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INTERNALLY-REINFORCED WATER 
ELECTROLYSER MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 61/700,534 filed on Sep. 13, 2012. The dis 
closure of the above application is herein incorporated by 
reference. 

FIELD OF THE INVENTION 

The present invention relates to the design of water elec 
trolysers 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 capable of operation at high 
pressures, and components therefor. 

BACKGROUND OF THE INVENTION 

Electrolysers use electricity to transform reactant chemi 
cals 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 pow 
ered by hydrogen fuel cell engines or hydrogen internal com 
bustion 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 electroly 
sers (AWE) and polymer electrolyte membrane (PEM) water 
electrolysers. 
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 (orgas) 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. 
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 “mem 
brane”), typically located between, and in close proximity to, 
in contact with, orintegral 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 and cathode. A membranetherefore 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 function 
ality of the bipolar plate is to maintain the fluids in adjacent 
half cell chambers of adjacent cells separate, while conduct 
ing 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. 
As used herein, the terms “cell stack”, “electrolyser stack”, 

“stack”, or equivalent variations thereof refer to structures 
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2 
used for practical (commercial) water electrolysers compris 
ing 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 dis 
charge passages extending through the electrolyser stack and 
in fluid communication with external piping or tubing, which 
in turn fluidly communicate with external gas-liquid separa 
tion vessels. Operations performed in the external gas-liquid 
separation vessels include gas-liquid separation, and option 
ally 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 with 
out circulating liquid, in which case the hydrogen side header 
flow passage(s) and discharge passage(s) would carry hydro 
gen gas, and in which case there would be no requirement for 
a gas-liquid separation circuit on the hydrogen side. 
As used herein, the term “electrolysermodule” refers to the 

combination of an electrolyser stack and gas-liquid separa 
tion 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 electrolyser module or a 
PEM electrolyser module. We previously disclosed designs 
for an alkaline electrolyser module in U.S. Pat. No. 8,308, 
917, and for a PEM electrolysermodule in US 2011/0042228, 
both of which are incorporated herein by reference. 
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 mod 
ule, to form a filter press type structure. The end pressure 
plates and intermediate pressure plates can be made of, e.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 mem 
branes, current collectors, and bipolar plates, in their appro 
priate spatial positions and arrangement. 
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 mod 
ule, 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). 
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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 pro 
cesses such as machining, and more preferably, injection 
molding, sometimes with some post-machining. Thus, the 
plates are lightweight, non-conducting, resistant to the oper 
ating environment, and amenable to simple and relatively low 
cost fabrication. 

Generally contemplated operating pressures of electroly 
ser 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 com 
pression 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 mod 
ule designs utilizing structural plates made of polymeric 
materials, higher pressure operation presents challenges with 
regard to mechanical integrity of the structural plates, espe 
cially over the long term and for large scale electrolyser 
modules and electrolyser stacks. External pressure contain 
ment means, such as a pressure vessel or a load bearing 
reinforcing support surrounding an electrolyser stack are 
known in the art (e.g., U.S. Pat. No. 6,153,083, U.S. Pat. No. 
7,314,539), but preferably are to be avoided in order to main 
tain inherent design simplicity, ease of implementation, com 
pactness, 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 reinforc 
ing each structural plate may be preferred if it can be imple 
mented simply, without significantly adverse effects on ease 
of assembly, compactness, weight and cost. 

U.S. Pat. No. 7,332,063 discloses an approach to reinforce 
ment of individual structural plates in an electrolyser stack in 
which each structural plate is supported externally by a sur 
rounding external wound fiberglass reinforcement, in orderto 
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 U.S. Pat. No. 7,332,063. How 
ever, for large structural plates with complex irregularshapes, 
this type of external support would be less effective and more 
difficult and expensive to install. 

Thus, what is needed is a simple, easily-implemented, cost 
effective approach to reinforcement of individual structural 
plates for electrolyser modules and electrolyser stacks, espe 
cially large-scale electrolyser modules and electrolyser 
stacks, in order to enable them to operate at higher pressures. 

SUMMARY OF THE INVENTION 

An electrolysermodule 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 degas 
sing chamber openings extending through said 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 par 
tially houses electrolytic half cell components comprising at 
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4 
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 degas 
sing chamber. The structural plates define, at least when in 
face to face juxtaposition, passages for fluid flow inside said 
electrolyser module. The electrolyser module further com 
prises internal reinforcing means mounted to at least some of 
the structural plates for mitigating outward displacement of 
the structural plates. At least the structural plates to which 
internal reinforcing means are mounted further define, at least 
when in face to face juxtaposition, holding features in their 
front face orin their backface for locating and holding at least 
part of one or more internal reinforcing means. 
A structural plate for an electrolyser module having a side 

wall extending between opposite end faces with a half cell 
chamber opening and two or more degassing chamber open 
ings 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 oran intermediate pressure plate, passages 
for fluid flow inside the electrolyser module. The structural 
plate further defines, at least when in face to face juxtaposi 
tion with another structural plate, an end pressure plate or an 
intermediate pressure plate, holding features in its front face 
or in its back face for locating and holding at least part of one 
or more internal reinforcing means. 
An electrolyser stack for comprising a plurality of struc 

tural plates each having a sidewall extending between oppo 
site 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. The structural plates are 
arranged in face to face juxtaposition between opposite end 
pressure plates. Each half cell chamber opening at least par 
tially 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 fur 
ther comprises internal reinforcing means mounted to at least 
some of the structural plates formitigating outward displace 
ment of the structural plates. At least the structural plates to 
which internal reinforcing means are mounted further define, 
at least when in face to face juxtaposition, holding features in 
their front face or in their back face for locating and holding 
at least part of one or more internal reinforcing means. 

DESCRIPTION OF DRAWINGS 

Preferred embodiments of the present invention are 
described below with reference to the accompanying illustra 
tions in which: 

FIG. 1 is an exploded view of about half of an alkaline 
electrolyser module in accordance with the present invention; 

FIG. 2 is an exploded view of about half of a PEM elec 
trolyser module in accordance with the present invention; 

FIG. 3 is an isometric view showing the front faces of an 
embodiment of structural plates and internal reinforcing 
means for an electrolyser module, as well as a preferred 
embodiment of feed water addition features in accordance 
with the present invention; 
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FIG. 4 is an isometric view showing the front faces and a 
back face of an alternative embodiment of structural plates 
and internal reinforcing means for an electrolyser module in 
accordance with the present invention; 

FIG. 5 is a front elevation showing the front face of an 
embodiment of a structural plate without internal reinforcing 
means for an electrolyser module in accordance with a prior 
design; and, 

FIG. 6 is a front elevation showing the front face of an 
embodiment of a structural plate and a continuous internal 
reinforcing means for an electrolyser module in accordance 
with the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the present invention, internal reinforcing means 
mounted to at least some of the structural plates are used to 
increase the 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 part lifetime. The internal 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. The internal reinforcing means preferably are 
held in internal holding features defined by the faces of the 
structural plates, at least when in face to face juxtaposition. 
An alkaline electrolyser module in accordance with an 

aspect of the present invention is shown generally at 100 in 
FIG. 1. FIG. 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 interme 
diate 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, spe 
cial structural plates, end pressure plates and intermediate 
pressure plates.) Suitable seals (e.g., o-ring gaskets, not 
shown) also are understood to be included. In the embodi 
ment shown in FIG. 1, each structural plate 10a and 10b and 
special structural plate 10c and 10d holds two internal rein 
forcing means 60a and 60b as inserts in holding features 
located on the front faces of the structural plates. Other con 
figurations are possible; for example, adjacent structural 
plates may share a set of one or more internal reinforcing 
means, which are “sandwiched” between the adjacent struc 
tural plates, one having holding features for the internal rein 
forcing means on its front face, the other having holding 
features on its back face. Additional variations also can be 
considered; for example, all of the structural plates which are 
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6 
reinforced can have holding features for the internal reinforc 
ing means on their backfaces, or on both their front faces and 
back faces. Furthermore, not all of the structural plates may 
necessarily require internal reinforcing means; for example, 
if special structural plates are used, especially at moderate 
pressures, they may not require internal reinforcing means, 
since they lack fluid flow passages (i.e., they contain more 
material), and also they are inherently reinforced to some 
extent 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 used 
without internal 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 
the internal reinforcing means, since they increase part per 
formance and lifetime at relatively little additional cost. 

Alkaline electrolyser module 100 thus comprises a plural 
ity of electrolysis cells 18 and associated degassing chambers 
19. The electrolysis cells 18 preferably are located at the 
bottom part of the electrolysermodule 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 cur 
rent collector 16 can be used per half cell chamber 20a and/or 
20b. Bipolar plates 17 physically separate and provide elec 
trical 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 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, nickel and nickel alloy, 
or other metals, plated metals or coated metals, or non-plated 
(the term “metals” is to be understood to include both metals 
and metal alloys). 
As shown in FIG. 1, each cathode half cell chamber 20a is 

in direct fluid communication with the hydrogen degassing 
chamber 19q 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 oxy 
gen 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 
wateris introduced to one or both of the hydrogen and oxygen 
degassing chambers 19a and 195 through feed waterpassages 
(not shown), which also typically are located in the interme 
diate 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 100 by, for example, a DC power supply, 
most commonly via positive and negative electrical connec 
tions to end pressure plates 11, and optionally with a non 
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current carrying electrical ground connection to intermediate 
pressure plate 12 at the midpoint of electrolyser module 100. 
A PEM electrolyser module in accordance with an aspect 

of the present invention is shown generally at 200 in FIG. 2. 
FIG. 2 shows about half of a PEM electrolyser module with 4 
cells for illustrative purposes only; the other half of the elec 
trolyser 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, mem 
brane-electrode assemblies (MEA’s)33, optionally electrode 
backing layers 33a and 33b, current carriers 34, bipolar plates 
35 and optionally, one or more intermediate pressure plates 
12. The structural plates 10, end pressure plates 11 and inter 
mediate 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 communi 
cation with each of the two electrodes for providing ionic 
conduction. A typical MEA consists of a membrane, a cath 
ode coated onto one side of the membrane, and an anode 
coated onto the other side of the membrane. In some embodi 
ments, the electrode backing layers 33a and 33b also can be 
incorporated into the MEA 33. In the embodiment shown in 
FIG. 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 option 
ally be located adjacent to the optional intermediate pressure 
plate 12 and the end pressure plates 11, respectively, e.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. In the embodiment shown 
in FIG. 2, each structural plate 10a and 10b and special 
structural plate 10c and 10d also holds two internal reinforc 
ing means 60a and 60b in holding features, which may be 
recesses or grooves, located on the front faces of the structural 
plates. Other configurations are possible; for example, adja 
cent structural plates may share a set of one or more internal 
reinforcing means, which are “sandwiched” between the 
adjacent structural plates, one having holding features for the 
internal reinforcing means on its front face, the other having 
holding features on its back face. Additional variations also 
can be considered; for example, all of the structural plates 
which are reinforced can have holding features for the inter 
nal reinforcing means on their back faces, or on both their 
front faces and back faces. Furthermore, not all of the struc 
tural plates may necessarily require internal reinforcing 
means; for example, if special structural plates are used, 
especially at moderate pressures, they may not require inter 
nal reinforcing means, since they lack fluid flow passages 
(i.e., they contain more material), and also they are inherently 
reinforced to some extent 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 used without internal 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 adjacentend pressure 
plate or intermediate pressure plate. However, there is little 
benefit to not utilizing the internal reinforcing means, since 
they increase part performance and lifetime at relatively little 
additional cost. 
PEM electrolyser module 200 thus comprises a plurality of 

electrolysis cells and associated hydrogen degassing chamber 
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8 
19a and oxygen degassing chamber 19b. The PEM electroly 
sis cells 38 preferably are located at the bottom part of the 
electrolyser module 200, and the associated degassing cham 
bers 19a and 196 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, electrode backing 
layers 33a and 33b, and the current collectors 34. Bipolar 
plates 35 physically separate and provide electrical commu 
nication 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 steel, plated stainless steel, or other metals, plated 
metals or coated metals (the term “metals” is to be understood 
to include metals and metal alloys). 
As shown in FIG. 2, each cathode half cell chamber 20a is 

in direct fluid communication with the hydrogen degassing 
chamber 19q 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 oxy 
gen 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 
wateris introduced to one or both of the hydrogen and oxygen 
degassing chambers 19a and 195 through feed waterpassages 
(not shown), which also typically are located in the interme 
diate 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 connec 
tions 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. 

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 196 can 
be in fluid (liquid only) communication, e.g., via one or more 
liquid communication 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 pres 
sure 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 cham 
bers 19a and 196 via internal passages in intermediate pres 
sure plate 12 or end pressure plate 11. Illustrative examples 
are shown in FIGS. 1 and 2: (i) features 28a and 28b in special 
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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 pres 
sure plate 12; (iv) features 45a and 45b in intermediate pres 
sure 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 inter 
nal 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 FIGS. 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 10c 
and 10b, and intermediate pressure plate 12, respectively. 
Such liquid communication between degassing chambers 
19a and 196 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 opera 
tional upsets. 

Structural plates for an electrolyser module in accordance 
with an aspect of the present invention are shown in FIG. 3. 
FIG. 3 shows a preferred embodiment in which structural 
plate 10a defines one half cell chamber opening 20a and two 
degassing chamber openings 19a and 196; it is understood 
that each structural plate can define more than one of each 
type of opening. The structural plates define at least when in 
face to face juxtaposition, passages for fluid flow inside the 
electrolyser stack. Structural plate 10a defines one or more 
gas-liquid flow passages 21a, which provide direct fluid com 
munication between the top part of the half cell chamber 
opening 20a to one of the degassing chamber openings 19a 
and 196. 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 open 
ings 19a and 196. Gas-liquid flow passages 21 become inte 
rior passages (slot-shaped through holes) near the top of half 
cell chamber opening 20; similarly, degassed liquid flow pas 
sages 22 become interior passages (slot-shaped through 
holes) near the bottom of half cell chamber opening 20. 
Structural plate 10a also includes holding features (not 
shown) for locating and holding seals (e.g., o-ring gaskets) 
and holding features 50 for locating and holding one or more 
internal reinforcing means 60, at least when in face to face 
juxtaposition with another structural plate, an end pressure 
plate, or an intermediate pressure plate. The holding features 
50 may be a recess or groove in which the reinforcing means 
60a and 60b may fit. In the preferred embodiment illustrated 
in FIG. 3, two internal reinforcing means 60a and 60b com 
prising curved inserts are used; one spanning the top portion 
of the structural plate, and one spanning the bottom portion of 
the structural plate. Concave curving of the peripheral edges 
of the structural plate, at the middle of both side portions and 
at the middle of the top portion of the part, is used to reduce 
side to side deflection by changing the distortion pattern of the 
part. The structural plates are made of a suitable electrically 
insulating plastic or fiber-reinforced plastic. Examples of 
suitable plastics include polyoxymethylene (POM), polypro 
pylene, polyphenylene oxide (PPO), polyphenylene sulphide 
(PPS) and the like, and in particular, polysulfone. Structural 
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10 
plates 10a and 10b shown in FIG. 3 correspond to cathode 
(hydrogen) structural plates 10a and anode structural plates 
10b in FIGS. 1 and 2. 
FIG.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 communi 
cation on one end with an external feed water source, 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 hydro 
gen degassing chamber 19q, and water flow passages 103 in 
anode structural plates 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 feedwaterpas 
sages 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 FIG. 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. 
The internal reinforcing means for all the embodiments 

described herein have better mechanical properties (strength, 
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. 

In the preferred embodiments above, curved inserts are 
used as the internal reinforcing means. Two internal reinforc 
ing means are used per structural plate; one spanning the top 
portion of each structural plate, and one spanning the bottom 
portion of each structural plate, as illustrated in FIG. 3 (60a 
and 60b). Holding features 50 for mounting the internal rein 
forcing means are located on the front faces of the structural 
plates for relative ease of assembly, but alternatively can be 
located on the back faces of the structural plates, or on the 
front side and then the back side of alternate structural plates, 
or on both faces of the structural plates. FIG. 4 shows an 
example of an alternative embodiment in which holding fea 
tures 50 are located on the front face of structural plate 10a 
and on the back face of the next structural plate 10b, with a 
single set of internal reinforcing means shared between adja 
cent structural plates. A view of the back face of structural 
plate 10b (180° rotational view) is shown separately at the 
bottom of FIG. 4 for clarity. The internal reinforcing means 
60a and 60b are straightforwardly installed during assembly 
of the electrolyser module by inserting them in the holding 
features 50. The holding features 50 optionally include one or 
more pins at through-holes in the internal reinforcing means 
(51 in FIG. 3), connected to the structural plate, to keep the 
internal reinforcing means 60a and 60b mounted in place 
during assembly of the electrolyser module. 

Although continuous internal reinforcing means spanning 
the full periphery of each structural plate can be used, the use 
of two separate internal reinforcing means allows for reduced 
part complexity, lower cost, and easier handling and installa 
tion. Differential thermal expansion is allowed for by using 
two discontinuous internal reinforcing means, allowing for 
thermal growth along the length of the internal reinforcing 
means. The internal reinforcing means are preferably com 
prised of, but not limited to, metal with or without plating or 
coating (e.g., polymer-coated metal), and most preferably, at 
least for alkaline electrolyser modules or stacks, steel or 
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The invention claimed is: 
1. An electrolyser module comprising a plurality of struc 

tural plates each having a sidewall extending between oppo 
site 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 juxta 
position between opposite end pressure plates, 

each said half cell chamber opening at least partially hous 
ing 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 elec 
trolyser module; 

said electrolyser module further comprising at least one 
internal reinforcing member mounted to at least one of 
said structural plates for mitigating outward displace 
ment of said structural plates; 

at least said at least one of said structural plates further 
defining holding features in at least one of a front face 
and a back face of said structural plates for locating and 
holding at least part of said at least one internal reinforc 
ing member. 

2. An electrolyser module as claimed in claim 1, further 
comprising at least one intermediate pressure plate, compris 
ing 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 internal reinforcing member com 
prises two curved inserts mounted to each of said at least 
some of said structural plates; one spanning a top portion of 
each of said at least some of said structural plates, and one 
spanning a bottom portion of each of said at least some of said 
structural plates. 

4. An electrolyser module as claimed in any of claims 1 and 
2, wherein said structural plates are compressed radially 
inwardly at certain locations during assembly of said elec 
trolyser module, with said at least one internal reinforcing 
member being correspondingly inwardly bent at said certain 
locations. 

5. An electrolysermodule as claimed in any of claims 1 and 
2, further comprising at least one liquid communication pas 
sage for liquid communication between said at least first and 
second degassing chambers. 

6. An electrolyser module as claimed in claim 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. 

7. An electrolysermodule 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. 

8. An electrolyser module as claimed in claim 7, wherein 
said plastic is comprised of at least one of polysulfone, 
polyphenylene oxide, polyphenylene sulphide, polypropy 
lene, and polyoxymethylene. 
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9. An electrolyser module as claimed in claim 7, wherein 

said at least one internal reinforcing member comprises 
inserts having significantly higher strength and elastic modu 
lusthan said at least one of plastic and fiber-reinforced plastic. 

10. An electrolyser module as claimed in claim 9, wherein 
said at least one internal reinforcing member comprises at 
least one of metal, plated metal, and polymer-coated metal. 

11. An electrolysermodule as claimed in claim 10, wherein 
said metal comprises at least one of steel, stainless steel, 
aluminum, aluminum alloy, copper, copper alloy, titanium 
and titanium alloy. 

12. 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 open 
ings extending through said structural plate between said 
opposite end faces; 

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, at least when in face 
to face juxtaposition with at least one of another struc 
tural plate, an end pressure plate, and an intermediate 
pressure plate, holding features in at least one of a front 
face and a back face of said structural plate for locating 
and holding at least part of one or more internal rein 
forcing members wherein the holding features are 
located outboard of the half cell chamber opening and 
the at least two degassing chamber openings. 

13. An electrolyser stack comprising a plurality of struc 
tural plates each having a sidewall extending between oppo 
site 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 juxta 
position between opposite end pressure plates; 

each said half cell chamber opening at least partially hous 
ing 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 elec 
trolyser module; 

said electrolyser stack further comprising at least one inter 
nal reinforcing member mounted to at least one of said 
structural plates for mitigating outward displacement of 
said structural plates; 

at least said at least one of said structural plates further 
defining holding features in at least one of a front face 
and a back face of said structural plate for locating and 
holding at least part of said at least one internal reinforc 
ing member. 

14. An electrolyser stack as claimed in claim 13, further 
comprising at least one intermediate pressure plate, compris 
ing at least a body, interspersed between said structural plates 
along a length of said electrolyser stack. 


