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(54) DIAPHRAGM CELL

(71) We, IMPERIAL CHEMICAL
INDUSTRIES LIMITED, Imperial Chemical
House, Millbank, London SWI1P 3JF, a
British Company, do hereby declare the

5 invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be particu-
larly described in and by the following
statement:

10  This invention relates to an electrolytic
diaphragm cell, particularly to an electroly-
tic diaphragm cell of the filter press type.

A wide variety of diaphragm cells are
known which consist in principle of a plural-

15 ity of anodes and a plurality of cathodes dis-
posed in a parallel alternating manner and
separated from each other by substantially
vertical diaphragms. The anodes are suit-
ably in the form of plates of a film-forming

20 metal (usually titanium) and carry an elec-
trocatalytically active coating (for example a
platinum group metal oxide); the cathodes
are suitably in the form of a perforated plate
or gauze of metal (usually mild steel); and

25 the diaphragms, which may be deposited on
to the surface of the cathodes, are suitably
made of asbestos or a mixture of asbestos
and a fluoropolymeric material, for example
polytetrafluoroethylene or polyvinylidene

30 fluoride. Alternatively, the diaphragms may
be in the form of sheets, for example of
asbestos or of fluoropolymeric materials,
which are fitted onto the surface of the
cathodes.

35 Diaphragm cells containing deposited dia-
phragms are usually of the tank type mono-
polar design. Such cells are not suited to
the use of sheet diaphragms because of the
problems involved in cladding the complex

40 cathode shapes which are used. Accord-
ingly, filter press or “sandwich” type cell
designs have been developed to accommo-
date diaphragm sheets. However such filter
press cells are invariably more expensive

45 than monopolar tank-type cells in respect
of capital costs because of the relative com-
plexity of their construction and because of
the need to build in current distributors to
reduce voltage drop in the anode/cathode

50 module sizes conventionally considered.

We have now devised a monopolar filter
press cell which is suitably for use with sheet
diaphragms and which is readily made,
inexpensive and easily assembled.

According to the present invention we 55
provide a monopolar filter press electrolytic
cell suitable for use in the electrolysis of
aqueous alkali metal halide solution
(hereinafter referred to as brine) to produce
an aqueous alkali metal hydroxide solution 60
(hereinafter referred to as cell liquor),
halogen and hydrogen, which cell comprises
a plurality of anode plates and cathode
plates, a hydraulically permeable diaphragm
positioned between each adjacent anode 65
plate and cathode plate, the anode plates
comprising an anode portion of a film-
forming metal which carries an elec-
trocatalytically active coating, the cathode
plates comprising a metallic cathode por- 70
tion, and the cell comprising at least one
spacing plate of a non-conducting material
positioned between each anode plate and
adjacent diaphragm and between each
cathode plate and adjacent diaphragm, the 75
anode plates, cathode plates and spacing
plates being provided with at least two open-
ings in the faces of the plates which, when
the said plates are assembled in a filter press
cell, define in combination a first compart- 80
ment lengthwise of the cell and a second
compartment lengthwise of the cell sepa-
rated from the first compartment, the said
compartments in the filter press cell being
located above the anolyte and catholyte 85
compartments of the cell defined respec-
tively by the spaces between the anodes and
diaphragms and the spaces between the
cathodes and diaphragms, the the spacing
plates between the anodes and adjacent 90
diaphragms being provided with at least one
passage which permits brine to pass between
the first compartment and the anolyte com-
partments and which permits halogen to be
released from the anolyte compartments to 95
the first compartment, and the spacing
plates between the cathodes and adjacent
diaphragms being provided with at least one
passage which permits cell liquor and hyd-
rogen to pass from the catholyte compart- 100
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ments to the second compartment, the cell
being provided with end plates which pro-
vide end walls for the aforementioned first
and second compartments, and the anodec

5 plates and cathode plates being made in part
of a non-conducting material so that the first
and second compartments are electrically
insulated from one another.

The hydraulically permeable diaphragms

10 may be attached to diaphragm plates com-
prising at least two openings in the faces of
the plates which, in the cell, define a part of
the first and second compartments respec-
tively. The diaphragm plates should be

15 made of a non-conducting material.

The openings in the anode, cathode and
spacing plates may be defined by frame por-
tions.

The end plates of the cell preferably com-

20 prise a terminal anode plate and a terminal
cathode plate which do not necessarily com-
prise in part a non-conducting material.
Thus, the terminal anode plate may be made
of a film-forming metal which carries an

25 electrocatalytically active coating on a part
of its surface, and the terminal cathode plate
may be metallic.

The film-forming metal comprising the
anode portion of the anode plate, or the

30 terminal anode, preferably is one of the
metals titanium, zirconium, niobium, tan-
talum or tungsten or an alloy consisting
principally of one or more of these metals
and having anodic polarisation properties

35 which are comparable with those of the pure
metal. It is preferred to use titanium alone,
or an alloy based on titanium and having
polarisation properties comparable with
those of titanium. Examples of such alloys

40 are titanium-zirconium alloys containing up
to 14% of zirconium, alloys of titanium with
up to 5% of a platinum group metal, for
example an alloy of titanium with platinum,
rhodium or iridium, and alloys of titanium

45 with niobium or tantalum containing up to
10% of the alloying constituent.

The anode portion of the anode plate may
be in the form of a perforated plate or gauze
but is preferably in the form of louvres.

50 The louvres are conveniently produced
from a sheet of film-forming metal by pres-
sing with a slitting and forming tool. The
louvre slats so obtained may suitably be
turned at right angles to the original plane of

55 the film-forming metal sheet, or they may be
inclined to this plane if desired. The louvred
slats are preferably inclined at an angle of
more than 60° to the plane of the anode
sheet.

60 The louvres of each anode plate when
installed in the cell are preferably aligned so
that their longitudinal axes are parallel to
one another and are inclined at an angle to
the vertical e.g. at an angle of about 45°, so

65 as to direct the halogen produced in anolytc

compartments towards the first compart-
ment disposed lengthwise of the cell.

The electrocatalytically active coating is a
conductive coating which is resistant to elec-
trochemical attack but is active in transfer- 70
ring electrons between electrolyte and the
anode.

The electrocatalytically active coating
may suitably consist of one or more
platinum group metals, i.e. platinum, 75
rhodium, iridium, ruthenium, osmium and
palladium, and alloys of the said metals, and
Jor the oxides thereof, or another metal or a
compound which will function as an anode
and which is resistant to electrochemical dis- 80
solution in the cell, for instance rhenium,
rhenium trioxide, magnetite, titanium nit-
ride and the borides phosphides and silicides
of the platinum group metal. The coating
may consist of one or more of the said 85
platinum group metals and/or oxides thereof
in admixture with onc or more non-noble
metal oxides. Alternatively, it may consist of
one or more non-noble metal oxides alone
or a mixture of one or more non-noble 90
metal oxides and a non-noble metal chlorine
discharge catalyst. Suitable non-noble metal
oxides are, for example, oxides of the film-
forming metals (titanium zirconium,
niobium, tantalum or tungsten), tin dioxide, 95
germanium dioxide and oxides of antimony.
Suitable chlorine-discharge catalysts include
the difluorides of manganese, iron, cobalt,
nickel and mixtures thereof.

Especially suitable electrocatalytically 100
active coatings according to the invention
include platinum itself and those based on
ruthenium dioxide/titanium dioxide and
ruthenium dioxide/tin dioxide/titanium
dioxide.

Other suitable coatings include those
described in our UK Patents Nos 1 402 414
and 1484 015 in which a non-conducting
particulate or fibrous refractory material is
embedded in a matrix of electrocatalytically 110
active material (of the type described
above). Suitable non-conducting particulate
or fibrous materials include oxides, car-
bides, fluorides, nitrides and sulphides.
Suitable oxides (including complex oxides) 115
include zirconia, alumina, silica, thorium
oxide, titanium dioxide, ceric oxide, haf-
nium oxide, ditantalum pentoxide, mag-
nesium aluminate (e.g. spinel MgO.Al:Os),
aluminosilicates (e.g. mullite (Al2Os)s 120
(SiO2)2), zirconium silicate, glass, calcium
silicate (e.g. bellite (Ca0):810-), calcium
aluminate, calcium titanate (e.g. perovskite
CaTiOs), attapuigite, kaolinite, asbestos,
mica, codierite and bentonite; suitable sul- 125
phides include dicerium trisulphide, suitable
nitrides include boron nitride and silicon
nitride; and suitable fluorides include cal-
cium fluoride. A preferred non-conducting
refractory material is a mixture of zirconium 130
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silicate and zirconia, for example zirconium
silicate particles and zirconia fibres.

The anode portions of the anode plates
may be prepared by a painting and firing

5 technique, wherein a coating of metal
and/or metal oxide is formed on the anode
surface by applying to the surface of the
anode plate a layer of a paint composition
comprising a liquid vehicle containing

10 thermally-decomposable compounds of
each of the metals that are to feature in the
finishing coating, drying the paint layer by
evaporating the liquid vehicle, and then fir-
ing the paint layer by heating the coated

15 anode plate, suitably at 250°C to 800°C, to
decompose the metal compounds of the
paint and form the desired coating. When
refractory particles or fibres are to be
embedded in the metal and/or metal oxide

20 of the coating, the refractory particles or
fibres may be mixed into the aforesaid paint
composition before it is applied to the anode
plate. Alternatively, the refractory particles
or fibres may be applied on to a layer of the

25 aforesaid paint composition while this is still
in the fluid state on the surface of the anode
plate, the paint layer then being dried by
evaporation of the liquid vehicle and fired in
the usual manner.

30 The electrocatalytically active coatings
are preferably built up by applying a plural-
ity of paint layers on the anode plate, each
layer being dried and fired before applying
the next layer.

35 The metal comprising the cathode portion
of the cathode plates is generally of iron or
steel, preferably of mild steel, but other
metals may be used, for example nickel.

The metallic cathode portion may consist

40 of a perforated plate or gauze, but is prefer-
ably in the form of louvres. The louvres may
be produced from a metal sheet, for exam-
ple of mild steel or iron, by pressing with a
slitting and forming tool as described above

45 with reference to anode plates.

The cathode louvres are preferably
inclined at an angle of more than 60° to the
plane of the cathode sheet.

The louvres of each cathode plate when

50 installed in the cell are preferably aligned so
that their longitudinal axes are parallel to
one another and are inclined at an angle to
the vertical, e.g. at an angle of about 45°, so
as to direct the hydrogen produced in catho-

55 lyte compartments towards the second
common compartment disposed lengthwise
of the cell.

In a preferred embodiment, both the
anode and the cathode louvres are inclined

60 with their longitudinal axes at 45° to the ver-
tical (as defined above), i.e. successive
anodes and cathodes have louvres whose
longitudinal axes are inclined at 90° with
respect to one another.

65 The anode plates and cathode plates must

be made in part of a non-conducting mater-
ial so that the first and second compart-
ments disposed lengthwise of the cell are
electrically insulated from one another.
Thus that part of the anode plate having an 70
opening which in the cell defines a part of

the first compartment may be made of a
metal, e.g. the film-forming metal of the
anode portion of the plate, in which case that
part of the anode plate having an opening 75
which in the cell defines a part of the second
compartment should be made up of a non-
conducting material, for example a plastics
material, e.g. polypropylene. Conversely,
that part of the cathode plate having an 80
opening which in the cell defines a part of

the first compartment should be made of a
non-conducting material, for example a
plastics material, e.g. polypropylene, and
that part of the cathode plate having an 85
opening which in the cell defines a part of

the second compartment may be made of a
metal, e.g. the same metal as that of the
cathode portion of the cathode plate. Alter-
natively, that part of the anode plate having 90
an opening which in the cell defines a part of

the first compartment may be made of a
non-conducting material, and that part hav-

ing an opening in the cell defines a part of

the second compartment may be made of a 95
metal, and conversely that part of the
cathode plate having an opening which in

the cell defines a part of the first compart-
ment may be made of a metal or that part
having an opening which in the cell definesa 100
part of the second compartment may be
made of a non-conducting material. The
parts of the anode plates and cathode plates
which define the openings in the plates may

be in the form of frame portions made of 105
appropriate materials as hereinbefore
described.

In preferred anode plates and cathodes
plates the plates are in two parts, a metallic
part and a part made of a non-conducting 110
material, and the parts of the anode plates
are placed next to each other, and the parts
of the cathode plates are placed near to each
ot{ler, during assembly of the filter press
cell.

The anode portion of the anode plate, the
cathode portion of the cathode plate, and
the diaphragm are conveniently of substan-
tially the same shape. For example, the
anode portions, cathode portions and diap-
hragms may be in the shape of a square or a
rhombus, or may be rectangular, or circular.
The preferred shape is a square shape
arranged so that the diagonals of the square
are horizontal and vertical. Preferably the
anode plate, cathode plate and diaphragm
plate are symmetrical about a vertical axis.

It is also preferred that the opening in the
plates which in the cell define the first com-
partment are of substantially the same shape
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so that the first compartment is of uniform
cross-section throughout its length. Simi-
larly, it is preferred that the openings in the
plates which in the cell define the second
compartment are of substantially the same
shape so that the second compartment is of
uniform cross-section throughout its length.
Preferably, both sets of openings arc of sub-
stantially the same shape.

The anode plate, cathode plates, spacing
plates, and diaphragm plates, are preferably
flexible. The aforesaid plates can readily be
made flat and of a uniform thickness and
may be made sufficiently thin so as to be
flexible. This flexibility enables a uniform
and adequate pressure to be maintained in
all jointing areas in the cell, thereby pre-
venting leakage.

The spacing plates arc conveniently of the
same size and shapc as the anode, cathode
and diaphragm plates.

The spacing plates, in addition to being
provided with two openings in the faces of
the plates which in the cell form respectively
a part of the first and second compartments,
are further provided with an opening in the
face of the plate which in the cell, defines a
part of each anolyte or catholyte compart-
ment.

The passages of each spacing plate are
conveniently in the form of a %)lurality of
slots cut within the thickness of the plates
between either the openings corresponding
to the anolyte compartments and the first
compartment or the openings between the
catholyte compartments and the second
compartment.

Passages conveniently in the form of a
plurality of slots are cut within the thickness
of the face plate between the openings cor-
responding to the anolyte compartments
and the first compartment or between the
openings corresponding to the catholyte
compartments and thc second compart-
ment. Alternatively a separate slotted or
formed spacer piece may be provided. On
assembling the spacing plates into the cell
the plates provide the passages connecting
(1) the anolyte compartments and the first
compartment and (2) the catholyte com-
partments and the second compartment
respectively.

The spacing plates may be fabricated in
any suitable non-conducting material, but it
is preferred to use synthetic organic polym-
ers which are inert to the conditions prevail-
ing in the cell. Especially suitable polymers
include polyvinlyidene fluoride and polyp-
ropylenc. The spacing plates are conve-
niently cut from a sheet of the polymer or
moulded from the polymer.

The cell may conveniently be provided
with sealing joints or gaskets which are suit-
ably of an elastomeric material, for example
of natural or synthetic rubber. The sealing

joints or gaskets arc suitably cut from a
sheet of the elastomeric material or
moulded from the elastomeric material and
correspond in overall size and shape to the
aforesaid spacing plates.

Alternatively, the spacing plates may be
modified in shape and thickness to act as
both spacers and as sealing joints or gaskets.
In this case, the combined spacing plates
and gaskets are conveniently made of an
elastomeric material, for example natural or
synthetic rubber, and the aforesaid passages
in the spacing plates are provided for by
incorporating a spring device which is either
a pressing made of the anode or cathode
matcrial, or a flexible moulding in a suitable
polymer. The spring device would allow the
flow of gas or liquor with the minimum of
obstruction and would have a resiliency and
depth compatible with the elastomer so that
jointing pressure is transmitted.

The sealing joints or gaskets, or spacing
plates which act as sealing joints or gaskets,
are sufficiently thin and flexible to promote
good jointing conditions in the cell, espe-
cially when the anode plates, cathode plates,
diaphragm plates and the spacing plates (if
present) are flexible.

Any suitable diaphragm material may be
used, but it is preferred to use porous
fluoropolymer (e.g. golytetraf—
luoroethylene) diaphragms. Suitable diap-
hragms may be prepared from aqueous dis-
persions of polytetrafluoroethylene and
removable filler by the methods described in
our UK Patents Nos 1081046 and
1 424 804. The filler may be removed prior
to introducing the diaphragm into the cell,
for example by treatment with acid to dis-
solve the filler. Alternatively the filler may
be removed from the diaphragm in situ in
the cell, for example as described in our UK
Patent No 1 468 355 in which acid contain-
ing a corrosion inhibitor is used to dissolve
the filler, or the filler is removed electrolyti-
cally.

Alternatively, the diaphragm may be
formed from sheets of porous polymeric
material containing units derived from tet-
rafluoroethylene, said material having a
micro-structure characterised by nodes
interconnected by fibrils. The aforesaid
polymeric material and its preparation are
described in UK Patent No 1 355 373, and
its use as a diaphragm in electrochemical
cells is described in our UK Specification No
1503915 (Belgian Patent Specification
829 388).

The diaphragm may also be formed by an
electrostatic spinning process. Such a pro-
cess is described in our UK Specification
No. 1 522 605 and involves introducing a
spinning liquid comprising liquid comprising
an organic fibre-forming polymer material
(for example a fluorinated polymer, e.g.
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polytetrafluoroethylene) into an electric

field whereby fibres are drawn from the

liquid to an electrode and collecting the

fibres so produced upon the electrode in the
5 form of a porous sheet product.

In one arrangement of the cell, single
anode plates alternate with single cathode
plates, with diaphragm plates interposed
between adjacent anode and cathode plates.

10 In an alternative arrangement, pairs of
anode plates alternate with pairs of cathode
plates, with diaphragm plates interposed
between adjacent pairs of anode plates and
pairs of cathode plates.

15 The use of pairs of anode and cathode
plates, instead of single plates provides
increased gas disengagement space in the
vicinity of the anode and cathodes.

The anode portion of each anode plate

20 and the cathode portion of each cathode
plate preferably has a dimension in the
direction of current flow which is in the
range 15 to 60 cm, particularly in the range
15 to 25 c¢m when using alternating single

25 anode and cathode plates, and in the range
30 to 50 cm when using alternating pairs of
anode and cathode plates. The aforesaid
preferred dimensions of the anode and
cathode portions provide short current

30 paths which in turn ensure low voltage drops
in the anodes and cathodes without the use
of elaborate current carrying devices.

The distance between successive diap-
hragm surfaces defining a cell module is pre-

35 ferably in the range 5 to 20 mm, for example
in the range 5 to 8 mm when using alternat-
ing single anodes and cathodes, and in the
range 10 to 20 mm when using alternating
pairs of anodes and cathodes.

40  In operation, the brine passes downwards
from the overhead inlet feed brine com-
partment through passages in spacing plates
into the anolyte compartments.

Halogen gas generated in the anolyte

45 compartments passes upwards through the
brine feed passages and disengages in the
overhead common inlet feed brine com-
partment. The brine percolates through the
diaphrams into the catholyte compartments,

50 where cell liquor and hydrogen are pro-
duced. The cell liquor and hydrogen rise
through the passages in the spacing plates
into the other overhead compartment where
hydrogen disengages.

55 “The cell according to the present inven-
tion is therefore built up of formed or pres-
sed anode and cathode plates of similar
shape, separated by shaped moulded or
cut-out spacing plates of a suitable non-

60 conducting material, together with the
necessary sealing joints or gaskets. The cell
is conveniently provided with end plates,
adjacent respectively to the terminal anode
and cathode plates. The end plates are suit-

65 ably of mild steel, suitably protected from

the cell environment e.g. by means of a plas-
tics spacer, and the whole assembly may be
clamped together, for example by bolting
the end plates. This simple design advan-
tageously allows a commercial cell to be 70
constructed at a relatively low capital cost as
compared with conventional monopolar
tank-type cells or bipolar filter press cells.

When using this flexible anode plates and
cathode plates, it is not necessary for the 75
plates to be made preferably plane during
manufacture since the plates become flat-
tened whilst assembling because of the pres-
sure exerted by the end plates which may be
of comparatively massive construction. 80
Moreover, the use of this anode and cathode
plates (e.g. Imm thickness) results in the
louvres formed in the active portions of the
anode and the cathode having little strength
so that they are easily deflected by the diap- 85
hragm of they come into contact with it dur-
ing assembling, whereby avoiding damage
to the diaphragm. In this way, a relatively
small anode/cathode gap, for example 2
mm, can simply and effectively be achieved. 90

The overall length of the cell will inevit-
ably be greater than the thickness of the
individual modules. It is envisaged, for
example, that current connection to the
modules of a cell will be by means of a plur- 95
ality of flexible current connectors equal in
number to the number of cell modules in the
cell.

A plant for the production of halogen and
alkali metal hydroxide solution may com- 100
prise a plurality of cells of the present inven-
tion, and the cells may be connected to one
another by means of tie rods or clamps pas-
sing through or around the assembly of flex-
ible connectors and the anode and cathode
plates as appropriate. Where such a plural-
ity of cells are used and a particular cell has
to be taken out of operation, that is electri-
cally isolated, a jumper switch may be
positioned directly above the cell to be
removed from operation and connections
may be made to appropriate points along
the whole length of the inter cell connectors
by means of a similar tie rod or clamp
arrangement. The cell may then be removed 115
either from beneath or from the side. Alter-
natively, the jumper switch may be placed
beneath the cell and the cell removed from
above.

The invention is especially applicable to 120
diaphragm cells used for the manufacture of
chlorine and sodium hydroxide by elec-
trolysis of aqueous sodium chloride solu-
tions.

By way of example, an embodiment of the
invention will now be described with refer-
ence to the accompanying drawings in
which:

Figure 1 is a perspective expanded view of
part of a diaphragm cell according to the 130
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invention, and
Figure 2 is a diagrammatic end view of the
part of the diaphragm cell of Figure 1 vie-
wed in the direction A; Figure 2 is cut away
5 to display successive components of the cell.
Figure 3 is a diagrammatic sketch of a cell
according to the invention comprising single
anode plates alternating with single cathode
plates Figurc 4 is a diagrammatic sketch of a
10 cell according to the invention comprising
pairs of anode plates alternating with pairs
of cathode plates.
The part of the cell illustrated comprises
anode plate 1, cathode plate 2 and diap-
15 hragm 3 in combination with spacing plates
4,5, and diaphragm plate 6, and gaskets 7.
The diaphragm 3 and associated plate 6
separatcs an anolyte module comprising an
ancdc plate 1, a spacing plate 4, and gasket
20 7, from a catholyte module comprising a
cathode plate 2 spacing plate 5, and gasket
7. The cell in Figure 1 contains half an
anode module and half a cathode module,
but it will be appreciated that a commercial
25 cell would contain a plurality of such anode
and cathode modules, typically 500 to 2000
modules. The plurality of modules would be
clamped together (with provision for hcat
expansion) by means of bolts and springs, or
30 hydraulic devices.
The cell would further comprise end
plates (not shown), suitably of mild steel.
The individual components of the cell
referred to above (and which are discussed
35 in detail below) combine to define a com-
partment 10 (shown in Figure 2) for inlet
feed brine and chlorine product and which
extends along the length of the cell, a com-
partment 11 (shown in Figure 2) for alkali
40 metal hydroxide solution product (cell
liquor) and hydrogen product which also
extends along the length of the cell, and
alternate anolyte and catholyte com-
partments (one associated with each mod-
45 ule) extending between successive diap-
hragms 3. The dimensions of the anolyte
and catholyte compartments are determined
by the distance between successive diap-
hragm 3 and anode plate 1 and cathode
50 plate 2 respectively, and by the cross-section
of the associated active anode portions (and
active cathode portions) as discussed below.
Each anode plate 1 consists of an active
portion 12 and a frame portion 14 which is
55 suitably fabricated of a film-forming metal,
preferably titanium, and a frame portion 8
suitably fabricated of a plastics material. e.g.
polypropylene. The active anode portion 12
in the form of a plurality of louvres carrying
60 an electrocatalytically active coating (for
example, a mixture of ruthenium oxide and
titanium dioxide). The anode plate 1 has an
extended portion 13 for connecting to a
source (not shown) of electric current, and
65 the frame portions 14 and 8 define openings

15 and 15a the dimensions of which corres-
pond to the cross-sections of the compart-
ments 10 and 11 respectively.

Each cathode plate 2 consists of an active
portion 16 and a frame portion 18 which is 70
suitably fabricated of mild steel or iron, pre-
fcrably mild steel, and a frame portion 9
suitably fabricated of a plastics material, e.g.
polypropylene. The active cathode area 16
is in the form of a plurality of louvres. The 75
cathode plate 2 has an extended portion 17
for leading away the electric current, and
the frame portions 18 and 9 define openings
19 and 19a respectively the dimensions of
which correspond to the cross-sections of 80
the compartment 11 and 10 respectively.

Each diaphragm 3 is suitably a micropor-
ous sheect of asbestos or of a fluorinated
polymer, and is preferably a microporous
sheet of polytetrafluoroethylene. The diap- 85
hragm 3 is supported on a plate 6 fabricated
from any suitable elastomeric material, for
example natural or synthetic rubber.

The plate 6 is in the form of a frame defin-
ing three openings, the dimensions of which 90
correspond respcctively to the cross-sections
of the anolyte or catholyte compartments,
and the common compartments 10 and 11.

Each spacing plate 4,5 is suitably fabri-
cated of a plastics material, for example 95
polypropylene. The spacing plates 4,5 are
provided with three openings the dimen-
sions of which are substantially the same as
the dimensions of the openings in the diap-
hragm plates 6. The spacing plates 4,5 are 100
further provided with slots 20,21 respec-
tively positioned in the cell so that the slots
20 of spacing plate 4 connect an anolyte
compartment and the compartment 10 and
the slots 21 of spacing plate 5 connect a 105
catholyte compartment and the common
compartment 11.

Each of the gaskets 7 is fabricated from
an elastomeric material, for example natural
or synthetic rubber. The gasket 7 is in the
form of a frame defining three openings, the
dimensions of which correspond approxi-
mately to the cross-sections of the anolyte or
catholyte compartments, and the compart-
ments 10 and 11. Plate 6 and plates 4 and 5
are similar in overall shape except that plate
6 has a lower opening smaller than the cor-
responding opening in plates 4 and 5, so
that 1n the cell the edges of the diaphragm 3,
which is slightly large than the lower open- 120
ing in plate 6, are trapped between plate 6
and plate 4 or plate 5. Furthermore, plates 6
are conveniently of a thickness compatible
with the thickness of the diaphragm whereas
gaskets 7 are suitably of thinner material.

The cell is suitably provided with an
inlet conduit (not shown) for sodium
chloride brine (connected to the compart-
ment 10), and outlet conduits (not shown)
for chlorine (connected to the compartment 130
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10,) and for hydrogen and cell liquor (con-
nected to the compartment 11).

In operation, sodium chloride brine pas-

ses downwards from compartment 10

S through slots 20 in spacing plates 4 into the

anolyte compartments. Chlorine gas gener-

ated in the anolyte compartments passes

upwards through slots 20 of spacing plates 4

and disengages in the compartment 10. Cell

10 liquor and hydrogen produced in the catho-

lyte compartments rises through slots 21 in

spacing plates 5 into the common compart-
ment 11 where the hydrogen disengages.

Referring to Figure 3, the cell of the type

15 shown in Figures 1 and 2 is shown diagram-
matically to illustrate the arrangement of
single anode plates 22 (corresponding to
anode plates 1) alternating with single
cathode plates 23 (corresponding to cathode

20 plates 2), with diaphragms 24 interposed
between the anode plates 22 and cathode
plates 23. Figure 3 also shows the gaskets 25
(corresponding to gaskets 7) but, for simpl-
icity, the spacing plates (shown as 4 in Fig-

25 ures 1 and 2) are not represented.

Referring to Figure 4, a cell is shown
diagrammatically to illustrate the alternative
arrangement of alternating pairs of anode
plates 26 and pairs of cathode plates 27, in

30 combination with diaphragms 28 and gas-
kets 29.

The cell according to the invention is
further illustrated by the following Exam-

le:—

35 EXAMPLE

A diaphragm cell according to the inven-
tion was provided with four titanium
louvred anode plates 1 (each 0.75 mm
thickness) coated with a mixture of

40 ruthenium oxide and titanium dioxide, four
mild steel louvred cathode plates 2 (each
0.75 mm thickness), and seven electrostati-
cally spun polytetrafluoroethylene sheet
diaphragms (3 mm thickness). The length of

45 the louvres of the anode and cathode plates
which follow the direction of current flow
was 15 cm. The distance between diap-
hragm surfaces in the anolyte (or catholyte)
compartments was 6 mm. The spacing plates

50 4 and frame 7, 8 were fabricated in é)olyp-
ropylene and the diaphragm plates 6 were
fabricated in synthetic rubber.

The cell was fed with sodium chloride
brine 300 g/litre NaCl) at a rate of 5

55 lites/hour, and a current of 480 amps (cor-
responding to a current density of 3 kA/m?)
was passed through the cell. The cell operat-
ing voltage was 3.5 volts. The chlorine pro-
duced contained 95% by weight of Cl: and

60 5% by weight of O=. The sodium hydroxide
produced contained 10% by weight of
NaOH. The cell operated at a current effi-
ciency of 86%.

WHAT WE CLAIM IS:-

65 1. A monopolar filter press electrolytic

cell suitable for use in the electrolysis of
aqueous alkali metal halide solution
(hereinafter referred to as brine) to produce
an aqueous alkali metal hydroxide solution
(hereinafter referred to as cell liquor), 70
halogen and hydrogen, which cell comprises
a plurality of anode plates and cathode
plates, and a hydraulically permeable diap-
hragm positioned between each adjacent
anode plate and cathode plate, the anode 75
plates comprising an anode portion of a
film-forming metal which carries an elec-
trocatalytically active coating, the cathode
plates comprising a metallic cathode por-
tion, characterised in that the cell comprises 80
at least one spacing plate of a non-
conducting material positioned between
each anode plate and adjacent diaphragm
and between each cathode plate and adja-
cent diaphragm, the anode plates, cathode 85
plates and spacing plates being provided
with at least two openings in the faces of the
plates which, when the said plates are
assembled into a filter press cell, define in
combination a first compartment lengthwise 90
of the cell and a second compartment
lengthwise of the cell separated from the
first compartment, the said compartments in
the filter press cell being located above the
anolyte and catholyte compartments of the 95
cell defined respectively by the spaces bet-
ween the anodes and diaphragms and the
spaces between the cathodes and diap-
hragms, the spacing plates between the
anodes and adjacent diaphragms being pro- 100
vided with at least one passage which per-
mits brine to pass between the first com-
partment and the anolyte compartments and
which permits halogen to be released from
the anolyte compartments to the first com- 105
partment, and the spacing plates between
the cathodes and adjacent diaphragms being
provided with at least one passage which
permits cell liquor and hydrogen to pass
from the catholyte compartments to the 110
second compartment, the cell being pro-
vided with end plates which provide end
walls for the aforementioned first and sec-
ond compartments, the anode plates and
cathode plates being made in part of a non- 115
conducting material so that the first and
second compartments are electrically insu-
lated from one another.

2. A cell as claimed in Claim 1 wherein
the diaphragm is attached to a diaphragm 120
plate comprising at least two openings in the
faces of the plate which in the cell define a
part of the first and second compartments
resépectively.

A cell as claimed in Claim 2 wherein 125

the openings in the anode, cathode spacing
and diaphragm plates are defined by frame
portions.

4. A cell as claimed in any one of Claims
1 to 3 wherein the end plates comprise a 130
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terminal anode plate and a terminal cathode
plate.

5. A cell as claimed in any one of the
preceding claims wherein the anode,

5 cathode, spacing and diaphragm plates are
flexible.

6. A cell as claimed in any one of the
preceding claims wherein the anode portion
of the anode plate is in the form of louvres.

10 7. A cell as claimed in Claim 7 wherein
the louvres are aligned so that their lon-
gitudinal axes are parallel to one another
and are inclined at 45° to the vertical so as to
direct the halogen produced in an anolyte

15 compartment towards thc first compart-
ment.

8. A cell as claimed in any one of the
preceding claims wherein the electrocatalyt-
ically active coating comprises a mixture of a

20 platinum group metal oxide and a film-
forming metal oxide.

9. A cell as claimed in Claim 8 whercin
the coating comprises a mixture of
ruthenium oxide and titanium dioxide.

25 10. A cell as claimed in any one of
Claims 3 to 9 claims wherein the frame por-
tion of each anode plate defining an opening
corresponding to a part of the first com-
partment is made of a film-forming metal

30 and isintegral with the anode portion.

11. A cell as claimed in Claim 10
wherein the integral anode and frame por-
tions are pressed from a single sheet of a
film-forming metal.

35 12. A cell as claimed in Claim 11
wherein the film-forming metal is titanium.

13. A cell as claimed in any one of
Claims 3 to 12 wherein the frame portion of
each anode plate defining an opening cor-

40 responding to a part of the second com-
partment 1s made of a non-conducting mat-
erial and is separate from the remainder of
the anode plate.

14. A cell as claimed in Claim 13

45 wherein the non-conducting material is
polypropylene.

15. A cell as claimed in any one of the
preceding claims wherein the metallic por-
tion of the cathode plate is in the form of

50 louvres.

16. A cell as claimed in Claim 15
wherein the louvres are aligned so that their
longitudinal axes are garallel to one another
and are inclined at 45° to the vertical so as to

55 direct the hydrogen produced in a catholyte
compartment towards the second compart-
ment, the said louvres being inclined at 90°
to the louvres of the anode plate.

17. A cell as claimed in any one of

60 Claims 3 to 16 wherein the frame portion of
each cathode plate defining an opening cor-
responding to a part of the second com-
partment is made of the same metal as the
metal of the metallic portion and is integral

65 with the metallic portion.

18. A cell as claimed in Claim 17
wherein the integral cathode and frame por-
tions are pressed from a single sheet of
mectal.

19. A cell as claimed in Claim 18 70
wherein the metal is mild steel.

20. A cell as claimed in any one of
Claims 3 to 19 wherein the frame portion of
each cathode plate defining an opening cor-
responding to a part of the first compart- 75
ment is made of a non-conducting material
and is separate from the remainder of the
cathode plate.

21. A cell as claimed in Claim 20
wherein the non-conducting material is 80
polypropylene.

22. A ccll as claimed in any one of the
preceding claims wherein the anode por-
tions, the cathode portions and the diap-
hragms are of a substantially square shape 85
arranged so that the diagonals of the square
are horizontal and vertical.

23. A cell as claimed in any one of the
preceding claims wherein the anode,
cathode, diaphragm and spacing plates are 90
substantially of the same size.

24. A cell as claimed in any one of
Claims 1 to 23 wherein the passages of each
spacing plate are provided by slots cut
within the thickness of the frame portion 95
between either the openings corresponding
to the anolyte compartments and the first
compartment or the openings between the
catholyte compartments and the second
compartment.

25. A cell as claimed in any one of the
preceding claims wherein the spacing plate
is fabricated in polyvinylidene fluoride or
polypropylene.

26. A cell as claimed in any one of the 105
preceding claims which further comprises
sealing joints or gaskets of elastomeric mat-
erial corresponding in overall size and shape
to the spacing plates.

27. A cell as claimed in Claim 26 110
wherein each spacing plate is made of an
elastomeric material and serves as a com-
bined spacing plate and sealing joint or gas-
ket, and wherein the passages of the plate
are in the form of a spring device incorpo- 115
rated into the spacing plate and comprising
a pressing in the anode or cathode material
or a flexible polymeric moulding.

28. A cell as claimed in any one of the
preceding claims wherein the diaphragm 120
comprises a porous fluoropolymer.

29. A cell as claimed in Claim 28
wherein the fluoropolymer is polytetraf-
luoroethylene.

30. A cell as claimed in any one of the 125
preceding claims wherein single anodes
alternate with single cathodes, with diap-
hragms interposed between successive
anodes and cathodes.

31. A cell as claimed in any one of 130

100
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Claims 1 to 29 wherein pairs of anodes
alternate with pairs of cathodes, with diap-
hragms interposed between successive pairs
of anodes and cathodes.
5 32. A cell as claimed in any one of the
preceding claims wherein each anode por-
tion and each cathode portion has a dimen-
sion in the direction of current flow which is
in the range 15 cm to 60 cm.

33. A cell as claimed in Claims 30 and
32 in which each anode portion and each
cathode portion of the single anode and
cathodes has a dimension in the direction of
current flow which is in the range 15 to 25
15 cm.

34. A cell as claimed in Claims 31 and
32 in which each anode portion and each
cathode portion of each pair of anodes has
a dimension in the direction of current flow

20 which is in the range 30 to 50 cm.
35. A cell as claimed in any one of the
preceding claims wherein the distance bet-

10

ween successive diaphragms is in the range 5
to 20 mm.

36. A cell as claimed in Claim 35
wherein the distance between successive
diaphragm surfaces is in the range 5 to 8 mm
when using single anodes and cathodes.

37. A cell as claimed in Claim 35
wherein the distance between successive
diaphragm surfaces is in the range 10 to 20

mm.
38. A cell substantially as hereinbefore
described with reference to Figures 1 and 2.
39. A cell substantially as hereinbefore
described with reference to Figures 3 and 4.
40. A cell substantially as hereinbefore
described with reference to the Example.
41. Chlorine whenever produced in a
diaphragm cell as claimed in any one of
Claims 1 to 40.

K.HARTLEY
Agent for the Applicants

30

35

40
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