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1

PROCESS FOR ELECTROLYSIS IN A MEMBRANE
CELL EMPLOYING PRESSURE ACTUATED
UNIFORM SPACING

Matter enclosed in heavy brackets [ ] appears in the
- original patent but forms no part of this reissue specifica-

tion; matter printed in italics mdlcates the additions made
by reissue, |

- In the production of alkali metal hydroxides in mem-
brane-type electrolytic cells, materials having ion-ex-

10

change properties are now available for use as mem-

branes which are capable of producing solutions having
a high concentration of alkali metal hydromdes Pro-
duction of these concentrated solutions in-commercial
“electrolytic cells currently available, however, Lre-
quires § has initially been found to require high cell volt-
ages and [results in] increased power costs in operat-
ing the cells. |

It has been customary to place the membrane on the
~cathode so that there is little or no space between the
membrane and the cathode. For example, see British
Patent No. 1,480,538 published Jul. 20, 1977, (after the
Jiling date of the parent to this present reissue) to Diamond
Shamrock Corporation, a leading licensor of electrode
technology in the chloralkali industry. British Patent No.
1,430,538, corresponds to U.S. patent application Ser. No.
- 439,058, filed Feb. 4, 1974, by Stacey et al. (never issued)
- and teaches that the lowest voltage is with no space between

the anode or cathode and the membrane, that a differential
pressure from the cathodic side or, alternatively, spacers on

15
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lence produced by the release of gas bubbles which
serve to prevent contact between the anode and the
membrane. The electrodes are in a fixed position with a
narrow gap between each of the electrodes and the
membrane. |
The cell of German Offenlegungsschriftung
2,510,396, however, does not provide uniform spacing
between the electrodes and the membrane. In addition,
high pressures and high current densities are employed
requiring cell components which are resistant to the
pressures and temperatures generated resulting in in-
creased capital costs. Further, the cells require exces-

~sive heights to provide the levels of catholyte liquor

required to produce the high pressures needed. Refer-
ence is also made to U.S. Pat. No. 3,598,715 to Goens, et
al. issued Aug. 10, 1971, which shows louvered cathodes

- used in a chlorate cell, the louvers being oriented at be-
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the electrodes faces or physically affixing the membrane on .

or very near the anode contributes to decreased voltages.
This arrangement impedes the release of hydrogen bub-
bles which are formed at the cathode and are retained in
the cathode-membrane gap. The presence of unreleased
'hydrogen bubbles in the space between anode and cathode
raises the cell voltage.

It 1s therefore advantageous to provide a space be-

tween the cathode and the ion-exchange membrane that

18 sufficient to permit the release of hydrogen gas bub-
bles. This can be done by providing a positive pressure
from the cathode compartment to the anode compart-
ment.

German Offenlegensschriftung 2,510,396 published

Sept. 11, 1975, by M. Seko et al of Asahi Chemical Com-
pany, a leading licensor of membrane cell technology,

teaches a blpolar cell in which the liquid in the cathode

chamber is higher by 0.2 to 5 m. than the liquid in the
anode compartment to provide a pressure differential.

The bipolar cell utilizes both louvered, gas-directing an-
odes and gas-directing, louvered cathodes to create turbu-
lence in the area between the anode or cathode and the
membrane. The cell is operated to [release] direct the
gas bubbles generated in the space between the anode or
cathode and the membrane through that anode or cahtode,
which must therefore be gas permeable electrodes, and into
the portion of the anode and cathode compartments be-
hind the gas permeable -electrodes [and provides] o
enhance such flow, there is a greater distance behind the
- electrodes than there is between the electrodes and the
- cation exchange membrane. This patent teaches that
directing bubbles into the space between the electrode and
the membrane causes higher cell voltage (and thus higher
power consumption per unit amount of product) but that
turbulence near the membrane caused by directed gas flow
is desirable. Operation of the cell relies on the turbu-

35

40

tween about 20° and about 70°, preferably between about
35° and 55° to the plane (vertical) of the original sheet and
the openings being of diamond, oval or other shapes.

Therefore, it is an object of the present invention to
provide a process for electrolysis which easily main-
tains a uniform spacing between the electrodes and the
hydraulically impermeable membrane to reduce cell
voltage. | |

Another object of the present invention is to provide
a process for electrolysis which employs low differen-
tial pressures between the cathode compartment and
the anode compartment.

An additional object of the present invention is to
provide a process for electrolysis having reduced en-
ergy costs by decreasing cell voltage whﬂe producing
concentrated catholyte liquors. |

A further object of the present invention is to provide
a process which prevents gas blinding at the electrodes.

These and other objects of the present invention are
accomplished in a process for electrolysis in an electro-
lytic cell comprising an anode compartment containing
a foraminous anode and an anolyte solution, a cathode
compartment containing a low hydrogen overvoltage
metal cathode and a catholyte solution, a hydraulically
impermeable membrane separating the anode compart-

~ ment from the cathode compartment, a spacing means
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interposed between the anode and the hydraulically
impermeable membrane to space the anode apart from
the hydraulically impermeable membrane wherein the
process comprises providing a positive pressure differ-
ential from the cathode compartment to the anode com-
partment to maintain contact between the hydraulically
impermeable membrane and the spacing means to pro- -
vide uniform spacing between the anode and the hy-
draulically impermeable membrane, said positive pres-
sure differential being sufficient to maintain said mem-
brane against said spacing means. |

FIG. 1 illustrates schematically an electrolytic cell
suitable for use with the process of the present Inven-
tion. |

F1G. 2 represents a graph showing the relation of the
voltage coefficient to pressure differentials for anolyte
pressures and catholyte pressures.

FI1G. 3 depicts a graph showing the relatlonshlp be-
tween the voltage coetticient and the cathode to mem-
brane spacing for two different cathodes. |

F1G. 4 shows a [plan] front or back elevational view
of a portion of a louvered mesh cathode suitable for use
in the process of the present invention.
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- FIG. 5 illustrates [an]} a bottom or top end view of
the cathode of FIG. 4 showing the louvered gas-directing

structure thereof.

- FIG. 6 represents a side elevational view of the cath-

ode of FIG. 4 showing the louvered, gas-directing struc-

ture thereof.

FIG. 7 is an fend] front or back elevational view of a
portlon of a flat perforated plate cathode sultable for use
in the process of the present invention.

F1G. 1 1llustrates schematically a monopolar electro-
lytic cell 1 having an anode compartment 10 and a
cathode compartment 12 separated by a cation permea-
ble separator 14. Adjustable anode 16 is a foraminous
metal screen having threaded flanges 18 which enable
anode 16 to be adjustably secured to anode plate 20.
Spacer 22 separates anode 16 from cation permeable
separator 14. Adjustable cathode 24 in cathode com-
partment 12 1s a foraminous metal screen having
threaded flanges 20 which adjustably secure cathode 24
to cathode plate 26. Cell 1 has inlets and outlets as
shown for the feeding and removal of the anolyte and
the removal of the catholyte and the products of elec-
trolysis.

Although it would be advantageous, as stated in German
Offenlegungsschriffung 2,510,396, above noted, to utilize
the louvered cathode concept in a series multi-cell, bipolar
configuration which has a plurality of anodes, cathodes,
anolyte and catholyte compartments separated by a plural-
ity of cation-permselective membranes with the anodes and
cathodes connected in series, the present invention will be
described in terms of the monopolar cell of FIG. 1.

In operating a monopolar cell of the type of FIG. 1,
a positive pressure is applied to the hydraulically imper-
meable membrane from the cathode compartment to
maintain contact between the membrane and the spacer
which contacts one side of the anode. The pressure
should be sufficient to maintain contact between the
membrane and the spacer and the spacer and the anode
so that a uniform electrolyte gap is provided between
the anode and the membrane. Suitable differential pres-
sures are defined such that the hydrostatic pressure of
the catholyte plus the gas pressure over the catholyte

minus the hydrostatic pressure of the anolyte minus the

gas pressure over the anolyte is from about 0.01 to about
25 inches when the solution in the cathode chamber
corresponds to a gas-free solution having specific gravi-
ties from about 1.05 to 1.55 and the solution in the anode
chamber corresponds to a gas-free solution having spe-
cific gravities of 1.08 to 1.20. Preferred differential pres-
sures are those from about 2 to about 20, more preferred
are those from about 4 to about 15, and most preferred
are those of from about 4 to about 12 inches.
Anodes used in the process of the present invention
include foraminous metal structures at least a portion of
which 1s coated with an electroconductive elec-
trocatalytically active material. Suitable metals of
which the anodes are composed include a valve metal
such as titanium or tantalum or metals such as steel,
copper, or aluminum clad with a valve metal. Over at
least a part of the surface of the valve metal is a thin
coating of an electrocatalytically active material such as
‘a platinum group metal, platinum group metal oxide, an
alloy of a platinum group metal, or a mixture thereof.
The term “‘platinum group” as used in this specification
means an element of the group consisting of ruthenium,
rhodium, palladium, osmium, iridium and platinum.
The foraminous metal structure can be in various
forms, such as a perforated plate or sheet, mesh or
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screen, or as an expanded metal. The anodes have a
planar surface which contains openings, suitably sized
to permit the flow of fluids through the anode surface.
The foraminous metal structure has a thickness of from
about 0.03 to about 0.10, and preferably from about 0.05
to about 0.08 of an inch.

In a suitable example, the anode is comprised of two
foraminous screens which are spaced apart to provide
for passage of halogen gas and anolyte and to enclose
conductive supports which supply electrical current.
The screens are closed along the top, bottom and front
edges to form a self-contained compartment.

The foraminous metal anode structures are attached
to an anode plate by means of conductive supports such
as rods which supply electrical energy to the electro-
chemically active surfaces. The anode plate is wholly or

partially constructed of electroconductive materials
such as steel, copper, aluminum, titanium, or a combina-
tion of these materials. Where the electroconductive
material can be attacked by the alkali metal chloride
brine or chlorine gas, it is suitably covered with a chem-
ically inert material.

‘The electrocatalytically coated portions of the foram-

inous metal anode structure are prevented from adher-

ing to the membrane by a spacing means. Direct contact
between the membrane and electrocatalytically coated
portions results in the loss of current efficiency and
when using a platinum group coating, can result in an
increased rate in the loss or removal of the platinum
group component from the electrode surface.

In one embodiment, the spacing means is, for exam-
ple, a screen or net suitably composed of any non-con-

ducting chlorine-resistant material. Typical examples
include glass fiber, asbestos filaments, plastic materials,

for example, polyfluoroolefins, polyvinyl chloride,
polypropylene and polyvinylidene chloride, as well as
materials such as glass fiber coated with a poly-
fluoroolefin, suc as polytetrafluoroethylene.

Any suitable thickness for the spacing means may be
used to provide the desired degree of separation of the
anode surface from the membrane. For example, spac-
ing means having a thickness of from about 0.003 to
about 0.125 of an inch may be suitably used with a
thickness of from about 0.010 to about 0.080 of an inch
being preferred. Any mesh size which provides a suit-
able opening for brine flow between the anode and the
membrane may be used. Typical mesh sizes for the
spacing means which may be employed include from
about 0.5 to about 20 and preferably from about 4 to
about 12 strands per lineal inch. The spacing means may
be produced from woven or non-woven fabric and can
suitably be produced, for example, from slit sheeting or
by extrusion.

While it is not required, if desired, the spacing means
may be attached to the anode surfaces, for example, by
means of clamps, cords, wires, adhesives, and the like.

As the novel process of the present invention applies
sufficient pressure from the cathode to the membrane to
maintain contact between it and the spacing means and
preferably the spacing means and the anode, the anode
to membrane gap 1s preferably the thickness of the spac-
ing means. This gap is from about 0.003 to about 0.125,
and preferably from about 0.010 to about 0.080 of an
inch.

The space between the cathodes and the membrane is
equal or greater than the space between the anode sur-
faces and the membrane. In addition, this cathode-mem-
brane gap is free of obstructing materials such as spac-
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ers, etc. to provide maximum release of hydrogen gas in
the area between the membrane and the cathode. The
cathodes are spaced apart from the membranes a dis-

tance of from about 0.020 to about 0.600, and preferably |

from about 0.030 to about 0.400. |

The cathodes used are those havmg a low hydrogen
overvoltage, for example, structures of metals including
steel, nickel or copper or these and other metals such as
titanium which are suitably coated with a material
which provides a low hydrogen overvoltage. The
structures are preferably fabricated to facilitate the
release of hydrogen gas from the catholyte liquor. It 1s
preferable that the cathodes have an open area of at
- least about 10 percent, preferably an open area of from
about 30 to about 70 percent, and more preferably an
open area of from about 45 to about 65 percent.

The foraminous metal structures suitable for use as
cathodes include forms such as a flat (non-gas directing)
or louvered (‘‘unflattened” or “‘gas-directing”) perforated
plate or sheet, flat or louvered mesh or screen or as an
flat or louvered expanded metal. An example of a flat
electrode is the flat, perforated plate in FIG. 7. An example
of a louvered or gas-directing electrode is that shown in
- FIGS. 4, 5, and 6. When a perforated plate or sheet 1s
employed as the cathode, the gap between the cathode
and the membrane is, for example, from about 0.100 to
about 0.400 of an inch, preferably from about 0.125 to

6

ether. The equivalent weight of the perfluorosulfonic
acid resin is from about 900 to about 1600, and prefera-

- bly from about 1100 to about 1500. The perfluorosul-

10
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about 0.375 of an inch. 4s seen in Example 3 and FIG. 3,

the optimum gap for flat perforated steel plate was found to

be about } inch. Cathodes in the form of a flat or louvered 30

mesh ﬂar or louvered screen or flat or louvered expanded
metal are suitably spaced apart from the membrane a
distance of from about 0.020 to about 0.200, and prefera-
bly from about 0.030 to about 0.130 of an inch. 4s seer

in Example 2 and FIG. 3, the optimum gap for a louvered 35

mesh cathode was found to be about 1/16 inch. That is, the
louvered electrode could operate optimally at 75 % less gap

than the flat perforated steel electrode. The cathode mem-
brane gap is sufficiently large enough to prevent gas

blinding of the cathode and to permit release of hydro-

gen gas between the membrane and the cathode.

Cathodes may be constructed of any suitable metals
including steel, copper or nickel and alloys thereof.
Other metals such as those of the titanium group may be
employed if they are suitably coated with materials
which provide a low hydrogen overvoltage.

Suitable membranes used in the process of the present
invention are those composed of an inert, flexible mate-
rial having cation exchange properties and which are
impervious to the hydrodynamic flow of the electrolyte
and the passage of anode-generated gases and anions.

Examples are perfluorosulfonic acid resin membranes,

perfluorocarboxylic acid resin membranes, composite
membranes or chemically modified perfluorosulfonic
acid or perfluorocarboxylic acid. resins. Chemically
modified resins include those substituted by groups
including sulfonic acid, carboxylic acid, phosphoric
acid, amides or sulfonamides. Composite membranes
include those employing more than one layer of either
the perfluorosulfonic or perfluorocarboxylic acid
where there is a difference of equivalent weight or 1on
exchange capacity between at least two of the layers; or
where the membrane is constructed of both the per-
fluorosulfonic acid and the perﬂuorocarboxyllc acid
resins.

One preferred membrane material is a. perﬂueresul-
femc acid resin membrane composed of a copolymer of
a polyfluoroolefin with a sulfonated perfluorovinyl

40

fonic acid resin may be supported by a polytluoroolefin
fabric. Perfluorosulfonic acid resin membranes sold

commercially by E. I. DuPont de Nemours and Com-

pany under the trademark “Nafion” are suitable exam-
ples of the preferred membrane.

~ Another preferred embodiment is a perfluorocarbox-
ylic acid resin membrane having an ion exchange capac-
ity of up to 1.3 milliequivalents per gram, as produced
by Asahi Glass Company.

In a preferred embodiment, the process of the present
invention is employed in an electrolytic cell in which
the forammous metal anode structure and the spacing
means are enclosed or surrounded by the hydraulically
impermeable membrane. This embodiment facilitates
maintaining a uniform spacing between the membrane
and the anode surface. In addition, 1t simplifies main-
taining the desired differential pressure between the
cathode compartment of the cell and the self-contained
anode compartments.

To enclose the anode, the membrane 1s obtained 1n
tube or sheet form and sealed, for example, by heat
sealing, along the appropriate edges to form an enclosed

compartment.

This permits the entire area of the cell body which 1s
not occupied by the anode compartments to serve as the
cathode compartment. A voluminous section 1s thus
provided for gas release from the eatholyte liquor.

The process of the present invention is suitably used
in electrolytic cells for the production of chlorine and
alkali metal hydroxide solutions by the electrolysis of
alkali metal chlorides. For example, an aqueous sodium
chloride solution containing from about 120 to about
320 grams per liter of NaCl and at a pH of from about

2 to about 12 is fed to the anode compartments, where,

as an anolyte solution, the pH is maintained at from
about 2 to about 6. Electric current 1s supplied to pro-
vide current densities of from about 0.5 to about 5 ki-
loamperes per square meter. Sodium hydroxide solu-

- tions containing at least 200 grams per liter, preferably

43

50
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at least 275 grams per liter, and more preferably at from
about 300 to about 800 grams per liter by weight of
NaOH are produced in the cathode compartment.

It is surprising that, in producing strong alkali metal
hydroxide solutions containing at least 300 grams per
liter by weight of the alkali metal hydroxide, an increase
in the cathode-membrane gap results in a decrease in
cell voltage employing the process of the present inven-
tion.

The low to moderate differential pressures between
the cathode compartment and the anode compartment
maintain uniform gaps between the membrane and the
electrodes and avoid gas blinding at the electrodes.

To further illustrate the novel process of the present
invention, the following examples are presented. All
parts and percentages are given by weight unless other-
wise specified. -

EXAMPLE 1

A cell of the type of FIG. 1 was employed where the
anode compartment contained a titantum screen coated
to one side with an electrochemically active coating of
ruthenium dioxide as the anode. The anode was spaced
apart from a cation exchange membrane by a plastic net
which provided a uniform spacing between the anode
and the membrane of one-sixteenth of an inch. A per-
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fluorosulfonic acid resin membrane separated the anode
compartment from the cathode compartment which
contained a steel perforated plate cathode one-sixteenth
of an inch thick, spaced apart from the membrane 2
distance of one-sixteenth of an inch. The membrane was
a homogeneous film 7 mils thick of 1200 equivalent
weight perfluorosulfonic acid resin laminated with a
T-12 fabric of polytetrafluoroethylene. Sodium chloride
brine was supplied to the anode compartment at a con-
centration of 190 to 255 grams per liter of NaCl, a tem-
perature of 80" C. and a pH of about 4.6. The cell was
operated until the catholyte liquor became concen-
trated and 1t was maintained in the range of from 389 to
473 grams per liter of NaOH. A vacuum was applied to
the gas outlet of the anode compartment. The vacuum
and the anolyte level were varied to permit the differen-
tial pressure from the anode compartment to the cath-
ode compartment to be varied. As the differential pres-
sure was varied, the cell voltages were recorded and the
corresponding voltage coefficients calculated. The
catholyte level was allowed to rise above that of the
anolyte level to provide a positive differential pressure
from the cathode compartment to the anode compart-
ment. As the pressure varied, the cell voltages were
again recorded and the voltage coefficients calculated.
The results, as shown on the graph of FIG. 2, show that
a positive differential pressure from the cathode com-
partment to the anode compartment results in lower
voltage coefficients and thus highly improved cell oper-
ation. In contrast, increasing the positive differential
pressure from the anode compartment to the cathode
compartment results in increasing voltage coefficients.

EXAMPLE 2

A cell of the type of FIG. 1 was employed where the
anode compartment contained a titanium screen coated
- on one side with an electrochemically active coating of
ruthenium dioxide as the anode. The anode was spaced
apart from a cation exchange membrane by a plastic net
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which provided a uniform spacing between the anode 40

and the membrane of one-sixteenth of an inch. (0.16 cm)
A pertluorosulfonic acid resin membrane separated the
anode compartment from the cathode compartment
Lwhich] contained a steel louvered mesh cathode of

the type illustrated by FIGS. 4-6. The mesh had a thick- 45

ness of one-sixteenth of an inch where the len gth of the
mesh was 1.3 inches (3.35 ¢m) and the width 0.3 of an
inch, (10.774 ¢cm) when measured from center to center
of adjacent bridges. The louvered cathode shown in FIGS
4, 5, and 6 is thus about 2.6 inches wide (2% 1.3") and
about 1.2 inches (4x0.3" tall), or 3.1 square inches (20.]
cm?). The membrane was a homogeneous film 7 mils (78
mm) thick of 1200 equivalent weight perfluorosulfonic
acid resin laminated with a T-12 fabric of polytetrafluo-
roethylene. Sodium chloride brine was supplied to the
anode compartment at a concentration of 20-22 percent
by weight of NaCl, a temperature of 80° C. and a pH of
about 4.5. The catholyte in the cathode compartment
was maintained at a level above the anolyte to continu-
ously provide a differential pressure of 4 inches from
- the cathode compartment to the anode compartment.
At this pressure, the membrane contacted the spacer
and the spacer contacted the electrochemically active
surface of the anode. Electrolysis was conducted at a
current density of 1.6 to 1.8 KA/m?2 for a period of
about 3 weeks. Sodium hydroxide liquor at a concentra-
tion of 370-410 grams per liter was produced in the
cathode compartment. During operation of the cell. the

30
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distance between the cathode and the membrane was
varied from 3 inch to where the membrane contacted
the cathode. At each spacing, the cell voltage and cur-
rent density were recorded and the voltage coefficient
calculated. As illustrated by Curve A of FIG. 3, as the
cathode to membrane gap was decreased from 5 Inch to
l/16th inch, for the louvered gas directing cathode the
voltage coefficient decreased. However, as the cathode
was § removed ] moved moved even closer to the mem-
brane, at distances less than 1/16th inch, the voltage
coetficients increased significantly, indicating that hy-
drogen gas blinding occurred.

EXAMPLE 3

Using the procedure of Example 2, a perforated stee]
plate cathode was substituted for the steel louvered
mesh cathode. All other cell components were identical
including the differential pressure and the NaOH con-
centration range. The cathode was a steel perforated
plate (No. 11 gauge) of the type illustrated by FIG. 7,
having perforations one-eighth of an inch in diameter
on 3 Inch staggered centers. Over a period of three
weeks, the space between the perforated plate cathode
and the membrane was varied from a distance of five-
eighths of an inch to where the cathode contacted the
membrane. As illustrated in Curve B of FIG. 3, as the
distance between the cathode and the membrane de-
creased 1n the range of five-eighths of an inch to one-
fourth of an inch, the voltage coefficient also decreased.
However, when the space between membrane and the
cathode become less than one-fourth of an inch, the
voltage coefficients increased as the space was reduced.

Examples 2 and 3 show that in concentrated NaOH
solutions, when the differential pressure from the cath-
ode compartment to the anode compartment is suffi-
cient to press the membrane against the spacer, the

cathode to membrane gap is dependent on the cathode
structure.

EXAMPLE 4

A cell of the type of FIG. 1 was employed where the
anode compartment contained a titanium screen coated
on one side with an electrochemically active coating of
ruthemum dioxide as the anode. The anode was spaced
apart from a cation exchange membrane by a plastic net
which provided a uniform spacing between the anode
and the membrane of one-sixteenth of an inch. A per-
fluorosulfonic acid resin membrane separated the anode
compartment from the cathode compartment which
contained a steel screen cathode spaced apart for the
membrane a distance of one-sixteenth of an inch. The
membrane was a homogeneous film 7 mils thick of 1200
equivalent weight perfluorosulfonic acid resin lami-
nated with a T-12 fabric of polytetrafluoroethylene.
Sodium chloride brine was supplied to the anode com-
partment at a concentration of 20-22 percent by weight
of NaCl, a temperature of 80° C. and a pH of about 4.5.
The catholyte in the cathode compartment was main-
tained at a level above the anolyte to provide a differen-
tial pressure of 4 inches from the cathode compartment
to the anode compartment. Electrolysis was conducted
at a current density of 1.6 to 1.8 KA/m? for a period of
about 3 weeks with a cell voltage coefficient of 0.55.
Sodium hydroxide liquor at a concentration of 370-410
grams per liter was produced at a cathode current effi-
ciency of 70 percent. During operation of the cell, hy-
drogen was produced in the cathode compartment in
the space between the membrane and the cathode. No
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ewdence of gas blinding at either the anode or cathode
was found.
What is claimed is:

1. A process for electrolysis in an electrolytic cell

comprising an anode compartment containing a forami-

nous anode and an anolyte solution, a cathode compart-

ment containing a foraminous metal cathode and a cath-
olyte solution, a hydraulically impermeable membrane
- separating said anode compartment from said cathode
compartment, spacing means interposed between said
anode and said hydraulically impermeable membrane to
space apart said anode from said hydraulically imper-
meable membrane, wherein the process comprises pro-
viding a positive pressure differential between said cath-

ode compartment and said anode compartment to main-

tain contact between said hydraulically impermeable
membrane and said spacing means to provide uniform
spacing between said anode and said hydraulically im-
~ permeable membrane, said positive differential pressure
| being sufficient to maintain said membrane against said
spacing means.

2. The process of claim 1 in which said cathode is
spaced apart from said hydraulically impermeable mem-
brane a distance of from about 0.020 to about 0.600 of an
inch to form a gas release zone.

3. The process of claim 2 in which said hydrauhcally
impermeable membrane is composed of a resin selected
from the group consisting of perfluorosulfonic acid,
perfluorocarboxylic acid, chemically modified per-
fluorosulfonic acid, chemically modified perﬂucrccar-
boxylic acid and composnes thereof.

4. The process of claim 3 in which said spacing means
IS a screen or net comprised of a material selected from
the group consisting of glass fibers, asbestos filaments,
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said anode and said spacer are enclosed in said hydrauli-
cally impermeable membrane.

13. The process of claim 12 in which said hydrauh-
cally 1mpermeable membrane 1s [ composed] comprised

‘of a resin selected from the group consisting of per-

fluorosulfonic acid, chemically modified perfluorosul-

fonic acid and composites thereof.

14. The process of claim 13 in which said positive
differential pressure is from about 4 to about 15 inches.

15. The process of claim 14 in which said sodium
hydroxide has a concentration of from about 300 to
about 800 grams per liter of NaOH.

16. The process of claim 8 in which said cathode is a
perforated metal plate or sheet and is spaced apart from
sald hydraulically impermeable membrane a distance of
from about 0.100 to about 0.400 of an inch.

17. The process of claim 16 in which said positive
differential pressure is from about 2 to about 20 inches.

18. The process of claim 17 in which said anode and
said spacing means are enclosed in said hydraulically
impermeable membrane.

19. The process of claim 18 in which said sodium
hydroxide concentration is from about 300 to about 800
grams per liter of NaOH.

20. The process of claim 4 in which said anode and

- said spacing means are enclosed in said hydrauhcally
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plastic materials selected from the group consisting of

perfluoroolefins, polyvinyl chloride, polypropylene,
polyvinylidene chloride, and glass fibers coated with
said plastic materials.

S. The process of claim 4 in which said spacing means
has a thickness of from about 0.010 to about 0.080 of an

inch.

6. The process of claim 5 in which said positive differ-
ential pressure is from about 0.01 to about 25 inches.

7. The process of claim 6 in which said anolyte solu-
tion is an aqueous solution of an alkali metal chloride
and said catholyte is an aqueous solution of an alkali
metal hydroxide.

8. The process of claim 7 in which said anolyte alkali
metal chloride is sodium chloride having a pH of from

sodium hydroxide having a concentration of at least 200
grams per liter of NaOH.

9. The process of claim 8 in which said cathode is a
metal in a form selected from the group consisting of a
mesh, screen or expanded metal and spaced apart from
said hydraulically impermeable membrane a distance of -
from about 0.020 to about 0.200 of an inch.

10. 7he process of claim 9 in which said positive
differential pressure is from about 2 to about 20 inches.

11. The process of claim 10 in which said sodium
hydroxide has a concentration of at least 275 grams per
liter of NaOH.

12. The process of claun [11] 2in Wthh said anode
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impermeable membrane.,

21. The process of claim 20 in which said positive
differential pressure is from about 4 to about 15 inches
and said spacer has a thickness of from about 0.010 to
about 0.080 of an inch. |

22. The process of claim 21 in which said anolyte is an
alkali metal chloride and said catholyte is an alkali metal

hydroxide.

23. The process of claim 22 in which said cathode is
spaced apart from said hydraulically impermeable mem-
brane a distance of from about 0.030 to about 0.400 of an
inch. |

24. The process of claim 23 in which said anolyte is
sodium chloride and said catholyte is sodium hydrox-
1de.

25. The process of claim 24 in which said positive
differential pressure is from about 4 to about 15 inches
and said sodium hydroxide has a concentration of from
about 300 to about 800 grams per liter of NaOH.

- 26. The process of claim 25 in which said electrolytic
cell 1s monopolar.

27. A process for the electrolysis of alkah metal chlo-
ride brines in an electrolytic cell comprising an anode
compartment containing a foraminous anode and an
anolyte solution, a cathode compartment containing a
foraminous metal cathode and a catholyte solution, a
hydraulically impermeable membrane separating said
anode compartment from said cathode compartment,
spacing means interposed between said anode and said
hydraulically impermeable membrane to space apart
said anode from said hydraulically impermeable mem-
brane, wherein the process comprises providing a posi-
tive pressure differential between said cathode compart-
ment and sald anode compartment to maintain contact
between said hydraulically impermeable membrane and
said spacing means to provide uniform spacing between
sald anode and said hydraulically impermeable mem-
brane, said positive differential pressure bemg sufficient

‘includes two foraminous screens spaced apart to provide for 65 to maintain said membrane against said spacing means.

- passage of anolyte and gaseous products therebetween and

* *® * * %
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