
energy. Furthermore, the composite membrane is de 
signed to provide direct interfacial contact between the 
polymeric membrane and the metallic layer in order 
that the alkali metal ions may be discharged directly 
from the polymeric membrane into the metallic layer 



3,864,226 
5 

to be conducted therethrough as alkali metal atoms, or 
as alkali metal ions together with free electrons. 
A preferred metallic layer is liquid mercury which 

forms liquid amalgams with the alkali metals. This 
characteristic is, of course, well known in the prior art 
in which mercury cells are widely used for the produc 
tion of electrolytic chlorine and caustic soda. In the fol 
lowing description mercury will be used in referring to 
the metal layer of the composite membrane of this in 
vention. 

In a further embodiment of this invention the inter 
face between the polymeric membrane and the mer 
cury layer can be increased above that of a planar inter 
face by corrugating or dimpling the membrane into the 
mercury layer. It is advantageous also to effect an ex 
tension of this interface by depositing mercury within 
the polymeric membrane structure, for example, by an 
initial electrolysis of a mercury salt solution or by oth 
erwise depositing mercury within the membrane struc 
ture. It has also been found that resistance can be de 
creased by applying a swelling agent, usually a polar 
solvent such as ethanol or glycol, to the polymeric 
membrane either alone or in combination with the mer 
cury impregnant. 
The polymeric portion of the composite membrane 

should have the characteristics of low electrical resis 
tivity and high chemical resistance to chlorine and 
brine under the operating conditions employed. 
The polymeric portion of the composite membrane 

may comprise a solid per?uorocarbon polymer having 
pendant sulfonic acid or sulfonate groups, or sulfonic 
acid and sulfonate groups. (The term “sulfonic groups” 
is used to refer generically to the sulfonic acid and/or 
sulfonate groups.) Said per?uorocarbon polymer has 
the pendant groups attached either directly to the main 
polymer chain or to per?uorocarbon side chains at 
tached to the main polymer chain. Either or both the 
main polymer chains and any side chain may contain 
oxygen atom linkages (i.e. ether linkages). The per 
?uorocarbon polymer from which the polymeric por 
tion of the composite membrane of the invention is pre 
pared includes perfluorocarbon copolymers with said 
pendant groups as well as per?uorocarbon polymers 
having mixed chlorine and ?uorine substituents where 
the number of chlorine atoms is not more than about 
25% of the total chlorine and ?uorine atoms, with said 
pendant groups. The polymeric portion may optionally 
by reinforced, for example, by using a screen of a suit 
able metal or a cloth of polytetrafluoroethylene or 
other reinforcing material as disclosed in copending ap 
plication Ser. No. 196,772, now US. Pat. No. 
3,770,567. The per?uorocarbon polymers used for the 
membrane portion of the composite membrane may be 
prepared as disclosed in U.S. Pats. 3,041,317; 
3,282,875 and 3,624,053. 
The preferred per?uorocarbon polymers are pre 

pared by copolymerizing a vinyl ether having the for 
mula FSOQCFZCFZOCF (CF3)CF2OCF=CF2 and tetra 
?uoroethylene followed by converting the -—SO2F 
group to either —SO3H or sulfonate (for example alkali 
metal sulfonates) or both. The equivalent weight of the 
preferred copolymers range from 950 to 1350 where 
equivalent weight is defined as the average molecular 
weight per sulfonyl group. The preferred thickness of 
the membrane portion is 0.001 to 0.0l0 inch. 
Thus the cells of this invention have an anode and a 

composite membrane comprising a polymeric portion 
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6 
comprising per?uorocarbon polymers having pendant 
sulfonic acid and/or sulfonate groups and a cathodic 
layer of metal permeable to alkali metal ions in inti 
mate contact with said polymeric portion. 
Although the metal layer ofthe composite membrane 

has been described as mercury, other metals may be 
used in its place. The nature of the metal chosen de 
pends upon the cation of the electrolyte, the permeabil 
ity of the metal layer to the cation, and the interaction 
of the metal layer with the cation. For example, thin 
?lms of silver and or lead or combinations of these met 
als with mercury could be considered for this purpose. 
Since the electrolytic cell of the present invention is op 
erable under high pressures and elevated temperatures, 
normally solid metals and alloys can be used in their 
molten state. A very thin layer of a solid metal which 
exhibits sodium diffusion characteristics would permit 
the use ofa solid metallic component in the composite 
membrane. This technique could also be used in com. 
bination with a liquid metal. These and other embodi 
ments would facilitate a configuration in which the 
composite membrane is used in a position other than 
horizontal. ‘ 

The anodes of the electrolytic cell can be made of 
any material that is suitable for the electrolytic process 
intended, such as the platinum group metals and their 
oxides either alone or as a coating over titanium or tan 
talum. The anode may be of any suitable con?guration 
such as sheets, expanded or perforated metal, smaller 
segments of such forms, or other configuration that 
does not lead to damming or entrapment of the anode 
product. 
The short~circuited electrodes in the denuding com 

partments consist of graphite or similar material having 
a relatively low hydrogen overvoltage. These elec 
trodes are distributed in a pattern over the surface of 
the mercury in the denuding compartments and are 
partly immersed in the mercury. Bubbles of hydrogen 
gas are evolved at the graphite surface, while hydroxyl 
ions are formed as sodium ions enter the aqueous solu 
tion from the mercury layer. 
The short-circuited graphite electrodes may serve 

also to carry the cathodic current to the mercury, but 
it is preferable to use metallic leads from the anode of 
the cell next above. It has been found that graphite fab 
ric intertwined between and around these metallic 
leads is effective in causing a rapid and thorough de 
nuding of the amalgam, while permitting a close spac 
ing of the metallic leads. 
The invention will be described in greater detail in 

conjunction with the accompanying diagrammatic rep 
resentations. It should be understood that the means of 
carrying out the inventions exempli?ed by the figures 
are not limiting and that various modifications of con 
structive and operational detail could be used by a per 
son skilled in the art. 
FIG. 1 is a partial section of single element of a cell 

using a composite membrane, a sheet type anode and 
graphite fabric in the denuder, intended to produce 
chlorine under pressure as a dissolved gas. 
FIG. 2 is a partial section of a single element of a cell 

using a composite membrane, an‘anode (shown in the 
alternative forms of a perforated anode and a button 
anode), and graphite fabric in the denuder, intended to 
produce liquid chlorine under pressure. 
FIG. 3 is a partial section of a single element of a cell 

using a composite membrane and a drained anode 
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compartment using a screen anode, and graphite fabric 
in the denuder, intended to electrolyze sodium sul 
phate. 
FIG. 4 shows a section through a stack of cell ele 

ments inside a pressure containing shell intended to 
produce chlorine under pressure. 
FIG. 5 shows a flow sheet of the brine and chlorine 

system for a cell stack composed of cells using compos 
ite membranes to produce liquid chlorine under pres 
sure. 

FIG. 6 shows a ?ow sheet of the brine and chlorine. 
system and a cell stack composed of cells using com 
posite membranes to produce chlorine dissolved in 
brine under pressure. 
HO. 7 shows a ?ow sheet of the water, caustic and 

hydrogen systems for a cell stack in which the caustic 
is cooled by recirculation. 
FIGS. 1, 2, 3 and 4 are directed to a cell stack within 

which the individual elements occupy an essentially an 
nular space with the feed of electrolyte and water com 
ing from outside the annulus while the cylindrical core 
at he center of the annulus is used for insulating con 
duits for spent electrolyte. Other geometrical forms, 
such as rectangular elements, can also be employed. 
For each of FIGS. 1, 2 and 3 reference is made in the 
following description to he top portion of the cell which 
is identical to the top portion of next adjacent lower 
cell, as shown in the ?gures. 
Referring to FIG. 1, l is the outer anode ring, 2 is the 

outer denuder shell, 3 is the water feed pipe, 4 is the an 
olyte, 5 is the outer anolyte bustle, 6 is the anolyte reg 
ulator, 7 is the anolyte feed pipe, 8 is the anode, 9 is the 
hydrogen space, 10 is the caustic space, 11 is the graph 

, ite fabric'tape, 12 is a current lead, 13 is the inner 
anode ring, 14 is the inner denuder shell, 15 is the caus 
tic and hydrogen outlet pipe, 16 is the inner anolyte 

. bustle, 17 is the inner membrane ring, 18 is the anolyte 
overflow pipe, and 19 is the outer membrane ring. The 
layers A and B together form the composite membrane; 
wherein A is the polymeric membrane layer and B is 
the metal layer, namely mercury. 
The electrolytic element is confined by the anode 8, 

the outer anode ring 1, the inner anode ring 13, the 
outer denuder shell 2, the inner denuder shell 14, and 
the bottom of the next anode 8’. Within the elements 
are the composite membrane AB, the graphite tape 11, 
and the current leads 12. 
The anode 8 is a plate that can be made of steel or 

nickel with a thin layer of titanium bonded in intimate 
electrical contact to its upper surface. The upper sur 
face of this titanium layer would, in turn, be coated 
with a member of the platinum metal family or one of 
their oxides, such as ruthenium oxide. On the under 
side ofthe anode are attached the leads 12. This attach 
ment must again be in intimate electrical contact. For 
instance, the leads 12 can be nickel wires attached to 
the anode plate by electron beam welding. These leads 
are not necessarily straight wires but could be hair pin 
loops or any other suitable configuration that will con 
duct current between the mercury and the anode next 
above and make good electrical contact between them 
without tending to blanket the space between the mer 
cury surface or the interface between the mercury B 
and the membrane A. One skilled in the art can, of 
course, calculate the electrical conductivity of these 
elements. A very good distribution of the current in the 
mercury is necessary. Whether this is accomplished by 
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8 
a large multiplicity of thin leads or by fewer thicker 
leads equipped with thinner distribution leads within 
the mercury, such as a screen, is not important as long 
as the basic requirements listed above are met. 
The elements in contact with anolyte and chlorine, 

the anode rings 1 and 13 and the lower portions of the 
denuder rings 2 and 14, the membrane ‘rings 17 and 19 
and the requisite gaskets that are not shown for the 
sake of simplicity must be of such material and con 
struction as will withstand the corrosive environment 
encountered. Furthermore, the construction and bolt 
ing must be such as not to cause short circuits even if 
protective materials should fail. It is therefore pre 
ferred that all these elements be constructed of non 
conducting materials rather than of coated metals. The 
fluorocarbons, the higher density polyole?ns, some of 
thepolyesters and in the case of materials facing only 
the denuder, the epoxies are suitable materials. The 
current leads 12, the inner lip of 2 and the outer lip of 
14 should be metallic and amalgam wettable, prefera 
bly iron or nickel. This is desirable to prevent the seep 
age of solution around the mercury in the case of the 
denuder rings and poor electrical contact in case of the 
leads 12. 
The graphite fabric tape 11 serves as a very efficient 

denuding element, but graphite tubes around the leads 
12 or other forms of graphite placed among these leads 
would also be suitable. However, it is preferred to use 
the graphite fabric wrapped around the leads 12 in such 
a manner as to form ?ow channels and thereby facili 
tate flow and mixing of the water and caustic, to avoid 
stratification and poor denuding. The water feed pipe 
3 and the caustic and hydrogen pipe 15 are merely con 
ventional pipe or tubing which are either made of suit 
able insulating materials or carry suitable insulating 
joints. 
The brine feed pipe 7 carries flow regulating device 

6 to insure that the proper quantity of electrolyte 
reaches each element. This anolyte regulator 6 can be 
merely an ori?ce of suitable size or a control valve to 
getherwith a flow sensing means. lfa stack of these ele 
ments is fed from a common header, it is preferred to 
regulate the ?ow and, if desired, measure it, by means 
of a ?ow regulating device system designed to feed a 
constant proportion of the total flow to a number of 
vertically disposed vessels. 
The flow of the individual electrolytic units should be 

uniform in spite of the different hydrostatic heads exist 
ing up the cell stack. This can be achieved by various 
distribution means such as individual feed pots fed on 
a time cycle together with ?ow-regulating orifices. 
A preferred method of maintaining controlled and 

substantially equal volume flow of brine in each of the 
brine streams despite the differences in hydraulic pres 
sures is to deliver each stream vertically upward in a 
tube with tapered bore. In this tube is a rotor, or ?oat, 
which is suspended in the moving stream. The gravita 
tional force on the rotor (less the buoyancy) is then 
balanced by an equal and opposite force exerted on the 
rotor by the moving stream. This force is independent 
of the stream ?ow rate and it is equal to the pressure 
differential times the maximum transverse section area 
of the'rotor. The pressure differential is therefore also 
independent of the ?ow rate. 
The ?oat is an axially symmetrical body which is ei 

ther a sphere or, preferably, a body having a center of 
gravity substantially below the cross section at maxi 
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mum area. It is designed to be self centering in the mov 
ing stream and it may be described as plumb-bob 
shaped. lts vertical position in the tapered tube is vari 
able with the ?ow rate. When this position is measured 
on a linear scale as a measure of this ?ow, the device 
is known as a rotameter. 
The parameters of this device are related as follows: 
SNAP): VIM/“11) l. 

AP is the pressure differential; 
S; is the maximum cross-sectional area of the float; 
v, is the volume of the ?oat; 
d, is the density of the ?oat; 
d is the density of the ?uid; 
C is an ori?ce constant; 
3 is the gravitational constant; 
S is the area of the annular space between the ?oat 
and the tube wall at the maximum cross section; 
and 

q is the volume rate of ?ow. 
These equations indicate that the pressure differential, 
AP, which is imposed on the stream may be controlled 
by selection of the ?oat parameter, v, (drd)/S,, i.e. by 
suitable selection of the float geometry and apparent 
density, which together are referred to as the speci?c 
weight. 
This invention is utilized for the purpose of maintain 

ing an equal ?ow in the several streams as follows. The 
several streams may be designated numerically by l, 2, 
3, . . . n, and the hydrostatic pressures may be desig 
nated 1),, p2, p3, . . - p", where the subscripts denote the 
stream numbers. The ?oat parameter, as indicated 
above, in the ?oat of each stream is adjusted so that the 
pressure differentials AP,, APZ, AP3, . . . AP" satisfy the 
condition: 

With adjustment of the ?oat parameters as indicated 
above, the ?ow distribution remains equalized regard 
less of the total brine ?ow to the system. 

In the foregoing description of this aspect of the pres 
ent invention the ?ow of brine in the several streams is 
equalized and the ?ow in the several tubes is upward 
against the downward force at a ?oat which is heavier 
than the ?uid. It is possible however to utilize this in 
vention to maintain the proportionality of ?ow at 
streams which are not equal by the use of ?oats suitably 
proportioned and weighted. A means to adjust the ratio 
of ?ow between streams, such as a valve in each 
stream, may be used in conjunction with the ?oat con 
trol means whereby the ratio of ?ow between the 
streams (i.e. as set by a valve) is maintained regardless 
of total ?ow from header. It is also within the scope of 
this invention to utilize a ?oat which is lower than the 
?uid in means speci?c gravity. For this case the ?ow of 
?uid in the tapered tube is downward; the taper at the 
tube is expanding downward and the center of gravity 
of the ?oat is above the cross section at maximum area. 
There is the additional advantage that in this ?ow 

control system, the vertical position of the ?oat is re~ 
lated to the annular area S and the volume ?ow q, as 
suming that all of the parameters on the right hand side 
of equation (2) remain constant. By varying the up 
stream pressure P, at the common manifold it is possi 
ble to obtain a proportional change in ?ow rate of the 
liquid stream to each cell while maintaining the differ 
entials of hydrostatic pressure. It is a matter of great ad 
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‘vantage in chlorine-caustic production to be able to 

- control the solution ?ow to the individual cells propor 
tionately by means of a control in a common manifold. 
This is for the reason that ?exibility in production is es 
sential to meet ?uctuations in demand without provid 
ing very large storage facilities. If desired, these ?ow 
balancing devices can be used as sensors of ?ow infor 
mation when coupled with a capacitative or inductive 
position sensing means. 
This ?ow control system is also of value in systems 

other than the chlorine cell disclosed herein. This type 
of ?ow control has general applicability to any system 
of multiple feeds from a common header where it is de 
sired to maintain equal or proportionate ?ow between 
the multiple feed streams despite different upstream 
pressures. 
The membrane A is shown as a planar film, but it is 

preferred to have an extended surface with corruga 
tions or dimples extending up into the mercury, to ex 
tend the interface between it and the mercury. This re 
duces the electric resistance of the interface and of the 
-membrane itself, and reduces the quantity of mercury 
in the system. The hydrostatic head to be provided by 
18 should preferably be at least 2 inches of water col 
umn above that required for hydraulic balance. The an 
olyte pipes should also be designed to insulate electri 
cally. Of course, some or all of the pipes attached to the 
cell could be replaced by passages within the cell struc 
ture. 
Referring to FIG. 2, 20 is the cell housing, 21 is an 

anode and 22 and 23 are gaskets. All other elements of 
the cell described in FIG. 2 have the function of similar 
elements in FIG. 1. The anode 21 together with the cur 
rent leads fulfill the same function as the anode 8 and 
the current leads 12 of FIG. 1, but facilitate run-off of 
liquid chlorine. 
Two alternative anode constructions are shown in 

FIG. 2. On the left hand side the top of the current 
leads 2]’ are enlarged to form a button. This results in 
an anode that consists of a multiplicity of small pieces 
with channels between them for the run-off of the liq 
uid chlorine. It is obvious that more than one lead can 
be connected to a single button in this manner and that 
the lead could be run through the top of the cell hous 
ing and the button placed entirely on top of the cell 
housing rather than having the button run through the 
top of the cell housing. This construction has the ad 
vantage that it lends itself to molding techniques, to 
wire and screw machine metal working techniques and 
permits the use of brittle anode materials that cannot 
readily be fabricated to cover a large surface in a thin 
section. In this manner a choice of materials is available 
and the current lead and the button can be one material 
or two quite different materials. 
The anode design shown on the right hand side, 

wherein the anode is a perforated sheet 21", lends it 
self to a different set of fabrication techniques. Perfo 
rated sheet, screens or expanded metal can be electri 
cally connected to the current leads, either by running 
each current lead through the top of the cell housing or 
by joining several current leads to each other within the 
denuder compartment and bringing only one single 
connection from such a bundle of current leads to the 
anode sheet. By positioning the anode sheet somewhat 
above the top of the cell housing, space for liquid chlo 
rine is provided. 
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The top face of either the buttons or the anode sheet 
must have a configuration such that liquid chlorine 
does not blanket it but tends to run off onto the top of 
the cell housing. If found desirable for corrosion resis 
tance, the top of the cell housing can be protected by 
a layer of ?uorocarbon held in place by shoulders on 
the leads or buttons. 
The gaskets 22 and 23 seal the polymeric membrane 

to the cell housings and adjacent housings to each 
other. When using per?uorsulphonic acid polymers as 
a membrane, it is possible to seal this material to other 
?uorocarbons or to leave its edge in the sulphonyl ?uo 
ride form and to build up gasket structures in this man 
ner. Similarly, this material, or its sulphonyl ?uoride 
form can be used as is, or attached to ?uorocarbon lin 
ings of other cell components, thereby leading to a vari 
ety of means of attachment and corrosion protection. 
The bustle construction of FIG. 2 is somewhat differ 

ent from the bustle construction of FIG. 1. This is due 
to the fact that the cell of FIG. 1 is intended to produce 
chlorine dissolved under pressure while the cell in FIG. 
2 is designed to produce liquid chlorine which should 
drain freely through the perforations or channels in the 
anode along‘ the top of the cell housing and into the 
inner bustle structure. 
Referring to FIG. 3, 24 is a diaphragm, 25 is an anode 

screen, 26 is an anode pan and 27 is an anolyte and ’ 
anode gas outlet. 
The cell of FIG. 3 is essentially the same as the cell 

in FIG. 1 with a fundamentally different anode con 
struction. Using the electrolysis of sodium sulphate so 

I ._ lution to produce caustic soda, sulfuric acid, hydrogen 
, and oxygen as an example, it is obvious that the anode 
gas, oxygen, is neither soluble nor liquefiable under any 
practical conditions within a cell. Therefore, to carry 
on such an electrolysis, one can either accept the disad 
vantages of gas bubbles in the anolyte, which requires 
a large anolyte ?ow to sweep the gas bubbles from the 
cell but still results in a higher cell resistance, or one 
can operate a cell with a composite membrane at the 
cathode and a diaphragm protected drained anode, 
leaving the intervening electrolyte substantially free of 
gas bubbles. The electrolyte can either percolate com 
pletely through the anode diaphragm or can be circu 
lated partially through the cell while part of it is permit 
ted to ?ow through the diaphragm. This can be con 
trolled by choosing a diaphragm of proper resistanceto 
?ow and by controlling the differential pressure be 
tween the main electrolyte ?ow and the gas phase in 
the anode pan by means well known in the art. 
The diaphragm can be replaced by an anion 

permeable membrane or an anion-permselective mem 
brane, so that, in the case of sodium sulphate electroly 
sis, the anolyte will contain mostly sulphuric acid with 
a minimum of sodium sulphate which would drain at 
the anode, rather than a mixture of sulphuric acid and 
sodium sulphate. The sodium sulphate circulating 
stream can then be merely resaturated without the 
need of an external crystallization step to separate the 
sodium sulphate from the sulphuric acid. Since one of 
the main applications for sodium sulphate electrolysis 
is the recovery of rayon spin baths, such a crystalliza 
tion can be carried out by circulating the solution from 
the cell through the spin bath recovery. 
A cell of this nature can also beused for the electrol 

- ysis of sodium chloride by choosing suitable diaphragm 
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and anode materials, in which event the cell can be op 
erated at nearly atmospheric pressure. 
Although FIG. 3 shows a screen anode, other drain 

ing forms of anodes can be employed as well, thus per 
mitting the use of materials such as lead-silver-alloy, 
magnetite and others. 

Referring to FIG. 4, 1 is a pressure shell, 2 is a caustic 
or water distributor, 3 is a caustic or water feed, 4 is a 
?exible cathode bus, 5 is a caustic or water feed tube, 
6 is an insulating pressure ?uid, 7 is a cathode end cap, 
8 is an anolyte feed header, 9 is an anolyte regulator, 
10 is an anolyte disengagement core, 11 is a cell ele 
ment, 12 is an anolyte over-?ow pipe, 13 is an insulat 
ing ring, 14 is an anolyte feed, 15 is an anode end cap, 
l6~is the caustic and hydrogen outlet. 17 is the anolyte 
and chlorine outlet, 18 is the cathodic rectifier bus con 
nection and 19 is the anodic recti?er bus connection. 
This ?gure shows a schematic section of a stack of 

cell elements producing chlorine as liquid or dissolved 
gas. The bottom of the stack is the end anode which 
also carries most if not all piping connections, since the 
water or caustic connection 3 could also be carried in 
the base. This base is also connected to the positive side 
of the reacti?er. Mounted over the stack and fastened 
in a pressure tight manner to the base is pressure shell 
1, and the space between the pressure shell and the cell 
stack is ?lled with insulating pressure ?uid 6. On top of 
the cell stack is the cathode end cap 7. This end cap is 
connected by means of ?exible bus work to the shell 1 
which acts as the vertical bus leading the negative cur 
rent from the recti?er which is connected at its bottom 
to the top of the cell stack. On top of the cell stack is 
also located the water or caustic distributor 2 which 
feeds the denuders of each element. The liquid volume 
in each denuder is relatively large so that a discontinu 
ous feed is acceptable, provided the average feed vol 
ume is accurate. Therefore, measurement of the total 
feed 3 to the stack accompanied by accurate distribu 
tion by a device such as a rotating valve, small gang 
type plunger pumps, and the like, is suitable. The distri~ 
bution device should be on top of the stack so that the 
individual feed tubes drain empty into the denuders to 
prevent current leakage through the set of feed tubes 
5. If the insulating ?uid 6 provides perfect insulation, 
the pressure shell except for the insulating ring 13 can 
be bare metal. However, the danger of leaks from the 
cell stack, in spite of pressure balance controls between 
the cell stack and the ?uid 6, is ever present and a 
major short can develop. Therefore, it is preferred that 
the inner surface of the pressure shell 1 be lined with 
a suitable insulating material which can be rubber or 
any other plastic material compatible with the ?uid 6 
and the operating temperature. In addition, the area at 
the bottom of the shell and the top of the anode end 
cap 15 should be shrouded in leak tight combination 
with ring 13 as the total differential voltage of the stack 
exists at that point. 
The shell con?guration described above assumes that 

the main output from the rectifier or other direct cur~ 
rent source is at or near ground level. Should this not 
be the case, the insulating joint in the shell can be any 
where along the height of the shell and the current con 
nections would then be placed on either side of the in 
sulating joint. 

Referring to FIG. 5, l is a cooler or heat recovery 
unit, 2 is a cell stack, 3 is an anolyte circulation pump, 
4 is a spent anolyte cooler, 5 is a resaturator, 6 is a chlo 
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rine decanter, 7 is a dechlorination system, 8 is a chlo 
rine drying system, 9 is a slurry tank, 10 is a slurry 
pump, 11 is salt feed, 12 is chlorine product, 13 is an 
anolyte bleed stream, and 14 is a purified anolyte bleed 
return stream. . 

FIG. 5 is a schematic ?ow sheet for the brine and 
chlorine systems surrounding one or several cell stacks 
producing liquid chlorine directly in the cells. The op 
eration of the process depicted in this ?ow sheet is ob 
vious therefrom to one skilled in the art. Brie?y, it com 
prises the following. The spent anolyte passes from the 
cell 2 into the heat exchanger 4 where its temperature 
is reduced. The cooled anolyte then passes into 
resaturator 5 where its salt content is increased. The 
anolyte then passes into the chlorine decanter 6 from 
which most of the anolyte is recirculated through pump 
3 back into the cell 2. Some of the anolyte from chlo 
rine decanter 6 passes into the dechlorinator 7 from 
which it is discharged as stream 13. Puri?ed anolyte, 
stream 14 and salt 11 are fed into a slurry tank 9 and 
passed by slurry pump 10 into the resaturator 5. The 
chlorine removed from the chlorine decanter 6 and de 
chlorinator 7 are passed through the chlorine dryer 8 
and discharged as stream 12. The heat transfer fluid 
from the cell 2 passes through heat exchanger 1 and the 
spent anolyte cooler 4, from which it is then passed 
back into the cell stack 2. 
The theoretical decomposition voltage of sodium 

chloride is about 2.3, and a stack operates commer 
cially at a voltage of about 2 volts above this theoretical 
voltage per element. This excess voltage appears as 
heat and corresponds to a rate of about 60 KW per 
daily ton of chlorine produced. Most of this heat will 
appear as a temperature rise in the circulating electro 
lyte and in the caustic produced and some will result in 
a temperature rise of the insulating ?uid 6 of FIG. 4. 
This heat must be removed. This can be accomplished 
by simple heat exchange and the heat rejected to air or 
water. However, if an adequate difference in tempera 
ture exists between operating temperature and the heat 
sink, a substantial amount of the electrical energy 
above that theoretically required can be recovered for 
power generation, process heat, water desalination and 
the like. For power generation it would be beneficial to 
use a ?uid such as Freon with boiling characteristics of 
temperature and pressure close to the conditions of the 
cell stack. This then makes the coolers and the cell 
stack into a boiler. The boiling insulating ?uid can be 
used to drive a turbine after which it can be condensed 
and returned to the coolers 4. Otherwise, distilled 
water is quite satisfactory as the insulating ?uid. 
Liquid chlorine has an unusually large coefficient of 

thermal expansion. At room temperature liquid chlo 
rine is much heavier than the anolyte but at higher tem 
peratures the specific gravity of chlorine approaches or 
becomes less than that of the anolyte. 
The chlorine must therefore be separated from the 

anolyte either by decantation beneath the anolyte or 
removed at the top of the anolyte. The temperature 
conditions in the decanter, by control if necessary, 
should ensure that there is an adequate gravity differ 
ence for separation. Furthermore, the peculiar charac 
teristics of chlorine indicate that the cell con?guration 
and operation must be such that they provide against 
chlorine blanketing of the membrane when the chlo 
rine is lighter than the electrolyte and against chlorine 
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?ooding of the anode when chlorine is heavier than the 
electrolyte. 
The dechlorination system 7 shown in FIG. 5 is a de 

chlorination system that permits bleeding of a relatively 
small portion of the recirculating anolyte for two pur 
poses, maintaining impurities at an acceptable level 
and slurring the salt feed to the sytem. The rate of cir 
culation of the anolyte may be between about 5 to 10 
gallons per minute per daily ton of chlorine while the 
bleed stream 15 about 0.3 to 0.5 gallons per minute. 
The dechlorination under pressure is accomplished by 
heating the bleed stream with suitable heat exchange 
means to recover heat. if a small use for gaseous chlo 
rine, such as the manufacture of hypochlorite or hydro 
chloric acid is available, the dechlorination can be ac 
complished by simply ?ashing the bleed stream to at 
mospheric pressure and then dechlorinating by air 
blowing or vacuum in the conventional manner. 
Referring to FIG. 6, l is a. cooler or heat recovery 

unit, 2 is a cell stack, 3 is an anolyte cooler, 4 is a 
resaturator, 5 is an expansion engine, 6 is a chlorine 
?ash separator, 7 is an anolyte circulation pump, 8 is 
a dechlorination system, 9 is a chlorine condenser, it} 
is a chlorine drying system, 1! is a slurry pump, 12 is 
a slurry tank, 13 is salt feed, 14 is a purified anolyte 
bleed return stream, 15 is chlorine product, and 16 is 
an anolyte bleed stream. 
The operation of this arrangement can be brie?y 

summarized as follows. The spent anolyte passes into 
resaturator 4 and then into expansion engine 5 which 
is driven by the anolyte as it ?ows to the chlorine ?ash 
separator 6. The major portion of the anolyte passes 
from the separator 6 into the anolyte recirculation 
pump 7 which pumps the anolyte into the anolyte 
cooler 3 and back into the cell stack 2. A minor portion 
of the separated anolyte passes into the dechlorination 
system 8 from which it is bled from the system at 
stream 16. The chlorine from the ?ash separator 6 and 
from the dechlorination system 8 passes into a chlorine 
condenser 9, a chlorine drying systeme l0 and then 
passes out as product stream 15. Puri?ed anolyte l4 
and salt 13 are passed into a slurry tank 12 and directed 
by slurry pump 11 into the resaturator 4. An electrical 
ly-insulating heat-transfer fluid is pumped through the 
cell stack 2 and into a heat transfer unit 1 from which 
it is passed through the anolyte cooler and back into 
the cell stack. 
This ?ow sheet therefore is similar to the flow sheet 

of FIG. 5, except that it is intended to provide a means 
of operation for a cell where the entire chlorine pro 
duction leaves the cell as a dissolved gas. To obtain the 
chlorine product, the presssure of the spent anolyte is 
reduced from cell operating pressure which results in 
the evolution of gaseous chlorine in relatively direct re 
lationship to the ratio of operating pressure and pres 
sure maintained in the chlorine ?ash separator 6. Since 
the chlorine separated in 6 is hot and moist, and under 
some pressure, it is condensable by cooling. It is pre 
ferred to ?ash at pressures above 100 psi to be able to 
take advantage of normally available cooling water. 
Since very large quantities of anolyte must be 

pumped from ?ash pressure to operating pressure, re 
sulting in considerable energy use, it is preferred to re 
cover a large proportion of this energy by ?ashing the 
spent anolyte and produced chlorine through a type of 
expansion engine 5. 
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The ?ow sheets of FIGS. 5 and 6 indicate the produc 

tion of a wet, liquid chlorine. This liquid chlorine can 
be washed free of adherent salt if necessary and then 
dried. In normal commercial practice, it is essential 
that the chlorine be dried so that its moisture content 
is in equilibrium with sulphuric acid of about 95% at 
60° F, as otherwise the steel equipment in which liquid 
chlorine is conventionally piped and stored will cor 
rode. 
The salt feed to the system will usually have been pu 

ri?ed and prepared on the site. The salt feed should 
preferably be relatively ?ne to insure rapid dissolution, 
as otherwise salt crystals might enter the cell and erode 
the membranes. 
Referring to FIG. 7, 1 is a cell stack, 2 is a caustic 

cooler, possibly combined with a heat recovery system 
(not shown), 3 is a caustic separator, 4 is a caustic cir 
culation pump, 5 is a caustic separator flash tank, 6 is 
a hydrogen cooler, 7 is a mercury removal system, 8 is 
a caustic vacuum degassing vessel, 9 is a vacuum pump, 
10 is a hydrogen stream, 11 is a recovered mercury 
stream, 12 is a caustic stream and 13 is a water stream. 
Hydrogen and caustic are withdrawn from the cell 

stack together and separated in 3. Since hydrogen is 
only very sparingly soluble in caustic, most of the hy 
drogen will separate as a hot gas under pressure. After 
cooling this hot gas in 6, the mercury content of the 
cold gas, which is already very low because the hydro 
gen is under pressure, is lowered further and the con 
densed mercury can be recovered. The very slight 
quantity of mercury vapor present in cold hydrogen 
under pressure can be further removed in 7 by known 
techniques such as chlorine water scrubbing, adsorp 
tion and the like. Because the system operates in a 
completely encapsulated apparatus as distinct from the 
conventional mercury cell and because the mercury 
content of the hydrogen is inversely proportional to the 
pressure at which the hydrogen is generated, the mer 
cury pollution that occurs or must be dealt with is mini 
mized by a factor of ten or more. The hydrogen issuing 
at 10 would then no longer be of ecological conse— 
quence because of the efficient removal of mercury. It 
should also be noted that the chlorine is produced with 
out the presence of uncondensable gas and there is, 
therefore, no sniff gas to be vented or treated. 
After being separated in 3, most of the caustic would 

be recycled for cooling through 2. This cooling system 
together with the cooling system shown in FIGS. 5 and 
6 can be operated in various ways depending upon the 
results desired. It can either be run simply to cool the 
caustic, thus removing the heat content of the caustic 
stream, or the caustic heat removal can be so managed 
that the caustic stream is at a higher temperature than 
the brine stream, thus enhancing the possibility for heat 
recovery as distinct from simple cooling. The net in 
crease in caustic in the system, that is the net caustic 
production, would be permitted to flow from 3 to 5 
where it would be expanded to nearly atmospheric 
pressure. Dissolved hydrogen as well as small hydrogen 
bubbles would leave the caustic at that point. Depend 
ing upon the con?guration of the system, the hydrogen 
leaving in 5 may be free of mercury in which event it 
need not be subjected to any treatment other than the 
removal of caustic droplets, or it may contain some 
mercury contamination, in which event it can be 
treated in parallel to the main hydrogen stream issuing 
from 3. Hydrogen has a tendency to remain suspended 
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as very tiny bubbles in caustic when hydrogen pressure 
is relieved and it may therefore be desirable to ?ash the 
remnant hydrogen bubbles from the caustic by vacuum 
in 8. The small amount of hydrogen that would be 
pumped from the caustic at this point can be joined to 
the hydrogen stream from 5 and treated as necessary. 
The caustic coming from 8 can then be sent directly to 
storage without fear of hydrogen explosions in the stor 
age tanks. 
The system is operable over a wide range of tempera 

tures and pressures which will produce liquid or dis 
solved chlorine, in acordance with their physical char 
acteristics. Within the range of operable conditions, the 
selection of a particular pressure and temperature is 
determined by balancing the economic factors by well 
known optimization techniques. Examples of tempera 
ture and pressure range for liquid chlorine production 
are from about I00 to 1000 psia at from about 60° to 
270° F, or 300 to 650 psia at from l50° to 225° F. 

In accordance with economic considerations the pro 
cess would generally be operated at a temperature 
above the temperature of an available heat sink. In 
common industrial practice, this would be 80° F. This 
means that a cell producing liquid chlorine would be 
operated at pressures above 100 psi and that the flash 
pressure in the case of a system where the chlorine is 
entirely produced as a dissolved gas would also be no 
lower than 100 psi to permit liquefaction of the chlo 
rine without mechanical refrigeration. 
The upper pressure/temperature limits are again sub 

stantially a matter of economics. The upper limit of 
course for liquid chlorine is its critical temperature. At 
very high pressures the equipment becomes extremely 
expensive and therefore the process would not nor 
mally be operated above a pressure of 1,000 psi. The 
operating temperatures which are possible within these 
pressure ranges can be determined from well-known 
data. The possibilities of heat recovery from the system 
are enhanced by operating at high temperatures so as 
to have a temperature difference between the brine and 
caustic temperatures and the heat sink temperature re 
spectively. With liquid chlorine production directly in 
the cell, a major consideration is the boiling point curve 
for liquid chlorine. In the case of dissolved chlorine 
production in the cell, the solubility of chlorine de 
creases with increasing salt concentration and tempera 
ture and increases with increasing pressure. Thus, the 
greater the pressure difference between the cell and the 
flash separator, the more chlorine per unit of brine flow 
will be produced per pass. The higher the salt concen 
tration, the lower will be the chlorine production per 
pass of brine. The higher the cell operating tempera 
ture, the less chlorine will be dissolved in the brine but 
the more heat can be recovered from it. Standard opti 
mization techniques together with known data con 
cerning the boiling point and solubility of chlroine 
would be usedd to determine operating conditions for 
any particular case. 

All conventional chlorine cells must be housed as 
they cannot be practically operated out of doors. The 
cells of this invention can be operated out of doors in 
almost any climate and the cost of building avoided. 
The cell design of the invention requires neither bus 
work from element to element nor distributing bus 
work at each element resulting in the total absence of 
copper or aluminum bus bars around the cells. This not 
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only saves capital costs but avoids one of the main 
maintenance costs of the average chlorine plant. 
The foregoing descriptions of the invention have 

been directed to the electrolysis of sodium chloride and 
sodium sulphate, producing caustic soda and hydrogen 
in each case. This is however not intended to be a limit 
ing feature of the invention. Solutions containing other‘ 
ions, particularly the corresponding potassium ion solu 
tions, can be electrolyzed in a similar manner. The in 
vention set forth herein is generally applicable for com 
pounds that are capable of being electrolyzed in con 
ventional mercury cathode cells. It is also useful to 
carry out other known electrolysis processes of solu 
tions containing alkali metal ions. Of course anloytes 
(or impurities or interfering ions therein) and denuding 
media known to interfere with the proper functioning 
of the electrolytic process should be avoided. Further 
more, the denuder can be used, at times without denud 
ing graphite, for the production of sodium sulphide by 
using sodium polysulphide as the denuding medium, for 
the production of sodium hydrosulphite by using sul 
phur dioxide solution as the denuding medium, for the 
production of alcoholates, for various organic reduc 
tions, dimerizations and similar reactions. 

Also, by careful control of current efficiency ratios to 
avoid the oxidization of the metal component of the 
composite membrane, it is possible to use this metal 
component as a bipolar electrode, thus carrying out a 
further reaction step between a final electrode within 
the denuder chamber and the anionic side of the now 
bipolar metal component of the composite membrane. 
An example of such a reaction would be the production 
of sodium. Furthermore, although the mercury layer is 
always described as stationary, this does not exclude 
the alternative of circulating mercury from the com 
posite membrane. 

EXAMPLES 

The following examples were conducted in cells con 
taining a platinized titanium anode facing a composite 
membrane with substantially saturated brine ?owing 
between the anode and the composite membrane. The 
chlorine produced was withdrawn from the cell with 
the brine stream. The composite membrane comprised 
“Nafion” per?uorosulphonic acid membrane made 
from a copolymer of tetrafluoro ethylene and a vinyl 
ether of the formula 
FSO2CF2CF2OCF(CF3)CF2OCF=CF2 through conven 
tional thermoplastic techniques followed by conversion 
of the pendant sulfonyl fluoride group to the acid from 
the resulting copolymer having an equivalent weight in 
the range of 950 to 1,350 (made by E. l. du Pont de Ne 
mours & Co., Inc.), with a layer of mercury above it. 
The amount of mercury was sufficient to cover the 
polymeric membrane entirely, care being exercised 
that any corrugations or dimples in the polymeric mem 
brane were also covered. The mercury of the compos 
ite membrane was in contact with graphite elements 
and water was passed over the mercury to produce 
caustic and hydrogen above the composite membrane. 
In all examples, by virtue of the swelling of the mem 
brane either by means of solvent or by the electrolyte, 
its surface was extended into the mercury because the 
pressure on the brine was more than the weight of mer 
cury and caustic above the membrane. The gross cell 
surface was approximately one square decimeter 
(about 2 X 8 inches). The flow of water through the de 
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nuder was varied so as to produce various concentra 
tions of caustic from less than l0 to over 50%, and no 
effect on cell operation was observed as a result. 

EXAMPLE I 

A cell was operated at atmospheric pressure with the 
polymeric membrane having a 2 mil nominal thickness. 
The brine ?ow rate was approximately 4.2 gallons per 
minute. The cell voltage was 4.9 at 50 amperes and was 
6.6 volts at 80 amperes. The brine ?ow rate was in 
creased to 6.4 gallons per minute to improve the 
sweeping of gas from the cell and the voltage dropped 
to 6.0 at 80 amperes. The temperature was l90° to 205° 
F. 

EXAMPLE 2 

The same cell was operated with a membrane that 
had ?rst been soaked in hydrochloric acid and then in 
a saturated aqueous solution of mercuric chloride at 
100° C for 24 hours. The mercury in the membrane was 
then reduced to metallic mercury in situ by means of 
hydroxylamine and the cell operated under the same 
conditions as before using a brine flow rate of 6.4 gal 
lons per minute. The cell voltage was 5.6 at 80 amperes 
and 4.6 volts at 50 amperes. ' 

EXAMPLE 3 

The same cell was operated under the same condi 
tions but the membrane was swollen with glycol prior 
to the mercury impregnation described in Example 2. 
The cross cell voltage was 0.2 to 0.3 volts lower at 80 
amperes than the voltage without the use of glycol~ 
treated membrane. 

EXMAPLE 4 

A cell with a 3.5 mil nominal thickness polymeric 
membrane was operated at 75° F and 450 psi pressure 
with a brine flow of 50 cc per miniute. The anode was 
grooved to permit liquid chlorine to run off. The ele 
ments above the mercury consisted of nickel pins of 
l/l6 inch diameter on V2 inch centers with a graphite 
fabric around and between the pins; the graphite and 
nickel being in contact with the mercury. At ?rst, at 
about 10 amperes and a cell voltage of 3.64, chlorine 
dissolved in brine appeared in a sight glass at the dis 
charge of the cell. As the amperage was raised to 50 
amperes the cell voltage increased and then fell as liq 
uid chlorine appeared and the cell voltage stablized at 
5.1. The liquid chlorine appeared as a separate phase 
in the sight glass together with brine containing dis 
solved chlorine. Liquid chlorine appeared as the am 
perage was raised since the production of chlorine ex 
ceeded its solubility in brine. At a higher temperature 
and’ with a thinner polymeric membrane a lower cell 
voltage could be obtained. The sight glass was arranged 
so that the brine and liquid chlorine entered through a 
dip tube at the top. The sight glass also had an overflow 
above the bottom edge of the dip tube. This arrange~ 
ment resulted, at these operating temperatures, in set 
ting of the liquid chlorine at the bottom of the sight 
glass and an overflow of the brine from the top of the 
sight glass. Thus the sight glass functioned as a de 
canter. From the over?ow, the brine containing dis 
solved chlorine flowed to a receiving vessel. Subse 
quently the pressure in the receiving vessel was re 
duced and the dissolved chlorine bubbled from the 
brine. Hydrogen and caustic flowed from the cell into 
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a vessel where the hydrogen and caustic separated. The 
entire system had initially been padded with nitrogen 
and the hydrogen was subsequently vented together' 
with the nitrogen pad. 
This invention has been described in terms of speci?c 

embodiments set forth in detail. Alternative embodi 
ments will be apparent to those skilled in the art in view 
of this disclosure, and accordingly such modi?cations 
are to be contemplated within the spirit of the inven 
tion as disclosed and claimed herein. 

I claim: 
1. A process for the electrolysis of an aqueous solu 

tion containing sodium and/or potassium ions in solu 
tion with anions of the mineral acids and/or of the or 
ganic acids and/or hydroxyl ion, wherein said electroly 
sis would normally produce a gaseous anode product at 
atmospheric pressure in said solution, which comprises 
passing an electric current through vsaid solution 
which is between 
an anode and 
a composite membrane of 

a polymeric membrane facing said anode and 
a layer of metal permeable to alkali metal in inti 
mate contact with said polymeric membrane at 
its surface facing away from said anode, and 

conducting said electrolysis at pressures between 
about 100-1000 psi and temperatures between 
about 60°~270°F under conditions which produce 
said anode product in a substantially lique?ed state 
or dissolved within said solution. 

2. The process of claim 1 wherein said metal is mer 
cury. 

'3. The process of claim 1 wherein said polymeric 
membrane is a per?uorocarbon polymer having pen 
dant sulfonic groups. 

4. The process of claim 3 wherein said metal is mer 
cury. 

5. In a process for the electrolysis of an aqueous solu 
tion containing sodium and/or potassium ions in solu 
tion with anions of the mineral acids and/or the organic 
acids and/or hydroxyl ion, which would produce a gase 
ous anode product at atmospheric pressure from said 
solution, the improvement wherein said electrolysis is 
conducted at pressures between about l00—l,000 psi 
under conditions wherein the anode product of the 
electrolysis is in the liquid phase. 

6. The process of claim 5 wherein said aqueous solu 
tion is of sodium chloride. 

7. The process of claim 5 wherein said electrolysis is 
carried out in an electrolytic cell comprising an ion per 
meable polymeric membrane between an anode and 
cathode of the cell. 

8. The process of claim 7 wherein said electrolytic 
cell comprises a layer of mercury in intimate contact 
with said polymeric membrane at its surface facing 
away from said anode. 

9. The process of claim 8 wherein said polymeric 
membrane is horizontally positioned to support said 
layer of mercury thereon. 

10. The process of claim 9 wherein said polymeric 
membrane is a per?uorocarbon polymer having pen 
dant sulfonic groups. 

11. The process of claim 5 wherein said aqueous so 
lution is of sodium chloride and said electrolysis is car 
ried out in an electrolytic cell comprising a per?uoro 
carbon polymer membrane having pendant sulfonic 
groups between an anode and cathode of said cell. 
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12. A process for the electrolysis of brine in an elec 
trolytic cell comprising 
an anode, 
a composite membrane‘ substantially parallel to, and 
coextensive in surface are with said anode, said 
composite membrane having 
a polymer membrane facing said anode, and a cath 
ode ofa layer of metal permeable to alkali metal 
ions in intimate contact with said polymeric 
membrane at its surface facing away from said 
anode, 

an anolyte chamber therebetween, which comprises 
pressurizing said-cell to between about l00-l,000 
psi, passing brine through said anolyte chamber, 
imposing an electric current between said anode 
and cathode to reduce the salt content of said brine 
and to produce chlorine in a liquid phase and a de 
pleted brine in said anolyte chamber, withdrawing 
brine, chlorine, caustic and hydrogen from said 
cell. 

13. The process of claim 12 wherein said metal is 
mercury. 

14. The process of claim 13 wherein said caustic and 
hydrogen are withdrawn together and separated in 
stages, ?rst at the elevated pressure of the electrolysis 
and then by reducing the pressure over the caustic. 

15. The process of claim 14 wherein the hydrogen at 
least from said first stage of separation is cooled and 
puri?ed to remove mercury therefrom. 

16. The process of claim 12 comprising withdrawing 
caustic at a temperature above that of said brine and 
recovering energy from said caustic. 

17. A process for the electrolysis of brine in an elec 
trolytic cell comprising 
an anode, 
a composite membrane substantially parallel to, and 
coextensive in surface area with said anode, said 
composite membrane having 
a polymer membrane facing said anode, and a cath 
ode ofa layer of metal permeable to alkali metal 
ions in intimate contact with said polymeric 
membrane at its surface facing away from said 
anode, 

an anolyte chamber therebetween, which comprises 
pressurizing said cell to between about l0O-l,000 
psi, passing brine through said anolyte chamber, 
imposing an electric current between said anode 
and cathode to reduce the salt content of said brine 
and to produce chlorine in a liquid phase and a de 
pleted brine in said anolyte chamber, withdrawing 
brine, chlorine, caustic and hydrogen from said cell 

and, 
adding puri?ed salt to said withdrawn brine to form 
a brine stream which is fed to said anolyte cham 
ber. 

18. A process for the electrolysis of brine in an elec 
trolyte cell comprising 
an anode, 
a composite membrane substantially parallel to, and 

coextensive in surface area with said anode, said 
composite membrane having 
a polymer membrane facing said anode, and a cath 
ode of a layer of metal permeable to alkali metal 
ions in intimate contact with said polymeric 
membrane at its surface facing away from said 

‘ anode, 
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an anolyte chamber therebetween, which comprises' 
pressurizing said cell to between about l00—l,000 
psi, passing brine through said anolyte chamber, 
imposing an electric current between said anode 
and cathode to reduce the salt content of said brine 
and to produce chlorine in a liquid phase and a de 
pleted brine in said anolyte chamber, withdrawing 
brine, chlorine, caustic and hyrogen from said cell 

and, 

brine, chlorine, caustic and hydrogen from said cell 
wherein said depleted brine contains said chlorine 

in lique?ed form, and separating said brine and 
chlorine by gravity separation. 

22 
and to produce chlorine in a liquid phase and a de 
pleted brine in said anolyte chamber, withdrawing 
brine, chlorine, caustic and hydrogen from said cell 
wherein said caustic and hydrogen are withdrawn 

5 together and separated in stages, first at the ele 
vated pressure of the electrolysis and then by re 
ducing the pressure over the caustic.v 

21. A process for the electrolysis of brine in an elec 
trolytic cell comprising 

wherein said depleted brine comprises said chlo- 10 an anode, 
Fme dls§olvefi ihefeln- and reduqms the Pmssure a composite membrane substantially parallel to, and 
Over Sald bl'me I0 llberate (Worm? 8% I coextensive in surface area with said anode, said 

19. A process for the electrolysis of brine in an elec- composite membrane having 
trolytlc cell compnsmg a polymer membrane facing said anode, and a cath 
a“ anodei _ '5 ode ofa layer of metal permeable to alkali metal 
a composite membrane substantially parallel to, and ions in intimate Contact with Said polymeric 
coextensive in surface area with said anode, said membrane at its Surface facing away from said 
composite membrane having anode 
a polymer membrane facmg sald anode’ and .21 cath' an anolyte chamber therebetween, which comprises 
Pde ofa lay,“ of metal perme,able t9 alkah met?‘ 20 pressurizing said cell to betwen about l00-l,000 
‘(ms bm mt"??? coénactf ‘sub 23!‘: golymgi'g psi, passing brine through said anolyte chamber. 
mnengerane a ‘5 Sur ace 3 mg y mm imposing an electric current between said anode 
a o ’ . h . and cathode to reduce the salt content of said brine 

an anolyie .chamPer therebetween’ whlc Compnses and to produce chlorine in a liquid phase and a de 
pr.essunz.mg said cell to betwqen about loo-L000 25 pleted brine in said anolyte chamber, withdrawing 
PS1’ pgsmg brme ihrough Sald anolyte ghamber’ brine chlorine caustic and hydrogen from said 
imposmg an eiecmc Current between sald- anO-de cell withdrawin said brine and caustic at a tem 
and cathode to reduce the salt content of said brine culture above fhat of an available heat Sink and 
and to PrPduFe Chlorine m a hquld phase-1 and a (-13- Fecoverin ener from said brine and caustic 
pleted brine in said anolyte chamber, withdrawing 30 g gy ' 

22,. A process for the electrolysis of an aqueous solu 
tion of sodium chloride which comprises 
passing an electric current through said solution 
which is between 

35 an anode and 
a composite membrane of 

a per?uorocarbon polymeric membrane having 
pendant sulfonic groups and a layer of mercury 

20. A process for the electrolysis of brine in an elec 
trolytic cell comprising 
an anode, 
a composite membrane substantially parallel to, and 
coextensive in surface area with said anode, said 
composite membrane having . 
a polymer membrane facing said anode, and a cath 
ode of a layer of metal permeable to alkali metal 
ions in intimate contact with said polymeric 
membrane at its surface facing away from said 
anode, 

an anolyte chamber therebetween, which comprises 
pressurizing said cell to between about l00—l,000 
psi, passing brine through said anolyte chamber, 
imposing an electric current between said anode 
and cathode to reduce the salt content of said brine 

in intimate contact with said polymeric mem 
brane at its surface facing away from said an 
ode, and 

conducting said electrolysis at pressures between 
about l00—l000 psi and temperatures between 
about 60°—270°F under conditions which produce 
chlorine in a substantially liquefied state or dis 
solved within said solution. 

23. The process of claim 22 wherein said electrolysis 
is carried out at pressures between about 300-650 psia 
and temperatures between about l50°—225°F. 

* * * * * 
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It is certified that error appears in the above-identified patent and that said Letters Patent 
are hereby corrected as shown below: 

Column 1, line 60, delete "chlorine" and substitute 

---chloride——. 

Column 4, line 4, after the word "However," insert 

—-even-—-. 

Column '7, line 22, "at he center" should be 

—~»at the center—-.. 

Column 7, line 26, "description to he top" should be 

-—description to the top=~=~. 

Column 12, line 24, delete "reactifier" and substitute 

i—-rectifier-—. 

Cslumn 16, line 57, delete “chlroine" and substitute 

m-*Chl<3l?i1'le““o 

Column 18, line 35, delete '“exmaple” and substitute 

—-exemple—-. 

' Column 18, line 41,, delete "1/2" " end substitute 




