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ELECTROCHEMICAL CELL STACK

Field of the invention

The present invention reiates to slectrochemical cell stacks, in particular, fusl cell stacks and
electrolyser cell stacks, and to the design of their slectrical end plates. The cell stacks of the
present invention include cells of solid oxide, polymer electrolyte membrang, and molten
carbonate types. The present invention more specifically relates to solid oxide fuel cell (SOFC) and
solid oxide electrolyser cell {SOEC) stacks, and these may include metal-supported solid oxide fusl

cett {MS-SOFC) or electrolyser cell stacks {MS-SQEC).

Background to the Invention

Some fuel cell units can produce electricity by using an electrochemical conversion process that
oxidises fuel to produce electricity. Some fuel cell units can also, or instead, operate as
regenerative fuel cells {or reverse fuel cells) units, often known as electrolyser fuel cell units, for
example to separate hydrogen and oxygen from water, or carbon monoxide and oxygen from
carbon dioxide. They may be tubular or planar in configuration. Planar fuel cell units may be
arranged overlying one another in a stack arrangement, for example 100-200 fuel cell units in a

stack, with the individual fuel cell units arranged electrically in series,

A solid oxide fuel cell (SOFC) that produces electricity is based upon a solid oxide slectrolyte that
canducts negative oxygen ions from a cathode to an anode located on opposite sides of the
electrolyte. For this, a fuel, or reformed fusl, contacts the anode {fuel slectrode) and an oxidant,
such as air or an oxygen rich fluid, contacts the cathode {air electrode). Conventional ceramic-
supported {e.g. anode-supported) SOFCs have low mechanical strength and are vulnerable to
fracture. Hence, metal-supported SOFCs have recently been developed which have the active fuel
cefl component layer supported on a metal substrate. In these cells, the ceramic layers can be
very thin since they only perform an electrochemical function: that is to say, the ceramic layers
are not self-supporting but rather are thin coatings/films laid down on and supported by the
metal substrate. Such metal supported SOFC stacks are more robust, lower cost, have better
thermal properties than ceramic-supported SOFCs and can be manufactured using conventional

metal welding techniques.



10

15

20

25

30

A solid oxide electrotyser cell {SQEC) may have the same structure as an SOFC but is essentially
that SOFC operating in reverse, or in a regenerative mode, to achieve the electrolysis of water
and/or carbon dioxide by input of electrical energy and using the solid oxide slectrolyte to

produce hydrogen gas and/or carbon monoxide and oxygen.

The present invention is directed at a stack of repeating electrochemical cell units and concerns
the design of their electrical end plates {power take-off or delivery). i is thus applicable to various
tvpes of fuel and electrolyser cells, for example, based on solid oxide elecirolyvtes, polymer
electroivte membranes, or molten electrolytes. For convenience, “cell units” is used to refer to

“electrochemical cell units” including fuel or electrolyser cell units,

The electrical energy produced by a fuel celi {or input to an electrolyser cell) may be transferred
through a stack of cell units and transferred from {or to} the stack using two electrical studs {of
opposite electrical polarity) and associated electrical end plates which make electrical contact
between the studs and the ends of the stack. The slectrical studs and elsctrical end plates may
also be referred to as positive and negative “power take offs”, which terminclogy is used for
convenience regardiess of whether the power is being taken off {as in case of fuel cell) or

delivered {as in case of electrolyser cell).

The stack is typically enclosed in a vessel to form a fluid volume and thereby to refain one of the
fluids {fual or air and/or exhaust gasses) for use in — or exhaust from ~ the stack. The electrical
studs typically pass through the vessal in order to allow electrical energy to be transterred
between the stack and a ioad or source external to the stack {the electrical stud, or bolt, passed
through an opening in the vessel for external connection, the {distal) portion of the stud external
o the vessel may form a terminal). A fluid seal is typically required to be maintained between the
power take offs and the vessel in order to maintain the integrity of the fluid volume enclosed by
the vessel. Operating a fuel cell {for example an S0OFC) system where the cell stack operates in the
450-650DegC range {for example, intermediate-temperature solid oxide fuel cell IT-SOFC) results
in a challenging set of technical problems being encountered in transferring the electrical energy

to/from the stack while maintaining a fluid seal.

IPHOS326000 A relates to a fuel cell stack with a self-supporting electrochemically active fuel cell
layers. Current collecting plates are disposed to each end of the fuel cell stack, and function as
slectrical end plates. The current collecting plates have an undercoat and a ceramic laminated on

a metal plate {SUS 310}, The undercoat and ceramic are deposited on the metal plate by spraying.
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IPHOS326000 A does not disclose any electrical studs, nor if there exists a vessel in which the
stack and current collacting plates are enclosed. Therefore, JIFHOE326000 A does not address how
to transter electrical energy from the stack while maintaining a fluid seal between a power take

off and a vessel.

US 20167103410 Al relates to a fuel cell system having a stack cover plate positioned between an
end plate and a stack comprising self-supporting MEA call units. The stack cover plate has a two
layer construction of a contacting plate and a separator half plate, both formed from stainless
steel. The contacting plate is provided with a conductor which passes through the plastic end
plate to provide a connection between the stack and outside of the system. The end plate and
stack cover plate are also provided with a channel for delivery of a gas or coolant. A ring-shaped
recess in the end plate surrounds the channel and a sealing ring is provided therein. In an
uncompressad state the sealing ring projects beyond the end plate. Compreassion in the stacking
direction is used to compress the sealing ring so that the end plate and contacting plate touch

one another.

Fig. 1 is drawn from US 2001/0046619 AL, Fig. 1 shows a fuel cell stack 20 enclosad within a
housing 23. An internal infet manifold & provides for the delivery of the fuel stream 4, and an
internal outlet manifold 7 provides for the removal of fuel stream 4. An external manifold 9
provides for delivery of the oxidant stream 3 into an inlet chamber 41, and an external manifold 8
provides for removal of the oxidant stream 3 from an outlet chamber 33, A negative pole 30, or
anode end, of fuel cell stack 20 is separated from housing 23 by a dislectric spacer 31, A powsr
take-off terminal 32 extends from beneath fuel cell stack 30, and extends into outlst chamber 33
of housing 23. An electrically conductive bus bar 34 is positioned adjacent the power take-off
terminal 32 exterior to housing 23. A dieleciric spacer 35 is disposed between the bus bar 34 and
housing 23. An electrically conductive fastener 36 connecis power take-off terminal 32 to bus bar
34 via an aperture 37 formed in housing 23, A dielectric spacer 38 isplates fastener 36 from the
surface of aperture 37 extending through housing 23. A positive pole 21, or cathode end, of fuel
cell stack 20 is in intimate electrical contact with housing 23. An electrically conductive bus bar 39
is positioned exterior to housing 23, and is attached to housing 23 via an electrically conductive
fastener 40. Electricity generated within fuel cell stack 20 may flow from negative pole 30 of fusl
call stack 20 through power take-off terminal 32 and bus bar 34 to an external electrical circuit to
power an electrical appliance or machine. Eleciric current may return to the positive pole 21 of

fuel cell stack 20 through bus bar 3% and housing 23.
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iy US 200170046619 Al, the slectrically conductive fasteners 36, 40 are under tension in order to
seal the housing 23 {and so maintain a fluid volume in the chamber 33}, the szal may be

maintained via the dielectric spacer 38, for example a ceramic plats.

Fig. 2 is drawn frormy WO 2007/001189 AL, Fig. 2 is a diagram showing a housing comprising a wall
45 and a first end plate 42 and a second end plate 48, A fuel cell stack 3 is compressed between
end plates 42 and 48. The end plate 42 functions also as an electrical end plate and is connected
to an electrical end bolt 50. The cell stack 43 is arranged between said glectrical end plate 42 and
a second electrical end plate 46, The electrical end plate 46 is connected to an electrical bolt 51
and inserted into the housing and electrically insulated from the housing. The insulation is
achieved by an insulation ring 49 between bolt 51 and end plate 48 and an electrical insulating
elastic pad 47. The elastic pad 47 is placed hetween the electrical end plate 46 and end plate 48,
Bolts 50 and 51 are described in WO 2007/0011898 Al as being “electrical bolts”, and so function
as power take off from the stack 43. Elastic pad 47 provides sealing around the electrical bolt 51
and to insulate electrical end plate 46 from the housing {including end plate 48 and wall 45).
Flectrical bolt 50 is a power take off in electrical contact with the end plate 42, the wall 45, and
the end plate 48. The potential difference between the electrical bolt 51 {of the opposite polarity
to the bolt 421 and therefore also 42, 45, and 48) is equal to the potential difference across the
cell stack 43. Thus, there is a high probability of electrical sparks and shorting between the end

plate 48 and electrical bolt 51.

Space 44 is described in WO 2007/001189 Al as a “void-space”. WO 2007/001189 Al dosas not
explain how the stack 43 is compressad, nor how the fuel and oxidant {and respective exhaust]

volumaes are separated nor how those volumes are in communication with external connectors.

In the arrangement of LIS 2001/0046619 A1, sub-assemblies for power take off are under tension
in order to maintain a seal and thereby define a fluid volume. Electrochemical cells, including
intermediate-temperature solid oxide fuel cells, operate at relatively high temperatures, to
maintain a seal at such temperatures typically requires ceramic seals, which themselves require
high compression loads in order to be effective. Maintaining high compression loads in such
enwvironments is challenging and reguires components under fension o be manufactured from
expensive materials, such as Inconel, to resist creep. Creep in such parts reduces the compression
foad and leads to failure of the electrochemical cell system through loss of sealing {either by

reduction in compressive force below minimum required for a seal between components, or by
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the electrochemical cell described in WO 2007/001189 Al.

The present invention seeks o address, overcome or mitigate at least one of the prior art

disadvantages.

SUMMARY OF THE INVENTION

In a first aspect, there is provided an electrochamical cell assembly comprising:

a base plate and a top plate between which a stack of planar cell units and at least one
positive and at least one negative elactrical end plate are disposad in comprassion by means of

compreassion means acting between the base plate and top plate;

wherein at least one of the electrical end plates is connectad or integrally formed with,
and in electrical contact with, an electrical stud that extends from a base portion of the at least
one electrical end plate and passaes through an opening in one of the hase plate and top plate to

form an electrical terminal; and,

wherein a fluidic seal is maintained by the compression means between the base portion
and the respective one of the base plate and top plate, so as to prevent loss of fluid through the

Qpening.

An electrical terminal, positioned externaily on the electrochemical cell assembly for accessibility,
requires an opening in the assembly. However, fluid from within the assembly should not be lost
through the opening. Prior art solutions for sealing the opening are frequently subject to creep,
weaakening the seal, and lsading to system failure. The electrochemical cell assembly of the claims
advantageously uses the compression means used for maintaining comprassion in the stack of

pianar cell units to seal the opening {via action of the compression means on the base portion).

Preferably, the electrical end plate and respective electrical stud are separate components
connected by a weld. Alternatively, the elecirical end plate and respective electrical stud may be
unitary, or may be separate componenis connected by screwing the electrical stud into a
threaded recess in the electrical end plate that does not fully penetrate the electrical end plate {in
the [atter case, the electrical stud may be welded in place}. In cases where the stud and electrical

end plate are separate components joined together, the base portion may be part of either
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component.

Top plate and base plate are used to refer to the plates positionad to the outside of the stack and
between which compression is applied. The names “top plate” and “base plate” are merely used
for convenience, they may be interchanged and should not be construsd as limiting the
orientation of the assembly. The compression means may be connected {e.g. in tension} between
those plates{i.e. inwardly disposed theraof), for example, as compression plates or skirts, or the
comprassion means may include traditional compression bolts and fasteners gripping and

campressing the plates towards sach other.

The positive and negative electrical end plates may be in electrical contact with opposite ends of
the stack of planar cell units. The electrical studs may be in electrical contact with respective
electrical end plates. There may be one or more electrical studs in electrical contact with each of
the positive and negative electrical end plates. A distal end {away from the electrical end plate) of
the studs may be referred to as an electrical terminal, the terminal being where the stud {and
thereby the stack} provides for external connection. The electrical studs may be referred to as
power take off studs, for transferring power out of the stack of planar cell units, when the
electrochemical cell assembly is operated as a fuel cell. The electrical studs may be referred to as
power supply studs, for transferring power to the stack of planar cell units, when the
electrochemical cell assembly is operated as an electrolyser celi. In some cases the positive and
negative electrical end plates may also be referred to as an endpole and a monopaolg,

respectively.

The opening in the base plate and/or top plate may be a hole or aperture which fully penetrates
the hase plate or top plate, and may be of any cross section. The opening is of sufficient size to
allow the electrical stud to pass through the opening from one side of the base or top plate to the
pthar. The electrical stud passes through the opening in the base plate and/or top plate to
provide an external {fo the stack and its enclosure, formed at least in part by the base plate and

top plate} electrical connection o the stack of planar call units.

The compression means may maintain a compression {i.e. a compressive force} between the base
plate and top plate which was applied during manufacture of the slectrochemical call assembiy.
The compression provides good electrical contact between sach of the planar cell units {also
referred to as repaat units} in the stack, between the electrical end plates and adjacent planar cell

units, and maintains compression in Huidic seals betweesn the base plate and top plate. The seals
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may be formed by gaskets, for example where gaskets alternate with cell units along the length
{i.e. in the stacking divection) of the stack, with the gaskets sealing an internal manifold for
delivering fluid to fluid volumes within each cell unit, and thereby separating a first and second

fluid volume {&.2. a fuel volume and an oxidant volume).

A fluidic seal between one or both of the electrical end plates and the respective of the base plate
and top plate is maintained by the compression means. This also means that the opening in the
base plate and/or top plate is sealed by the compression means {while allowing the electrical stud
to pass through the opening). In turn, this means that the electrical stud need not itself maintain
a seal of the opening through which it passes. In other words, the electrical stud is itself not a
fastener or bolt, and need not be under tension to maintain the seal of the opening. It is
advantageous to reduce the number of components under tension because components under
tension in a fuel or electrolyser celi environment must normally be manufactured from expensive
creep resistant materials, in order to resist creep across the range of operation conditions {for
example across a temperature range from atmospheric temperatures of around 20 degrees Cio
much warmer operating temperatures of at least 400 degrees ). Any componant under tension
should provide adeguate sealing force over a farge range of temperatures but should also do so
over many thermal cycles over the lifetime of the cell unit, with loss of sealing likely to cause
failure of an elecirochemical cell system. Inconel is one such creep-resistant material. Howaever,
using the compreassion means o seal the opening through which the electrical stud passes means
that no electrical stud-related component need be under tension, thereby obviating the creep
problem, and meaning that the electrical stud need not be manufactured from a creep resistant

material, but the material may instead be chosen for its electrical properties,

Furthermore, the electrical stud may be free to expand and contract {relative to the base or top
piate through which it passes) with changes of temperature. Thus, thermal expansion of the
slectrical stud {and related components, e.g., the electrical end plates) nead not affect sealing of
the opening in the hase and/or top plate. The seal of the opening in the base and/or top plate
{between the hass and/or top plate and respective electrical end plate} prevents ascape from the
assembly of gas through the opening {this gas is typically that of the second fluid volume, e.g.
oxidant, the first fluid volume, e.g. for fusl, comprising the internal manifolds and volume
between support and separator plates of a cell unit). Gaskets may be positioned between the

electrical end plate and the respective base or top plate to maintain the seal therebetween.
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Preferably, sach of the base plate and top plate is respectively electrically insulated from {and
hence not at the same potential as either end of} the stack of planar cell units by means of a
raspective insulating laver{s} provided between the respective end of the stack of planar cell units
and the respective base plate and top plate. Hence, the compression means will also act on the
insulating plate. In this preferred case, the baseplate, top plate, and compression means are not
at the same potential as either end of the stack of planar cell units, and so are not at the same
potential as the slectrical stud{s). in other words, their potential floats relative to the electrical
studd{s} because the electrical stud{s} are not in electrical contact with the base plate, top plats,
and comprassion means. Thus, where the slectrical stud passes through base plate or top plate,
there may be a relatively low potential difference between the slactrical stud and the base plate
or top plate {which means there is a low potential gradient therehetween even if the gap
therebetween is small} and 50 a minimised risk of shorting between electrical stud{s} and the

base plate and/or top plate.

In an example, the electrical stud passes though the opening in the base plate or top plate with
an airgap therebetween. Thus, the electrical stud is not in electrical communication with the base
plate or top plate. In other words, the base plate and/or top plate is not at the same potential as

the stack and the electrical stud, and is at a floating potential relative to the electrical stud{s}.

it an alternative example, the slectrical stud passes though the opening in the base plate or top
plate with an electrically insulating sleeve therebetween. The sleeve {which may also be referred

to as a collar) may be manufactured from mica or a ceramic material.

The electrically insulating sheet may be mica or a ceramic material, which improves electrical
isolation hetween the electrical end plate and respective base plate or top plate. Gaskets, of the
same type as used elsewhere in the assambly, may be positioned between the electrical end plate
and the electrically insulating sheet, and between the electrically insulating sheet and the base
plate and/or top plate. The gaskets form a zood fluidic seal betwesn respactive plates/sheets.
Use of the same type {e.g. thickness, plan view dimension, and material} of gaskets throughout
the assembly {i.e. the same type of gasket between the stack of planar cell units and the electrical
end plates, and between the electrical end plates and respective base or top plate} reduces part
count, thereby cost, and ensures consistent transfer of compression through the assembly. The
gaskets may be preformed gaskets or formed in-situ, The gaskets may be formed of a suitable

non-conductive material which provides an adequate fluidic seal, and which is able to withstand
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the temperature and chemical environments of the electrochemical cell assembly {and which do
not poison the stack of cell units via their degradation)}. Preferably, the gaskets are compliant {e.g.
flexible and compressible) to provide a good seal with, in some cases, a reduced requirement for
the compressive forcs, because a compliant material can eastly conform to and seal against
surfaces {e.g., surfaces of the respective plates} that vary in parallelism, surface finish, and
separation therebetween. The gaskets may be mica gaskets. More preferably, the gaskets are
vermiculite gaskets, which are compliant and relatively cheap. The assembly may further
comprise an electrically insulating washer surrounding an external end of the electrical stud and
contacting an external surface of the base plate or top plate. The washer may be manufactured
from mica or a ceramic material. External connection means {e.g. a threaded section} may form
part of the external end of the electrical bolt, to connect to a load to the assembly {when
opperated as a fuel cell) or to supply power to the assembly {when operated as an electrolyser
celt). The collar and/or washer may provide mechanical stability to the electrical stud {e.g. during
handling of the assembly, or during external connection to the electrical stud} and may prevent

ingress of any foreign object to the assembly via the opening.

Preferably, the assembly comprises: at ieast one positive electrical end plate connected or
integrally formed with, and in electrical contact with, a positive electrical stud that extends from a
base portion thereof and passes through a first opening in one of the base plate and top plate to
form a positive electrical terminal; and, at least one negative electrical end plate connectad or
integrally formed with, and in electrical contact with, a negative electrical stud that extends from
a base portion thereof and passes through a second opening in one of the base plate and top
plate to form a negative slectrical terminal; and, wherein a fluidic seal is maintained by the
compreassion means between each base portion and the respective ong of the base plate and top

plate, so as to prevent loss of fluid through each respective opening.

In this preferred case, both positive and negative electrical studs pass through an opening in one

or the other of the base plate and top plate.

Preferably, the positive electrical stud passes through the first opening in one of the top plate and
the base plate and the negative electrical stud passes through the second opening, this being in
the other of the top plate and base plate. in this case the positive and negative elecirical studs
are positioned to opposite ends of the assembly. In this case, the repeat units may occupy a

larger proportion of the volume {in terms of plan area e.g. due to the ahsence of any bushar)
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within the assembly {e.g. within the confines of the base plate, top plate and a skirt, or within the

confines of a hood of the apparatus) and therefore provide a higher power density.

Alternatively, the positive electrical stud and the negative alectrical stud both pass through their
respective first and second openings in either the base plate or the top plate. Conveniently, both
positive and negative electrical studs are positioned at the same end of the stack, which provides
convenient electrical connection and instaliation of the assembly. In this case, one of the positive
and negative electrical studs may be electrically connected to an additional electrical end plate of
the same polarity as that stud by a busbar. This provides convenient electrical connection of the
assembly. Optionally, the connection to the busbar is via at least one tab that is more flexible
than the bushar and the connected electrical end plates. Flexibility of the tab accounts for
ditferent thermal expansion between the busbar and the stack of planar cell units. The tab may
be manufactured from the same material as the bushar and/or electrical end plates and
additional electrical end plate, in which case its flexibility is increased by being thinner than those
components. Alternatively, the busbar is more flexible than the tab and the electrical end plates
and additional electrical end plate {for example by being thinner) such that the bushar flexes to

account for different thermal expansion between the busbar and the stack of planar ceil units.

Praferably, the cell units in the stack of planar cell units are provided with at least one port and
are stacked one upon another such that the respective ports align to form a respective internal
manifold extending through the stack, and wherein the electrical stud extending through its
respective opening is also in alignment with the respective internal manifold, such that the
comprassion forces exerted by the compreassion means to saal the respective internal manifold
also act to seal the respactive opening. The internal manifold is within the plan view area defined
by the cell units. In some cases, the internal manifold may be referred to as a chimney. The
internal manifold allows fluld communication between the call units. An internal volume of each
cell unit and the internal manifold may form a first fluid volume. In a fuel cell application, the first
fluid volume may be the fuel volume. Two internal manifolds may be provided, a first internal
manifold for supply of the first fluid volume and a second internal manifold for exhaust of the first
fluid volume. The base plate and/or top plate may be provided with portls} corresponding to {e.g.
aligned with) the port{s} in the cell units, which form part of the internal manifold{s} and allow for
supply and/or exhaust of the first fluid volume {i.e. internal manifolding of the first fluid volume).
There may be more than one, say, internal inlet manifold, or, indeed, more than one internal

outlet manifold.
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Preferably, the base portion of the respective slectrical end plate extends across the respective
internal manifold to block it {Le. to block the respective internal manifold). The base portion of
the electrical end plate may block and Huidically seal the respective internal manifold such that
the high compression forces associated with the sealing within the internal manifold is
advantageously alsoe emploved to provide sealing of the opening. The positive and negative
slectrical end plates may extend across the plan area of the stack to cover substantially the same
plan area as the planar call units. This allows the electrical end plates to transfer the comprassion
to the stack of planar cell units across the extent of the planar cell units. in other words, the base
portion forms a fluidic seal across the opening, andfor across an internal manifold aligned
therewith, the fluidic seal being maintained by the compression forces exerted by the

ce:tmpression means.

Preferably, the assembly comprises: first and second respective internal manifolds extending
through the stack; and, a negative electrical stud is connected or integrally formed with, and in
electrical contact with, the negative electrical end plate and is aligned with the first respective
internal manifold; and, a positive electrical stud is connected or integrally formed with, and in
electrical contact with, the positive electrical end plate and aligned with the second respective
internal manifold. The electrical stud and the opening may be partly or fully aligned {i.e. coaxial}
with the respective internal manifold, such that the electrical stud passes through the opening
from a region of the electrical end plate that blocks the respective internal manifold. {The width
of the actual opening may be larger or smaller than the internal manifold width, but needs to at
{east overlap it such that the portion of the electrical stud passes through the opening.) When so
aligned, maximum transmission of compression occurs and problematic turning forces are
avoided; in particular, the electrical stud is preferably coaxal with internal manifold and the
respective opening in the one of the base plate and top plate {e.g. the opening in the base and/or
top plate may he a continuation of the internal manifold). Where present, the electrically
insulating sheet is also provided with respective ports which form a continuation of the respective
internal manifold {by being partly or fully aligned {f.e. coaxial} with the respective internal

manifold}.

Preferably, the negative and positive electrical studs both pass through their respective openings
in either the base plate or the top plate, and one of the negative and positive electrical studs is
electrically connected to an additional electrical end plate by a busbar. Conveniently, both

positive and negative electrical studs are positioned at the same end of the stack, which provides
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convenient electrical connection and instaliation of the assembly. In this case, one of the positive
and negative electrical studs may be electrically connected to an additional electrical end plate of
the same polarity as that stud by a busbar. This provides convenient electrical connection of the
assembly. Optionally, the connection to the bushar may again be via at least one tab, and the tab

or busbar may be as described above.

fnn this case, a first fiuid volume comprising the first and second internal manifolds may he
supplied and exhausted by respective fluid inlet and outlet openings in the other of the base plate
and top plate. This provides convenient alectrical and fluidic connection of the assembly because
both studs pass through openings in one of the base plate and top plate, and both inlet and
exhaust for the first fluid volume are located in the other of the base plate and top plate. In an
example, one of the positive and negative electrical studs is aligned with one of first fluid volume
infet and exhaust internal manifolds, the other of the positive and negative electrical studs is

alignad with the other one of first fluid volume inlet and exhaust internal manifolds.

i1 this case, the negative and positive electrical studs may both pass through thelr respective
openings in either the base plate or the top plate, and one of the electrical studs may also pass
through an opening provided in the electrical end plate that is connected or integrally formed
with, and in electrical contact with the other stud. This allows the electrical end plate with the
opening through which one of the slectrical studs passes to have the same plan view arga or
extent as the other electrical end plate and the cell units. This means that both manifolds {and
thelr continuations) are formed from the sams components and maximum transmission of
comprassion aocurs and problematic turning forces are avoided. The opening provided in the
electrical end plate through which the stud passes is separated from the stud by an air gap, and

may be separated by a collar of insulating material,

In an example, the positive electrical stud and the negative electrical stud may both pass through
respective openings in the top plate, wherein the negative electrical stud is directly electrically
and mechanically connected to the negative electrical end plate positioned between the positive
electrical end plate and the top plate, the additional elecirical end plate is positioned between
the stack of planar cell units and the base plate, and the additional electrical end plate is
electrically and meachanically connected to the negative electrical end plate by the bushar. In this
case, the positive electrical end plate may block all of the internal manifolds at that end of the

stack {i.e. at the end of the stack proximal to the positive electrical end plate). As a resuit, the
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negative electrical end plate is not exposed to the first fluid volume and may be thinner than the
pasitive  slectrical end plate {f manufactured from the same material} and/or may be
manufactured from a different material to the positive electrical end plate. Electrically insulating
and fhuidically sealing gaskets may be positioned between the negative and positive electrical end
plates to provide electrical insulation thersbetween and to seal the continuation of the internal
manifold. An slectrically insulating plate may be positioned between the negative electrical end
plate and the positive electrical end plate to improve electrical insulation therebetween. The
slectrically insulating plate may be manufactured from mica or an electrically insulating ceramic
material. Electrically insulating and fluidically sealing gaskets may be positioned between each
piate. Negative and positive are used for convenience, the positive electrical end plate may
additionally or alternatively be connected to an additional electrical end plate via a busbar in a

similar manner.

Preferably, the at least one of the positive and negative electrical end plates separates a first fluid
volume and a second fluid volume within the stack. The electrical end plates may seal the first
fluid volume, which comprises the volume defined by the internal manifold{s! and the volume
between the support plate and separator of each cell unit, from a second fluid volume.
Respective internal manifolds may be present for supply and exhaust of a first fluid volume, which
may be in fluid communication with an anode of each cell unit. The second fluid volume may
comprise the remaining volume within an enclosure defining the assembly {for instance, within
and contained by the top plate, base plate, compression means, and the seal around the opening
in the base and/or top plate). in operation as a fuel cell, the first fluid volume is typically for fusel

and the second fluid volume for oxidant.

Praferably, the compression means comprises a skirt attached in tension between the base plate

and the top plate, which skirt encloses at least the stack of planar cell units,

Preferably, the skirt also encloses the positive and negative electrical end plates, and the busbhar
and additional electrical end plates, where present. The skirt may also be referred to as a hood.
Optionally, the skirt forms a gas-tight fluid volume, referred to as the second fluid volume, for
example, an oxidant manifolding volume. In this case the skirt is sealingly attached o the base
plate and the top plate around the periphery of the base plate and top plate {for example, by
means of a gas seal weld), The skirt {compression means), base plate, and top plate are

electrically isolated from the stack, which means that the skirt may be manufactured from metal,
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which allows for simple and convenient attachment of the skirt to the base plate and top plate
{for example, by means of a gas seal weld). The electrical isolation means that the skirt is not
electrically live which both protects any person carrying out repairs or maintenance on or around

an operating fuel cell stack as well as providing simple component sarthing in a product.

Preferably, a first fluid flow path, for instance a fuel flow path, from the fuel inlet to the exhaust
fuel outlet is internaily manifolded, i.e. within the first Huid flow path there is at least one internal
manifold or chimney within the stack of planar cell units {for example, providing an inlet chimmney
or outiet chimney} and that is preferably aligned with the PTO opening such that the ssaling
provided to the chimney per se is also used to seal the PTO opening. A second fluid flow path, for
instance an oxidant flow path, from the oxidant inlet to the exhaust outlet may be externally
manifolded, may include in its path at least one section manifolded external to the stack of planar
cell units. More preferably, it is manifolded external to the stack of planar cell units, and internal
to the slectrochemical cell assembly. More preferably, a volume is defined between the base
plate, the top plate, the skirt, and the stack of planar cell units. Such a volume can be considerad

0 be the second fluid manifolding volume.

fnn some cell assembliss, a second fluid flow path, for instance an oxidant flow path, from the
oxidant inlet to the exhaust outlet may be internally manifolded, Le. within the second fluid flow
path there is at least one internal manifold or chimney within the stack of planar cell units {for
example, providing an inlet chimney or cutlet chimney) and that is preferably aligned with the
PY(O opening such that the sealing provided to the chimney per se also is used to seal the PTO

opening.

Alternative compression means may be used, such as, for example, tie bars within or outside the
volume defined by the stack of planar cell units, and these may be used in addition to a skirt

which forms a gas-tight fluid volume.

Preferably, an interconnect plate, or a 3D contoured construction formed in the negative
slectrical end plate, or a 30 contoured construction formed in the additional electrical end plate
where present, or a 3D contoured construction formed in an putermost call unit of the stack of
planar cell units provide electrical contact between the respective electrical end plate and the
stack of planar cell units for transfer of electrical current therebetween. The interconnect plate or
30 contoured construction provide good slectrical contact betwsen plates within the

electrochemical cell assembly. The compression means provides compression through the plates,
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via the interconnect plate or dimples to the stack of planar cell units {and within the stack,
between and within each cell unit), thereby ensuring good electrical connection throughout the

electrachemical cell assembly.

The 3D contoured construction, for example, camprises a pattern of spaced channels and ribs, or

spaced dimples, to control fluid flow.

The assembily according to first aspect detailed above may be combined with any of the features
outlined for the alternative first aspect detailed below, and/or with features of the second aspect

as detailed balow.,

in accordance with an alternative first aspect, there is provided an electrochemical cell assembly
comprising:

a base plate and a top plate between which a stack of planar cell units and at least one
positive electrical end plate and at least one negative electrical end plate are disposed in
campression by means of compression means acting between the base plate and top plate,
wharain:

at least one electrical end plate is mechanically and electrically connected to, or
integrally formed with, an electrical stud extending from a stud base portion,

the electrical stud passes through an opening in one of the base plate and top
plate to form an electrical terminal,

gach of the cell units is provided with at least one port and the cell units are
stacked one upon another such that the respective ports align to form a respective
internal manifold exdtending through the stack, and,

the electrical stud extending through the respective opening is also in alignment
with the respective internal manifold, such that the compression forces exerted by the

compression means to seal the respective internal manifold also act to seal the opening.

iy this way, compression forces exerted by the compression means in the vicinity of the manifold,
which forces are necessarily high to seal the respactive internal manifold {usually formed of
alternating cell units and interleaved manifold {e.g. annular) gaskets}, may alse be used to seal
the apening. The internal manifold may be generally or exactly aligned {i.e. co-axial} with the

opening, 50 that it extends therefrom as a continuing passage.

The assembly according to this alternative first aspect may be combined with any of the features
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outlinad for the first aspect above, and/or with features of the second aspect as detailed below.
Hence, the electrical stud may extend from a stud base portion usually forming part of the at least
one slectrical end plate, or forming part of a further plate connected thereto, which plate is also
in compression hetween the base plate and top plate. The seal may be provided by the stud base
portion and may be hetween the at least one electrical end plate {or further plate} and the
respactive of the base plate and top plate. Conveniently, the stud hase portion extends fully
across the internal manifold to block it and may need to be thick enough to withstand dual

atmosphere conditions.

in accordance with a second aspect, there is provided an electrochemical cell assembly
comprising:-
a base plate and a top plate between which a stack of planar cell units and at least one
electrical end plate are disposed in compression, wherein:
the electrical end plate comprises a two-layer construction in which a first layer
and a second layer formed of different respective materials are permanently connected
together to form a single conductive body,
the first laver of the electrical end plate is electrically connected to an external
elactrical terminal of the cell assembly, and
the second layver of the electrical end plate has an outwardly facing side having a
first electrically conductive ceramic laver bonded thereto that is in face-to-face abutment

with, and in electrical communication with, an adjacent cell unit.

The use of a second laver {or plate) that can be of a different material and different thickness to
the first layer {or plate) and that has a ceramic layer bonded thereto has been found to provide a
good electrical connection whilst being less prone to delamination of the ceramic layer. The at
feast one electrical end plate is located between {an end of} the stack of planar cell units and
whichever of the base plate and top plate is located at that end of the stack, so as to supply or
remove power from the stack via the adiacent cell unit with which it is in electrical
communication. Typically, the first and second layers are {formed as individual or separate plates
that are) permanently connectad by welding, but any suitable connection method may be used to
provide a permanent electrical connection between the layers {or plates). Typicaily the first and
second layers are permanently connected around their periphery and around any ports provided
through the electrical end plate so as to prevent fluidic communication with a volume between

the first and second layers.
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Preferably, the adjacent cell unit has a second electrically conductive ceramic layer bonded to the
side which is in face-to-face abutment with the first slectrically conductive ceramic layer of the
electrical end plate, and the first and second electrically conductive ceramic layers are made of

the same material

Forming the first and second electrically conductive ceramic layers from the same material
ensures good electrical contact thergbetween {e.g., by reduced contact resistance relative to the
contact resistance between two dissimilar materials), and therefore also between the electrical
end plate and the adjacent cell unit. Efficiency of the assembly, operated as a fuel cell or an

electrolyser cell, is thereby improved.

Preferably, the first electrically conductive ceramic laver of the electrical end plate has a thickness
selected such that the spacing between the at least one electrical end plate and the adjacent cell

unit is the same as the spacing between the remaining cell units of the stack,

In this way, where the cell units of the stack are separated by {e.g. compressibie} gaskets,
conveniently the same type of gaskets may be usad to separate the at ieast one electrical end
plate and the adjacent cell unit {a.g. a gasket of the same material and same thickness). This
reduces costs and reduces the number of different materials because the same components are
used in multiple locations within the assembly, and ensures consistent transfer of compressive

forces through the assembly.

Preferably, the stack comprises electrochemically active cell units, each of which comprise a

separator plate and a cell-supporting metal substrate plate.

in an electrochemically active call unit, the metal substrate plate supports an active
electrochemical cell layer {i.e. one in which an electrochemical reaction occurs during operation)
bonded thereto, which may be coated, deposited or otherwise affixed thereto. However, at either
or both ends of the stack, one or more “dummy” cells that are not electrochemically active may
be provided, as described in WO 2015/136295 Al. Hence, the adjacent cell unit may be
electrochemically active, meaning it will perform the function of an electrochemical cell at
operation conditions. Alternatively, the adjacent cell unit mavy be slectrachemically inactive while
still forming an electrical connection between the electrical end plate and rest of the fuel cell
stack. For example, it may comprise a separator plate and a metal substrate plate, the latter

optionally supporting a laver of cathode material that is the same material as the material usad in
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the cathode of an electrochemically active cell unit.

Typically, the adjacent cell unit comprises at least one of a metal substrate plate and a separator
plate. Typically, the cell unit is a metal supported cell unit. A separator plate separates an oxidant
fluid volume from a fuel fluid volume in each cell unit of the stack, and will usually be provided
with a 30 contoured construction, for example, comprising a pattern of spaced channels and ribs,

or spaced dimples, to control fluid flow.

Typically the adjacent cell unit may be arranged such that either of the separator plate or metal
substrate plate is in face-to-face abutment with the psutermost face of the second layer of the
electrical end plate. Typically one or both of the metal substrate plate and the separator plate
may be made out of the same material as the second layer of the electrical end plate. Typically
this material contains iron, more typically the material is a steel, even more typically a stainless
steel, even more typically a ferritic stainless steel, Without being limited by metal type, examples

of suitable substrate and/or separator materials include 55441, 55444, Crofer 22,

Typicaily the separator plate will have a series of raised regions {&.g. a pattern of spaced channels
and ribs, or spaced dimples, to control fluid flow) an the side in face-to-face abutment with the
electrical end plate. in the case where a second electronically conductive ceramic layer is bonded
to the separator plate of the adjacent cell unit, the ceramic layer typically covers these raisad

regions of the separator plate.

in the case where the metal substrate is in face-to-face abutment with the electrical end plate,
the metal substrate may also have a second slectrically conductive ceramic laver bonded to the
side which is in face-to-face abutment with the first electrically conductive ceramic laver.

Typically the first and second ceramic layers will be in electrical contact,

Typically the first ceramic layer will comprise material suitable for use in the cathode of a solid
oxide fuel ceil. The inventors have found that material suitable for use in the cathode of a solid
oxide fusl cell provides good slectrical connection between the electrical end plate and the
adjacent fuel cell unit. Without being limited by ceramic type, typical examples of suitable
materials include LSCF, LCN, BSCF. Typically the second ceramic layer will comprise material
suitable for use in the cathode of a solid oxide fuel call. Even more typically the first and second

ceramic layer will have substantially the same composition.
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Preferably, the second layer of the electrical end plate is made of the same material as the
separator plate. This reduces the number of different materials used in the assembly. it ensures
that the second layer of the electrical end plate is chemically compatible with the cell units and
the first electrically conductive ceramic layer, and ensures that the second layer of the electrical
end plate is compatible with the chemical environment of the assembly {i.e. able to chemically

withstand the first and/or secand fluid volumes, which may be fuel and oxidant).

Preferably, the second laver of the slectrical end plate has essentially the same configuration as
the separator plate. Conveniently, the second laver of the electrical end plate is made of the sams
material as a separator plate of the cell units in the stack of cell units, and preferably, also has
essentially the same configuration {e.g., shape and orientation} as a separator plate {except for
example, where it requires different {e.g. perimeter) features to perform its function as an
electrical end plate), i.e., the second layer is itself a plate {e.g. a self-supporting, rigid plate). In
essence, the second layver can therefore be formed from the same separator plate {or very similar
component} to the remaining separator plates of the stack, with the advantage that the electrical
connection to the adiacent unit cell, and mechanical forces, cosely resemble those between
adjacent cell units, with the first electrically conductive ceramic laver thus in face-to-face
abutment with a metal substrate of the adjacent unit cell, in common with other separator plates

in the stack.

Praferably, the second layer of the electrical end plate has a 3D contoured construction with a
series of projections extending outwardly s0 as to abut the adjacent cell unit, over which
prajections the first electrically conductive ceramic layer extends as a discontinuous layer bonded
thereto, The 3D contoured construction may comprise, for example, a pattern of spaced channels
and ribs, or spaced dimples, to provide a volume between the electrical end plate and the
adjacent cell unit, which allows supply of fluid to the adjacent cell unit and control of the flow of
that fluld, The projections abut {e.g. contact} the adjacent cell unit, providing slectrical
connaction belween the slectrical end piate and the adjacent cell unit, thersby allowing the

electrical end plate to transfer electrical power to or from the end of the stack of cell units.

Preferably, the first electrically conductive ceramic layer is made of the same material as a second
electrically conductive ceramic laver bonded to a metal substrate plate of the adjacent cell unit

that is in face-to-face abutment with the first electrically conductive ceramic layer.

Forming the first and second electrically conductive ceramic lavers from the same material
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ensures good electrical contact therehetween {e.g., by reduced contact resistance relative to the
contact resistance between two dissimilar materials), and therefore also between the electrical
end plate and the adjacent cell unit. Efficiency of the assembly, operated as a fuel cell or an

slectrolyser call, is thereby improved.

In an example, the adjacent cell unit is electrochemically active, and the second electrically
conductive ceramic layer comprisas an outermost electrode layer of an slectrochamicaily active

cell layer bonded to the metal substrate plate of the adjacent cell unit.

in an electrochemically active cell unit, the metal substrate plate supports an active
electrochemical cell layer {i.e. one in which an electrochemical reaction occurs during operation)
bonded thereto, which may bhe coated, deposited or otherwise affixed thereto. In an example the
outermost slectrode laver of an electrochemically active cell layer is a cathode layer. In this case
the first electrically conductive ceramic layer comprises a same material as used in the cathode

layer,

In an alternative example, the adjacent cell unit is electrochemically inactive, and the second
electrically conductive ceramic layer is an electrode material layer that is bonded to the metal
substrate plate of the adjacent call unit. The second electrically conductive ceramic layer is an
electrode material layer may be bonded directly to the metal substrate plate of the adjacent cell

unit.

One or more electrochemically inactive cells {also referred to as "dummy” celis), that are not
electrochemically active may be provided, as described in WO 2015/136295 Al In this case, the
adjacent cell unit may be electrochemically inactive while still forming an electrical connection
between the electrical end plate and rest of the fuel cell stack. For exampie, it may have a metal
substrate plate supporting a layer of cathode material that is the sams material as the material
used in the cathode of an electrochemically active cell unit. The one or more electrochemically
inactive cells provide electrical connection between the electrical end plate and electrochemically

active cell units in the stack of cell units,

In an alternative to the case where the second laver of the electrical end plate is made of the
same material as the separator plate, the second layer of the electrical end plate is made of the

same material as the cell-supporting metal substrate plate.
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This reduces the number of different materials used in the assembly. it ensures that the second
laver of the electrical end plate is chemically compatible with the cell units and the first
electrically conductive ceramic layer, and ensures that the second laver of the electrical end plate
is compatible with the chemical environment of the assembly {i.e. able to chemically withstand

the first and/or secand fluid volumes, which may be fuel and oxidant).

fn this case, preferably the second fayer of the electrical end plate has essentially the same

configuration as the cell-supporting metal substrate plate.

Conveniently, the second layer of the electrical end plate is made of the same material as a cell-
supporting metal substrate plate of a cell unit in the stack of cell units, and preferably, also has
essentially the same configuration as a celi-supporting metal substrate plate {sxcept for example,
whare it requires different features to perform its function as an electrical end plate), Le, the
second laver is itself a plate {e.g. a self-supporting, rigid plate). In essence, the second layer can
therefore be formed from the same cell-supporting metal substrate plate {or very similar
component} to the remaining cell-supporting metal substrate plates of the stack, with the
advantage that the electrical connection to the adjacent unit call, and mechanical forces, closely
resemble those betweesn adjacent cell units, with the first electrically conductive ceramic layer
thus in face-to-face abutment with a separator plate of the adjacent unit cell, in common with

other cell-supporting metal substrate plates in the stack,

in this case, preferably the second layer of the electrical end plate has a fiat outwardly facing side
with the first electrically conductive ceramic layer comprising a continuous laver bonded thereto.
The first electrically conductive ceramic layer may be made of the same material as a second
electrically conductive ceramic layer bonded to a separator plate of the adjacent cell unit that is

in face-to-face abutment with the first electrically conductive ceramic layer.

Forming the first and second electrically conductive ceramic layers from the same material
ensures good electrical contact therehetween {e.g., by reduced contact resistance relative to the
contact resistance between two dissimilar materials), and therefore also between the electrical
end plate and the adjacent cell unit, Efficiency of the assembly, operated as a fuel cell or an

slectrolyser call, is thereby improved.

The first electrically conductive ceramic layer may have a thickness egual to the thickness of the

electrochemical cell layer of the adjacent cell unit. In this way, where the cell units of the stack
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are separated by {e.g. compressible) gaskets, conveniently the same type of gaskets may be used
to separate the at least one slectrical end plate and the adjacent cell unit {e.g. a gasket of the
same material and same thickness). This reduces costs and reduces the number of different
materials because the same components are used in muitipie locations within the assembly, and

ensures consistent transfer of compressive forces through the assembiy.

The assembly may comprise both a first electrical end plate at one end of the stack where the
second layer of the electrical end plate is made of the same material as the separator plate and a
second electrical end plate at the other end of the stack where the second layer of the electrical
end plate is made of the same material as the cell-supporting metal substrate plate. The first and
second electrical end plates provide electrical connection between the stack and the respective

electrical terminals.

Preferably, a portion of the external electrical terminal extends through an opening in one of the
base plate and top plate to electrically connect to the first layer of the siectrical end plate.

Optionally, the electrical end plate is as specified in the first aspect above.

For example, the opening{s} may be aligned with internal manifolds {formed by ports through
gach cell unit in the stack), the slectrical terminals {also refarred to as electrical studs) may also
be aligned with the internal manifolds. Gaskets may separate each plate, and are positionad

around ports and openings to form the internal manifold.

Typically the first and second layers of the electrical end plate are iron-containing favers. More
typically the layers are steel, more typicaily stainless steel, even more typically ferritic stainless
steel, Without being limited by metal type, examples of suitable materials for the first layer
include 85441, Crofer 22 and examples of suitable materials for the second laver include §8441,

55444, and Crofer 22,

Typically, the first layer of the electrical end plate will have a thickness of at least 0.5mm, more
tvpically between 0.5mm and 5mm, even more typically hetween 0.5 and 2mm, even more
typically between 1 and 2mm. In other words, the first layer of the electrical end plate is itself a

plate, which may also be referred to as a self-supporting rigid plate.

Typically, the thickness of the first and second ceramic layers is 50-200 micrometers, preferably

80-150 micrometers, and more preferably 90-100 micrometers,
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Typically, the thickness of the substrate {also referred to as support plate, metal substrate plate
or celi-supporting metal substrate plate} is 50-250 micrometers, preferably 50-150 micrometers,

and more preferably 100 micrometers.

Preferably the electrochemical cells of any of the aspects detailed above comprise planar, solid
oxide, fuel cell or electrolyser cell units. The electrochemical cell assembly may be usad as a fusl
andfor electrolyser cell or any other variant capable of electrochemistry. The stack of planar cell
urits may be based on one of solid axide electrolytes, polymer slectrolyte membranes, or molten
electroivies or any other variant capable of electrochemistry. in an exampie, the electrochemical
cell is based on a plurality of planar cell units {e.g. tens to several hundred cell units) having solid
oxide electrolytes and so the electrochemical cell may be referred to as a solid oxide fuel cell
{SGFC} and solid oxide slectrolyser cell. The solid oxide slectrolytes may be supportad by a foil, in
which case they may be referred to as metal-supported cells, in particular, metal-supported solid

oxide fuel cell {MS-SOFC) or electrolyser cail.

The stack may comprise electrochemically active cell units, sach of which comprise a separator
plate and a cell-supporting metal substrate plate. In an electrochemically active celi unit, the
metal substrate plate supports an active electrochemical cell laver {ie. one in which an
slectrochemical reaction occurs during operation} bonded thereto, which may be coated,
deposited or otherwise affixed thersto. However, at either or both ends of the stack, one or mors
“dummy” cells that are not electrochemically active may be provided, as described in WO
20157136295 AL, Hence, a celf unit adjacent an electrical end plate may be electrochemicaliy
active, meaning it will perform the function of an electrochemical cell at operation conditions,
and the electrical end plates may be in contact with a respective electrochemically active cell unit
at the end of the stack of cell units. Alternatively, the adjacent cell unit may be electrochemically
inactive while still forming an electrical connection between the electrical end plate and rest of
the fuel cell stack. For example, it may have a metal substrate plate supporting a layer of cathode
material that is the same material as the material used in the cathode of an electrochemically
active cell unit. in either case, the electrical end plate may be described as being in electrical

cantact with an adjacent cell unit positionad at the end of the stack,

Typically, the adjacent cell unit comprises at least one of a metal substrate plate and a separator
plate. Typically, the celi unit is a metal supported cell unit. A separator plate separates an oxidant

fluid volume from a fuel fluid volume in sach cell unit of the stack, and will usually be provided



10

15

20

24

with a 3D contoured construction, for example, comprising a pattern of spaced channels and ribs,

or spaced dimples, to control fluid flow.

As indicated above, “cell units” or “cell stack” is used to refer to “slectrochemical calf units” or

“slectrochemical cell stack”.

Brief Description of the Drawings

Figures 1 and 2 are schematics of prior art cell stack arrangements.

Figure 3 is a cross sectional view of a cell stack arrangement in accordance with a first aspect of

the present invention.

Figure 4 is a cross sectional view of a celf stack arrangement in accordance with the first aspect.

Figure BA is a cross saectional view of a cell stack arrangement in accordance with the first aspect

and figure 5B is an enlarged view of a portion of the cell stack arrangement of figure SA.

Figure 6A a cross sactional view of a call stack arrangement in accordance with the first aspect

and figures 6B and 6C are enlarged views of a portion of the cell stack arrangement of figure 6A,

Figure 7 is a plan view of the first electrical end plate and second electrical end plate in

accordance with the first aspect.

Figure 8 is an exploded perspective view of the cell stack arrangement shown in figure 5A in

accordance with the first aspect.

Figure 9 is an exploded perspective view of the cell stack arrangesment shown in figure 6A in

accordance with the first aspect.

Figure 10 is a cross sectional view of a cell stack arrangement in accordance with a second aspect

the present invention.

Figure 11 is an exploded perspective view of the cell stack arrangement shown in figure 10

Figure 12 is an exploded view of a first electrical end plate in accordance with the second aspect.
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Figure 13 is an exploded view of a second slectrical end plate in accordance with the second

aspect.

Figure 14 is a cross sectional view of a portion of a cell stack arrangement in accordance with the

second aspect.

Figure 15 is a cross sectional view of a portion of a cell stack arrangement in accordance with the

second aspect,

it the following figures and description like reference numerals will be used for like elements in

different figures.

Deatailed Description of 1st Aspect

Referring to Fig. 3, a cross sectional view of an electrochemical cell stack arrangement 300 is
shown, the cross section is truncated at the right-hand side so as to show detail of an internal
manifold {chimney), an electrical stud, and an slectrical end plate. A stack of five repeating celi
urits 306 are shown forming the electrochemical cell stack, the number of cell units is reduced for
iHlustrative purposes and is typicaily much larger {for example 30-200). The cell units 306 comprise
a substrate {or metal support plate} 306a and a separator {or interconnect} 306b and may be
similar to those described in the Applicant’s earlier patent application W0 2015/1362985. The
substrate 306a carries an electrochemically active layer {or active fuel cell component layer, not
shown) comprising respective anode, electrolyte and cathode layers respactively depositad {e.g.
as thin coatings/films) on and supported by the metal support plate {a.g. steel plate or foil), the
electrochemically active laver faces the separator 306b of the adjacent cell unit 306. The metal
support plate 306a has a porous region {not shown) surroundead by a non-porous region with the
active layers being deposited upon the porous region so that gases may pass through the pores
from one side of the metal support plate 306a to the opposite side to access the active layers
caated thereon. As shown in figure 3, each cell unit 308 comprises two plates or layers — the
metal support plate 306a and a separator plate 3060 {bui a spacer plate may be sandwiched
between the metal support plate 306z and the separator plate 306b). It also has fluid ports that
are provided in the plates {for oxidant and/or fuel) and the plates are stacked upon one another
and welded {fused together) to form a single metal-supported repeat cell unit 306 with a fluid
volume in the middie defined by the space provided in between the metal support plate 306a and

the separator plate 306h. The metal components of the fuel cell stack repeat laver 306 are in
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electrical contact with one another, with electron How between them being primarily via the

fuse/weld path, thereby avoiding surface-to-surface contact resistance losses.

As discussed in WO2015/136285, the porous region comprises small apertures {(holes drilled
through the metal foil substrate} {not shown} extending through the metal support plate 3083, in
a location to overlie the anode {or cathode, depending on the polarity orientation of the
electrochemically active layer}, which is positionad under the metal support plate 306a. These are
positioned in the large space or aperture between the metal support plate 306a and the
separator plate 306k {and which mav be defined by the spacer plate} so as to allow the fluid
volume to be in fluid communication with the electrochamically active layers on the underside of

the support plate 306a through the small apertures.

in the separator plate 306b, up and down corrugations are provided to extend up to the cathode
{or anode, depending on the polarity orientation of the electrochemically active layers) of a
subseqguent {or neighboring) fuel cell unit stacked onto this fuel cell unit, and down to the metal
support plate 306a of its own fuel cell unit 306, This thus electrically connects between adjacant
fuel callis units 306 of a stack to put the electrochemically active layers of the stack {usually one

on each fuel celi unit) in series with one another.

The stack of cell units 306 in Fig. 3 are stacked with gaskets 304 positioned between neighboring
cell units 306. Each gasket 304 surrounds a fluid port of the cell unit and is electrically insulating.
The stack of cell units 306, with respactive gaskets 304, are positionad one atop another such that
corresponding tluid ports in the cell units 308 are aligned to form an internal manifold or
chimney through the stack of cell units, through which a fluid may be delivered to, and exhaustad
from, the cell units {specifically, 1o the opening between the metal support plate 306a and the
separator plate 306b of each cell unit 306). The gaskets 304 provide a fluidic seal between their
surface and that of the abutting surface. The gaskets 304 are preformed gaskets and are not
electrically conductive. The gaskets may, for example, be made of a vermiculite {e.g.
thermiculite), which may provide a superior sealing performance compared to mica or ceramic

while requiring much lower load to seal.

Either or both of the metal support plate 3064 and the separator plate 306b of a cell unit 306 may
be provided with dimples {not shown in Fg. 3} or other 3D protrusions protruding toward and
contacting the other of the metal support plate 306a and the separator plate 306b in a region

surrounding the fluid port {i.e. surrounding the chimneay) and in ine with the gaskets 304, The
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dimples transfer compression through the stack of cell units, supporting compression applied to
the cell unit by the gaskets {port gaskets, that is gaskets surrounding a port, the gaskets are
typically annular surrounding a port of circular cross-section) 304 positioned above and below the
cell unit, and maintain a separation {gap) between the metal support plate 306a and the
separator plate 306b of a single cell unit 306, The dimples may be arranged in rings around the
port, and allow a first fluid to enter or exit the gap hetween the metal support plate 306a and the

separator plate 306b of a cell unit 306 {as described further with respect to Figs. 5 and 6).

in this embodiment, positioned to each end of the stack of cell unils are a power take off
assembly and a top plate or baseplate. A power take off assembly comprising a first electrical end
plate 302 and an electrical stud 301 is positionad to the upper end of the stack of cell units, with
the first electrical end plate 302 positionad atop the stack of cell units. The first electrical end
plate 302 is separated from the end of the stack by a {port} gasket 304, which is identical to the
{port) gaskets used between cell units 306 in the stack. The first electrical end plate 302 blocks
the chimney, by means of a base portion from which the electrical stud extends perpendicularly,
such that fluid may not pass the first electrical end plate 302, as discussed further below. The first
electrical end plate 302 is in electrical contact with the cell unit 306 at the upper end of the stack
of cell units 306, The first electrical end plate 302 transfers electrical potential from the cell unit
306 at the upper and of the stack of cell units 306 to the electrical stud 301, which transfers the
potential external 1o the cell stack arrangement 300, the stud acting as an electrical terminal. The
first electrical end plate 302 and electrical stud 301 may be unitary; alternatively they may be two

separate components which are welded, brazed, screwed, or otherwise affixed to one another.

Positioned above {i.e. outwardly of) the first electrical end plate 302 is a first electrically insulating
plate 3053, so that the first electrical end plate 302 is positioned between the first electrically
insulating plate 305a and the stack of cell units. The first electrically insulating plate 305a extends
preferably across the stack to at least the same extent as the underlying stacked cell units and is
separated from the first electrical end plate 302 by a {port) gasket 304, which is identical to the
gaskets used betweean cell units 306 in the stack. The gasket 304 surrounds an opening in the first
electrically insulating plate 30%a which is coaxial with {and forms a continuation of} the chimney

{or internal manifoid} through the stack, through which the electrical stud 301 nesds to pass.

Positioned above the first electrically insuilating plate 3053 is a top plate 303, so that the first

electrically insulating plate 305a is positioned between the top plate 303 and the first electrical
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end plate 302, The first electrically insulating plate 2053 is separated from the top plate 303 by a
{port} gasket 304, which is identical to the gaskets used between cell units 306 in the stack. The
gasket 304 surrounds an opening in the top plate 303 which is coaxial with {and forms a
continuation of} the chimney through the stack, through which the electrical stud 301 passes. The
first slectrically insulating plate 305a provides electrical insulation between the electrical end
plate 302 and the top plate 303, The first slectrically insulating plate 30%a may be manufactured

from mica or a non-conductive ceramic material.

Positioned below the stack of cell units {i.e. to the opposite end of the stack than that having the
first electrical end plate 3032, first electrically insulating plate 3053, and top plate 303} is a second
electrical end plate 310, second electrically insulating plate 305b, and base plate 308. The second
electrical end plate 210 is separated from the end of the stack by a gasket 304, which is identical
to the {port) gaskets used between cell units 306 in the stack. The second electrical end plate 310
is provided with a port, which is aligned with the ports through the cell units 306, through which
fluid may pass, as such, it defines part of the chimney. The second electrical end plate 310 is in
electrical contact with the cell unit 306 at the lower end of the stack of call units 3086, and has
opposite polarity to the first electrical end plate. The second electrical end plate 310 may be in
electrical contact with a second electrical stud {not shown) 1o transfer electrical energy out of the

cell stack arrangement 300.

Positioned below the second electrical end plate 310 is the second electrically insulating plate
305, so that the second electrical end plate 310 is positioned between the second electrically
insulating plate 305b and the stack of cell units. The second electrically insulating plate 305b is
separated from the second electrical end plate 310 by a gasket 304, which is identical to the
gaskets used between cell units 306 in the stack. The gasket 304 surrounds an opening in the
second electrically insulating plate 305b which is coaxial with {and forms part of} the chimney

through the stack, through which fluid may pass.

Positioned below the second electrically insulating plate 305b is the base plate 308, so that the
second electrically insulating plate 305b is positioned between the base plate 308 and the second
electrical end plate 210. The base plate 308 is separated from the second electrically insulating
plate 305b by a gasket 304, which is identical to the gaskets used between cell units 306 in the
stack. The gasket 304 surrounds an opening in the base plate 308 which is coaxial with {and forms

part of} the chimney through the stack, through which fluld may pass, and provides a port for
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fluid delivery to or exhaust from the chimney and thereby the stack. The second electrically
insulating plate 305b, which is similar to the first electrically insulating plate 305a, provides
electrical insulation bhetween the electrical end plate 310 and the base plate 308, The second
slectrically insulating plate 305b may be manufactured from mica or a non-conductive ceramic

material.

Compression means 307 is provided to maintain a compression which was applied during
manufacture. The compression means 307 is provided between the base plate 308 and top plate
303 and maintains a compression in components therebetween (i.e. gaskets 304, electrically
insulating plates 305a, 305b, first and second electrical end plates 302, 310, and cell units 306).
The compression means 307 of Fig. 3 is shown as a skirt which may be welded or otherwise
permanently attached to the base plate 308 and top plate 303 while an external compression is
applied between the same during manufacture. Once the external compression force is removed,
a tensile force through the skirt maintains the compressive load in the stack, via the base plate
308 and top plate 303. The weld path may encircle the base plate 308 and top plate 303 and form
a fluid seal to fluidically seal a (fluid) volume defined by the base plate 308, top plate 303, and
skirt 307 containing the stack. The base plate 308 and top plate 303 are relatively stiff plates
(stiffer than any of the other plates in the arrangement, e.g. the metal support plate, separator
plate, cell unit as a whole, and the electrical end plates, and is stiffer for example by being thicker,
rather than necessarily by being made of an intrinsically stiffer material), which spread the
compression load over the plan area of the stack (at least over the area where they contact the
gaskets 304 and the area in line with the electrochemically active layers). The compression means
maintains the compressive force which provides good electrical contact between repeat units
(including cell units) in the stack. The compression means also maintains compression in seals,
e.g. (port) gaskets 304, to seal the chimney, and maintains structural integrity in the stack, as
described in Applicant’s earlier patent application WO 2019/002829A. As a result, a first fluid
volume is defined in the chimney and the space between the metal support plate 306a and
separator 306b of each cell unit 306. A second fluid volume, fluidically sealed from the first fluid
volume, is defined by the remaining volume within the volume defined by the base plate 308, top
plate 303, and skirt (compression means) 307. Thus, in this case, the compression means fulfils a
further purpose of defining and sealing a fluid volume (i.e. the second fluid volume). The first fluid
volume may be in fluid communication with the anode of an electrochemically active layer, and
the second fluid volume may be in fluid communication with the cathode of an electrochemically

active layer, or vice versa depending on how the electrochemical cell layers are laid up.
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As an alternative, the compression means 307 may comprise tie bars arranged to pass through
(secured with securing means, e.g. locking nuts) or screw into openings and connect the base
plate 308 and top plate 303, and which maintain compression force applied to the cell stack
arrangement between the base plate 308 and top plate 303. In this case, the compression means
do not define and seal a fluid volume, rather the second fluid volume may be contained by a

vessel in which the arrangement 300 is positioned.

In an example, the first electrical end plate 302 is in electrical contact with an outermost laver
{e.g. an anode layer} of the uppermost call unit 308 of the stack of cell units and the second
electrical end plate 310 is in electrical contact with a cathode layer of the lowermaost cell unit 306
of the stack of cell units {the stacked cell units being in a series connection). The anode may be in
fluid communication with the first fluid volume and the cathode in contact with the second fluid
volume. QOperated as a fuel cell, fuel is supplied to the first fluid volume and oxidant supplied to
the second fluid volume, and a potential difference is produced hetween the first electrical end
plate 302 and the second electrical end plate 310, and a Inad may be connected therebetween. In
this case, the first electrical end plate 302 may be referred to as a monopole and the second

electrical end plate 310 may be referred to as an end pole.

Operated as an electrolyser cell, a potential difference is applied between the first electrical end
plate 302 and the second electrical end plate 310 to drive the production of hydrogen gas and/or

carbon monoxide and oxygen.

Referring to Fig. 4, a cross sectional view of a cell stack arrangement 400 is shown. Cell stack
arrangement 400 is a variant of the cell stack arrangement 300 of Fig. 3. In the variant shown in
Fig. 4, the cell unit {repeat unit} 406 includes a metal support plate 406a and a separator plate
406h. in this variant, no preformed {port) gaskets are required between cell units 406 in the stack
of cell units. Instead of a (preformed) gasket, an annulus surrounding the fluid port of the metal
support plate 406a is raised (downwards in the figure) by forming the annulus to protrude away
from the separator plate 406b of that cell unit and toward the separator plate of the neighboring

cell unit.

An in-situ seal, namely, a ring of sealant material 409 is formed on the annulus, and this material
may be applied during assembly of the stack. It can be any conventional sealant material designed
when hardened to withstand the operational environment of the fuel cell. It could also be

replaced with a (pre-formed) gasket if needed, but the use of an in-situ seal has the significant
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advantage of reducing the parts count, reducing costs and simplifying assembly since the careful

positioning of gaskets is no longer required.

With this arrangement, the thickness of the sealant material can be significantly less than is
generally needed for a pre-formed gasket. An electrically insulating seal or in-situ seal may be
used on one or both of the abutting surfaces (which form a hard stop surface, e.g. formed by the
raised annulus and separator plate of the adjacent fuel cell unit) of adjacent fuel cell units to

prevent electrical contact between adjacent fuel cell units via the abutting surfaces.

An annular groove (not shown, for clarity) may also be provided in the annulus, the annular
groove protruding toward the separator plate 406b of that cell unit, for accommodating the insitu
seal material. The annular groove may form a uniform circle in this, with a constant depth,
however it would be possible to make the groove less uniform both in radius and depth, but for
simplicity a uniform radius and depth is provided. The annular groove accommodates a volume
(or bead) of the sealant material, and contacts the separator plate 306b of an adjacent cell unit

306, thus it functions like the gaskets 304 of Fig. 3.

The thickness of the gasket 304 of Fig. 3 helped provide a space between adjacent fuel cell units
for air or fuel flow. To retain that space, shaped port features can be provided in the annular
portion of the metal support plate 406a. This also ensures that the final height of the top of the
gasket seal material still is the correct height to allow the outer surface of the electrochemically

active layers to correctly contact the separator plate 406b of the adjacent cell unit 406.

The raised annulus is shown in Fig. 4 as part of the metal support plate 406a, but may

alternatively be provided in the separator plate 406b of each cell unit 406.

As now exemplified in the embodiment that follows, any or all of the shaped features and shaped
perimeter flange (through which the cell units are welded as a two piece cell) provided, as
described in the arrangements of Fig. 3 and 4, in the metal support plate 406a, could instead be

provided in the separator plate 406b.

Referring to Fig. 54, a cross sactional view of a cell stack arrangement 500 is shown, and referring
to Fig. 5B an enlarged view of the area encircled in Fig. 5A is shown. Fig. 8 is an exploded

perspective view of the arrangement 500 of Fig. 5.
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Cell stack arrangement 500 comprises a stack of cell units 306 similar to the cell units 306
described above. Fig. 3A shows the electrochemically active layer 508, comprising respective
anode, electrolyte and cathode layers respectively deposited {e.g. as thin coatings/films) on and
supported by the metal support plate 306a. Fig. 5A also shows the up and down projections of
the separator plate 306k which contact the metal support plate 306a of the cell unit 306 and an
putermost layer of the electrochemically active layer 506 of the adjacent {neighboring) cell unit

306.

The electrical stud 301 and first electrical end plate 302 are similar to those described above. In
this case an electrically insulating sleeve 503 {also referrad to as a collar) surrounds the electrical
stud 301. The electrical stud 301 and the openings through the first electrically insulating plate
305a and top plate 303 may be circular in ¢ross section, and in which case the sleeve 503 is a
holiow cvlinder. The sleeave 503 is formed from an {electrically} insulating material, such as mica
or ceramic. It provides mechanical stability to the electrical stud 301 during handling of the stack
arrangement 500 and during connection of a load to the stud 301, The sleave 503 also prevents
ingrass of foreign material {e.g. dirt} inte the stack arrangement 500 via the opening in the top
plate 303, Further mechanical stability is provided by a washer 504 which surrounds the slesve
503 {and stud 301} and sits on the outer face of the top plate 303. The outer face of the washer
504 sits proud {i.e. protrudes from the cuter face of the top plate 303 further than) the outer end
of the sleeve 503 such that any mechanical forces applied to the stud are transferred through the
washer 5304 to the top plate 303 rather than through the sleeve 503 or through the stud 301 to
the first electrical end plate 302. The washer may be formed of any suitable {electricaliy}
insulating material, such as ceramic or mica. As seen in Fig. 5b, a busbar 509 may be affixed to the

stud 301, external to the stack arrangement 500 and contacting the washer 504, by a nut 508,

Further details of the first electrical end plate 302 are apparent in Fig. 5A. The first electrical end
plate 302 is {preferably} provided with a laver of material 510 deposited {e.g. as thin
coatings/films} on — or attached to - and supportad by the first electrical end plate 302, The laver
of material 510 is an electrically conductive ceramic material, and mavy have a similar composition
to that of the cathode of the electrochemically active layer 508, for sxample it may be LSCF, LCN,
BSCF, eg LCNGO. The laver of material 510 advantageously has a thickness which is eguivalent to
the thickness of the electrochemically active layer 5066 of the cell units 306, which means that the
protrusions in the separator plate 306h of the outermost {uppermost in Fig. 54} cell unit 306

cantact the face of the layer of material 510, This conveniently also allows all gaskets 304 to be of
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simnilar thickness., This reduces the number of different components required in the stack
arrangement 500 as no special components are reguired to connect the stack of cell units 306 1o
the first electrical end plate 302, The layer of material 310 contacts the {up} protrusions in the
separator plate 306k of the outermost {uppermost in Fig. SA} cell unit in the stack of cell units
and electrically connects that separator plate to the first electrical end plate 302 to allow transfer
slectrical energy therebetween. The slectrical end plate 302 is shown as a single plate upon
which the layer of material 510 is affixed, coated, or deposited, but may also be a two {or more)
part construction, as described in the second aspect, for example electrical end plate 1402 of Fig.

10,

A second electrical stud 505 is shown in Fig. 5A, which is similar 1o the electrical stud 301
described above but has opposite polarity. The second electrical stud 505 is connected to the
second electrical end plate 507, and passes through openings in the second electrically insulating
plate 305b and base plate 308, The second electrical stud 505 is provided with a sleeve 503,
washer 5034, busbar, and nut, similar to the first electrical stud 301, but associated with the base

piate 308 rather than the top plate 303.

Further details of the second electrical end plate 507 are apparent in Fig. 5A. The second
slectrical end plate 507 is provided with protrusions extending toward the stack of cell units to
contact an outermost electrode {e.g. the cathode) of the electrochemically active layer 506 of the
putermost {fowermost in Fig. 5A) cell unit 306 of the stack of cell units. The protrusions have the
same height as those in the separator plates 306k which protrude {up} towards the
slectrochemically active laver 506 of an adjacent cell unit 306, This advantageously allows the
gaskets 304 positioned between the second electrical end plate 587 and the stack of cell units to
be of the same thickness {indeed, to be the same gaskeis) as those used between adjacent cell

units 306 in the stack of cell units.

The protrusions in the second elecirical end piate 507 contact the sutermost {lowearmost in Fig.
5A} face of the slectrochemically active layer {e.g. the cathode) of the outermost cell unit in the
stack of cell units and electrically connects that face of that electrochemically active laver to the
second electrical end plate 507 to allow transfer of electrical energy therehetween. The electrical
end plate 507 is shown as a single plate, with integral projections, but may also be a two {or
more) part construction, as described in the second aspect, for example electrical end plate 1407

of Fig. 10,
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it will be noted that the electrical stud 301 and the second electrical stud 505 are positioned at
opposite ends of the stack of cell units. Two chimneys are present in the arrangement 500, and an
electrical stud is aligned with each {e.g., preferably coaxial with each). The chimneys are
defined/formed by the gaskets 304, parts through the cell units 306, and ports through either the
first electrical end plate 302, first electrically insulating plate 3053, and top plate 303 or through
the second electrical snd plate 507, second electrically insulating plate 305b, and base plate 308.
The first slectrical end plate 302 blocks a first chimney {left side of Fig. 54, by means of a base
portion from which the electrical stud extends perpendicularly) and the second electrical end
plate 507 blocks a second chimney {right side of Fig. 54, by means of a base portion from which

the electrical stud extends perpendicudariy).

As indicated by the arrows in Fig. 54, the first chimney is used for delivery of a first fluid to a first
fluid volumae, and the second chimney is used for exhaust of the first fluid volume. The first fluid
volume is enclosad between the metal support plate 306a and the separator plate 306b of a cell
unit 306 and supplied/exhausted by the chimneys. The sacond fluid volume may be provided
surrounding the cell units and chimneys, encdlosed by the skirt, base plate, and end plate, and to
be in fluid communication with the ocutermost electrode of the electrochemically active layer 506.
Ports for supply and exhaust of the second fluid volume may be provided in the base and/or end

plate {not shown in Fig. 3A)

Further shown in Fig. 5A are support lavers 511 provided between the power take of plate 302
and the first electrically insulating plate 3053, between the first electrically insulating plate 305a
and the top plats 303, between the second electrical end plate 507 and the sscond electrically
insulating plate 305k, and between the second slectrically insulating plate 305b and the hase
plate 308, The support lavers 511 have an extent which corresponds to the extent of {are in line
with, and in plan view cover a corresponding plan view area to} the electrochemically active
layers 506 {and protrusions in the separator plate 308h). The support layers 511 transfer a
portion of the compression force applied hetween the base plate 308 and top plate 303 through
the stack of cell units. This ensures good {for example sven across the plan view area) electrical
contact within cell units 306 and between adjacent call units in the stack of cell units {i.e. good
electrical contact between the down protrusions of the separator plate 306b toward the metal
support plate 306a of the same cell unit 308, and good electrical contact between the up
protrusions of the separator plate 3060 toward the outermost electrode of the electrochemically

active laver 506 of the adjacent, or neighboring, cell unit 306 in the stack of cell units). Naturally,
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the same compression force, via the support layers 511, provides good slectrical contact between
the first and second electrical end plates 302, 507 and the outermost cell units of the stack of cell
units. The support layers 511 may be formed from any conductive or non-conductive resilient
material capable of transmitting the compression force to the stack, for example a mesh or

expanded metal foil.

Referring to Fig. 8, a partial skirt 307 is shown for clarity. it is to be understood that the skirt 307
may include a further two side walls to connect edges of the shown skirt components 307 such
that the skirt surrounds the stack. Note also that the metal support plates 306a and separators
306b are not shown exploded, and so only the separators 306b are apparent in this view. The
metal support plate 306a and separator 306b of a cell unit 306 are welded or otherwise affixed to

one another around their periphery.

in use as a fuel cell, an electrical load may be connected between the electrical stud 301 and the
second electrical stud 505 of the arrangement 500. In an example where the anode is the
electrochemically active laver closest to the metal support plate 306a, the first fluid is fuel. The
fuel is supplied to the anode via the first chimney, the gap hetween the metal support plate 306a
and the separator 306, and the porous region of the metal support plate 306b, and fuel exhaust
products are routed from the anode, via the gap between the metal support plate 306a and the
separator 306b, to the second chimney. The second fluid is oxidant and is supplied to the cathode

via the second fluid volume.

In use as an electrolyser cell, a potential difference may be provided between the electrical stud
301 and the second electrical stud 505 and to provide electrical energy to the arrangement 500,

Relevant fluids are provided to the first and second fluid volumes, and exhausted therefrom.

Referring to Hg. 64, a cross sectional view of a cell stack arrangement 600 is shown. Cell stack
arrangement 800 is a variant of the cell stack arrangement 500 of Fig. 5A. Figs. 68 and 6C show
zoomed areas of the ceil stack arrangement 600 of Fig. 8A. Fig. 7 is a plan view of the first and
second electrical end plates 602, 806 of the cell stack arrangement 800, each having a stud. Fig. @
is an exploded perspective view of the arrangement 800 of Figs. & and 7. Note that the
arrangement 800 {including cell units 306 in the stack of cell units) is shown rotated by 180

degraes relative 1o the arrangement 500 shown in Fig. 5.



10

15

20

25

30

36

in the arrangement 600 shown in Fig. 6, first electrical end plate 602 with stud 601 is connected
via an additional busbar 612 to an additional electrical end plate 607, which allows both slectrical
studs 601 and 605 o be positioned at the same end of the stack arrangement 600. it also allows
fluid entry and exhaust from the first fluid volume to be positionsad at the same end of the stack
arrangement 660 {the fluid entry and exhaust being positioned to the opposite end of the stack
arrangement 6800 to the electrical studs 801, 605). Gaskets 304 are provided hetween each of the

additional components of the arrangement 600 to define the chimneys or continuations thereof.

The second electrical stud 605 and associated second electrical end plate 606 are similar to the
second electrical stud 505 and second electrical end plate 507 of the arrangement 500, with the
exception that the second electrical stud 605 passes through openings in an additional electrically
insulating plate 613 {for reasons outlined below} and through the first elecirical end plate 6032,
Thus, the second electrical end plate 806 is provided with projections 814 towards and in contact
with the outermost layer of the outermost cell unit 306 of the stack of celi units, which may be an
outermost electrochemically active layer of the electrochemically active layers 306, The second
electrical end plate 606 is shown as a single plate, with integral projections, but may also be a two
{or more} part construction, as described in the second aspect, for example electrical end plate

1407 of Fig. 10

A support layer 511 is positioned to the opposite side of the second slectrical end plate 606 to the
prajections, between the second electrical end plate 606 and the additional electrically insulating

plate 613 to maintain the compression within the slectrochemically active region of the stack,

The first electrical stud 601 is connected to or unitary with the first electrical end plate 802,
similar to the electrical stud 301 and first electrical end plate 202 of the arrangement 500. Unlike
arrangement 500, there is no electrically conductive ceramic layer 510 coated or deposited on the
first electrical end plate 802, The first electrical end plate 802 is elecirically connected to the
busbar 612, which in turn is electrically connected to the additional electrical end plate 807 such
that the two electrical end plates are at the same polarity and both subject to the compression
forces exerted by the compression means, particularly in the vicinity of the chimneys. The
additional electrical end plate 807 is positioned to the opposite end of the stack of cell units to
the first electrical plate 602. The additional electrical end plate 807 is provided with a layer of

material 310 deposited {e.g. as thin coatings/fiims) on - or attached to - and supported by the first
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electrical end plate 807, The laver of material 510 is otherwise similar to that described above

with reference to Fig, 5.

The first electrical plate 602 is positioned between the additional electrically insulating plate 613
and the top plate 303 of the stack arrangement 600, The first electrical plate 602 is separated
from the additional electrically insulating plate 613 by support layers 511 and gaskets 304, In
other words, the first electrical plate 602 is positioned to the opposite side of the additional
electrically insulating plate 613 from the second electrical end plate 606. The additional
electrically insulating plate 613 thus provides electrical insulation between the first electrical
plate 607 and the second slectrical end plate 806, Similarly, the additional electrical end plate 607

is separated from the first electrically insulating plate 305a by support layers 511 and gaskets 304.

The bushar 612 is weided or otherwise affixed to {and in electrical connection with) the first
electrical end plate 6802 and the additional electrical end plate 607 via tabs on the ends of the
busbar 612 and/or the first electrical end plate 602 and the additional electrical end plate 607,
The bushar is positioned to one side of the stack of cell units, between the stack of celf units and
the skirt, and is approximately parallel to a stacking direction of the same. The tabs are more
flexibie than {for example because they are thinner than) the bushar 812, first glectrical end plate
602, and the additional slectrical end plate 607, which means that differential thermal expansion
between the stack and the busbar is accounted for by flexibility in the tabs, and so minimal stress
is transferred to the busbar 812, first electrical end plate 602, and the additional elecirical end

plate 607,

The additional electrical end plate 807 is shown as a single plate upon which the laver of material
510 is affixed, coated, or deposited, but may also be a two {or more} part construction, similar to
the plates described with respect to the second aspect, for example electrical end plate 1407 of

Fig. 10.

it will be noted that in the example shown in Fig. 64, the sscond electrical end plate 606 extends
across both of the chimneys, so both end plates block the left hand side chimney and are
compressed by compression forces in that chimney. In this case the first electrical plate 602 may
be manufactured from the same material as the second slectrical end plate 606 but may be
thinner than the second electrical end plate 606 because it is not exposed to the fluid in the
chimneys {typically fuel in a fuel cell application). Thus, where there are two electrical end plates,

but one is exposed to dual atmospheras {two different fluids} in the stack, and the other a single
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atmosphere {one fluid], the latter plate may be made of a less corrosion resistant material,
and/or have less or no corrosion protective coating and/or be made thinner than the former
plate, Alternatively, if the second elecirical end plate 606 does not additionally block the chimney
to the left-hand side of Fig. 64, the first electrical plate 602 and the second elactrical end plate
506 may be manufactured from the same material and be of the same thickness, as both are

exposed to similar {dual} chamical environments,

Referring to the partially exploded view of the arrangement 600 shown in Fig. 9, a partial skirt 307
is shown for darity. it is to be understood that the skirt 207 may include a further two side walls
to connect adges of the shown skirt components 307 such that the skirt surrounds the stack. Note
also that the metal support plates 306a and separators 306b are not shown exploded, and so only
the metal support plates 306a are apparent in this view. The metal support plate 306a and
separator 306b of a cell unit 306 are welded or otherwise affixed to one another around their
periphery. Note further that the additional electrical end plate 607, busbar 612, and first
electrical end plate 602 are shown in their assembled {e.g. welded, brazed, or otherwise affixed
together} form, dashed lines indicate the location in the exploded arrangement that the plate 607
and plate 602 occupy. Only once these plates are in position in the stack {and preferably once
compression is applied to the stack) may the busbar 612 be affixed to the plate 607 and plate
£02. Furthermore, electrically conductive ceramic layer 510 is shown separate to the additional
electrical end plate 607, but it will be undersiood that frequently the electrically conductive

ceramic layer 510 will be coated or deposited on the additional electrical end plate 607.

In use as a fusi cell, an electrical load may be connected between the electrical stud 801 and the
second electrical stud 605 in the arrangement 600, In an example where the ancde is the
slectrochemically active layer closest to the metal support plate 306a, the first fluid is fuel and
flow within the first fluid volume is represented by the arrows in Fig. BA. The fusl is supplied to
the anode via the first chimney, the gap between the metal support plate 306a and the separator
306b, and the porous region of the metal support plate 306b, and exhaust products are routed
from the anode, via the gap betweean the metal support plate 306a and the separator 306k, to
the second chimney. The second fluid is oxidant and is supplied to the cathode via the second

fluid volume.

fn use as an electrolyser cell, a potential difference may be provided between the electrical stud

801 and the second selectrical stud 605 and to provide electrical energy to the stack in the
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arrangement 600, Relevant fluids are provided to the first and second fluid volumes, and

asxhausted therefrom.

The arrangement 00 allows convenient electrical and fluidic connections to a system in which
the cell stack arrangement 600 is positioned because ail electrical connections are positioned o

one end of the arrangement and all fluidic connections are positioned to the other end.

Fig. 7 shows plan views of the first electrical end plate 602 and second electrical end plate 606 of
Fig. 6. The first electrical end plate 602 is provided with the electrical stud 801, to align with the
first chimney in the cell stack arrangement 800. The first electrical end plate 802 is provided with
an opening 704 through which the second electrical stud 605 and associated slesve 503 passes.
The end of the first electrical end plate 602 nearest to the electrical stud 601 may be straight for

sase of attachment to the bushar 612.

The second electrical end plate 806 is provided with the second electrical stud 805, to align with
the second chimnsy in the cell stack arrangement 600, A plurality of projections 614 are provided
which project toward the outermost electrode of the electrochemically active laver of the
outermost celi unit of the stack of cell units, to transfer power from the stack to the second
electrical end plate 606, A port 706 may optionally be provided through the second electrical end
plate 606. If the port 706 is provided, then it forms part of the first chimney, if the port is not
provided then the second electrical end plate 606 blocks the first chimney. in the {atter case, the

second electrical end plate 606 blocks both chimneys.

Detailed Dascription of 2nd Aspect

Referring to Fig. 10, a cross sectional view of a cell stack arrangement 1400 is shown. Celf stack
arrangement 1400 is a variant of the cell stack arrangement 500 of Fig. 5. Fig. 11 is an explodead
perspective view of the arrangement 1400 of Fig. 10. Note that the compression means {for

example skirt 307} is not shown in arrangement 1400 for sake of clarity.

Figure 12 is an exploded view of a first electrical end plate of the cell stack arrangement 1400.

Figure 13 is an exploded view of a second electrical end plate of the cell stack arrangement 1400,

In arrangement 1400 a first electrical end plate 1482 is shown, which may function substantially
similarly to the first electrical end plate described above. The first electrical end plate 1402

comprises a two-layer construction in which a first layer 1416 is welded {or otherwise connected)
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to a second layer 1417 {the weld path is shown by a dashed ling 1621 in Fig. 11 and Fig, 12). The
first fayver 1416 is a planar plate. The first layer 1416 blocks one of the chimneys of the cell stack
arrangement (the electrical stud 301 exits the cell stack arrangement via a continuation of that
biocked chimney} and is provided with a port which forms a part of another chimney for fluid

delivery or exhaust of the first fluid volume.

it may be seen that the second layer 1417 is a planar plate. The second layer 1417 is similar to the
metal support plate 306a of a call unit 306 in the stack of cell units. The second layer 1417 is
provided with {similarly positiocned) ports in the same way as the metal support plates 306a in the
stack of cell units. An electrically conductive ceramic layer 1418 is bonded {for example affixed to
or deposited on} the opposite face of the second layer 1417 to that which faces the first fayer
1416, The electrically conductive ceramic fayer 1418 may be similar to the electrically conductive
ceramic layer 510 described previously, and may be of a type of material suitable for use in a
cathode of a fuel cell, for example LSCF, LCN, BSCF, e.g. LCNGD. The thickness of the electrically
conductive ceramic layer 1418 is similar to the thickness of the electrochemically active layers
506 of cell units 306 in the stack of cell units. This means that the gaskets 2304 which separate the
second layer 1417 from the separator plate 306b of the neighboring {outermost or uppermost)
cell unit 306 of the stack of cell units can be identical to the gaskets 304 used elsewhere in the

arrangement 1400,

The face of the slectrically conductive ceramic layer 1418 which is opposite to the second layer

1417 contacts projections on the separator plate 306b of the neighboring {outermost or
uppermost) cell unit 306 of the stack of call units. The projections on the separator plate 306b
alternate in up-and-down directions, the up projections directed toward and in contact with the
slectrically conductive ceramic layer 1418 and away from the metal support plate 306a of the
sams cell unit 306, and the down projections directed away from the elactrically conductive
ceramic layer 1418 and toward and in contact with metal support plate 306a of the same cell unit
306. The down projections of the separator plate 306b contact the metal support plate 308a and
so are slectrically connected to the layer 506, which may be slectrochemically active in which
case the down projections of the separator plate are electrically connected to the electrods
{typically the anode} of the slectrochemically active layer closest to the metal support plate 306a
{those elecirochemically active layers being on the other side of the substrate}. That electrical
connection is enhanced by the welding of the metal support plate 306a and the separator plate

306b arcund their peripheary. As a result, the slectrical stud 301 is electrically connected to the
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stack of cell units via the first layer 1416, second layer 1417, and electrically conductive ceramic

laver 1418,

The arrangement 1400 also includes a second electrical end plate 1407, as shown in Fig. 10, which
may function substantially similarly to the first electrical end plate 1402 described above, The
second electrical end plate 1407 comprises a two-laver construction in which a first layer 1419 is
welded {or otherwise connected} to a second layer 1420 {the weld path 1722 is shown by a
dashad line in Fig. 11 and Fig. 13}. The first layer 1419 is a planar plate. The first layer 1419 blocks
one of the chimneys of the cell stack arrangement {the electrical stud 505 axits the cell stack
arrangement via a continuation of that blocked chimney) and is provided with a port which forms

a part of another chimney for fluid delivery or exhaust of the first fluid volume.

The second fayer 1420 is similar to the separator plate 306b of a cell unit 306 in the stack of cell
units, The second layer 1420 is provided with {similarly positionad} ports in the same way as the
separator plates 306b in the stack of cell units. The second laver 1420 is welded or otherwise
connected 1o the first layer 1418 around its periphery {and may also be welded around the ports).
it may be seen that the second layer 1420 is a contoured plate {i.e. it has 3D features). The
second layer 1420 is provided with projections which alternate in up-and-down directions, the up
projections divected toward and in contact with the laver 506 {which may be an electrochemically
active layer} of the neighboring {fowermost in the figure) cell unit 306 in the stack of cell units and
away from the first layer 1419 of the electrical end plate 1407, and the down projections directed
away from the neighboring {lowermost in the figure} cell unit 306 in the stack of cell units and
toward and in contact with the first layer 1419 of the electrical end plate 1407, The up projections
of the second faver 1420 contact the layver 506 of the neighboring (lowermost in the figure) cell
unit 306 of the stack of call units and so are electrically connected to the slectrode {typically the
cathode) of the neighboring {lowermost in the figure) cell unit 306, As a result, the electrical stud
505 is electrically connected to the stack of cell units via the first layer 1419 and the second layer
1420. The electrical studs 301 and 505 are affixad or otherwise connected at base portions of the
respective electrical end plates in a similar manner to that described with respect to the first
aspect above, the base portions being subjected to the compressions forces in the respective

chimneys.

The first {1416, 1419} and second {1417, 1420} tayers of the alectrical end plates {1402, 1407) are

ron-containing layers, for example the layers are steel {typically stainless steel or ferritic
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stainfess steel). Examples of suitable materials for the first layer include 55441 and Crofer 22 and
examples of suitable materials for the second layer include §5441, 55444, and Croter 22. The first
and second layers are formed of different metals and are permanently connected. The first layer
of the slectrical snd plate will have a thickness of at least 0.5mm, for example between 0.5mm

and S5mm, or between 0.5 and 2mm, or between 1 and Zmm.

The arrangement 1400 of Fig. 10 may be varied to provide both the first elactrical stud 301 and
second electrical stud 5305 at the same end of the stack through use of a busbar and additional

electrical plate, as described with respect to arrangement 800 in Fig. 8 of the first aspect.

Fig. 12 is an {artificially) exploded view of the first electrical end plate 1402, in Fig. 12, the first
layer 1416 and the second layer 1417 are self-supporting rigid plates. The weld path 1621 i
represented by the dashed line and follows the periphery of the second layer 1417 of the first
electrical end plate 1402, Further weld pathis) {not shown)} around the periphery of the fluid
ports may also be present to prevent fHuid flowing from the chimney formed by the respective
port into the space between the first and second lavers 1416, 1417 of the first electrical end plate

1420,

Fig. 13 is an {artificially} exploded view of the second electrical end plate 1407, in Fig. 13, the first
laver 1419 and the second laver 1420 are self-supporting rigid plates. The weld path 1722 is
represented by the dashed line and follows the periphery of the first layer 1419 and the second
faver 1420 of the second electrical end plate. Alse shown in Fig. 13 are the up-and-down
projections 1723 of the second layer 1420 of the second electrical end plate 1407, Further weld
path{s} {not shown} around the periphery of the fluid ports may also be present to prevent fluid
flowing from the chimney formed by the respective port into the space between the first and

second layers 1418, 1420 of the second electrical end plate 1407,

Referring to Fig. 14, a cross sectional view of a portion of a cell stack arrangement is shown. The
portion of a cell stack arrangement is a variant of the elecirical stud 505, second electrical end
plate 1407 and neighboring {owsrmost in Fig. 10} celi unit 306 in the stack of cell units in the cell

stack arrangement 1400 of Fig. 10,

In the variant shown in Fig. 14, the projections 1723 of the second layer 1420 of the second
electrical end plate 1407 which are directed toward the layers 506 of the neighboring cell unit

306 of the stack of cell units are provided with a conductive ceramic laver 1824, The projections
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of the separator plate 308b of each cell unit 306 which are directed toward the electrochemically
active fayers of the neighboring cell unit 206 of the stack of cell units are also provided with a
conductive ceramic layer 1824, The conductive ceramic layers 1824 are bonded or deposited to

said projections.

The conductive ceramic layers 1824 are in face-to-face contact with the layers 306 of the
neighboring cell unit 306 of the stack of cell units, and provide improved electrical contact
batween the projections {and therefore separator plate 306b or second plate 1420} and the
layers 506, When the layers 506 are electrochemically active layers of a cell unit, the outermost
electrode of the neighboring cell unit is typically the cathode, and & cathode-type material is used

for the conductive ceramic layers 1824, such as LSCF, LCN, BSCF.

Fig. 15 shows the second electrical end plate 1407 and conductive caeramic layers 1824 as part of
a cell stack arrangement 1900, Cell stack arrangement 1900 is a variant of the arrangement 1400
of Fig. 10, Fig. 15 additionally shows conductive ceramic layers 1824 which are bonded to or
deposited on the up projections of the separator plate 306b of the upparmost cell unit 306 in the
stack of cell units contacting the electrically conductive ceramic layer 1418 of the first slectrical
end plate 1402. These conductive ceramic favers 1824 provide good electrical connection
between the first electrical end plate 1402 and the neighboring {uppermost in Fig. 15} cell unit of

the stack of cell units.

The present invention is not limited to the above examples only, and other examples will be
readily apparent to one of ordinary skill in the art without departing from the scope of the

appended claims.

These and other features of the present invention have been described above purely by way of

example. Modifications in detail may be made to the invention within the scope of the claims.
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Claims
1. An electrochemical cell assembly comprising:

a base plate and a top plate between which a stack of planar cell units and at least one
electrical end plate are disposed in compression, wherein:

the electrical end plate comprises a two-plate construction in which a first plate and a
second plate formed of different respective materials are permanently connected together to
form a single conductive body,

the first plate of the electrical end plate is electrically connected to an external electrical
terminal of the cell assembly, and

the second plate of the electrical end plate has an outwardly facing side having a first
electrically conductive ceramic layer bonded thereto that is in face-to-face abutment with, and in

electrical contact with, an adjacent cell unit.

2. An assembly according to claim 1, wherein the adjacent cell unit has a second electrically
conductive ceramic layer bonded to the side which is in face-to-face abutment with the first
electrically conductive ceramic layer of the electrical end plate, and the first and second

electrically conductive ceramic layers are made of the same material.

3. An assembly according to claim 1 or 2, wherein the first electrically conductive ceramic
layer of the electrical end plate has a thickness selected such that the spacing between the at
least one electrical end plate and the adjacent cell unit is the same as the spacing between the

remaining cell units of the stack.

4, An assembly according to any one of claims 1 to 3, wherein the stack comprises
electrochemically active cell units, each of which comprise a separator plate and a cell-supporting

metal substrate plate.

5. An assembly according to claim 4, wherein the second plate of the electrical end plate is

made of the same material as the separator plate.

6. An assembly according to claim 4 or 5, wherein the second plate of the electrical end

plate has essentially the same configuration as the separator plate.
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7. An assembly according to any one of claims 1 to 6, wherein the second plate of the
electrical end plate has a 3D contoured construction with a series of projections extending
outwardly so as to abut the adjacent cell unit, over which projections the first electrically

conductive ceramic layer extends as a discontinuous layer bonded thereto.

8. An assembly according to any of claims 5 to 7, wherein the first electrically conductive
ceramic layer is made of the same material as a second electrically conductive ceramic layer
bonded to a metal substrate plate of the adjacent cell unit that is in face-to-face abutment with

the first electrically conductive ceramic layer.

9. An assembly according to claim 8, wherein the adjacent cell unit is electrochemically
active, and the second electrically conductive ceramic layer comprises an outermost electrode
layer of an electrochemically active cell layer bonded to the metal substrate plate of the adjacent

cell unit.

10. An assembly according to claim 8, wherein the adjacent cell unit is electrochemically
inactive, and the second electrically conductive ceramic layer is an electrode material layer that is

bonded to the metal substrate plate of the adjacent cell unit.

11. An assembly according to claim 4, wherein the second plate of the electrical end plate is

made of the same material as the cell-supporting metal substrate plate.

12. An assembly according to claim 4 or 11, wherein the second plate of the electrical end

plate has essentially the same configuration as the cell-supporting metal substrate plate.

13. An assembly according to any of claims 1 to 4 or 11 to 12, wherein the second plate of the
electrical end plate has a flat outwardly facing side with the first electrically conductive ceramic

layer comprising a continuous layer bonded thereto.

14. An assembly according to claim 4 or 11 to 13, wherein the first electrically conductive
ceramic layer is made of the same material as a second electrically conductive ceramic layer
bonded to a separator plate of the adjacent cell unit that is in face-to-face abutment with the first

electrically conductive ceramic layer.



2110 22

10

15

20

46

15. An assembly according to any of claims 1 to 14, comprising both a first electrical end plate
at one end of the stack as defined in any of claims 5 to 10 and a second electrical end plate at the

other end of the stack as defined in any of claims 11 to 14.

16. An assembly according to any preceding claim, wherein the electrochemical cells

comprise planar, solid oxide, fuel cell or electrolyser cell units.

17. A method of manufacturing an electrochemical cell assembly comprising:
providing a base plate and a top plate; and
providing, between the base plate and the top plate, a stack of planar cell units and an
electrical end plate, the stack of planar cell units being in compression between the base plate
and the top plate, wherein providing the electrical end plate further comprises:
providing a first layer and a second layer formed of different respective materials;
permanently connecting together the first layer and the second layer to form a
single conductive body;
electrically connecting the first layer of the electrical end plate to an external
electrical terminal of the cell assembly; and
bonding, the second layer of the electrical end plate to a first electrically
conductive ceramic layer, the first electrically conductive ceramic layer being in face-to-
face abutment with, and in electrical contact with, an adjacent cell unit of the

electrochemical cell assembly.
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