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(57) Cette conceme des cellules
¢lectrochimiques, a1nsi que des sy stemes
¢lectrochimiques qui utilisent une plaque d’¢lectrode
unitaire ou faite d 'une seule piece et ci-apres dénommee
plaque d’¢lectrode double (PED). Cette plaque assure la
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(57) The present mvention relates to electrochemical
cells and electrochemical systems using a one piece or
unitary electrode plate (110) heremafter also referred to
as a double electrode plate (DEP) which serves to
electrically connect two adjacent cell compartments and
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connexion ¢lectrique entre deux compartiments de
cellules adjacents, le debit de courant dans les €lectrodes
¢tant parallele a la surface de travail de 1°¢lectrode. Les
cellules sont concues de maniere a €tre assemblees en
une pile contigué de cellules (pile de cellules) similaire a
un filtre-presse ou les connexions €lectriques entre des
cellules adjacentes se font a 1'aade de la plaque
d’¢électrode double. Dans un mode de réalisation, cette
invention concerne un ¢lectrolyseur a piles multiples
monopolaire qui utilise ces plaques d’¢lectrode doubles,
et dans lequel les plaques d’¢lectrode doubles et planes
servent a connecter les cellules dans des piles de cellules
adjacentes. Les caracteéristiques monopolaires de la
cellule sont assurées par un espace d’air qui 1sole chaque
pile adjacente de cellules connectees par chaque plaque
d’¢lectrode double. Dans un autre mode de réalisation,
cette mvention concerne un ¢lectrolyseur a pile unique
qu utilise une plaque d’¢lectrode double et plice afin de
connecter des cellules adjacentes dans ladite pile unique.
Une paro1 1solante s€pare les compartiments de systemes
de paires d’¢lectrodes adjacents qui sont connectes par la
plaque d’clectrode double a [D'intérieur de cet
¢lectrolyseur. Dans encore un autre mode de realisation,
cette invention fait appel a des cadres de circulation
d’¢lectrolyte qui sont faits de matériaux clastomeres
formant des joints €tanches aux fluides. Des enceintes
rigides situces aux extremites de chaque pile assurent la
rigidite de la structure, ceci tout en offrant un site qui
permet de melanger ['¢lectrolyte provenant de
différentes piles d’un ¢€lectrolyseur a piles multiples.
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wherein the current flow 1n the electrodes 1s parallel to
the working face of the electrode. In the cell designs
disclosed herein the cells are assembled as a contiguous
stack of cells (cell stack) appearing similar to a filter
press where the electrical connections between adjacent
cells are made using the double electrode plate. In one
aspect of the mvention there 1s provided a mono-polar
multiple stack electrolyser (IMSE) using double electrode
plates wherein the planar double electrode plates connect
cells 1 adjacent cell stacks. The mono-polar
characteristics of the cell are maintained by the presence
of an air gap (28) 1solating each adjacent stack of cells
connected by each double electrode plate (110). In
another aspect of the invention there 1s provided a single
stack electrolyser (SSE) utilizing a folded double
clectrode plate to connect adjacent cells 1n a single stack.
An sulating wall separates compartments of adjacent
clectrode pair assemblies connected by the double
clectrode plate in the SSE. In another aspect of the
invention electrolyte circulation frames are provided that
are fabricated of elastomer materials which provide fluid
tight seals. Ri1gid enclosures are also provided at the ends
of each stack to provide structural rigidity 1n addition to
providing a site for mixing electrolyte from the different
stacks 1n the multi-stack electrolyser.
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. (110)
serves to electrically connect two adjacent cell compartments and

connect cells in adjacent cell stacks. The mono-polar characteristics

of the cell are maintained by the.presea.lce of an air gap (28) isolating each adjacent stack of cells connected by each double electrode plate
(110). In another aspect of the invention there is provided a single stack electrolyser (SSE) utilizing a folded double electrode plate to

connect adjacent cells in a single stack. An insulating wall
double electrode plate in the SSE. In another

Separates compartments of adjacent electrode pair assemblies connected by the
aspect of the invention electrolyte

circulation frames are provided that are fabricated of

elastomer materials which provide fluid tight seals. Rigid enclosures are also provided at the ends of each stack to provide structural rigidity

in addition to providing a site for mixing electrolyte from the different stacks In the

multi-stack electrolyser.
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ELECTROCHEMICAL CELLS AND ELECTROCHEMICAL SYSTEMS

FIELD OF THE INVENTION

The present invention relates to the design of electrochemical cells
and electrochemical systems, and more particularly to electrode supports adaped

for use in single stack and muitiple stack electrochemical systems.

BACKGROUND OF THE INVENTION

Electrosynthesis is a method for production of chemical reaction(s)
that 1s electrically driven by passage of an electric current, typically a direct current
(DC), through an electrolyte between an anode electrode and a cathode electrode.
An electrochemical cell is used for electrochemical reactions and comprises anode
and cathode electrodes immersed In an electrolyte with the current passed between
the electrodes from an external power source. The rate of production is proportional
to the current flow in the absence of parasitic reactions. For example, in a liquid
alkaline water electrolysis cell, a direct current (DC) is passed between two

electrodes in an aqueous electrolyte to split water (the reactant) into the component

product gases: hydrogen and oxygen where the product gases evolve at the
surfaces of the respective electrodes.

The achievement of a preselected level of production involves a trade-
off between increasing the operating current density and increasing the number of
the cells. Due to the physical nature of the electrolytic processes, the higher the
current density, the higher the energy consumption per unit of production, and so
the trade-off facing the cell designer is whether to bear the increase in capital cost
of more cells or to pay higher operating costs through reduced energy efficiency.
Increasing current density will also lead to more stressful operating conditions such
as higher electrolyte temperature that will impose additional design requirements
and added costs. In the final analysis, the trade-off is determined on a case-by-case
basis by the external variables primarily driven by the cost of electricity.

In the conventional bi-polar electrolyser a voltage is applied between

the end electrode of a stack of electrode plates. One side of a plate acts as an

1
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anode and produces oxygen and the other side acts as a cathode producing

hydrogen in the case of electrolysis. The key implications to this in terms of current

flow is that the current flow is through the stack perpendicuiar to the plane of the

electrode (the plane of the electrode defined by the gas evolving surfaces of the
electrodes) and importantly that the current flow is contained within the cell stack.
Current flows in the electrcde from all edges of the electrode towards the centre of

the electrode plate.

In the conventional mono-polar cell design presently in wide
commercial use today, one cell or one array of (parallel) cells is contained within

one functional electrolyser, or cell compartment, or individual tank. Therefore each

cell is made up of an assembly of electrode pairs in a separate tank where each

assembly of electrode pairs connected in parallel acts as a single electrode pair.

The connection to the cell is through a limited area contact using an interconnecting
bus bar such as that disclosed in Canadian Patent Number 302, 737 issued to A.T.
Stuart (1930). The current is taken from a portion of a cathode in one cell to the
anode of an adjacent cell using point-to-point electrical connections using the
above-mentioned bus bar assembly between the cell compartments. The current

is usually taken off one electrode at several points and the connection made to the
next electrode at several points by means of bolting, welding or similar types of

connections and each connection must be able to pass significant current densities.

Current flows from the point of connection over the area of the electrode. Current

in the electrode flows only in the plane of the electrode. Current between cells
occurs outside the nominal cell stack as each cell is in a separate tank. A drawback
to such connections is that they are prone to oxidation and other types of
degradation resulting in significant potential drops between celis which reduce the

efficiency of the electrolyser.
Most filter press type electrolysers insulate the anodic and cathodic

parts of the cell using a variety of materials which may include metals, plastics,
rubbers, ceramics and various fibre based structures. In many cases, O-ring

grooves are machined into frames or frames are moulded to allow O-rings to be

inserted. Typically at least two different materials form the assembly necessary to
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enclose the electrodes in the cell and create channels for electrolyte circulation

reactant feed and product removal. One of the materials is. for example, a hard
engineering plastic and the other a material soft enough to aliow sealing to be
achieved. In large bipolar filter press systems, cell stacks could be many tens of
metres in length. Such systems require hard and rigid materials with compatible
coeftficients of thermal expansion and minimal temperature/pressure related creep.

It would be very advantageous to provide an electrochemical system

which eliminates the need for external contacts connecting adjacent electrodes.

which avolds the drawbacks to conventional monopolar and bipolar systems but

Incorporates the advantages of each into a system. and which reduces the number
of components making up the system.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide an electrochemical

system having the compactness and low inter-cell resistance connections inherent
in bi-polar like electrochemical systems. it is also an object of the present invention

to provide compact electrochemical systems in a single stack configuration and in
a multi-stack configuration.

Another object of the present invention is to provide an
electrochemical system provided with a unitary one piece double electrode plate for
supporting an anode located in one cell compartment and a cathode located in an

adjacent cell compartment with the double electrode plate adapted for use in the
aforementioned single stack and multi-stack electrochemical systems.

Another object of the present invention is to provide an

electrochemical cell or electrochemical system having electrolyte circulation frames
which can also serve as seals in order to avoid the need for separate gaskets.
Another object of the present invention is to provide multi-purpose
rigid enclosures at one or both ends of the aforementioned electrochemical systems
which are in flow communication with the cell compartments. The enclosures

provide structural rigidity to the system in addition to acting as reservoirs for
electrolyte and providing a location for separating reaction product from the

3
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electrolyte.

A further object of the present invention is to provide a double
electrode plate including an electrically conducting frame for supporting two
electrodes being electrically connected by the frame. The double electrode plate
may be adapted for use as a component in electrochemical systems including but
not limited to energy storage devices such as batteries, energy producing devices
such as acid and/or alkaline fuel cells, electrochemical systems for various
electrosynthesis reactions.

An advantage of the present invention is that it provides a mono-polar
electrolyser configuration system having a compact cell design with reduced inter-
cell resistance factors typically found in bi-polar electrolysers. Multiple stack
electrolysers with power ratings of from less than one kW to several megawatts may
be constructed in a single cell block in accordance with the present invention.
Another advantage of the electrolysers of the present invention is that they do not
require separate sealing gaskets as needed in conventional electrolysers.

The present invention relates to the design of an assembly of an
electrochemical cell stack using a unitary electrode plate, hereinafter referred to as
a double electrode plate (DEP), on which an anode and cathode are supported.
The double electrode plate serves to electrically connect two adjacent cell
compartments and wherein the current flow in the electrodes is parallel to the
working face of the electrode plate. In the cell designs disclosed herein the mono-
polar cells are assembled as a contiguous stack of cells (cell stack) appearing
similar to a filter press where the electrical connections between adjacent stacks
are made using the double electrode plate.

In one aspect of the present invention there is provided a double

electrode plate for supporting two electrodes. The double plate electrode comprises

an electrically conducting frame having a first portion supporting a first electrode

and a second portion supporting a second electrode. The first electrode and the

second electrode are electrically connected by the electrically conducting frame.

In another aspect of the invention there is provided an electrochemical

system comprising at least two cells, each cell defining an anolyte chamber and a

4
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catholyte chamber, and including at least an anode electrode adjacent to the

anolyte chamber, and a cathode electrode adjacent to the catholyte chamber. The
anolyte and catholyte chambers each include an entrance and exit The
electrochemical system includes at least one double electrode plate having an
electrically conducting frame, the anode electrode in one of the at least two cells
being supported on a first portion of the electrically conducting frame, and the
cathode electrode in one of the other of the at least two cells being supported on
a second portion of the electrically conducting frame spaced from the first portion.

The present invention also provides an electrochemical system,
comprising at least one cell stack including at least two cells in the at least one cell
stack, each cell including an anode electrode and anolyte chamber adjacent to the
anode electrode, and a cathode electrode and catholyte chamber adjacent to the
cathode electrode. The electrochemical system includes rigid support members
located at opposed ends of the cell stack, the rigid support members Including at
least first and second rigid enclosures. The anolyte chambers are in flow
communication with the first rigid enclosure and the catholyte chambers are in flow
communication with the second rigid enclosure.

The present invention also provides an electrochemical system
comprising at least one cell stack including at least two cells. each cell Including a
first conducting plate supporting an anode electrode and a second conducting plate
supporting a cathode electrode. The first and second conducting plates each
include opposed peripheral surfaces. Each cell includes at least a first frame
member sealingly engaged against one of the opposed peripheral surfaces of the
first conducting plate defining an anolyte chamber. Each cell includes at least 3
second frame member sealingly engaged against one of the opposed peripheral
surfaces of the second conducting plate defining a catholyte chamber. The first and
second frame members are fabricated of a compressible elastomer-like material,
and wherein the first and second frame members are compressed to form fluid tight
seals when the electrochemical system is assembled.

The present invention provides a single stack electrochemical system.

The system comprises n cells arranged serially in a cell stack wherein n is an
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integer number of cells greater than or equal to 2, each cell including at least one
anode electrode and an anolyte chamber adjacent thereto and a cathode electrode

and a catholyte chamber adjacent thereto. Two cells are located at opposed ends

of the stack with one of the two cells including at least a contact anode electrode
and the other of the two cells including at ieast a contact cathode electrode The

contact anode and contact cathode electrodes are adapted to be connected to a
power supply. An insulating member for insulating adjacent cells in the stack is
provided. The system includes at ieast n-1 double electrode plates, each double
electrode plate including a least an electrically conducting frame having a length
and a width, and a first portion for supporting an anode electrode located in one of

the cells and a second portion for supporting a cathode electrode located in an
adjacent cell, and a web portion between the anode and cathode electrodes
electrically connecting the electrodes. At least a portion of the web portion is
located exterior to the cells containing the anode and cathode electrodes supported
Dy the double electrode plate. The double electrode plate being folded substantially
down a middle of the web portion, and when a voltage drop is developed between
the two contact electrodes current is collected along the length of the electrically
conducting frames and flows from cell to cell in a plane of the double electrode
plates across the width of the electrically conducting frames and the anode and
cathode electrodes.

The electrochemical cell stack designs disclosed herein utilizing the
double electrode plates have a much higher ratio of surface area for

electrochemical reaction per unit volume of electrolyser than conventional mono-

polar designs based on individual cell tanks and therefore space requirements and

system weight of embodiments of the electrolysis cell stacks are appreciably less

than in current systems. Advantageously, the footprint or area occupied by the
electrochemical system can be reduced further, without changing current density

and with minimal impact to cell voltage by increasing the height of the electrode.
The electrochemical cells or systems using the double electrode

plates constructed according to the present invention provide the advantages of

compactness of size and low Inter-cell resistance factor found in conventional bi-
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polar electrolysers and provide lower cost mono-polar electrolysers. Another
advantage of the present invention is that using the multiple stack electrolyser
(MSE) configuration, ceil assemblies of 1 MW or larger can be constructed in a

single cell block.

BRIEF DESCRIPTION OF DRAWINGS

The electrochemical cells and electrochemical systems constructed
In accordance with the present invention will now be described, by way of example
only, reference being made to the accompanying drawings, in which:

Figure 1 is an exploded perspective view of a multiple stack
electrochemical system (MSE) consisting of the series connection of four stacks
consisting of two cells each connected in parallel:

Figure 2 is a horizontal cross section along line 2-2 of Figure
showing the electrical current path in the cell block:

Figure 3a is a perspective view of a gas separator assembly
constructed in accordance with the present invention;

Figure 3b is a view along the line 3b-3b of Figure 3a:

Figure 4a is a perspective view of an electrolyte frame for use in
either the multiple stack electrochemical system (MSE) of Figure 1 or in the single
stack electrolyser (SSE) of Figure 7;

Figure 4b is a perspective view of an insulating gasket for use in the
MSE of Figure 1;

Figure S is a perspective view of a double electrode plate (DEP) for
use in the multiple stack electrolyser (MSE) of Figure 1:

Figure 6 shows a single electrode plate (SEP) used in the multiple
stack electrolyser (MSE) of Figure 1 .

Figure 6a is a perspective, cut-away view of a portion of a cell
compartment showing the flow path for gas laden electrolyte through the cell
compartments and into the passageways;

Figure 6b is a view along the line 6b-6b of Figure 6a:

Figure 7 is a perspective exploded view of a two cell single stack

7
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electrolyser (SSE) constructed in accordance with the present invention:

Figure 8a is a perspective view of a double electrode plate used in the

single stack electrolyser illustrated in Figure 7:
Figure 8D illustrates the double electrode plate of Figure 8a folded
down its middle by 180%

Figure 9 illustrates a single electrode plate (SEP) used in the single
stack electrolyser of Figure 7;

Figure 10 is a perspective exploded view of an electrolyte
frames/partition wall assembly used in the single stack electrolyser (SSE) of Figure
7,

Figure 11 is a perspective view of an end wall used in the single stack
electrolyser of Figure 7;

Figure 12 Is a horizontal cross section along the line 12-12 of Figure
/ showing the electrical current path through the single stack electrolyser cell block:

Figures 13(a) and 13(b) illustrate different alternative electrolyser
configurations constructed in accordance with the present invention:

Figure 14 i1s a perspective, exploded view of an alternative
embodiment of an MSE electrolyser provided with a header box: and

Figure 15 is a cross sectional view of the header box attached to the

rest of the MSE electrolyser shown in Figure 14,

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the design of, and methods of

electrically connecting, arrays of electrochemical cells (cell stacks) in a filter-press

type arrangement to form a cell block. Specifically, the invention relates to the

design of electrochemical cells, electrochemical systems and cell electrodes
including their supports and reactant/product transport conduits and several
methods of electrically connecting the cells, stacks and/or blocks to form a
functional electrochemical systems, e.g. an electrolyser in the case of electrolysis.
In addition, the present invention provides unique and advantageous designs for

various components used in the electrochemical system. The present invention

8
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discloses a methodology for constructing electrochemical systems with substantial
flexibility in respect of providing several configurations of electrical (bus)
connections, thereby providing versatility in selecting the size of the direct current
(DC) power supply.

As used herein the term “cell” or “electrochemical cell” refers to a
structure comprising at least one pair of electrodes inciuding an anode and a

cathode with each being suitably supported within an enclosure through which
electrolyte is circulated and product is disengaged. The cell includes a separator
assembly having appropriate means for sealing and meChanically supporting the
separator within the enclosure. Multiple cells may be connected either in series or
in parallel to form cell stacks and there is no limit on how many cells may be used
to form a stack. In a stack the cells are connected in the same way, either in parallel
or in series. A cell block is a unit which comprises one or more cell stacks and
multiple cell blocks are connected together by an external bus bar. A functional

electrolyser comprises one or more cells which are connected together either in

paraliel, in series, or a combination of both.
Multi-Stack Electrochemical System (MSE)

Figures 1 and 2 illustrate a preferred electrochemical system shown

generally at 20 constructed according to the present invention which is referred to
hereinafter as a multiple stack electrochemical system (MSE). The cross sectional
view lllustrated in Figure 2 shows the electrode polarity and direction of current flow
through each individual cell stack and also between the individual cell stacks which
distinguishes this electrolyser configuration as a mono-polar electrochemical
system. Electrochemical system 20 is shown as a cell block comprising four cell
stacks 22 with series connections between cell stacks and the two electrolysis cells
of each stack connected in parallel. Each stack 22 is provided with two cells 24,
best seen in Figure 2 but it will be understood that each stack may comprise any
number of cells in the direction of arrow A. The height of the cell stack may be

varied.

The anode and cathodes in adjacent cells 24 (excluding the cells in
the two end cell stacks 22) are provided by double electrode plate 110 comprising

9
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an ancde 114 supported one half of the doubie electrode plate and a cathode 116
supported on the other half of the double electrode plate. The cells in the stack at
the right end of the electrolyser in Figure 2 comprise anodes 114 on one half of
double electrode plates 110 and cathodes 144 mounted on single electrode plates
30. The cells in the cell stack at the left end of electrochemical system 20 in Figure
2 comprise cathodes 116 supported on one half of double electrode plates 110 and
anodes 142 supported on single electrode plates 31. The structure of the double
electrode plates 110 and single electrode plates 30 and 31 will be described in
more detail hereinafter.

Each stack 22, as shown in Figure 2, comprises two cells including
two anodes and two cathodes but may inciude any number of cells in the direction
defined by arrow A which Is transverse to the direction of current flow through block
20. In each compartment an anolyte frame 38 is located adjacent to the anode to
define an anolyte chamber and a catholyte frame 40 is located adjacent to the
cathode defining a catholyte chamber. Anolyte frame 38 is essentially identical in
structure to catholyte frame 40 and may be generally be referred to as electrolyte
circulation frames and will be discussed in more detail hereinafter. It is noted that
in the embodiments described and illustrated herein the catholyte frames need not

be identical in structure to the anolyte frames but lower production costs per unit

are realized when they are identical.

Each anode and cathode chamber in a given cell (in the direction of
arrow A, see Figure 2) is separated by a separator 36. The role of separator 36 is
to reduce mixing of the different electrolysis products produced in the anode and
cathode chambers and will be further described hereinafter. As best seen in Figure
2, adjacent electrodes of like polarity are separated by two electrolyte frames. For
example, in the middie compartment of the stack 22 at the far right hand side of the
electrochemical system includes essentially two anode frames 38 separating the
two adjacent anodes 114 in the two double electrode plates 110. In electrochemical
systems with more than two cells per stack these double frames would alternate
with the single frames associated with the single electrode plate electrodes along

the stack in direction A. It will be understood that thicker single frames than 38 and

10
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40 as shown could also be used to separate adjacent anodes or cathodes.

Electrochemical system 20 includes an end box 44 at both ends of

each stack 22. Referring specifically to Figure 1, each end box 44 is provided with
a lower aperture 46 and an upper aperture 48 in the side of the box adjacent to the
anolyte or catholyte chambers. A gas outlet 50 at the top of each box 44 provides

an outlet for collecting the various gases evolved during the electrolysis reaction,

..e. H, and O, when the reaction is water electrolysis. The cell stacks 22 and entire
cell block 20 must be held together with sufficient force so that a fluid tight seal is
made to prevent leaking of electrolyte or gases. The use of a rigid structural
element such as a rectangular tube used to form end box 44 with clamping bars 52
and tie rods and associated fasteners (not shown) provides a superior structure for
obtaining an even load distributing surface to seal the stacks 22 at modest clamping
pressures. Electrically insulating panels 54 are sandwiched between the outer
surfaces of end boxes 44 and clamping bars 52 in order to prevent the end boxes
from being electrically connected to each other by the clamping bars. Alternatively,
instead of using several panels 54 as shown in Figures 1 and 2. a single,
longitudinal insulating panel (not shown) extending across all the end boxes may
be used.

With reference to Figure 2, an insulating planar gasket 26 is disposed
at the end of each stack between the electrolyte frame 38 or 40 and the end box 44
for insulating the face of end box 44 from contact with electrolyte. Gasket 26 is
provided with an upper aperture 59 and a lower aperture 59' (see Figure 4b) in
registration with apertures 48 and 46 respectively in end box 44 (see Figure 1) for
fluid circulation.

The rigid end boxes 44 serve several functions including providing a
return channel for electrolyte flowing out from the top of the cell in addition to
serving as a gas/liquid separation device. They may also provide a location for
components used for controlling the electrolyte level (liquid level sensors) and
temperature (for example heaters, coolers or heat exchangers). In addition, with
appropriate sensors in the end boxes individual cell stack electrolyte and gas purity

may be monitored. Also, while most of the electrolyte is recirculated through the
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electrolyser, an electrolyte stream may be taken from each end box 44 to provide

external level control, electrolyte density, temperature, cell pressure and gas purity
control and monitoring. This stream would be returned to either the same end box

or mixed with other similar streams and returned to the end boxes. Alternatively,
probes may be inserted into the end boxes to control these parameters. It will be
understood that known electrochemical systems may be modified to include the end

poxes disclosed herein by way of retrofit.

For electrolysis cells used in electrosynthesis, a liquid can be fed
forward from one cell biock to the next cell block between adjacent boxes in order
to assist conversion per pass. The rigid end boxes 44 may be manufactured from
a variety of materials suitable for alkaline or acid based electrochemical systems
Including steel, stainless steel, nickel or plastics with, if necessary, appropriate
reinforcements.

The structure of separator assembly 36 is more clearly visible in
Figures 3a and 3b. Separator assembly 36 includes a pair of identical peripheral
elastomer or elastomer-like frames 62 welded or otherwise joined together with an

electrolysis product separator 64 sandwiched between the two frames. Frames 62

are each provided with a pair of upper adjacent apertures 66 and 68 and a pair of
lower apertures 66' and 68" with associated apertures in the two frames in

registration when separator 36 is assembled. it will be understood that the

peripheral elastomer frame of the separator assembly 36 may be a single unitary
elastomer frame instead of two pieces molded with a slot to accept separator 64.

The choice of matenal of construction of separator 64 will depend
upon the electrochemical reaction taking place in the electrochemical system. For
electrolysis reactions in which product gases are produced, separator 64 is a gas
separator diaphragm which may or may not be a membrane. A separator 64 which

can achieve a low inter-electrode resistance factor (ohm-cm?) will aliow for

increased current densities for a fixed cell voltage. For alkaline water electrolysis,
gas separator diaphragm sheet 64 is preferably porous and fabricated from a
material such as polyphenyiene sulphide or other similar electrolyte resistant
materials which may be surface treated to reduce the inter-electrode resistance and
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reduce gas permeability. Diaphragm sheet 64 is preferably porous for
electrochemical systems used for applications in which the electrochemical
reactions are prone to producing chemical gradients in the electrolyte circulation
system, e.g. H, and O, in the case of water electrolysers. The porous separator
diaphragm sheet permits electrolyte to cross back and forth across the membrane
between the anode and cathode compartments to reduce concentration gradients
but inhibits the electrochemical products produced in each compartment crossing.
The use of diaphragm materials characterized by sufficient porosity to permit

electrolyte mixing but prevents excessive product mixing avoids the need for special

electrolyte mixing systems added on to the electrolyser. This is a significant
improvement over known electrochemical systems which incorporate low porosity

separators such as asbestos which require equipment to mix the anolyte and
catholyte.

Frames 62 are preferably fabricated of a resilient or compressible
elastomer or elastomer-like material (or functional equivalents thereof) so that the
frame advantageously acts as a gasket for sealing. By using elastomer materials
with suitable hardness a liquid-tight seal can be readily formed when assembled
thereby avoiding the need for gaskets typically required in commercial electrolysers

since these electrolysers use harder, incompressible materials as frames.

Therefore, cell frames 62 can seal directly to the double electrode plate 110 without

a gasket if a suitably compressible elastomer material is used.

An electrolyte frame is shown in Figure 4a and may be used both as
anolyte frame 38 and catholyte frame 40. Frame 38 is provided with webs 56 at
each end defining an upper aperture 58 and adjacent gap 56" and a lower aperture
o8’ and adjacent gap 56"‘. The central area 56' of the frame defines the reaction
chamber adjacent to the actual anode or cathode electrode with gaps 56" and 56"
providing fiuid entrance and exit ports into and out of the reaction chambers.
Similarly, the insulating panel or gasket 26 shown in Figure 4b described above is
provided with apertures 59 and 59' which are in registration with apertures 58 58’

and gaps 56" and 56" in frames 38 (40) in the assembled electrolyser.

The material of construction of frame 38 preferably has both the
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properties of a rubber gasket and the hardness of a suitabie engineering plastic and

may be the same elastomer material used to construct frame 62 in gas separator
diaphragm assembly 36. Such materials can be processed in a number of ways

including die cutting from extruded material or injection moulding. The electrolyte
frames 38 shown In Figure 4a as well as frames 62 of separator 36 may be readily
recycled. The use of electrolyte circulation frames fabricated of elastomer or
elastomer-like materials serves both the purposes of insulating frame and gasket
to support the necessary electrode plates and separators which reduces the part
count and the material count of the electrolysis cell system and allows for low cost
material processing. A further advantage of this design is the compatibility of the
elastomer frame/gaskets with the metal electrode plates. No additional gasket is
required. By turning the part upside down (rotating the face 180 degrees) the
posttion of the two sets of openings and hence the location of the open channel is
displaced. In this way both anode and cathode frames may be produced using a
common frame part. It will be understood that known electrochemical systems may
be modified to include the elastomer or elastomer-like electrolyte circulation frames
disclosed herein by way of retrofit.

A more detalled view of the double electrode plate (DEP) 110 in
Figure 1 is shown in Figure 5. Double electrode plate 110 is preferably a single-
piece metallic sheet of suitable thickness and of a material sufficiently inert to

chemical attack from the electrolytes and electrolysis reaction products. Double

electrode plate 110 is designed to fulfil several purposes including supporting the

anode electrode 114 and cathode electrode 116. Double electrode plate 110
comprises a first support frame 112 and a second support frame 112" contiguous
with frame 112 down a shared border 113 (shown in broken iine). Plate 110 may be
made of for example nickel plated steel and an anode 114 is attached to support
frame 112 and a cathode 116 Is attached to support frame 112'. Support frame 112

defines a planar periphery 108 and support frame 112" includes a planar periphery

108'. Anolyte frames 38 and 40 seal on one side of plate 110 around periphery 108
and 108" and the gas separator assembly 36 seals on the other side of the plate

around the periphery when the stack is assembled and clamped together.
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Plate 110 includes a pair of apertures 118 and 120 at the upper end
of the plate and a pair 118' and 120' at the lower end. The distance between the

anode 114 and cathode 116 is preferably maintained as short as possible, typically

In the range from about 1 mm to about 10 cm, preferably less than 5 cm, this

distance being referred to as the inter-cell spacing and is related to gap 28 of
Figure 2. Plate 110 is provided with several spaced holes 106 spaced along the
length of the electrode in the solid portion between the cathode and anode
sections. Holes 106 are aligned with gaps 28 in Figure 2 in the assembled
electrolyser and tie rods (not shown) pass through these holes and through holes
104 located in clamping bar 52. The ends of the tie rods may be threaded so that
the stack can be compressed by tightening the nuts located at the end of the tie
rods.

Apertures 118 and 118' are larger than apertures 120 and 120' and
hold an elastomeric insert 122. The function of insert 122 is to seal the fluid flow in
the channels defined by apertures 118 and 118' from the product gases produced
by the electrodes and to prevent the formation of an electrical circuit with the
neighbouring electrodes and hence the possibility of electrolysis occurring in the
conduits. The other smaller apertures 120 and 120" define channels or conduits
open to pass gasses from the electrolyte frames 38 and 40. By turning the part
upside down (rotating the face 180 degrees) the position of the two sets of
openings and hence the location of the open channel is changed. In this way the
electrode connections for the block of cells shown in Figure 1 is created using a
unitary double electrode plate.

With reference to Figure 5, metal channel supports 117 are attached
to double electrode plate 110 to prevent the gaps 56" and 56" in frame 38 (Figure
4a) from being squeezed closed when the cell is assembled under sufficient
pressure to provide a fluid seal. These supports may also be inserted and held in
place within the gap 56" of the frames 38 and 40.

In the case In which the anodes and cathodes are separate pieces

attached to the frames 112 and 112', the plate 110 may be made of a low cost

electrically conducting material, such as low carbon steel, and surface treated. such
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as nickel plated, as necessary to obtain suitable chemical resistant characteristics.
The separate electrochemically active anode 114 is then connected to frame 112

and cathode 116 Is attached to frame 112'. A wire grid is shown in the present
FFigures as the substrate for the anode and cathode. Since the anode and cathode

occupy separate areas of the double electrode plate the different surface activation

(If needed) of each type of electrode can be applied relatively easily and at low cost

to one or both sides by methods such as electrodeposition, dipping or spraying.
Alternatively the double electrode plate and electrodes may be
produced as a unitary piece with two different sections that are electrochemically
activated to form the anode and cathode. For example, the plate 110 could include
perforated sections which can be activated with the appropriate materials to
produce the anode and cathode. Either type of configuration is a significant
advantage over current mono-polar and bi-polar systems. In bi-polar systems, the
anode activation is typically applied to the anode activation substrate which then
IS bound to a bi-polar wall; the cathode activation is similarly applied to the cathode
activation substrate which is then attached or connected to the bi-polar wall. These
connections often lead to losses in the chemical integrity of the electrode assembly.
In conventional mono-polar systems additional supports are required to conduct
electricity to and away from the electrodes. Therefore, when referring to the
electrodes as being “supported” by the single or double plate electrodes, it will be
understood that this term is meant to cover all possible configurations, including,
but not limited to, separate electrodes attached directly to the SEP and/or DEP
electrically conducting frames, the DEP and/or SEP each being constructed of
materials that can function by themselves as the electrodes, or the DEP and/or SEP
may be made of a material that can be readily coated or otherwise treated with
materials that function as the different electrodes.
The ohmic loss through the double electrode plate is directly
proportional to the thickness of the electrode. This thickness can be as low as

approximately 0.25 mm for electrodes carrying 100 amperes or more per vertical

foot of electrode. It has been calculated that, for the ohmic voltage drop commonly
found in typical mono-polar cell connections, an 80% reduction in the thickness of
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the current conductors can be obtained. The thinner conductor has a number of

significant advantages including lower cost for material processing (conventional
stamping, progressive stamping, numerical control stamping, roll die forming, etc.),
it has iess mass and can be more easily handled in subsequent processing steps,
and it allows a higher current density per equivalent volume.

In order to achieve the optimum production of hydrogen per square
metre of electrode surface area, the aspect ratio (height to width) of the double
electrode plate is preferably greater than unity and in practice is as high as is
practicable for the following reasons. Since the current flow is parallel to the

electrode plate, for a given electrical resistance the plate needs to be thicker as the

active electrode area becomes wider. In addition, for a given operating current

density, as the plate becomes wider, the current rating increases for the entire
doubie electrode plate. For a given ohmic loss between the anodic and cathodic

portions, the plate must become thicker. Thus, in order to increase the total current
rating of the plate, while retaining the same ohmic loss and current density, a tall
and narrow structure is preferred; alternatively, by increasing the aspect ratio
(length to width), thinner electrode materials can be used. This is of particular
advantage for electrochemical devices which require expensive materials and are
constrained in respect of current density (or ohmic losses).

Figure 6 shows the single electrode plates 30 and 31 that are used
to hold the cathodes 144 and anodes 142 respectively in the cells in the two end
stacks and to make the electrical connection to the multiple stack electrolyser from
power supply 29. Single electrode plates 30 and 31 are identical in structure with
the only difference being the cathodes 144 are attached to plates 30 and anodes
142 are attached to plates 31. Plate 30 comprises a metallic sheet having a planar
frame 140 to which a conductor from power supply 29 is attached. Electrode plate
30 Is provided with upper apertures 121 and 123 and corresponding lower
apertures 121" and 123'. Metal channel supports 117 are welded to frame 140 to

prevent the gaps 56" and 56™ in frame 38 (Figure 4a) from being squeezed closed
when the cell is assembled. In the multi-stack electrolyser (MSE) 20 of Figure 1 the

single electrode plates 30 are located in the outermost or end stacks and the
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number of electrodes 30 required in each of the two outer-most stacks 22 is equal

to the number of cells per stack. Holes 106' located along the edge of frame 140
are in registration with the holes 104 located adjacent the ends of clamping bars 52

(Figure 1) for securing the stack together.

Referring again to Figure 2, when electrolyser 20 is assembled cell
stacks 22 are isolated from each other by air gaps 28. The conducting web portion
108 and 108' between the anode and cathode on each electrode 110 (Figure 5) has
a preselected width which 1s determined by the spacing between adjacent stacks.
A power supply 29 is connected to frame 140 of the single electrode plates 30 at
the ends of the block and the polarities of the different electrodes through the block
are indicated.

It will be understood that similar components have been given
different numerical designations and this is intended to reflect the multiple
functional uses of the component and not necessarily structural differences. For
example, anolyte frame 38 and catholyte frame 40 are identical but frame 38
defines an anolyte chamber and frame 40 defines the catholyte chamber. For
example, in the right hand stack 22 in Figure 1, the middle anolyte frame 38 is
rotated 180° about its vertical axis relative to the catholyte frames on either side of
it. Similarly, single electrode plates 30 and 31 are identical except plate 30 has
cathode 144 attached to it and plate 31 has anode 142 attached to it.

In each stack the spaced upper apertures in the electrode plates,

electrolyte frames and gas separator diaphragm assembly are in registration to

define two fluid flow paths through the stack with the first passageway

communicating through aperture 48 in the end box 44 at one end of the stack and
the second passageway communicating through the corresponding aperture 48
located in the end box 44 at the other end of the stack. For example, referring to
Figure 1, the first, upper right hand passageway in the end stack 22 at the right
hand side of the block is defined by aperture 48 in the end box 22 at the farthest

right hand side of the drawing (from which O, is collected), aperture 59 in panel 26
(Figure 4b), aperture 38' in catholyte frame 40, aperture 121 in single electrode

plate 30, aperture 68 In gas separator diaphragm 64, aperture 120 in double
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electrode plate 110, gap 56" in anolyte frame 38, aperture 120 in DEP 110

aperture 68 In gas separator diaphragm 64, aperture 121 in single electrode plate
30, aperture 58' in catholyte frame 40. In stacks with more than two cells the

additional anolyte chambers could all be connected in the same way by this first
passageway.

This upper right hand passageway is the exit passageway for
electrolyte laden with O, gas (for the case of water electrolysis) exiting the middle
anolyte chamber through gap 56" through the passageway to the end box 44
through aperture 48. The anolyte enters the cells through aperture 46 from the end
box 44 at the right hand side of the Figure and travels through the lower
passageway defined by the apertures in the cell components (diagonally across
from the upper passageway) until it reaches anolyte frame 38 whereupon it enters
the anode chamber through gap 56" (not seen in Figure 1). O, is evolved during
operation of the stack and removed from the electrolyte once it returns to the end
box 44. It is noted this first passageway is not in flow communication with the end

box at the other end of the stack from which H, is collected so that the oxygen laden

electrolyte can not enter this other end box and mix with the hydrogen.

The other adjacent upper apertures in the various stack components
define the flow pathway for H, laden electrolyte exiting the catholyte chambers
defined by frames 40 through gaps 56"‘. The lower passageway through the cells

diagonal to the upper H, return passageway between the end boxes 44 carries

electrolyte into the catholyte cell compartments. Referring again to Figure 1, the

electrolyte exiting the aperture 46 (shown in ghost outline) in the left most end box
In the stack 22 along the bottom of the Figure enters each catholyte chamber
defined by frames 40 through gaps 56" and returns to the same end box 44 by the

upper 48 (shown in ghost outline). The H, is collected from the electrolyte during
its residence in the end box.

In the aforementioned stack components, the location of the upper (or
lower) apertures which define the electrolyte transport conduits into end boxes are
shown in a “kitty corner” design, in other words flow in a particular circulation frame

enters at the bottom of one side and leaves at the top of the opposite side, see
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Figure 6a. It will be understood that alternative geometries may be used, for
example a design may be used in which the entrance and exit conduits are on the

same side of the frame/electrode/gas separator assembly so that fluid leaves from

the same side of the assembly as it enters.

The smallest possible electrolyser fully utilizing the double electrode

plate 110 would require only two cells with one double electrode plate having the
support frame with the cathode attached thereto located in one cell and the other

support frame with the anode attached located in the second adjacent cell. In
addition, it will be understood that a separator is not essential in all electrochemical

systems in which the double electrode plate, the elastomer-like circulation frames
or the end boxes disclosed herein may be used. The separator is only essential in
applications where it Is necessary to reduce or minimize mixing of electrosynthesis
products (or other components present In the anolyte and catholyte). The non-
limiting example given above was for water electrolysis which requires careful
handling to minimize the amount of mixing of hydrogen and oxygen. Other
electrochemicai processes are not limited by the necessity of a separator. In the

absence of a separator the anode and cathode electrodes essentially share the

same compartment.
Referring again to Figure 1, two adjacent cells X and Y are shown with

a double electrode plate 110 shared between the cells with the cathode 116 in cell
X and the anode 114 in cell Y so that the double electrode plate 110 is positioned
between the two adjacent mono-polar cells. This structure eliminates the need for
an additional inter-cell bus bar connection between the mono-polar cells. Thus, the
use of double electrode plate 110 facilitates current flow between many adjacent
mono-polar cell stacks without the need for complex inter-cell connectors.

This type of connection between adjacent cells is highly advantageous
over the conventional or prior art layout of cells in which the connections between
the anode and the cathode of adjacent mono-polar cells are made by cable or a
solid metal bus bar. This requires a contact to be made and maintained during the
operating life of the cell, an ekpense added to by having to design and supply

material for this purpose. These connections are avoided with the present double
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electrode plate design. The inventors have found that the reduction in cell operating

efficiencies associated with the prior art configurations are reduced using the

double electrode plate designs. For example, contact resistance is reduced as are

losses due to the conductors themselves, and the cell mass is reduced and
stresses on the plates caused by welding or other material bonding techniques are
reduced. The contact resistance should be stable over time and not degrade due

to oxidation, heat cycling or bolt/weld failure.

More specifically, the design of double electrode plate 110, gas
separator diaphragm assembly 36 and electrolyte frames 38 provides a significant
reduction in the depth behind each electrode from the current state of the art of
about 12.7 mm to less than about 3.75 mm. This provides an obvious economic
benefit but provides an additional benefit in that the total stack thickness, containing

several double electrode plates in parailel, is reduced. For example, for a double

electrode plate 110 rated at 1000 amperes, only 50 double electrode plates in
parallel are necessary to obtain 50,000 amperes direct current. This is more readily
obtainable using elastomers as frames when the spacing between the double
electrode plate is reduced as proposed herein. This reduction in stack thickness,
for a given electrochemical production, allows reduced quantities of spring devices
required to keep the cell leak-tight.

The double electrode plates disclosed herein provide uniform current
distribution within any electrode pair of adjacent cells as current flows directly
between the inner anode edge of the electrode plate in one cell to the inner cathode
edge of the same electrode plate located in the adjacent cell. Studies performed on
a rig of thirty-three 2 inch segmented anodes over a 66 inch high structure showed
a uniform current distribution as a function of height for gaps behind the gas
evolving electrode between 0.318 cm and 2.5 cm. The gap is the depth of the
anolyte and catholyte chambers. Therefore, the current distribution was not a
function of height of the electrode.

Referring to Figures 14 and 15, an alternative embodiment of an MSE

electrolyser includes end boxes 44' adapted to be coupled to a horizontal header
box 300. Header box 300 includes a vent 302 for product gas. End boxes 44' are
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provided with upper and lower apertures 316 and 318 respectively. A gasket 310

with spaced pairs of upper and lower apertures 312 and 314 respectively is
sandwiched between header box 300 and end boxes 44'. Referring specifically to

Figure 15, when header box 300 is secured to the end boxes 44' spaced upper and

lower apertures 324 and 326 in the header box are in registration with apertures
312 and 314 respectively in gasket 310 and apertures 316 and 318 in the end

boxes. A baffle 328 may be used to reduce or prevent electrolyte entering header
box 300 from being discharged directly through outlet 302. A heat exchanger coil
320 in chamber 330 is provided for heating or cooling the electrolyte in header 300
as required. Barrier plates 336 in end boxes 44' ensure the fluid exiting the

electrolyser stack is directed up to the inlet into header box 300.

Following the arrows indicating direction of fluid flow, gas laden
electrolyte spills into end box 44' from the upper fluid passageways of the cell block

and rises in the end box where it enters header box 300 through the upper entrance

port defined by apertures 316, 312 and 324 in registration. The electrolyte with
product gases separated out is recycled back to end box 44’ through the lower exit
port defined by apertures 318, 314 and 326. The electrolyser including header box
300 advantageously provides mixing of electrolyte between cell stacks of the MSE
thereby preventing chemical gradients from building up across the electrolyser.
Further, this design permits control of both electrolyte levels 334 and electrolyte
temperature in the multiple stacks at only one location.

On shutdown, electrolyte flows back into each end box 44' thereby
breaking the liquid, electrolyte circuit between cell stacks. In addition, the use of
header box 300 eliminates the need to pump electrolyte into the electrolyser from
a separate holding tank, and advantageously avoids dangerously low liquid levels
occurring in the electrolyser during shutdown of the electrolyser.

Single Stack Electrochemical System (SSE)

Figure 7 illustrates another preferred embodiment of a configuration
of an electrochemical system shown generally at 160 referred to as the single stack
electrochemical system (SSE) configuration which is characterized by the fact that

two or more cell compartments are placed one behind another to form a succession,
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or “string”, of cell compartments connected electrically in series. In the present
invention the electrical connection between cells is made using a folded double

electrode plate 130 so that current passes around the edge of insulating panel 76

of Figure 10.The anolyte frames 70 and catholyte frames 70' are identical to the

corresponding electrolyte frames 38 and 40 in Figure 4a. Each cell is separated
from adjacent cells by an electrolyte frame assembly 180 formed by sandwiching
a liquid impermeable panel 76 between the two frames, which will be more fully

described hereinafter. External contact from the power supply (not shown) to the

electrochemical system 160 is made to single plate electrodes 30'.
Electrochemical system 160 in Figure 7 comprises two cells so it has

one double electrode plate 130 and two single plate electrodes 30' and 31' with one

being located at each end of the stack. It will be understood that for a SSE with

three cells, two double electrode plates 130 would be required, for an SSE with four

cells, three doubie electrode plates would be required and so on. An insulating

panel 26’ is used at the ends of the stack adjacent to the end boxes 44 so apertures
210 and 212 (see Figure 11) In panel 26’ are in registration with apertures 46 and
48 In the end boxes.

Figure 8a illustrates the geometry of double electrode plate 130 and
Figure 8b shows the same part folded 180° as it would appear in the fully
assembled electrochemical system. Referring to Figure 7, anolyte frame 70,
catholyte frame 70' and inter-cell panel 76 are sandwiched between the anode
section 114 and cathode section 116 In the assembled electrolyser. Double
electrode plate 130 is provided with two upper apertures 132 and two lower
apertures 132'. A double apertured gasket 150 (shown in Figure 9) is positioned in
each aperture 132 and 132" to separate the anode from cathode flow channels.
Double electrode plate 130 is provided with apertures 134 which form a slot 136 in
the folded plate (Figure 8b) to allow clearance for the tie rods (not shown) when the
SSE is assembled as in Figure 7 before being clamped.

Figure 9 illustrates the single electrode plates 30' and 31'. Electrode
plate 30' has a cathode 144 attached to frame 140' and plate 31' has an anode 142’

attached to its frame 140'. Plates 30' and 31' each have an enlarged aperture 148
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at each end of the plate and the elastomer gasket 150 is inserted into each aperture

to define two channels or fluid flow conduits. Apertures 148 have the same

dimensions as apertures 132 in double electrode plate 130 in Figure 8a. Holes 146
in section 140’ are aligned with slots 136 in the assembled SSE through which the

clamping bars are inserted (not shown) for clamping the electrochemical system

together.

Referring to Figure 10, electrolyte frame assembly 180 comprises two
peripheral frames 70 and 70'. Frame 70 provided with rectangular webs 73 at each
end thereof defining an aperture 72 and an adjacent gap 74 at one end of the frame

and an aperture 72' and adjacent gap 74" at the other end of the frame. Similarly,
frame 70' is also provided with rectangular webs 73 at each end portion thereof

defining an aperture 72" and adjacent gap 74" at one end of the frame and an
aperture 72" and adjacent gap 74' at the other end of the frame. The peripheral
frames 70 and 70' have a similar design as the electrolyte frames 38 and 40 of the
multiple stack electrolyser (MSE) shown in Figure 4a. Apertures 72 and 72' are

located in diagonal corners with respect to each other in frames 70 and 70’ and
define fluid flow paths. These flow paths are aligned with holes 46 and 48 in the

end boxes 44 to provide a fluid circulation path through the cell stack and from the
cell stack to the end boxes 44. Frame members 70 and 70’ provide a liquid seal

when the electrode assembly is assembled and the cell stack completed.

Liquid impermeable panel 76 I1s sandwiched between the two frames
70 and 70' and the three components are welded or otherwise bonded together.
Panel 76 is provided with a pair of apertures 78 and 78' at one end and a pair of
apertures 80 and 80' at the other end which act as fluid conduits. At the upper end
of panel 76 two sets of channel supports 82 and 82' are bonded to or otherwise
fixed to the panel below apertures 78 and 78 respectively, with one set of supports

82 being located on one face of the panel and another set of supports 82' being

located on the opposite face and extending in the other direction. The same

configuration applies to the two pairs of channel supports 82" and 82" located

above apertures 80 and 80' located at the lower end of the panel. When assembly
180 is assembled, the channel supports 82 and 82' protrude within gaps 74 and 74',
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respectively, at the upper end of the assembly. Similarly, at the lower end of the

assembly the channel supports 82" and 82™ penetrate within the gaps 74" and 74"
respectively. Such an assembly may be a one-piece part made for exampie by

injection molding.

The apertures in the various components of SSE 160 are in
registration (similar to each stack of the MSE of Figure 2) to provide flow
communication between the end boxes 44 and the anolyte and catholyte chambers
adjacent the anode 142' and cathode 144'. It is noted that the difference between
the MSE of Figure 2 and the SSE of Figure 7 relates to the fact that in the SSE 160
the electrodes alternate, anode/cathode/anode throughout the stack so that panel
76 is required between the anode and cathodes on electrode 130, while in the MSE
adjacent pairs of anodes or cathodes in adjacent cells can share a common anolyte
or catholyte chamber. Therefore, referring again to Figure 7, catholyte fluid
returning from the end box 44 circulates through apertures 72', 80' and through the
passageways created Dy the channel supports 82" within gap 74", following arrows
D. The fluid mixture comprising catholyte and product exits from the catholyte
chamber defined by frames 70" adjacent to the cathode (not shown) to the end box
44 for degassing through the channel supports 82' within gap 74', apertures 78 and
72, following arrow E.

Similarly, the anolyte fluid returning from the end box 44 at the other
end of the stack circulates through apertures 72", 80 and up through the
passageways created by the channel supports 82" within gap 74", following arrows
. The fluid mixture comprising anolyte and product exits from the anolyte chamber
defined by frames 70 adjacent to the anode (not shown) to the end box 44 for
degassing through the channel supports 82 within gap 74, apertures 78' and 72",
following arrows G.

The two anolyte flow paths and two catholyte flow paths are
Independent of each other except for electrolyte migration across separator 64 to
minimize mixing between anolyte and catholyte. in addition, in the MSE, fluid flow
Is through the stack and not between individual stacks. Separator 64 is a gas

separator in the case of electrolysis to prevent product H, and O, mixing.
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The material of construction of frames 70 and 70' preferably has both

the properties of a rubber gasket and the hardness of a suitable engineering plastic,

a material similar to that of gas separator 36 and electrolyte frames 38 and 40, i.e.

materials such as polyurethane/polyether, polyolefin, and polytetramethylene glycol

ether with durometers chosen to meet the purpose with the same processing
advantages. Such materials can be processed in a number of ways including die
cutting from extruded material or injection moulding. A further advantage of this
process is the compatibility of full face elastomer frame/gaskets with the metal
electrodes. No additional gasket is required. Frames 70 and 70' are identical since
rotating frame 70 180° about its longitudinal axis gives frame 70'. In this way both
anolyte frame 70 and catholyte frame 70' can be produced using a common frame
part. Insulating panels 76 and 26' may be made from the same material used in the
electrolyte circulation frames 38, 40 and 70, 70"

The various cell components are assembled and then clamped
together with sufficient force to achieve mechanical integrity and leak-tightness
between all the components of the cell stack. The clamping is accomplished by
means of a system of tie rods (not shown) through holes 104’ in clamping bars 52",
see Figure 7.

The horizontal cross section in Figure 12 shows the current flow
through the cell which distinguishes this electrochemical system configuration as
a mono-polar cell assembly.

When two or more cells are connected in series within the same
electrochemical system, electrode pairs in each cell must be completely electrically
insulated from the next. The electrolytes must also be at least partially confined
within the “boundary” of a given cell in order to minimize the amount of catholyte,
for example, of one cell compartment mixing with the catholyte of the next cell

compartment. Such mixing is prone to formation of electrical circuits being created

outside of the reaction chambers, resuiting in a path for current to flow that reduces
cell current efficiency and product purity. Cells connected in series must therefore

include in their functional assembly a partition wall on each side to control the

amount of electrolyte mixing. The same partition wall may be shared by two
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successive cells to form an inter-cell wall or insulating cell wall 76, as shown in

Figure 10.
The use of the double electrode plate is highly advantageous for

several reasons. In both electrochemical system configurations shown in Figures
1 and 7, it Is noted that each may be characterized as mono-polar cel
arrangements In which the double electrode plates 110 and 130 respectively are
shared by different cells isolated from one another, in the case of the MSE
configuration by an air gap, and in the SSE configuration by an insulating wall, and
the current flow in the electrode is in the plane of the electrode. Such a design
advantageously makes use of parallel-series configuration through efficiently
passing the current from one end of the series of parallel stacks to the other end.

Since current is injected to one electrode on the DEP in one cell from
along the edge of the conducting frame of the double electrode plate and
transferred to the other electrode supported on the DEP in an adjacent cell by the
conductive frame portion between the electrodes, there is no need for external
point-to-point connections between cells in either the MSE or SSE. This eliminates
a significant source of efficiency loss characteristic of electrolysers using point-to-
point connections. In other words, as in the conventional mono-polar design, the
current flow in the electrode is only in the plane of the electrode and the current
flows between adjacent cells occurs outside the cell stack but unlike the
conventional mono-polar systems where current flows from a point of connection
over the surface of the electrode, the electrical connection to the cells in the present
electrochemical systems is made by the underlying DEP plate, wherein are realized
the advantages of the present designs over the conventional systems in terms of
thickness of the electrode at the point of connection and the costs of mechanically
joining the two parts.

The present invention permits double electrode plates to be used that
are thinner than the plates required in the conventional designs characterized by
point-to-point connections between celis. The thickness of the DEP in the present

systems is determined by the current density required for the reactions occurring

at the electrodes. Further, the width of the conducting web portion of the electrically
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conducting frame connecting the two portions of the DEP supporting the two

electrodes may be varied depending on the physical requirements of the SSE, MSE
or any other system in which the DEP is being used.

Another significant advantage of the mono-polar cell stack designs
using the double electrode plate disclosed herein, is that the cells do not

necessarily require forced electrolyte circulation to maintain adequate electrolyte
supply between electrodes as Is often needed in other "filter press" (bi-polar) type

electrolysers. By careful sizing of electrolyte channels and selection of the number
of cells per stack adequate circutation is established to ensure a low inter-electrode
resistance factor and to ensure that voidage does not occur which can lead to hot
spots and damage to the electrolyser. In the mono-polar cell stack using the double
electrode plate the hydrodynamics of electrolyte circulation are optimized against
channel size and the afore-mentioned advantages of compact size can be realized
without the need for a mechanical pump. Without a mechanical pump the cells need
not be flooded as in conventional bi-polar designs and the separation of gas from

entrained electrolyte can occur at the top of the electrolyser rather than in a

separate chamber.

Variations in the arrangements of the rigid end box compartments are
possible for example whereby the two product gases are collected at one end with
the two end boxes 44 placed side by side at the one end and a rigid plate 45 at the
other end rather than where the boxes are |located at either end of the stack. as
shown in Figure 13(a) for the MSE and in Figure 13(b) for the SSE. Because of the
mono-polar nature of the cells in both types of electrolysers the current flow in the
electrodes is parallel to the working face of the double electrode plates 110 and
single electrode plates 30 and 31 (and perpendicular to the direction of the gas flow
in the electrolyte channels (not shown) through the electrolysers.

While the various embodiments of the electrochemical cells and
system configurations disciosed herein have been exemplified using alkaline or
acid water electrolysis (electrolysers) as a non-limiting example of the industrial
utility of the present invention, it will be understood by those skilled in the art that

systems for performing other electrochemical processes may also be constructed
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using the various components disclosed herein. Thus, the present invention has

utility in respect of other electrochemical processes including, but are not limited to,
other electrosynthesis reactions, fuel cells devices and energy storage batteries to

mention just a few. Details of the design of double electrode plate 110 would be

varied according to system requirements, such as for example the number and
location of apertures forming the flow passageways, dimensions of the electrically
conducting frame and electrodes.

Therefore, the foregoing description of the preferred embodiments of
the method and apparatus of the invention have been presented to illustrate the
principles of the invention and not to limit the invention to the particular embodiment
iHlustrated. It is intended that the scope of the invention be defined by all of the

embodiments encompassed within the following claims and their equivalents.
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THEREFORE WHAT IS CLAIMED IS:

1. A double electrode plate for supporting two electrodes, compnsing;
an slectrically conducting frame having a first portion for supporting a first
electrode and a second portian for supporting a second electrode, said first

electrode and said second electrode being electrically connected by an elecfrically
conducting web portion of preselected width between said first and second portions

and being integrally formed therewith, wherein said electrically conducting frame
is constructed of a material that functions as an anode and cathode electrode oris
canstructed of a material that can be coated and/or otherwise treated with matenals

that function as anode and cathode electrodes.

2 The double electrode plate according to claim 1 wherein said electrically
conducting frame is foldable substantially in halif along said web portion between
said first and second electrodes along said length of said double electrode plate,

whersby when folded in half said first portion and said second portion are in

opposing relationship.

3. The double electrode plate according to claims 1 or 2 wherein said first
partion of said electrically canducting frame defines at least on¢ aperture spaced
from said first elactrode, and wherein said second portion of said electrically
conducting frame defines at least one aperture spaced from said secona electrode.

4. The double electrode plate according te claim 3 wherein said at least one
aperture in the first portion spaced from said first electrode is two spaced apertures
at one end of said length and two spacad apertures at another end of said length,

and wherein said at least one aperture in the second portion spaced from said

second electrode is two spaced apertures at one end of said length and two spaced

apertures at another end of said length.
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5. An electrochemical system, compnising:
a) at least two cells, each cell defining an anolyte chamber and a catholyte

chamber, and including at least an anode electrode adjacent to said anolvte
chamber, and a cathode slectrode adjacent to said catholyte chamber; and
b) at least one double electrode plate having an electricafly conducting

frame, the anode electrade in one of said at least two cells being support'e'd on a
first portion of said electrically conducting frame, and the cathode electrode in one

of the other of said at least two cells being supported on a second portion of said
electrically conducting frame spaced from said first portion, the electrically

canducting frame including an integrally formed web portion of preselected widih
electncally connecting the anode and cathode electrodes, the first and second
portions of the double electrode plate having apertures at opposed end paortions
thereof spaced from said anode and cathode electrodes through which fluid flows

in said electrochemical cell.

6. The slectrochemical system according to claim 5 including at least two single
electrode plates, each single electrode plate inciuding an electrically conducting

frame for supporting an anode electrode or a cathode electrode.

7. The electrochemical system according to claim 6 wherein the first and
second portions of the double electrode plate inciude at least opposed faces, each

of the opposed faces including a substantially planar peripheral surface extending

about a periphery of the supported anode and cathode electrodes, and wherein the
electrically conducting frame of the singie electrode plate includes opposed faces

and a planar peripheral surface on each of the opposed faces exiending about a
penphery of the anode or cathode supported on the single electrode plate.

8. The electrochemical system according to claim 7 wherein each cell includes
at least 3 separator between the catholyte and anolyte chambers, said anoiyte and

catholyte chambers each including an antrance and exit, and including at least one
flow passageway connecting said catholyte chambers and at least one flow

31

AMENDED SHEET




passagaway connecting said anolyte chambers.

9. The electrochemical system according to claim 8 wherein sald separator
includes at least a peripheral frame, said penpheral frame being sealingly engaged
between the planar peripheral surface of one of the opposed faces of the
electrically conductive support frame holding said anode electrode and the planar

peripheral surface of one of the opposed faces of the electrically conductive supnort
frame supporting said cathode electrode in each cell.

10.  The electrochemical system accoraing to claim 9 wherein each cell inciudes
an anolyte chamber forming frame member sealingly engaged to the planar

peripheral surface of the other of said cpposed faces of the conductive support
frame supporting said anode electrode, and a catholyte chamber forming frame

member sealingly engaged to the planar peripheral surface of the other of said
Opposed faces of the conductive support frame supporting said cathode electrode.

1. The electrochemical system according to ¢laim 10 whersin said anclyte and
catholyte chamber forming frame members and the neripheral frame of the

separator are fabricated of a compressible elastomer-like material, and wherein
sald anolyte and cathoiyte chamber forming frame members and said peripheral

frame are compressed to form fluid tight seals when said electrochemical system
'S assembled.

12.  The electrochemical system according to claim 11 wherein said separator is
a gas separator inctuding at least a gas separator panel and said penpheral frame
attached around a periphery of said gas separator panel.

13.  The electrochemical system according to claim 11 wherein said electrically
conducting frames of the double electrode plate and the single electrode plates

each include at least a length and a width, said length being greater than said
width, and wherein said anode and cathode electrodes supported on said single
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electrode plate and said double electrode plate each have a length and a width,

said length being greater than said width.

14.  The electrochemical system according to claim 13 wherein said electrically
conducting frames of the double electrode plate and the single electrode plate
include first and second spaced apertures at one end of said length and third and
fourth spaced apertures at an opposed end of said length, wherein said catholyte
and anolyte chamber forming members and said separator each inciude at least

opposed end portions and first and second spaced apertures at one end portion
thereaf and third and fourth apertures at the opposed end portion, and wherein
each of said first, second, third and fourth apertures in said electrically conducting

frames, said separator, and said anoclyte and catholyte chamber forming members

in each cell are in registratian defining four spaced electrolyte flow passageways

through said cell.

15.  The electrochemical system according to claim 14 wherein a first of said four
spaced electrolyte flow péssageways communicates with the entrance to said
anolyte chamber and a second said four electrolyte flow passageways
communicates with the exit of said anolyte chamber, and wherein a third of said four
spaced electrolyte flow passageways communicates with the entrance to said
catholyte chamber and a fourth of said four electrolyte flow passageways

cemmunicates with the axit of said catholyte chamber.

16.  The electrochemical system according to claim 11 wherein there are n cells
arranged sequentially in a single stack wherein n is an integer number of cells
greater than or equal to 2 with two cells at opposed ends of said stack, wherein the
electrolyser includes at least n-1 double electrode plates and two single electrode
piates, wherein one of the single electrode plates supports an anode electrode and
18 located in the cell at one end of said stack and the ather single electrode piate
supports a cathode electrode and is located in said cell at the other end of said

stack, and wherein each double electrode plate has said first portion located in one

33
AMENDED SHEET

_ B sl J— 3+ 8Y 239tk ns i

¢ b + e ‘ L

y



- el L g

- "7 - --CA 02276444 1999-06-29 -~ U

cell and said secand portion located in an adjacent cell in said stack, and Including
an insulating panel sandwiched between the first and second portion of each

gouble electrode plate.

17.  The electrochemical system according to claim 16 wherein said electrically

conducting frames of the double electrode plate and the single electrode-plates

each include at least a length and a width, said length being greater than said
width, and wherein said anode and cathode electrodes supported on said single

electrode plate and said double electrode plate each have a length and a width,
said length being greater than said width,

18.  The electrochemical system according to claim 17 wherein said double

electrode plates are folded down a middle portion thereof so the anode electrode

supported By the first portion of the electrically conducting frame is in opposing
relationship to the cathode attached to sald second portion of the electrically

conducting frame in said adjacent cell, and wherein said insulating panel includes
an elastomer-like peripheral border in registration with the planar peripheral

suriaces of the first and second portions of the double electrode plate between

which said insulating panel is sandwiched.

19.  The electrochemical system according to claim 18 whersin in operation when
a power supply s connected across said two single electrode plates in said end
cells in said stack, a voltage drop is developed between said two single electrode
plates and current is collected along said length of said electncally conducting
frames of double electrode plates and flows from cell to cell in a plane of said

double electrode plates across the width of the electrically conducting frames and

across the width of said anode and cathode electrodes.

20.  The eiectrochemical system according to claim 19 wherein each of said

electrically conducting frames of the double electrode piate and the single électrode
plate include first and second spaced apertures at one end portion of said length
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and third and fourth spaced apertures at an opposed end portion of said length,
wherein said catholyte and anolyte chamber forming members, said insulating
panel and said separator each include at least appased end portions ang first and
second spaced apertures at one end partion thereof and third and fourth apertures
at the opposed end portion, and wherein each of said first, second, third and fourth

apertures in said electrically conducting frames, said separator, said insulating

panel and said anolyte and catholyte chamber forming members in said stack are
in registration defining four spaced electrolyte Row passageways through each cell

of said stack.

21.  The electrochemical system according to claim 20 wherein a first of said four
spaced electroivie flow passageways communicates with the entrance to each
anolyte chamber and a second said four electrolyte flow passageways

communicates with the exit of each anolyte chamber, and wherein a third of said
four spaced electrolyte flow passageways communicates with the entrance tc each

catholyte chamber and a fourth of said four electrolyte flow passageways
communicates with the exit of each catholyte chamber.

22. The electrochemical system according to claim 21 wherein the single stack
IS compressed between rigid support members lacated at opposed ends of said

stack.

23.  The electrochemical system according to claim 22 wherein said rigid support
members include first and second ngid enclosures, said first rigid enclosure being
in flow communication with the first and second flow passageways in flow
communication with each anolyte chamber in said stack and said second rigid
enclosure being in flow communication with the third and fourth flow passageways

in flow communication with each catholyte chamber in said stack.

24. The electrochemical system according to claim 23 including at least
temperature sensing means located in said first and second ngid enciosures for
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sensing tempserature of electrolyte in each enclosure during operation, said
temperature sensing means connected to heat exchanger means in said first and

second rigid enclosures for contralling the temperature of said electrolyte.

25. The electrochemical system according to claim 23 including at least
separating means for gravimetrically separating gases in said electrolyte located

in said first and second rigid enclosures.

268. The electrochemical system according to c¢laim 11 wherein said
electrachemical system is a multi-stack electrolyser including at least a plurality of
cell stacks with opposed first and second outer cell stacks, said cell stacks being
arranged substantially in paraliel defining a plurality of rows of cells, wherein the
celis in each stack defines a column of cells, and wherein cells in a particular row

are spaced from adjacent cells in said row.

27.  The electrochemical system according to claim 26 wherein each cell in said

first outer cell stack includes the anode electrode supported on a single electrode
plate and each cell in sald second outer cell stack includes the cathode electrode

supported on a single electrode piate, and wherein all remaining anode and
cathode electrodes are supported on double electrode plates with each double

electrode plate electrically connecting two cells in adjacent columns along a
- preselected row.

28. The electrochemical system according to claim 27 wherein said electrically
conducting frames of the double electrode plate and the single electrode piates

each include at least a length and a width, said length being greater than said
wicth, and wherein said anode and cathode electrodes supported on said single
electrode plate and said double electrode plate each have a iength and a width,

said length being greater than said width.

29. The electrochemical system according to ¢laim 28 wherein a power supply
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s connected across the two single electrode plates in the cells in said first and

second cell stacks at the ends of each row for developing a voltage across each
row, and when a voltage drop is developed between said two single electrode
plates in the two stacks at the ends of each row, current is collected along said
length of said electrically conducting frames of said single and doubie electrode
plates and flows from cell to cell in each row in a plane of said double elec¢trode
plates across the width of the electrically conducting frames and across the width

of said anode and cathode electrodes.

30. The electrochemical system according to claim 29 wherein each of said

electrically conducting frames of the double slectrode plate and the single electroda
ptate include first and second spaced apertures at one end portion of said length

and third and fourth spaced aperturas at an opposed end portion of said length,
wherein said catholyte and anolyte chamber forming members, and said separator
each include at least opposed end portions and first and second spaced apertures
at one end partion thereof and third and fourth apertures at the opposed end
partion, and wherein each of said first, second, third and fourth apertures in said
electncally conducting frames, said separator and said anolyte and catholyte
chamber forming members in said stack are in registration defining four spaced

electrolyte flow passageways through the cells of each stack.

31.  The electrochemical system according to claim 30 wherein a first of said four
spaced electrolyte flow passageways communicates with the entrance 1o each
anolyte chamber in said stack and a second said four slectroiyte flow passageways
communicates with the exit of each anolyte chamber in said stack. and wherein a
third of said four spaced electrolyte flow passageways communicates with the
entrance ta each catholyte chamber in said stack and a fourth of said four
electrolyte flow passageways communicates with the exit of each catholyte chamber

IN sald stack.

32. The electrochemical system according to claim 31 wherein each stack is
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compressed between ngid support members located at opposed ends of each

stack.

33.  The electrochemical system accaording to claim 32 wherein said rigid support
members located at opposed ends of each stack include first and second rigid

enclosures, said first rigid enclosure in said stack being in flow communication with
the first and secand flow passageways communicating with said anoiyte chambers
in saild stack and said second rigid enclosure in said stack being in flow
communication with the third and fourth flow passageways communicating with the

catholyte chambers in said stack.

34. The electrochemical system according to claim 33 including temperature

sensing means being located in said first and second rigid enclosures for sensing
lemperature of electrolyte in each enclosure during operation, said temperaturs

sensing means connected to heat exchanger means in said first and second rigid

enclosures for controlling the temperature of said electrolyte.

36. The electrochemical system according to claim 33 including first and second
header boxes, said first header box being in flow communication with each of the
first Agid enclosures, said second header box being in flow communication with

each of the second rigid enclosures.

37.  The electrochemical system according to claim 36 including temperature
sensing means locating in said first and secongd rigid enclosures for sensing

temperature of electrolyte in each enclosure during operation, said temperature
sensing means connected to heat exchanger means in said first and second rigid

enclosures for controlling the temperature of said electrolyte.

38. An electrochamical systam, comprising:
a) at least ane cell stack including at least two ceills in said at least one cell

stack, each cell including an anode electrode and anclyte chamber adjacent to said
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anode electrode, a cathode glectrade and catholyte chamber adjacent to said

cathode electrode; and
b) ngid support members located at onpaosed ends of said cell stack, said

ngid support members inciuding at least first and second rigid enclosures, each of

said first and second rigid enclosures having an inlet and outiet and said anolyte
chambers being in flow communication with the infet and outlet of said first rigid
enclosure for recirculating fluid between said anolyte chambers and said first rigid
enclosure, and sald catholyte chambers being in flow communication with the inlet
and outlet of said second rigid enclosure for recirculating fluid between said

catholyte chambers and said second rigid enclosure.

389. The electrochemical system according to claim 38 including at least
temperature sensing means located in said first and second rigid enclosures for

sensing temperature of electrolyte in each enclosure, said temperature sensing
means connhected to heat exchanger means in said first and second rigid

enclosures for controlling the temperature of said electrolyte.

40.  The electrochemical system according to claim 38 including at least first and

second header boxes, said first header box being in flow communication with eacn
of the first rigid enclosures, and said second header box being in flow

communication with each of the second rigid enclosures.

41. The electiochemical system according to claim 40 including at least
temperature sensing means located in said first and second header boxes for
sensing temperature of electrolyte in each header box, said temperature sensing

means connected to heat exchanger means in said first and second header boxes

for controlling the temperature of said electrolyte. f

42.  Theelectrochemical system according to claim 40 wherein each cell includes
at least a separator between the catholyte and anociyte chambers.
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43. The electrochemical system according to claim 42 wherein said

electrochemical system is a water electrolyser for producing H, and O,, and wherein
said separator is a gas separator assembly including at least a gas separator

member and said peripheral frame extending around a periphery of said gas

separator member.

44. The electrochemical system according to claim 43 wherein said gas
separator member is a gas separator membrane.

45. The electrochemicai system according to claim 44 wherein said gas

separator membrane is a proton exchange membrane.

46. The electrochemical system according to claim 38 including a pump for

circulating electrolyte through said cells and said first and second rigid enclosures.

47. A single stack electrochemical system, comprising:
a) n cells arranged sarially in a cell stack wherein n is an integer number of
cells greatar than or equal to 2, each cell including at least one anode electrode

and an anolyte chamber adjacent thereto and a cathode siectrode and a catholyte
chamber adjacent thereto, two cells being iocated at opposed ends of said stack

with one of said two cells including at least a contact anode electrode and the other
of said two cells including at least a contact cathode electrode, said contact anode
and contact cathode electrodes being adapted to be connected {0 a power supply,

including an insulating member for insulating adjacent cells in said stack; and
b) n-1 doubie electrode plates, each double electroge plate including a least

an electncally conducting frame having a length and a width, and a first portion for
supparting an anode electrode located in one of said ¢ells and a second portion for

supporting a cathode electrode lacated in an adjacent cell, and a web portion
between said anode and cathode electrodes electrically connecting said electrodes,

and wherein at least a portion of said web portion is located externor to the cells

containing the anode and cathode electrodes supported by said double electrode
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plate, said double electrode plate being foided substantially down a middie of said

web portion, and when a voltage drop is developed between said two contact
electrodes current is collected along said length of said electncally conducting

frames and flows from cell to cell in 3 plane of said double electrode plates across

the width of the electrically conducting frames and said anode and cathode

electrodes.

48. The single stack electrochemical system accerding 1o claim 49 wherein said
contact anode and cathode electrodes are single electrade plates each including
at least two single electrode plates having an electnicaily conducting frame, saia

electrically canducting frame having a length and a width.

49. The single stack electrachemical system according to claim 48 wherein the
length of the electrically conducting frames of the double electrode plate and the
single electrode plates is greater than the width of each, and wherein said anode

and cathode electrodes supported on said single electrode plates and said double
electrode plates esach have a length and a width, said length being greater than

said width.

50, The single stack electrochemical system according to claim 43 wherein said
first and second portions of the double electrode plate each include at least
opposed faces, each of said opposed faces including a planar penpherai surface
o extending about a periphery of the supported anode and cathode electrodes, and
wherein the electrically conducting frame of the single electrode plate includes
opposed faces and a planar peripheral surface on each of the opposed faces

extending about a periphery of the anode or cathode supported on said single

electrode plate.

51.  Thesingle stack electrochemical system according to ctaim 50 wherein each

cell includes at least a separator between the catholyte and anolyte chambers, and
iInctuding at ieast one fiow passageway connecting said catholyte chembers and at
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least one flow passageway connecting said anolyte chambers.

52.  The single stack electrochemical system according to claim 51 wherein said

separator includes at least a penipheral frame, said peripheral frame being sealingiy
engaged betwean the planar peripheral surface of one of the opposed faces of the

electrically conducting support frame holding said anode electrode and the pianar
peripheral surface of one of the opposed faces of the electrically conducting

support frame supporting said cathode electrode in each cell.

53. The single stack electrochemical system according to claim 52 wherein sach
cell includes an anoiyte chamber forming frame mamber sealingly engaged to the

planar peripheral surface of the other of said opposed faces of the conducting
support frame supporting said anode electrode, and a catholyte chamber forming

frame member sealingly engaged to the planar peripheral surface of the ather of
said opposed faces of the conducting support frame supporting said cathode

glectrode.

84. The single stack electrochemical system acecording to claim 53 wherein said
anolyte and catholyte chamber forming frame members, the penpheral frame of the
separator and a peripheral frame of said insulating member are fabricated of a

compressible elastomer-like material, and wherein said anolyte and catholyte
chamber forming frame membaers, said peripheral frames of said insulating member

and said separator are compressed to form fluid tight seals when said

electrochemical system is assembled.

55. The single stack electrochemical system accarding 10 claim 54 wherein the
single stack Is compressed between rigid support members located at opposed

ends of sald stack.

56. The single stack electrochemical system according to claim 55 wherein the
rigid support members include first and second ngid enclosures, the first rigid
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enclosure being in flow communication with the first and second flow passageways

in communication with each anolyte chamber in the stack and the second rigid

enclosure being in flow communication with the third and fourth flow passageways

in communication with each catholyte chamber in the stack.
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