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EXTERNALLY- REINFORCED WATER ELECTROLYSER MODULE

Field of the Invention

[0001] The present invention relates to the design of water electrolysers for the
production of hydrogen and oxygen gases at elevated pressures, and more particularly, to
alkaline and polymer electrolyte membrane (PEM) type electrolyser stacks and electrolyser

modules with enhanced capability for operation at elevated pressures, and components therefor.

Background of the Invention

[0002] Electrolysers use electricity to transform reactant chemicals to desired product
chemicals through electrochemical reactions, i.e., reactions that occur at electrodes that are in
contact with an electrolyte. Hydrogen is a product chemical of increasing demand for use in
chemical processes, and also potentially for use in hydrogen vehicles and equipment powered by
hydrogen fuel cell engines or hydrogen internal combustion engines (or hybrid hydrogen
vehicles, also partially powered by batteries). Water electrolysers, which produce hydrogen and
oxygen from water and electricity, are the most common type of electrolyser used for production
of gaseous hydrogen as the main product. The most common types of commercial water
electrolysers are alkaline water electrolysers (AWE) and polymer electrolyte membrane (PEM)

water electrolysers.

[0003] As used herein, the terms “half cell”, “half electrolysis cell” and equivalent
variations thereof refer to a structure comprising one electrode and its corresponding half cell
chamber that provides space for gas-liquid (or gas) flow out of the half cell. The term “cathode
half cell” refers to a half cell containing a cathode, and the term “anode half cell” refers to a half

cell containing an anode.

[0004] As used herein, the terms “cell”, “electrolysis cell” and equivalent variations
thereof refer to a structure comprising a cathode half cell and an anode half cell. A cell also
includes a separator membrane (referred to herein after as a “membrane”), typically located
between, and in close proximity to, in contact with, or integral with, the cathodes and anodes.
The functionality of the membrane is to maintain the hydrogen and oxygen gases produced

separate and of high purity, while allowing for ionic conduction of electricity between the anode
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and cathode. A membrane therefore defines one side of each half cell. The other side of each
half cell is defined by an electronically conducting solid plate, typically comprised of metal,
carbon, carbon-polymer composite, or combinations thereof, and generally known as a bipolar
plate. The functionality of the bipolar plate is to maintain the fluids in adjacent half cell
chambers of adjacent cells separate, while conducting current electronically between the adjacent
cells. Each half cell chamber also contains an electronically conducting component generally
known as a current collector or current carrier, to conduct current across the half cell chamber,

between the electrode and the bipolar plate.

[0005] As used herein, the terms “cell stack”, “electrolyser stack™, “stack™, or equivalent
variations thereof refer to structures used for practical (commercial) water electrolysers
comprising multiple cells, in which the cells typically are electrically connected in series
(although designs using cells connected in parallel and/or series also are known), with bipolar
plates physically separating but providing electrical communication between adjacent cells. Gas-
liquid (i.e., hydrogen-liquid and oxygen-liquid) mixtures are collected from individual half-cells
in header flow passages (top flow manifolds), which run lengthwise along the stack, above the
cells. The header flow passages fluidly communicate with respective gas-liquid discharge
passages extending through the electrolyser stack and in fluid communication with external
piping or tubing, which in turn fluidly communicate with external gas-liquid separation vessels.
Operations performed in the external gas-liquid separation vessels include gas-liquid separation,
and optionally feed water addition and liquid mixing. Degassed liquid is returned to the cell
stack via external piping or tubing, which is in fluid communication with respective degassed
liquid return passages extending through the electrolyser stack. Degassed liquid is distributed to
individual half-cells via footer flow passages (bottom flow manifolds), which run lengthwise
along the stack, underneath the cells. In some PEM electrolyser stacks, the hydrogen side is
operated without circulating liquid, in which case the hydrogen side header flow passage(s) and
discharge passage(s) would carry hydrogen gas, and in which case there would be no

requirement for a gas-liquid separation circuit on the hydrogen side.

[0006] As used herein, the term “electrolyser module” refers to the combination of an
electrolyser stack and gas-liquid separation spaces in the same structure, which typically is of the

filter press type. Further, the term “electrolyser module” as used herein may refer to an alkaline
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electrolyser module or a PEM electrolyser module. We previously disclosed designs for an
alkaline electrolyser module in US 8,308,917, and for a PEM electrolyser module in US
2011/0042228, both of which are incorporated herein by reference.

[0007] As used herein, the term “structural plate” refers to a body having a sidewall
extending between opposite end faces with a half cell chamber opening, and in the case of an
electrolyser module, additionally at least one degassing chamber opening extending through the
structural plate between the opposite end faces. An electrolyser stack or an electrolyser module
typically is constructed using a series of structural plates to define alternately cathode and anode
half cell chambers, fluid flow passages, and in the case of an electrolyser module, at least one
degassing chamber, and respective gas-liquid flow passages and respective degassed liquid flow
passages extending between the one or more degassing chambers and the corresponding half cell
chambers. The structural plates are arranged in face to face juxtaposition between opposite end
pressure plates, optionally with at least one intermediate pressure plate interspersed between the
structural plates along a length of the electrolyser stack or electrolyser module, to form a filter
press type structure. The end pressure plates and intermediate pressure plates can be made of,
€.g., one or more of steel, stainless steel, nickel-plated steel, nickel-plated stainless steel, nickel
and nickel alloy. The structural plates also hold functional components, which may include, for
example, cathodes, anodes, separator membranes, current collectors, and bipolar plates, in their

appropriate spatial positions and arrangement.

[0008] The structural plates are made of a suitable electrically insulating plastic or fiber-
reinforced plastic that is inert to electrolyte (e.g., in the case of an alkaline electrolyser module,
an aqueous solution of 25% to 35% KOH at elevated temperatures) or water (in the case of a
PEM electrolyser module) and gases (e.g., oxygen, hydrogen, nitrogen). Examples of suitable
plastics include polyoxymethylene (POM), polypropylene, polyphenylene oxide (PPO),
polyphenylene sulphide (PPS) and the like, and in particular, polysulfone. The structural plates
are manufactured by processes such as machining, and more preferably, injection molding,
sometimes with some post-machining. Thus, the plates are lightweight, non-conducting,
resistant to the operating environment, and amenable to simple and relatively low cost

fabrication.
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[0009] Generally contemplated operating pressures of electrolyser modules and
electrolyser stacks lie between atmospheric pressure and 30 barg, and more typically up to 10
barg, depending on the application requirements. Higher pressure operation, for example, in the
range of 17 to 30 barg, is advantageous as it enables direct filling of commonly-used gas storage
vessels, or a reduced number of mechanical compression stages when filling higher pressure
storage. Older electrolyser stack designs utilized steel structural plates, which enabled operation
at elevated pressures, e.g., 30 barg, but presented other challenges, such as very high weight, the
need for electrical insulation, and potential for corrosion. For modern, “advanced” electrolyser
stack and electrolyser module designs utilizing structural plates made of plastic, higher pressure
operation presents challenges with regard to mechanical integrity of the structural plates,
especially over the long term and for large scale electrolyser modules and electrolyser stacks.
Pressure containment means, such as a pressure vessel or a load bearing reinforcing support
completely surrounding an electrolyser stack are known in the art (e.g., US 6,153,083, US
7,314,539), but preferably are to be avoided in order to maintain inherent design simplicity, ease
of implementation, compactness, lightweight, and low capital cost. The structural plates could
be made significantly more massive, but this approach is impractical and also preferably to be
avoided, due to correspondingly significantly increased cost, size, weight, and difficulty of
injection molding. The approach of reinforcing each structural plate may be preferred if it can be
implemented simply, without significantly adverse effects on ease of assembly, compactness,

weight and cost.

[0010] US 7,332,063 discloses an approach to reinforcement of individual structural
plates in an electrolyser stack in which each structural plate is supported externally by a
surrounding external wound fibreglass reinforcement, in order to withstand higher operating
pressures. The approach of imposing a tight-fitting external support around the external
periphery of structural plates is best suited to circular shapes, such as that contemplated in US
7,332,063. However, for large structural plates with complex irregular shapes, this type of

external support would be less effective and more difficult and expensive to install.

[0011] Thus, what is needed is a simple, easily-implemented, cost effective approach to

reinforcement of structural plates for electrolyser modules and electrolyser stacks, especially
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large-scale electrolyser modules and electrolyser stacks, in order to enable them to operate at

higher pressures.

Summary of the Invention

[0012] An electrolyser module comprising a plurality of structural plates each having a
sidewall extending between opposite end faces with a half cell chamber opening and at least two
degassing chamber openings extending through the structural plate between the opposite end
faces. The structural plates are arranged in face to face juxtaposition between opposite end
pressure plates. Each half cell chamber opening at least partially houses electrolytic half cell
components comprising at least an electrode, a bipolar plate in electrical communication with the
electrode, and a membrane communicating with the electrode for providing ionic conduction.
The structural plates and half cell components define an array of series connected electrolytic
cells surmounted by at least one degassing chamber. The structural plates define, at least when
in face to face juxtaposition, passages for fluid flow inside the electrolyser module. The
electrolyser module further comprises at least one external reinforcing means contacting at least
some of the structural plates for mitigating outward displacement of the structural plates. At
least some of the structural plates further define contacting means for achieving contact with the

at least one external reinforcing means.

[0013] A structural plate for an electrolyser module having a sidewall extending between
opposite end faces with a half cell chamber opening and at least two degassing chamber
openings extending through said structural plate between said opposite end faces. The structural
plate defines, at least when in face-to-face juxtaposition with another structural plate, an end
pressure plate, or an intermediate pressure plate, passages for fluid flow inside the electrolyser
module. The structural plate further defines contacting means for achieving contact with one or

more external reinforcing means.

[0014] An electrolyser stack comprising a plurality of structural plates each having a
sidewall extending between opposite end faces with a half cell chamber opening, at least two
header flow passage openings and at least one footer flow passage opening extending through the
structural plate between said opposite end faces. The structural plates are arranged in face to

face juxtaposition between opposite end pressure plates. Each half cell chamber opening at least
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partially houses electrolytic half cell components comprising at least an electrode, a bipolar plate
in electrical communication with the electrode, and a membrane communicating with the
electrode for providing ionic conduction. The structural plates and half cell components define
an array of series connected electrolytic cells. The structural plates define, at least when in face
to face juxtaposition, passages for fluid flow inside the electrolyser stack. The electrolyser stack
further comprises one or more external reinforcing means contacting at least some of the
structural plates for mitigating outward displacement of the structural plates. At least some of
the structural plates further define contacting means for achieving contact with the one or more

external reinforcing means.

Description of Drawings

{0015] Preferred embodiments of th¢ present invention are described below with

reference to the accompanying illustrations in which:

[0016] Figure 1 is an exploded view of about half of an alkaline electrolyser module in

accordance with the present invention;

[0017] Figure 2 is an exploded view of about half of a PEM electrolyser module in

accordance with the present invention;

[0018] Figure 3 is a front elevation showing the front face of an embodiment of structural
plates for use with external reinforcing means, as well as a preferred embodiment of feed water

addition features, in accordance with the present invention;

[0019] Figure 4 is a front elevation showing the front face of an embodiment of a

structural plate and external reinforcing means in accordance with the present invention;

[0020] Figure 5 is an isometric view showing the front faces of an embodiment of
structural plates, an end pressure plate and external reinforcing means for an electrolyser module

in accordance with the present invention;

[0021] Figure 6 is a front elevation showing the front face of an embodiment of a
structural plate for an electrolyser module without external reinforcing means in accordance with

a prior design; and,
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[0022] Figure 7 is an exploded view of an embodiment of a cathode drain in accordance
with the present invention, showing cathode drain features in a series of three adjacent structural

plates.

Description of Preferred Embodiments

[0023] In the present invention, one or more external reinforcing means in contact with at
least some of the structural plates are used to increase the internal fluid pressure holding
capability of an electrolyser stack or electrolyser module, while at the same time enabling
reduction in plastic material requirements and improving the creep resistance and structural plate
lifetime. The external reinforcing means have significantly better mechanical properties (e.g.,
significantly higher strength and elastic modulus) than the plastic or fiber-reinforced plastic
material of the structural plates, and preferably are easily installed, readily available, and low
cost. Contact between the external reinforcing means and each of the structural plates preferably
is achieved through contacting means comprised of interlocking features defined on the

peripheral edges of the structural plates and on the external reinforcing means.

[0024] An alkaline electrolyser module in accordance with an aspect of the present
invention is shown generally at 100 in Figure 1. Figure 1 shows about half of an alkaline
electrolyser module with 4 cells for illustrative purposes only; the other half of the electrolyser
module would be a mirror image (on either side of feature 12, which in this case represents the
midpoint of the electrolyser module). In practice, typically greater numbers of cells would be
incorporated. Alkaline electrolyser module 100 includes structural plates 10, end pressure plates
11, anodes 13, cathodes 14, membranes 15, current carriers 16, bipolar plates 17, and optionally,
one or more intermediate pressure plates 12 interspersed between structural plates along the
length of the electrolyser module. The structural plates 10, end pressure plates 11 and
intermediate pressure plates 12 comprise at least a body having a sidewall extending between
opposite end faces. There are two main types of structural plates 10: cathode structural plates
10a and anode structural plates 10b. Additionally, special structural plates 10c and 10d can
optionally be used on either side of the one or more optional intermediate pressure plate 12 and
also optionally adjacent to either or both of the end pressure plates 11, respectively, e.g., to help
to accommodate cooling conduits (e.g., cooling tubes or cooling coils). (As used herein, the term

“plate” refers to structural plates, special structural plates, end pressure plates and intermediate
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pressure plates.) Suitable seals (e.g., o-ring gaskets, not shown) also are understood to be
included. At least some of structural plates 10a and 10b and special structural plates 10c and 10d
also can be in contact with at least one external reinforcing means. Although external
reinforcing means are not explicitly shown in Figure 1 for better clarity of the electrolyser
module assembly, they are shown in other Figures, and key elements of an especially preferred
embodiment are shown in Figure 1, namely: i) contacting means 50 in the structural plates, for
achieving multi-directional contact with external reinforcing means; and, ii) supporting means 70
in the intermediate pressure plates and the end pressure plates, for supporting and aligning
external reinforcing means. Not all of the structural plates may necessarily require external
reinforcement; for example, if special structural plates are used, especially at moderate pressures,
they may not require external reinforcing means, since they lack fluid flow passages (i.e., they
contain more material), and also they are somewhat inherently reinforced by the adjacent end
pressure plate 11 or intermediate pressure plates 12. Accordingly, some of the structural plates,
e.g., one or more special structural plates, may be made without contacting means 50 and used
without external reinforcing means. Also, structural plates adjacent to an end pressure plate or
an intermediate pressure plate may be directly mechanically reinforced by embedding them into
the adjacent end pressure plate or intermediate pressure plate. However, there is little benefit to
not utilizing external reinforcing means with certain of the structural plates, since the external
reinforcing means are readily available if they are to be used with other structural plates, and use
of the external reinforcing means also helps to align the structural plates in question with the rest

of the electrolyser module assembly.

[0025] Alkaline electrolyser module 100 thus comprises a plurality of electrolysis cells
18 and associated degassing chambers 19. The electrolysis cells 18 preferably are located at the
bottom part of the electrolyser module 100, and the associated degassing chambers 19 preferably
are located at the top part of the electrolyser module 100, surmounting the electrolysis cells 18.
The electrolysis cells comprise cathode and anode half cell chambers 20a and 20b defined by
two adjacent structural plates, as well as a cathode 14, an anode 13, a membrane 15, and current
collectors 16. More than one current collector 16 can be used per half cell chamber 20a and/or
20b. Bipolar plates 17 physically separate, and provide electrical communication between,
adjacent cells. The membrane is in communication with each of the electrodes for providing

ionic conduction. End pressure plates 11 and intermediate pressure plates 12 optionally include
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suitably coated or plated electrically conducting areas or separate parts 48 and 49, respectively,
to facilitate electrical current flow through the portions of the end pressure plates and
intermediate pressure plates corresponding to the active cell area. End pressure plates 11 and
intermediate pressure plates 12 can be made of, e.g., one or more of steel, stainless steel, nickel-
plated steel, nickel-plated stainless steel, nickel and nickel alloy, or other plated, coated, or non-
plated, non-coated metals (the term “metals” is to be understood to include metals and metal

alloys).

[0026] As shown in Figure 1, each cathode half cell chamber 20a is in direct fluid
communication with the hydrogen degassing chamber 19a via a gas-liquid flow passage 21a, and
a degassed liquid flow passage 22a. Similarly, each anode half cell chamber 20b is in direct
fluid communication with the oxygen degassing chamber 19b via a gas-liquid flow passage 21b,
and a degassed liquid flow passage 22b. Separated hydrogen gas exits through hydrogen gas
discharge passage 25, which extends radially through to the hydrogen degassing chamber;
separated oxygen gas exits through separated oxygen gas discharge passage 26, which extends
radially through to the oxygen degassing chamber. Gas discharge passages 25 and 26 typically
are contained in the intermediate pressure plate 12, or in one or both of the end pressure plates
11. Feed water is introduced to one or both of the hydrogen and oxygen degassing chambers 19a
and 19b through feed water passages (not shown), which also typically are located in the one or
more intermediate pressure plates 12 or in one or both of the end pressure plates 11. Electrical
current is supplied to the cell portion of electrolyser module 100 by, for example, a DC power
supply, most commonly via positive and negative electrical connections to end pressure plates
11, and optionally with a non-current carrying electrical ground connection to intermediate
pressure plate 12 at the midpoint of electrolyser module 100. Separate liquid drains 47a and 47b
for each of the hydrogen side (cathode drain) and the oxygen side (anode drain) respectively, are
located at the bottom of one or more of the intermediate pressure plates 12 and the end pressure
plates 11. The liquid drains are in fluid communication with either the cathode half cell
chambers and hydrogen degassing chamber, or the anode half cell chambers and oxygen
degassing chamber through a series of draining conduits in the structural plates, as described
below. The liquid drains drain liquid (electrolyte) from the electrolyser module, for purposes
such as long term shut down, maintenance, transport, sampling, etc., or for purposes such as

removing bleed stream(s), to maintain the purity of the liquid (electrolyte) in the electrolyser
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module. The drains comprise two separate drains, a cathode drain for the cathode (hydrogen)
portions of the electrolyser module, and an anode drain for the anode (oxygen) portions of the
electrolyser module. Optionally, a bleed stream of liquid (electrolyte) can be taken from inside
alkaline water electrolyser module 100 via one or both of liquid drains 47a and 47b,
intermittently or continuously if/as required, and replaced with new liquid (electrolyte), in order

to help to maintain acceptable purity of the liquid.

[0027] In a first embodiment of the liquid drains, each of the cathode drain and the anode
drain comprise a plurality of connecting draining passages connecting the bottom portions of
either each of the cathode half cell chambers or each of the anode half cell chambers to one or
more draining manifolds. Note that by draining the half cell chambers, the corresponding
degassing chambers also are drained, since they are in fluid communication with the half cell
chambers through the degassed liquid passages and the gas-liquid passages. The cathode drain
and the anode drain can be, but are not necessarily, similar. The cathode drain will be described
here for illustrative purposes. The cathode draining passages comprise long passages with
relatively small cross sectional areas connecting the bottom portion of the cathode half cell
chambers with one or more cathode draining manifolds. The cathode draining manifolds are
located below the cathode half cell chambers in order that draining can be achieved by gravity
head, and extend at least part way along the length of the electrolyser module. The lengths of the
draining passages for the cathode half cells can be extended by using paths comprised in more
than one structural plate. In the current embodiment, the draining passages are internal passages
near the bottom part of the cathode half cell chamber, which then become surface passages that
follow a long downward path in order to render stray current flows during operation negligible.
The passage then travels through one of the adjacent anode plates to the next cathode plate,
where it once again becomes a surface passage with a long path, before joining one of the
cathode draining manifolds. More than one cathode draining manifold can be used in order to
further limit stray current flows. The one or more cathode draining manifolds connect to a
draining point. The draining point comprises a draining port with a valve, located in the bottom
portion of one of the intermediate pressure plates or one of the end pressure plates. There can be

more than one draining point in the electrolyser module.
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[0028] In the second embodiment, each of the cathode drain and the anode drain also
comprise draining channels for each half cell. Preferably, similar approaches are used for both
the cathode drain and the anode drain. The cathode drain will be described here for illustrative
purposes. The main features of the cathode drain are shown in Figure 7, which shows a series of
three adjacent structural plates (two cathode structural plates and one anode structural plate) in
the electrolyser module. The starting point of the cathode draining passage 80 for each cathode
half cell is located in the degassed liquid passage 22a, near its point of connection to the cathode
half cell chamber opening 20a. (In an alternative configuration (not shown), the cathode
draining passage 80 is connected directly at or near the bottom of the cathode half cell chamber
opening 20a.) Thus, the starting point of the cathode draining passage 80 lies underneath the
cathode half cell chamber. The cathode draining passage 80 initially is an internal passage,
passing through the thickness of the cathode structural plate 10a to the opposing face of adjacent
anode structural plate 10b, where it becomes a surface passage that creates a long path in order to
render stray current flows during operation negligible. The periphery of the area defined by the
surface passages in the face of anode structural plate 10b is sealed, preferably by an o-ring (not
shown) that is seated in a holding feature (not shown). The cathode draining passage 80 then
once again becomes an internal passage, passing through the thickness of anode structural plate
10b to degassed liquid passage 22a in the adjacent cathode structural plate 10a. This multi-
structural plate configuration is then repeated until a draining point is reached. The draining
point comprises a draining port with internal channels connecting to a valve, located in the
bottom portion of one of the intermediate pressure plates 12 or one of the end pressure plates 11.
There can be more than one draining point in the electrolyser module. An advantage of the
second embodiment is that there is no requirement for enlarging the bottom portions of the

structural plates,

[0029] A PEM electrolyser module in accordance with an aspect of the present invention
is shown generally at 200 in Figure 2. Figure 2 shows about half of an electrolyser module with
4 cells for illustrative purposes only; the other half of the electrolyser module would be a mirror
image (on either side of feature 12, which in this case represents the midpoint of the electrolyser
module). In practice, typically greater numbers of cells would be incorporated. PEM
electrolyser module 200 includes structural plates 10, end pressure plates 11, membrane-

clectrode assemblies (MEA’s) 33, optionally electrode backing layers 33a and 33b, current
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carriers 34, bipolar plates 35 and optionally, one or more intermediate pressure plates 12. The
structural plates 10, end pressure plates 11 and intermediate pressure plates 12 comprise at least a
body having a sidewall extending between opposite end faces. A typical MEA consists of a
membrane and electrodes coated onto opposite faces of the membrane; a cathode coated onto one
face of the membrane, and an anode coated onto the opposite face of the membrane. Thus, the
membrane is in communication with each of the two electrodes for providing ionic conduction.
In some embodiments, the electrode backing layers 33a and 33b also can be incorporated into the
MEA 33. In the embodiment shown in Figure 2, there are two main types of structural plates 10:
cathode structural plates 10a and anode structural plates 10b. Additionally, special structural
plates 10c and 10d can optionally be located adjacent to the optional intermediate pressure plate
12 and the end pressure plates 11, respectively, ¢.g., to help accommodate cooling conduits (e.g.,
cooling tubes or cooling coils). Suitable seals (e.g., o-ring gaskets, not shown) also are
understood to be included. At least some of structural plates 10 and special structural plates 10c
and 10d may be in contact with at least one external reinforcing means. Although external
reinforcing means are not shown in Figure 2 for better clarity of the electrolyser module
assembly, key elements of an especially preferred embodiment are shown in Figure 2, namely
contacting means 50 in the structural plates, for achieving multi-directional contact with external
reinforcing means, and supporting means 70 in the intermediate pressure plate and the end
pressure plates, for supporting and aligning external reinforcing means. Not all of the structural
plates may necessarily require external reinforcement; for example, if special structural plates are
used, especially at moderate pressures, they may not require external reinforcing means, since
they lack fluid flow passages (i.e., they contain more material), and also they are somewhat
inherently reinforced by the adjacent end pressure plate 11 or intermediate pressure plates 12.
Accordingly, some of the structural plates, e.g., one or more special structural plates, may be
made without contacting means 50 and used without external reinforcing means. Also, structural
plates adjacent to an end pressure plate or an intermediate pressure plate may be directly
mechanically reinforced by embedding them into the adjacent end pressure plate or intermediate
pressure plate. However, there is little benefit to not utilizing external reinforcing means with
certain of the structural plates, since the external reinforcing means are readily available if they
are to be used with other structural plates, and use of the external reinforcing means also helps to

align the structural plates in question with the rest of the electrolyser module assembly.
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[0030] PEM electrolyser module 200 thus comprises a plurality of electrolysis cells and
associated hydrogen degassing chamber 19a and oxygen degassing chamber 19b. The PEM
electrolysis cells 38 preferably are located at the bottom part of the electrolyser module 200, and
the associated degassing chambers 19a and 19b preferably are located at the top part of the
electrolyser module 200, surmounting the PEM electrolysis cells 38. The electrolysis cells
comprise cathode and anode half cell chambers 38a and 38b defined by two adjacent structural
plates, as well as a MEA 33, optionally electrode backing layers 33a and 33b, and the current
collectors 34. Bipolar plates 35 physically separate and provide electrical communication
between adjacent cells. End pressure plates 11 and intermediate pressure plates 12 optionally
include suitably coated or plated electrically conducting areas or separate parts 48 and 49,
respectively, to facilitate electrical current flow through the portions of the end pressure plates
and intermediate pressure plates corresponding to the active cell area. End pressure plates 11
and intermediate pressure plates 12 can be made of, e.g., one or more of steel, stainless steel,
plated or coated steel, plated or coated stainless steel, or other plated, coated or non-plated, non-

coated metals (the term “metals” is to be understood to include metals and metal alloys).

[0031] As shown in Figure 2, each cathode half cell chamber 20a is in direct fluid
communication with the hydrogen degassing chamber 19a via a gas-liquid flow passage 21a, and
a degassed liquid flow passage 22a. Similarly, each anode half cell chamber 20b is in direct
fluid communication with the oxygen degassing chamber 19b via a gas-liquid flow passage 21b,
and a degassed liquid flow passage 22b. Separated hydrogen gas exits through hydrogen gas
discharge passage 25, which extends radially through to the hydrogen degassing chamber;
separated oxygen gas exits through separated oxygen gas discharge passage 26, which extends
radially through to the oxygen degassing chamber. Gas discharge passages 25 and 26 typically
are contained in the intermediate pressure plate 12, or in one or both of the end pressure plates
11. Feed water is introduced to one or both of the hydrogen and oxygen degassing chambers 19a
and 19b through feed water passages (not shown), which also typically are located in the
intermediate pressure plate 12 or in one or both of the end pressure plates 11. Electrical current
is supplied to the cell portion of electrolyser module 200 by, for example, a DC power supply,
most commonly via positive and negative electrical connections to end pressure plates 11, and
optionally with a non-current carrying electrical ground connection to intermediate pressure plate

12 at the midpoint of electrolyser module 200. Separate liquid drains 47a and 47b for each of the
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hydrogen (cathode) side and the oxygen (anode) side respectively, are located at the bottom of
one or more of the intermediate pressure plates 12 and the end pressure plates 11. The liquid
drains are in fluid communication with either the cathode half cell chambers and hydrogen
degassing chamber or the anode half cell chambers and oxygen degassing chamber through
respective series of draining conduits in the structural plates, as described below. The liquid
drains drain liquid (water) from the PEM water electrolyser module, for purposes such as long
term shut down, maintenance, transport, sampling, etc. Optionally, a bleed stream of relatively
impure liquid (water) can be taken from inside PEM water electrolyser module 200 via one or
both of liquid drains 47a and 47b, intermittently or continuously if/as required, and replaced by
relatively pure liquid (feed water) in order to help to maintain acceptable purity of the liquid
(water). Alternatively, a closed-loop liquid purification and recycle approach can be used; e.g., a
stream of relatively impure liquid (water) can be taken from inside PEM water electrolyser 200
via one or both of liquid drains 47a and 47b, intermittently or continuously if/as required,
purified by water purification means such as ion exchange and/or other means as is known in the
art, and re-introduced inside PEM water electrolyser 200, e.g., along with or in place of new feed

water. The water purification means can be that used to purify feed water.

[0032] In a first embodiment of the liquid drains, each of the cathode drain and the anode
drain comprise a plurality of connecting draining passages connecting the bottom portions of
either each of the cathode half cell chambers or each of the anode half cell chambers to one or
more draining manifolds. Note that by draining the half cell chambers, the corresponding
degassing chambers also are drained, since they are in fluid communication with the half cell
chambers through the degassed liquid passages and the gas-liquid passages. The cathode drain
and the anode drain can be, but are not necessarily, similar. The cathode drain will be described
here for illustrative purposes. The cathode draining passages comprise passages between the
bottom portion of the cathode half cell chambers and one or more cathode draining manifolds.
The cathode draining manifolds are located below the cathode half cell chambers in order that
draining can be achieved by gravity head, and extend at least part way along the length of the
electrolyser module. In the current embodiment, the draining passages are internal passages near
the bottom part of the cathode half cell chamber, which then become surface passages. The
passage then extends through one of the adjacent anode plates to the next cathode plate, where it

once again becomes a surface passage, before joining to one of the cathode draining manifolds.
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More than one cathode draining manifold can be used. The one or more cathode draining
manifolds connect to a draining point. The draining point comprises a draining port with a valve,
located in the bottom portion of one of the intermediate pressure plates or one of the end pressure

plates. There can be more than one draining point in the electrolyser module.

[0033] In a second embodiment, each of the cathode drain and the anode drain also
comprise draining channels for each half cell. Preferably, similar approaches are used for both
the cathode drain and the anode drain. The cathode drain will be described here for illustrative
purposes. The main features of the cathode drain are shown in Figure 7, which shows a series of
three adjacent structural plates (two cathode structural plates and one anode structural plate) in
the electrolyser module. The starting point of the cathode draining passage 80 for each cathode
half cell is located in the degassed liquid passage 22a, near its point of connection to the cathode
half cell chamber opening 20a. (In an alternative configuration (not shown), the cathode
draining passage 80 is connected directly at or near the bottom of the cathode half cell chamber
opening 20a.) Thus, the starting point of the cathode draining passage 80 lies underneath the
cathode half cell chamber. The cathode draining passage 80 initially is an internal passage,
passing through the thickness of the cathode structural plate 10a to the opposing face of adjacent
anode structural plate 10b, where it becomes a surface passage. The periphery of the area
defined by the surface passages in the face of anode structural plate 10b is sealed, preferably by
an o-ring (not shown) that is seated in a holding feature (not shown). The cathode draining
passage 80 then once again becomes an internal passage, passing through the thickness of anode
structural plate 10b to degassed liquid passage 22a in the adjacent cathode structural plate 10a.
This multi-structural plate configuration is then repeated until a draining point is reached. The
draining point comprises a draining port with internal channels connecting to a valve, located in
the bottom portion of one of the intermediate pressure plates 12 or one of the end pressure plates
11. There can be more than one draining point in the electrolyser module. An advantage of the
second embodiment is that there is no requirement for enlarging the bottom portions of the

structural plates.

[0034] If the electrolyser module 100 or 200 is to be operated with substantially equal
oxygen side and hydrogen side pressures, the bottom portions of degassing chambers 19a and

19b can be in fluid (liquid only) communication, e.g., via one or more liquid communication
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passages. Examples of preferred embodiments of liquid communication passages are: internal
passages contained in one of more of intermediate pressure plate 12, end pressure plates 11 and
special structural plates 10c and 10d; passages formed by surface channels in at least one of the
opposite end faces of one or more of intermediate pressure plate 12 and end pressure plates 11, at
least when in face-to-face juxtaposition with adjacent special structural plates 10c and 10d,
respectively; passages formed by surface channels in at least one of the opposite end faces of one
or more of special structural plates 10c and 10d, at least when in face-to-face juxtaposition with
adjacent intermediate pressure plate 12, end pressure plate 11, respectively, or structural plates
10a and 10b; and, external passages, comprised of, e.g., tube or pipe, in liquid communication
with degassing chambers 19a and 19b via internal passages in intermediate pressure plate 12 or
end pressure plate 11. Illustrative examples are shown in Figures 1 and 2: (i) features 28a and
28D in special structural plates 10c; (ii) features 29a and 29b in special structural plates 10d; and,
(iii) feature 40, which is tube or pipe in liquid communication with the lower portion of the
hydrogen degassing chamber and the oxygen degassing chamber via respective interior passages
in intermediate pressure plate 12; (iv) features 45a and 45b in intermediate pressure plate 12 and
features 46a and 46b in end pressure plate 11. Features 28a, 28b, 29a, 29b, 45a, 45b, 46a and
46b are shown as surface channels, but could be corresponding internal passages. It is to be
understood that the actual path of the liquid communication passages and the relative size of the
liquid communication passages need not be exactly as shown in the illustrative cases of Figures
1 and 2, and further that appropriate combinations of features 28a, 28b, 29a, 29b, 40, 45a, 45b,
46a and 46b may be used. In certain embodiments, some of features 28a and 28b, 29a and 29b,
and 45a and 45b can be included on both sides of special structural plates 10¢ and 10b, and
intermediate pressure plate 12, respectively. Such liquid communication between degassing
chambers 19a and 19b may facilitate (near) equalization of the liquid levels in the degassing
chambers, and thereby the hydrogen side and oxygen side pressures during operation, and

further, may facilitate rapid, passive response for correction of operational upsets.

[0035] Structural plates for an electrolyser module in accordance with an aspect of the
present invention are shown in Figure 3. Figure 3 shows a preferred embodiment in which
structural plate 10a defines one half cell chamber opening 20a and two degassing chamber
openings 19a and 19b; it is understood that each structural plate can define more than one of

cach type of opening. The structural plates define at least when in face to face juxtaposition,
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passages for fluid flow inside the electrolyser module. Structural plate 10a defines one or more
gas-liquid flow passages 21a, which provide direct fluid communication between the top part of
the half cell chamber opening 20a to one of the degassing chamber openings 19a and 19b.
Structural plate 10a further defines one or more degassed liquid flow passages 22a, which
provide direct fluid communication between the bottom part of the half cell chamber opening
20a to one of the degassing chamber openings 19a and 19b. Gas-liquid flow passages 21
become interior passages (slot-shaped through holes) near the top of half cell chamber opening
20; similarly, degassed liquid flow passages 22 become interior passages (slot-shaped through
holes) near the bottom of half cell chamber opening 20. Structural plate 10a also includes
contacting features (not shown) for locating and holding seals (e.g., o-ring gaskets) and in an
especially preferred embodiment, contacting means 50 for locating and interlocking with similar
contacting means on one or more external reinforcing means 60 at desired points of contact on its
peripheral edge, as shown in Figure 4. Similar supporting means, shown as 70 in Figures 1 and
2, can be included on end pressure plates 11 and optionally on the one or more intermediate
pressure plates 12, for supporting and aligning the external reinforcing means. The structural
plates are made of a suitable electrically insulating plastic or fiber-reinforced plastic. Examples
of suitable plastics include polyoxymethylene (POM), polypropylene, polyphenylene oxide
(PPO), polyphenylene sulphide (PPS) and the like, and in particular, polysulfone. Structural
plates 10a and 10b shown in Figure 3 correspond to cathode (hydrogen) structural plates 10a and
anode structural plates 10b in Figures 1 and 2. The anode (oxygen) structural plate 10b is the

mirror image of the cathode (hydrogen) structural plate 10a.

[0036] Figure 3 also shows features for a particularly preferred feed water addition
system, which comprises entry passages in one or more of the end pressure plates 11 and/or one
or more intermediate pressure plates 12, which are in fluid communication on one end with an
external feed water source, typically with feed water purification, e.g., by reverse osmosis and/or
ion exchange, and by filters such as carbon filters, and on the other end with one or more feed
water manifolds formed by feed water openings 102 in structural plates 10. Feed water openings
102 in turn further fluidly communicate in one or more of the structural plates 10 with one or
more of the first and second degassing chambers 19a and 19b via water flow passages 103.
Typically, water flow passages 103 in cathode structural plates 10a are in fluid communication

with hydrogen degassing chamber 19a, and water flow passages 103 in anode structural plates
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10b are in fluid communication with oxygen degassing chamber 19b, or vice-versa, such that
water flow passages connect to opposite degassing chambers in adjacent structural plates.
Preferably, separate feed water passages are used to add liquids to hydrogen degassing chamber
19a and oxygen degassing chamber 19b. It is to be understood that the structural plates shown in
Figure 3 do not have to include features 102 and 103, and conversely that any of the structural

plates shown in the other Figures can additionally comprise features 102 and 103.

[0037] Figure 5 shows an exploded view of a preferred embodiment; only three structural
plates 10a, 10b, and 10c and one end pressure plate 11 are shown; other components, such as cell
components, seals, etc. are not shown for clarity. Four external reinforcing means 60 are used,
each comprising a main body comprised of, for example, metal beams or tubes which run along
the length of the electrolyser module. Two external reinforcing means 60 are used on each side
of the module; it is to be understood that although the structural plates and end pressure plate are
shown as exploded assembly views, each reinforcing means 60 is represented as a non-exploded
view in Figure 5, for overall clarity. The external reinforcing means also could be “U”-shaped or
“ring”-shaped, in which case in the preferred embodiment illustrated in Figure 5 there would
only two external reinforcing means at two different heights, each contacting the structural plates
on either side. However, the external reinforcing means do not necessarily have to cover the full
length of the electrolyser module; for example, if there is an intermediate pressure plate, it may
be convenient to have each set of external reinforcing means cover from one end pressure plate
to the intermediate pressure plate. The contacting means of the external reinforcing means 60
that contact the structural plates are comprised of features such as machined teeth that interlock
with corresponding similarly-shaped contacting means 50 defined on the side walls of the
structural plates. There also can be similarly-shaped supporting means 70 on the side walls of
end pressure plates 11 and intermediate pressure plates 12, for supporting and aligning external
reinforcing means 60. The contacting means of the external reinforcing means can be, e.g.,
machined directly into the main body, or e.g., machined into a plate and attached to the main
body. The teeth are angled to provide contact in multiple directions, thereby providing multi-
directional support and strength. The external reinforcing means therefore mitigate outward
displacement of the plastic structural plate material in response to fluid pressure within the
electrolyser module. A key benefit is stress relief in the middle sections of the structural plate,

where complex features such as at the entrance of the gas-liquid passage would otherwise be
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focal points for stress development at higher operating pressures (e.g., 25 bar). The external
reinforcing means also enable minimization of plastic material around the periphery of the

structural plates, reducing cost, part size and weight, and shot size for injection molding.

[0038] The external reinforcing means preferably are located in a symmetrical manner,
with contact points being mirror images on opposite sides of the peripheries of the structural
plates. In the preferred embodiment shown in Figure 5, there are two external reinforcing means
60 on ecach side, with reinforcing locations (points of contact with contacting means 50 on the
structural plates) located approximately one-third of the way down from the top of the structural
plates, and approximately one-third of the way up from the bottom of the structural plates. The
vertical distance between the two external reinforcing means on each side of the electrolyser

module is therefore about one-third the height of the structural plates.

[0039] The external reinforcing means for all the embodiments described herein have
significantly better mechanical properties (e.g., significantly higher strength and elastic modulus)
than the plastic or fiber reinforced plastic comprising the bodies of the structural plates, and
preferably are easily installed, readily available, and low cost. Preferred materials are metals,
plated metals or coated metals (the term “metals” is to be understood to include metals and metal
alloys), most preferably steel or stainless steel, which are commonly available as tubes or beams,

and which provide good mechanical properties at relatively low cost.

[0040] The external reinforcing means are straightforwardly installed after assembly of
the electrolyser module, and are attached to one or more of the end pressure plates and the one or
more intermediate pressure plates. The points of connection of the external reinforcing means to
the end pressure plates preferably are electrically insulated. Installation involves holding in
place the one or more external reinforcements on one side of the electrolyser module by
attaching (pinning) them to one or more of the end pressure plates and the one or more
intermediate pressure plates, and then attaching the corresponding one or more external
reinforcing means on the other side of the electrolyser module in a similar manner, except using
one or more adjustment mechanisms (e.g., threaded adjustments) to make adjustments in place to

achieve good contact of the contacting means of the external reinforcing means and the structural
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plates. Also, some pre-stressing may be applied to the structural plates through the adjustment

mechanisms.

[0041] Although for lower pressure containment requirements (e.g., 5 — 10 bar), use of
external reinforcing means may not be strictly required, inclusion of external reinforcing means
can ensure long-term mechanical integrity of the structural plates with relatively little increased

initial cost.

[0042] EXAMPLE 1 Stresses in a structural plate for an electrolyser module according
to a prior desigh were modeled by finite element analysis (FEA). The general structural plate
configuration was as shown in Figure 6. The outermost dimensions of the structural plate were
1505 mm wide, 1,828 mm high, and 12 mm thick. The half cell chamber opening was 6,000
cm’. The structural plate was made of polysulfone. Modeling at 25 bar internal pressure showed

an unacceptable stress distribution with high stresses and displacements.

[0043] EXAMPLE 2 Stresses in a structural plate for an electrolyser module according
to the present invention were modeled by FEA. The general structural plate and external
reinforcing means configuration as shown in Figure 4. The external reinforcing means 60 were
steel beams. The outermost dimensions of the structural plate were 1,476 mm wide, 1,773 mm
high, and 12 mm thick. The half cell chamber opening was 6,000 cm® The structural plate was
made of polysulfone. The amount of polysulfone used was 41% less than the prior design part
shown in Figure 6. Modeling at 25 bar internal pressure showed an acceptable stress distribution

with low stresses and displacement.

[0044] Although the embodiments above have focussed on electrolyser modules, the
same principles can apply to electrolyser stacks. For example, an electrolyser stack comprises a
plurality of structural plates each having a sidewall extending between opposite end faces with a
half cell chamber opening, with at least two header flow passage openings and at least one footer
flow passage opening extending through each structural plate between its opposite end faces.
The structural plates are arranged in face to face juxtaposition between opposite end pressure
plates. Each half cell chamber opening at least partially houses electrolytic half cell components
comprising at least an electrode, a bipolar plate in electrical communication with the electrode,

and a membrane communicating with the electrode for providing ionic conduction. The
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structural plates and half cell components therefore define an array of series connected
electrolytic cells. The structural plates also define, at least when in face to face juxtaposition,
passages for fluid flow inside the electrolyser stack. The electrolyser stack further comprises at
least one external reinforcing means contacting at least some of the structural plates for
mitigating outward displacement of the structural plates. At least some of the structural plates
further define contacting means for aligning and achieving multi-directional contact with the
external reinforcing means. The electrolyser stack can further comprise at least one intermediate

pressure plate interspersed between the structural plates along the length of the electrolyser stack.

[0045] The foregoing description of the preferred embodiments and examples of the
apparatus and process of the invention have been presented to illustrate the principles of the
invention and not to limit the invention to the particular embodiments illustrated. It is intended
that the scope of the invention be defined by all of the embodiments encompassed within the

claims and/or their equivalents.
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Claims

1. An electrolyser module comprising a plurality of structural plates each having a sidewall
extending between opposite end faces with a half cell chamber opening and at least two
degassing chamber openings extending through said structural plate between said

opposite end faces;

said structural plates being arranged in face to face juxtaposition between opposite end

pressure plates,

each said half cell chamber opening at least partially housing electrolytic half cell
components comprising at least an electrode, a bipolar plate in electrical communication
with said electrode, and a membrane communicating with said electrode for providing
ionic conduction, said structural plates and half cell components defining an array of

series connected electrolytic cells surmounted by at least one degassing chamber;

said structural plates defining, at least when in face-to-face juxtaposition, passages for

fluid flow inside said electrolyser module;

said electrolyser module further comprising at least one external reinforcing means
contacting at least one of said structural plates for mitigating outward displacement of

said structural plates;

said at least one of said structural plates further defining contacting means for achieving

contact with said at least one external reinforcing means.

2. An electrolyser module as claimed in Claim 1, further comprising at least one
intermediate pressure plate, comprising at least a body, interspersed between said

structural plates along a length of said electrolyser module.

3. An electrolyser module as claimed in any of Claims 1 and 2, wherein said at least one
external reinforcing means comprises a main body that runs along the length of said
electrolyser module, and further comprises contacting means which contact similarly-

shaped contacting means on the side walls of at least some of said structural plates to
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achieve contact between said at least one external reinforcing means and said at least

some of said structural plates.

An electrolyser module as claimed in any of Claims 1 and 2, wherein said at least one
external reinforcing means is attached to at least one of said end pressure plates and said

at least one intermediate pressure plate.

An electrolyser module as claimed in any of Claims 1 and 2, further comprising at least
one liquid communication passage for liquid communication between said at least first

and second degassing chambers.

An electrolyser module as claimed in any of Claims 1 and 2, further comprising at least
one feed water passage passing through at least one of said end pressure plates and said at

least one intermediate pressure plate, and then passing through said structural plates.

An electrolyser module as claimed in any of Claims 1 and 2, wherein said structural

plates are comprised of at least one of plastic and fiber-reinforced plastic.

An electrolyser module as claimed in Claim 7, wherein said at least one external
reinforcing means comprise parts having significantly higher strength and elastic

modulus than said at least one of plastic and fiber-reinforced plastic.

An electrolyser module as claimed in Claim 8, wherein said at least one external
reinforcing means is comprised of at least one of metal, plated metal and polymer-coated

metal.

A method of maintaining liquid purity in an electrolyser module as claimed in any of
Claims 1 and 2 comprising the step of taking a bleed stream of impure liquid from said

electrolyser module and replacing said impure liquid with new liquid.

A structural plate for an electrolyser module having a sidewall extending between
opposite end faces with a half cell chamber opening and at least two degassing chamber

openings extending through said structural plate between said opposite end faces;
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said structural plate defining, at least when in face-to-face juxtaposition with at least one
of another structural plate, an end pressure plate, and an intermediate pressure plate,

passages for fluid flow inside said electrolyser module;

said structural plate further defining contacting means for achieving contact with at least

one external reinforcing means.

An electrolyser stack comprising a plurality of structural plates each having a sidewall
extending between opposite end faces with a half cell chamber opening, at least two
header flow passage openings and at least one footer flow passage opening extending

through said structural plate between said opposite end faces;

said structural plates being arranged in face to face juxtaposition between opposite end

pressure plates;

each said half cell chamber opening at least partially housing electrolytic half cell
components comprising at least an electrode, a bipolar plate in electrical communication
with said electrode, and a membrane communicating with said electrode for providing
ionic conduction, said structural plates and half cell components defining an array of

series connected electrolytic cells;

said structural plates defining, at least when in face-to-face juxtaposition, passages for

fluid flow inside said electrolyser module;

said electrolyser stack further comprising at least one external reinforcing means
contacting at least one of said structural plates for mitigating outward displacement of

said structural plates; and,

said at least one of said structural plates further defining contacting means for achieving

contact with said at least one external reinforcing means.

An electrolyser stack as claimed in Claim 12, further comprising at least one intermediate
pressure plate, comprising at least a body, interspersed between said structural plates

along a length of said electrolyser stack.
#444883
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