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POWER CONNECTION AT ONE END OF AN 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
prasent invention include cells of solid oxide, polymer electrolyte membrane, and molten
carbonate types. The present invention mare specifically relates to solid oxide fuel call {SOFC) and
solid oxide electrobyser cell (SOEC) stacks, and these may include metal-supported solid oxide fusl

cell (MS-SOFC) or electrolyser call stacks {(MS-S0EC)L

Background to the invention

Some fuel cell units can produce electricity by using an electrochemical conversion process that
oxidises fual to produce electricity. Some fuel cell units can also, or instead, operate as
regenerative fusl cells {or reverse fuel cells) units, often known as electrolyser fuel cell units, for
example 1o 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 fual cell units in a

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

A solid oxide fuel cell {SOFC) that produces elaciricity is based upon a sclid oxide slectrolyte that
conducts nagative oxygen ions from a cathode o an anods located on opposite sides of the
slectrolyte. 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). Corwentional caramic-
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 fusl
cell component layer supported on a metal substrate. in thess celis, the reramic lavers can be
very thin since they only parform an electrochemical function: that is 1o say, the ceramic layers
are not self-supporting but rather are thin coatings/fiims Iaid down on and supported by the
metal substrate. Such metal supported SCOFC stacks are more robust, lower cost, have better
tharmal properties than ceramic-supported SOFTs and can be manufactured using conveniional

metal welding techniques.
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A solid oxide electrobyser cell {SOEC) may have the same structure as an SGFC but is essentially
that 50FC pperating in reverse, or in a regenerative mode, o achieve the slectrolysis of water
and/or carbon dioxide by input of electrical energy and using the solid oxide eleciroiyte o

produce hydrogen gas and/or carbon monoxide and oxygen,

The present invantion is directed at a stack of repeating slectrochamical celf units and concemns
the design of their electrical end plates {power take-off or delivery). i1 is thus applicable to various
types of fuel and electrolyser cells, for example, based on solid oxide elecirolvies, poivmer
eiectrolvte membranses, or molten electrolytes. For conveniencs, “call units” is used to refer o

“electrochemical cell units” including fuel or slectrolyser celf units.

The electrical energy produced by a fuel cell {or input to an slectrolyser cell) may be transferred
through a stack of cell units and trarsferred from {or to) the stack using two electrical studs {of
opposite slectrical polarity} and associated slectrical end plates which make electrical contact
between the studs and the ends of the stack. The elsctrical studs and electrical end plates may
also be referred 10 as positive and negative “power take offs”, which terminclogy is used for
convanignce regardiess of whether the power is being taken off {as in case of fusl cell} or

deliverad {as in case of electrolyser cell}.

The stack is typically enclosed in a vessel 1o form a fluid volume and thereby to retain one of the
fluids {fusl or air and/or exhaust gasseas) for use in — or exhaust from — the stack, The electrical
studs typically pass through the vessel in order o allow slectrical energy o be transferred
bebween the stack and a load 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
10 the vessel may form a terminall, A fluid sesl s typically required 1o be maintained betweaen the
power take offs and the vessel in order to mainiain the integrity of the fluid volume enclosed by
the vessel Operating a fuel cell {for sxample an 30FC) system where the cell stack operates in the
450-6500esC rangs {for example, intermediate-temperature solid oxide fual cell IT-SOFD) results
in a challenging set of technical problams being encountered in transferring the elecirical ensrgy

taffrom the stack while maintaining a fluid seal.

IPHO53286000 A relates 10 a fuel cell stack with a self-supporting slectrochemically active fuel cell
layers, Current collecting plates are disposed 1o sach end of the fuel call stack, and function as
siectrical end plates. The current collecting plates have an undercoat and @ ceramic laminated on

metal plate {SUS 310}, The undercoal and ceramic are deposited on the metal plate by spraving.
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IPHOE3Z6000 A does not disclose any electrical studs, nor if there exists a vessel in which the
stack and current collecting plates are enclased. Therefore, IPHE5328000 A does not address how
o transfer electrical energy from the stack while maintaining a fluid seal between a power iake

off and a vessel.

US 2016/102410 Al relstes to a fuel cell system having a stack cover plate positionad betwesn an
end pate and a stack comprising self-supporting MEA calf units. The stack cover plate has a two
iaver construction of a contacting pdate and a separater half plate, both formed from stainisss
steel. The contacting plate is provided with a conductor which passes through the plastic end
plats to provide a connection between the stack and ouiside of the system. The end plate and
stack cover plate are also provided with a channel for delivery of 3 gas or conlant. A ring-shaped
racess in the end plate surrcunds the channsl and 3 sealing ring is provided thersin. In an
uncomnpressad state the sealing ring projects beyvond the end piate. Compression in the stacking
direction is used 1o compress the sealing ring 50 that the end plate and contacting plate touch

one another.

Fig. 1 is drawn from U5 2001/0046619 AL, Fig. 1 shows a fuel cell stack 20 enclosed 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 fusl stream 4. An external manifold &
provides for delivery of the oxidant stream 3 into an inlet chamber 43, and an external manifold 8
provides for removal of the oxidant stream 2 from an outlet chamber 23, A negative pole 30, or
anode end, of fusl cell stack 20 is separated from housing 23 by a dielectric spacer 31, A power
take-off terminal 32 extends from beneath fuel celi stack 30, and axtends into outlet chamber 33
of housing 23. An electrically conductive bus bar 34 is positionsd adjacent the power take-off
terminal 32 exterior 1o housing 23, A dislectric spacer 35 is disposed between the bus bar 34 and
housing 23. An electrically conductive fastener 36 connects power taka-off terminal 32 to bus bar
34 via an aperture 37 formed in housing 23, A dislectric spacer 38 isolates fastener 36 from the
surface of aperturs 37 sxdending through housing 23. A positive pole 21, or cathods 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 o housing 23 via an electrically conductive
fastener 40. Electricity generated within fuel cell stack 20 may flow from negative pole 30 of fus!
c=l stack 20 through power taks-off terminal 32 and bus bar 34 1o an external electrical circuit to
power an electrical appliance or machine. Electric current may return to the positive pole 21 of

fuel cell stack 20 through bus bar 39 and housing 23,
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In US 2001 /0046518 AL, the slecirically conductive fasteners 38, 40 are under tension in order to
seal the housing 23 {and so maintain a fluid volume in the chamber 33}, the seal may be

maintained via the dielectric spacar 38, for example a ceramic plate.

Fig. 2 is dravwn from WO 20077001189 AL Fig. 2 is a diagram showing a housing comprising a wall
45 and a first end plate 42 and 2 second end plate 48, A fuel cell stack 3 is comprassed between
end patas 42 and 48, The end plate 42 functions also as an electrical &nd plate and is connecied
i an electrical end bolt 50, The cell stack 43 is arranged betwesn said slectrical end plate 42 and
a second slectrical and plate 46, The electrical end plate 46 is connected o an slectrical bolt 51
and inssrted info the housing and electrivally insufated from the housing. The insulation is
achisved by an insulation ring 49 between bolt 51 and end plate 48 and an slectrical insulating
siastic pad 47, The elastic pad 47 is placed between the slectrical end plate 45 and end plate 48,
Bolts 50 and 51 are described in WO 20077001189 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).
Electrical bolt 50 is a power take off in electrical contact with the end plate 42, the wall 45, and
the end plate 48. Tha potential difference between the electrical bolt 51 {of the opposite polarity
1o the bolt 421 and therefore also 42, 45, and 48) is equal 1o the potentia] difference across the
calf stack 43, Thus, there is a high probability of electrical sparks and shorting between the end

plate 438 and elecirical bolt 51.

Space 44 is deseribad in WO 2007 /001188 AL a5 3 “void-space”. WO 2007/003189 Al does not
axplain how the stack 43 is compressed, nor how the fuel and oxidant {and respective sxhaust)

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

In the arrangement of US 2001/0046619 A1, sub-assamblies for power take off are under tension
in order to maintain a seal and thereby define a fluld volume. Electrochamical cells, including
intermediate-temperature solid oxide fuel cells, opsrate at relatively high temperatures, to
maintain a seal at such temperatures typically requires ceramic seals, which themsebves require
high comprassion loads in order 1o be effective. Maintaining high compression loads in such
erviroruments is challenging and reguires components under tension o be manufaciured from
expensive materials, such as Inconel, 1o resist creep. Craep in such parts reduces the comprassion
load and feads 1o failure of the electrocherical cell system through loss of sealing {either by

reduction in compreassive force below minimum required for a seal between componeants, or by
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the electrochemical celi desoribed in WO 2007/001188 Al

The present invention seeks io address, overcoms or mitigate at least one of the prior art

disadvantages.

SUMMARY OF THE INVENTION

In a first aspect, there is provided an slectrochemical celi assembly comprising:

a hase plate and 2 top plate between which a stack of planar celf units and st feast one
positive and at least one negative electrical end plate are dispossd in comprassion by means of

compression means acting bebween the base plate and top plate;

whergin at least one of the electrical end plates is connected or integratly formad with,
and in electrical contact with, an electrical stud that extends from a base portion of the at least
one alectrical end plate and passas through an opening in one of the base plate and top piate to

form an electrical tarminal; and,

wheregin a fluidic seal is maintained by the compression means bebween the hase portion
and the respective ong of the base plate and top plate; so as to prevent loss of fluid through the

GRErng.

An electrical terminal, positioned externally an the electrochemical cell assembly for accessibility,
raquires an opening in the assambly. However, fluid from within the assembly should not be lost
through the opening. Prior art solutions for sealing the opening are frequently subject 1o creep,
waakening the seal, and leading to system failura. The electrochemical celt assembly of the daims
advantagaously uses the compression means used for maintaining comprassion in the stack of

planar cell units 1o seal the opening {via action of the compression means on the base portion).

Praferably, the electrical end plate and respective electrical stud are separate components
connacted by a weld. Alternatively, the elecirical end plate and respective electrical stud may be
unitary, or may be separate components connected by screwing the slectrical 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 sither
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component.

Top plate and base plate are used o refer to the plates positioned to the cutside of the stack and
hatween which compression is applied. The names “top plate” and “hase plate” are merely used
for convenience, they may be interchanged and should not be construed as limiting the
arientation of the assembly. The compression means may be connected {e.g. in tension} betwesn
those platesii.e. inwardly disposed thersof}, for exampls, as compression plates or skirts, or the
compression means may include traditional compression belis and fasteners gripping and

comnpressing 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 slectrical 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 powsr 1o the stack of planar cell units, when the
electrochemical cell assembly is operated as an electrolyser celll In some cases the positive and
nagative elecirical end plates may also be referred to a5 an endpole and 2 monopole,

respectively,

The opening in the base plate and/or f1op plate may be a hole or aperture which fully pensirates
the base plate or top plate, and may be of any oress saction. 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
othar. The alectrical stud passes throuzh the opening in the base plate and/or top plate
provide an external {to the stack and its enclosure, formed at least in part by the base plate and

1op plate) electrical connection 1o the stack of planar celf units.

The compression means may maintain a compression {i.e. a comprassive force} between the base
rlate and top plate which was applied during manufacture of the electrochemical cell assembly.
The compression provides good slectrical contact batween sach of the planar cell units {abo
riferred Lo as repaat units) in the stack, between the electrical end plates and adjacent planar cell

units, and maintains compression in Huidic sealk betwsaean the base plats and top plate. The sealks
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may be formed by gaskets, for example where gaskets alternate with csll units along the fength
{i.e. in the stacking direction) of the stack, with the gaskets sealing an intemnal manifold for
dalivering fluid to fluld volumes within each cell unit, and thereby separating a first and second

fluid volume {8.g. a fuel volume and an oxidant volume},

A fluidic seai between one or both of the efectrical end piates and the respective of the base plate
and top plate is maintainad by the compression means. This also means that the opening in the
hase plate and/or top piate is sealad by the compression means {while allowing the electrical stud
1o pass through the opening). In turn, this means that the slectrical stud need not itself maintain
a s=al of the opening through which it passes. in other words, the elecirical stud is itself not a
fastensr or bolt, and need not be under tension fo maintain the seal of the opening. it is
advantageous to reduce the number of components under tension because components under
tension in a fush or slectrolyser cell environment must normally be manufactured from expensive
creep resistant materials, in order to resist cresp across the range of operation conditions {for
example across a temperature range from atmospheric temperatures of around 20 degress { o
much warmer operating temperatures of at least 400 degrees €L Any component under tension
should provide adeguate sealing force over & large range of temperatures but should also do so
aver many thermal cycles over the lifetime of the cell unit, with loss of sealing likely 1o cause
failure of an electrochemical cell system. inconel is one such creep-resistant material, Howsaver,
using the comprassion means 1o seal the opening through which the electrical stud passes means
that no electrical stud-refated 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,

Furthermors, the electrical stud may be free to expand and contract {relative to the hase or top
plate through which it passes) with changes of temperature. Thus, thermal expansion of the
alectrical stud {and related components, e.g., the elecivical end plates) need not affect sealing of
the ppening in the base and/or top plate. The seal of the opening in the base and/or top plate
{between the basse and/or top plaie and respective electrical end plate) prevents escape from the
assembly of gas through the opening {this gas is typically that of the second fluid volume, =z
oxidant, the first fluid volume, e.g. for fuel, comprising the internal manifolds and volums
between support and separator plates of g cell unit), Gaskets may be positionsd betwesan the

aslectrical end plate and the respactive base or top plate to maintain the seal therebetweasan,
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Praferably, each 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 a3
respective insulating faver{s) provided bebween 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
stud{s} because the slectrical stud{s} are not in electrical contact with the base plate, tap piate,
and comprassion means. Thus, where the electrical stud passes through hase plate or top plate,
thare may be a relgtively low potential difference betwesn the efsctrical stud and the hase plate
or top plate {which means there is a low potential gradient therebetween even if the gap
tharebetween is small} and 50 a minimised risk of shorting between slectrical stud{s} and the

base plate and/or top piate.

in an sxampls, the electrical stud passes though the opening in the base plate or top plate with
an alrgap 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 elecirical stud, and is at a fioating potential relative o the electrical stud{s),

in an alternative example, the electrical stud passes though the opening in the base plate or top
plate with an electrically insulating sleeve thersbetween. The sleeve {which may alse be referred

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

The elacirically insulating sheet may be mica or a ceramic material, which improves efecirical
isplation between the electrical end plate and respective base plate or top plate. Gaskets, of the
samae type as used elsswhare in the assembly, may be positionad between the slectrical end plate
and the electrically insulating sheet, and between the electrically insulating sheet and the base
plate and/for top plate. The gaskets form a good fluidic seal bebweaen respective plates/shasts.
Use of the same type {2.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 elecirical
2nd plates, and between the electrical end pistes and respective base or top plate) reduces pary
count, thersby cost, and ensures consistent transfer of compression through the assembly. The
gaskets may be preformed gaskets or formed in-sity, The gaskets may be formed of 3 suitable

non-conductive material which provides an adeqguate fluidic seal, and which is able to withstand
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the temperature and chemical environmants of the slectrochemical call assembiy {and which do
not poison the stack of cell units via their degradation}. Preferably, the gaskets are compliant {e.g.
flexible and compressibie) to provide a good seal with, in some cases, a reduced reguiremeant for
the compressive force, because a compliant material can easily conform to and seal against
surfaces {g.g., surfaces of the respective plates) that vary in parailelism, surface finish, and
separation therebetwesn. 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, BExternal connection means {2.g. & threaded section} may form
part of the external end of the electrical bolt, to connect to a load to the assembly {when
agperated as a fust cell) or to supply power to the assembly {when operated as an electrolyser
call, The collar andfor washer may provide mechanical stability to the electrical stud {e.g. during
handhng of the assembly, or during external connection to the slectrical stud) and may prevent

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

Preferably, the assembly comprises: at feast one positive slectrical end plate connecied or
integrally formed with, and in elecirical 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 slectrical end plate connected 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 electrical terminal; and, wherein a fluidic seal is maintainad by the
compression means bebween each base portion and the respective one of the base plate and top

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

In this praferred case, both positive and negative slectrical studs pass through an opening in one

or the other of the base plate and top plate.

Preferably, the positive slectrical 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 electrical studs
are positioned to opposite ends of the assembly. In this case, the repeat units may oocupy 3

larger proportion of the volume {in terms of plan ares e.g. due to the absence of any busbar)
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within the assembly {g.g. within the confinas of the base plate, top plate and & skirt, or within the

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

Alternatively, the positive alectrical stud and the negative electrical stud both pass through thair
respective first and second openings in either the base plate or the top plate. Conveniently, both
pasitive and negative electrical studs are positicned at the same end of the stack, which provides
corrvenient slectrical connection and instaliation of the assembly, In this case, one of the positive
and negative elecirical studs may be elecirically connected to an additional electrical end plate of
the same polarity as that stud by 2 bushar. This provides convenient slectrical connection of the
assembly. Optionally, the connection o the busbar is via at least one fab that is mors flexible
than the bushar and the connected slectrical end plates. Flexibility of the tab accounts for
different thermal expansion between the bushar and the stack of planar cell units. The tab may
be manufaciured from the same material as the busbar and/or elecirical end plates and
additional elactrical end plate, in which case its flexibility is increased by being thinner than thoss
components, Alternatively, the busbar is more flaxible than the tab and the slectrical end plates
and additional electrical end plate {for 2xample by being thinner! such that the bushar flaxes to

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

Preferably, the call units in the stack of planar cell units are provided with at feast 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 elecirical stud extending through its
respective gpening 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 1o sea the respactive opening. The internal manifold is within the plan view area defined
by the cell units. In some cases, the internal manifoid may be refarred to as a chimney, The
internat 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 2 fuel cell application, the Hrst
fiuid volume may be the fuel volume. Two internal manifolds may be provided, a first internal
manifoid for supply of the frst fluid volume and a sscond internal manifold for exhaust of the first
fluid voiume, The base plate and/or top plate may be provided with port{s) corresponding to {2.5.
aligned with} the port{s} in the call 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 volumel.
There may be more than one, say, infernal inlet manifold, or, indesd, more than one internal

autiet manifold.
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Praferably, the base portion of the respective slecirical end plate extends across the respective
internal manifoid to block it {Le. to block the respective internal manifold). The base portion of
the electrical end plate may block and fluidically seal the respective internal manifold such that
the high compression forces associated with the sealing within the internal manifold is
advantageously also employed to provide sealing of the opening. The positive and negative
electrical 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, and/or across an internal manifold aligned
therewith, the fluidic seal being maintsined by the compression forces exerted hy the

ca‘:mpr‘ession means.

Preferably, the assembly comprises: first and second respective internal manifolds extending
through the stack; and, 2 negative electrical stud is connected or integrally formead with, and in
eiectrival contact with, the negative electrical end plate and is aligned with the first respective
internat manifold; and, a positive electrical stud is connected or integratly formed with, and in
electrical contact with, the positive electrical end plate and aligned with the second respective
internat manifoid. 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
least overlap it such that the portion of the electrical stud passes through the opening.} When so
aligned, maximum transmission of compression ocours and problematic turning forces are
avoided; in particular, the electrical stud is preferably coaxial with internal manifold and the
respective opening in the one of the base plate and top plate {e.g. the opening in the base andfor
top plate may be a continuation of the internal manifold), Where present, the electrically
insulating cheet is also provided with respective ports which form g continuation of the respective
internal manifoid {(by being partly or fully aligned {fe. coaxiall with the respective internal

manifold),

Preferably, the negative and positive electrical studs both pass through their respective openings
it either the hase plate or the top plate, and one of the negative and positive slectrical studs is
aslectrically 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 installation of the assembly. In this case, ons of the positive
and negative electrical studs may be electrically connected to an additional electrical end plate of
the same polarily as that stud by a busbar. This provides convenient electrical connection of the
assembly, Optionally, the connaction to the bushar may again be via at least one tab, and the tab

or bushar may be as described above.

it this case, a first fuid volume comprising the first and second internal manifolds may be
supplied and exhausted by respective fluid infet and outlet openings in the other of the bases plate
and top plate. This provides convenient slectrical and fuidic connection of the assembly because
both studs pass through openings it ons of the base piate and top plate, and both inlet and
exhaust for the first fluld volums are located in the other of the base piate and top plate. In an
sxample, one of the positive and negative electrical studs is aligned with one of first fluid volums
inlet and exhaust internal manifolds, the other of the positive and negative slectrical studs is

aligned with the other one of first fuid volums inlet and exhaust internal manifolds.

in this case, the negative and positive slectrical studs may both pass through their respective
gpenings in aither 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
aopening through which one of the electrical studs passes to have the same plan view area or
axtent as the other alectrical end plate and the call units. This means that both manifoids {and
thelr continuations) are formed from the same components and maximum transmission of
compression occurs 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 alr gap, and

may be separated by a collar of insulating material,

in an example, the positive electrical stud and the negative elactrical stud may both pass through
respactive opanings in the top plate, wherein the negative slectrical stud is directly electrically
and machanically connecied to the negative electrical end plate positioned betwesn the positive
electrical end plate and the top plate, the additional elecirical end plate is positioned bebween
the stack of planar cell units and the base plate, and the additional electrical end plate is
electrically and machanically connecied to the negative electrical end plate by the bushar. In this
casa, the positive electrical end plate may blogk 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 result, the
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negative electrical end plate is not exposed to the first fuid volume and may be thinner than the
positive electrical end plate {if manufactured from the same materiall andfor may be
manufactured from a different material 1o the positive electrical end plate. Electrically insulating
and fluidicaily sealing gaskeis may be positioned between the negative and positive electrical end
plates to provide electrical insulation therebetween and to seal the continuation of the internal
manifold. An electrically insulating plate may be positionad between the negative electrical end
plate and the positive electrical end plate to improve electrical insulation therebebween. The
electrically irsulating plate may be manufacturad from mica or an electrically insulating ceramic
material. Electrically insulating and fluidically sealing gaskets may be positioned between each
plate. 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 busbhar in a

similar manner.

Preferably, the at least one of the positive and negative sisctrical end plates separates g first fluid
vilume and a second fluid volume within the stack. The slectrical 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 ancde of sach 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, comprassion 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 fusl

and the second fluid volume for oxidant,

Preferably, the compression means comprises a skirt attached in tension betwesn the base plate

arwd the top plate, which skirt ancloses at least the stack of planar cell units,

Preferably, the skirt also encloses the positive and negative electrical end plates, and the bushar
and additional electrical end plates, where present. The skirt may also be referred to as a hood.
Optienally, the skirt forms a gas-tight Huid volume, refarred to as the second fluid volume, for
exampls, an oxidant manifolding volume. In this case the skirt is sealingly attached to the base
plate and the fop plate around the periphery of the base piate and top plate {for example, by
means of a zas seal weld), The skirt {compression means}), base piate, 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 atiachment of the skirt to the base plate and top plate
{for example, by means of 2 gas seal weld). The slectrical 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 weall as providing simple component earthing in a product.

Preferably, o first fluid flow path, for instance & fusl flow path, from the fusl inlet to the exhaust
fuel outlet i internally manifoldead, e, within the first Huid flow path there is at least one internal
manifoid or chimney within the stack of planar cell units {for example, providing an infet chimney
or outlet chimney} and that is preferably aligned with the PTG opening such that the sealing
provided to the chimney per se is aiso used 1o seal the PTS opening. A sscond fluid flow path, for
instance an oxidant flow path, from the oxidant inlet to the sxhaust putlet may be externally
manifoided, may include in ifs path at least one section manifolded axternal to the stack of planar
calf units, More preferably, it is manifolded exi=rnal to the stack of planar cell units, and internal
o the slectrochemical cell assembly. More preferably, a volume is defined between the bass
plate, the top plate, the skirt, and the stack of planar cell units. Such a volume can be considered

10 he the second fluid manifoiding volume,

in somea cell assemblies, a second fluld flow path, for irstance an oxidant flow path, from the
axidant inlet to the exhaust outlet may be internally manifolded, e, within the second fhuid flow
path there is at feast one internal manifold or chimney within the stack of planar cell units {for
axample, providing an inlet chimney or outlet chimney) and that is preferably aligned with the
PYC apening such that the sealing provided to the chimney per se also is used to seal the PO

OREnng.

Alternative comprassion means may be usad, such as, for example, tie bars within or outside the
volume defined by the stack of planar cefl units, and thess may be usad in addition to a skirt

which forms a gas-tight fluid volume,

Prefarably, an interconnect plate, or a 3D conioured construction formed in the negative
siectrical end plate, or a 30 contoured construction formed in the additional slectrical end plate
where prasent, or a 3D contoured construction formed in an outermost cell unit of the stack of
planar cell units provide electrical contact batween the respeciive electrical end plate and the
stack of planar cell units for transfer of elecirical current thershetween, The interconneact plate or
30 contoured construction provide good slectrical contact bastween plates within the

eiectrochenyical cell assembily. The comprassion means provides compression through the plates,
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vig the interconnect plate or dimples 1o the stack of planar cell units {and within the stack,
hetween and within each caill unit), thereby ensuring good electrical connection throughout the

electrochamical cell assembly.

The 30 contourad construction, for example, comprisas a pattern of spaced channels and ribs, or

spaced dimples, to control fluid flow.

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

a5 detatled balow.

i accordance with an alternative first aspect, there is provided an slectrochemical cell assembly
comprising:

a base piate and a top plate between which 3 stack of planar cell units and at least cne
pasitive electrical end plate and at least one negative electrical end plate are disposad in
comnpression by means of comprassion means acting between the base plate and top plate,
wherain:

at least one elactrical end plate is mechanically and electrically connectad 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 electrica! terminal,

zach of the cell units is provided with 3t isast ong port and the cell units are
stacked one upon another such that the respective poris align to form a respective
internal manifold extending through the stack, and,

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

comprassion means to seal the respective internal manifold also act o seal the opening.

it 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) gashets), may also be used to seal
the apening. The internal manifold may be generally or exactly aligned {i.e. co-axial} with the

opening, 30 that it extends therefrom as a continuing passaga.

The assembly according to this alternative first aspect may be combined with any of the features
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outlined for the first aspedt 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 lzast
one electrical end plate, or forming part of a further plate connected thereto, which plate is also
in compression batween 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
raspective of the base plate and top plate. Conventently, the stud base 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 aspsct, there s provided an electrochemical cell assembly
coHnprising:-
a base piate and a top plate between which a stack of planar cell units and at least one
eiectrival end plate ars disposad in comprassion, wherein:
the slectrical and plate comprises a two-layver construction in which a first laver
and a second laver formed of different respective materials are permanently connected
together to form a single conductive body,
the first tayer of the electrical end plate is electrically connected o an external
electrical terminal of the cell assembly, and
the second layer of the electrical end plate has an outwardly facing side having a
first elacirically conductive ceramic layer bonded thereto that is in face-to-face abutment

with, and in electrical communication with, an adjacent calf unit,

The use of a second layer {or plate) that can be of a different material and different thickness to
the first layer {or plate} and that has & ceramic laver bonded thereto has been found 1o provide a
good electrical connection whilst being less prone to delamination of the ceramic laver, The at
least 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
remaove power from the stack via the adiacent cell unit with which it is in electrical
comimunication. 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 elecirical connection between the lavers {or plates). Typically the first and
second layers are permanently connected around their periphery and around any ports provided
through the slectrical end plate so as to prevent fluidic communication with a volume between

the first and second layers.
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Praferably, the adiacent cell unit has a second electrically conductive ceramic faver bonded 1o the
side which is in fage-to-face abutment with the first electrically conductive ceramic faver of the
electrical end plate, and the first and second =lectrically conductive ceramic layers are made of

the same material.

Forming the first and second elecirically conductive ceramic layers from the sams materis
ensures good electrical contact therebatween {e.g., by reduced contact resistance relative to the
contact resistance between two dissimilar materials), and therefore also hetween the alectrical
end plate and the adiacent cell unit. Efficlency of the assembiy, operated as a fusl call or an

siectrolyser cell, is thersby improved.

Prefarably, the first electrically conductive ceramic faver of the slectrical end piate has a thickness
selacted 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. compressible} gaskats,
converiently the same type of gaskets may be usad fo ssparate the at least one glectrical end
plate and the adjacent cell unit {e.z. 3 gasket of the same material and same thickness). This
raduces 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 comprassive

forces through the assembly.

Prefarably, 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 csll unit, the metal substrate plate supports an active
electrochemical cell layer {L.e. one in which an slectrochemical 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 mors “dummy” cells that are not electrochemically active may
e provided, as described in WO 2015/136295 Al Hence, the adiaceni cell unit may be
electrochemically active, meaning it will perform the function of an electrochemical cell at
aperation conditions. Alternatively, the adjacent cell unit may be slectrochemically inactive while
still forming an electrical connection betwesn the slectrical end plate and rest of the fusl cell
stack., For example, it may comprise a separator plate and a metal substrate plate, the latter

optionally supporting a taver of cathode material that is the same material as the material used in
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the cathode of an elecirochemically active cell unit,

Typicaily, the adjacent call unit comprises at least one of a metal substrate plate and a separator
pate, Typically, the cell unit is a metal supported cell unit, & separator plate separates an oxidant
fluid volume from a fusl 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 channsls and ribs,

or spaced dimples, to control fluid How.

Typicaily 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 cutermost 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, evan more typically a ferritic stainless steel, Without being limited by metal type, examples

of suitable substrate and/or separator materials include $5441, §5444, Crofer 22.

Typicaily the separator plate will have a series of raised regions {2.8. a pattern of spaced channels
and ribs, or spaced dimpies, to control fluid flow) on the side in face-to-Tace abutment with the
astectrical 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 laver typically covers these raised

regions of the separator plate.

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

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

Typicaily the first ceramic laver will comprise material suitable for use in the cathode of a solid
oxide fuel cell. The inveniors have found thal material suitable for use in the cathods of a solid
oxide fusl cell provides good slectrical connection betwsen the elecirical end plate and the
adjacent fusl cell unit, Without being limited by ceramic type, typical examples of suitable
materials include 15CF, LON, BSCFE. Typically the second ceramic layer will comprise material
suitable for use in the cathode of & solid oxide fuel ceill. Even more typically the first and second

ceramic layer will have substantially the same composition.



10

15

20

25

30

19

Praferably, 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 elecirical end plate is chemically compatible with the cell units and
the first electrically conductive ceramic laver, and ensures that the second laver of the electrical
end plate is compatible with the chemical environment of the assembiy {Le. able to chermnically

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

Preferably, the sacond laver of the sisctrical end plate has essentialiy the same configuration as
the separator plate. Conveniently, the second laver of the electrical end plate is mads of the same
material a5 a separator plate of the cell units in the stack of cell units, and preferabby, also has
essentially the same configuration {e.g., shaps and orientation} as  separator plate {except for
sxample, where T requires different {e.g. perimeter) features to perform its function as an
electrical end plate), L.a., the second layer is itself a plate {e.g. 3 self-supporting, rigid plate). In
assence, the second layer can therefore be formead from the same separator plate {or very simiiar
coimponent} to the remaining separator plates of the stack, with the advantags that the electrical
connection to the adiacent unit cell, and mechanical forces, dosaly resamble those between
adjacent cell units, with the first electrically conductive ceramic layer thus in face-to-face
abutment with a metal substrate of the adjacent unit cell, in common with other separator plates

in the stack.

Preferably, the second layer of the elecirical end plate has a 3D contoured construction with a
seriss of projections extending cutwardly 50 as to abut the adijacent cell unit, ovar which
projections the first electrically conductive ceramic layer extends as a discontinuous layer bonded
thereto. The 3D contoured construction may comprise, for example, a pattarn of spaced channels
and ribs, or spaced dimples, to provide a volume bebween the elecirical end plate and ths
adjacent cell unit, which allows supply of fluid to the adigcent cell unit and conirol of the flow of
that fluld, The projections abut {eg. contact) the adjacent cell unit, providing slectrical
connaction baiween the slectrical end plate and the adjacent cell unit, thereby sllowing the

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

Praferably, the first electrically conductive ceramic laver is made of the same material a5 a second
electrically conductive ceramic laver bonded o a matal substrate plate of the adjacent call unit

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

Forming the first and second elecirically conductive ceramic layers from the same material
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ansures good electrical contact therebetween {e.g., by reduced contact rasistance relative o the
contact resistance between two dissimilar materials), and therefore also between the electrical
end plate and the adincent cell unit. Efficiency of the assembly, operated as a fuel cell or an

electrolyser cell, is theraby improved.

in an example, the adjacant cell unit is electrochemically active, and the second slectrically
conductive ceramic layer comprises an outermoest electrods layer of an slectrochemically active

cell layver bondad to the metal substrate plate of the adjacent cell unit,

in an eslectrochemically active cell unit, the metal substrate plate supports an  active
alectrochemical cell layer {i.e. one in which an electracherical reaction oecurs during operation)
bonded thereto, which may be coated, deposited or otherwise affixed thereto, In an example the
gutermost electrode laver of an electrochemically active cell laver 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 adjscent cell unit is elecirochemically inactive, and the second
electrically conductive ceramic layer is an electrode material laver that is bonded to the metal
substrate piate of the adjacent cell unit. The sscond electrically conductive ceramic fayer is an
electrode material layer may be bonded directly to the metal subsirate plate of the adiacent call

unit.

One or more electrochemically inactive cells {also referred to as “durmmy” cells), that are not
alectrochemically active may be provided, as described in WO 2015/136295 Al In this case, the
adiacent cell unit may be electrochemically inactive while still forming an electrical connection
hatween the electrical end plate and rest of the fuel cell stack. For example, it may have a metal
subistrate 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. The one ar more slectrochamically
inactive cells provide electrical connection betwesn the electrical end plate and elaectrochemically

active cell units in the stack of cell units,

in an alternative to the case where the sscond layer of the slectrical end plate is made of the
same material as the separator plate, the second laver of the elecirical end plate is made of the

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

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

in this case, preferably the second laver of the elecirical end plate has essentially the same

configuration as the cell-supporiing 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 3 cell unit in the stack of cell units, and preferably, also has
essentially the same configuration as a call-supporting metal substrate plate {except for example,
whare it requires different features to perform its function as an electrical end plate), e, the
second layer is itself a plate {g.g. a self-supporting, rigid plate}. In essence, the second layer can
therefore be formed from the same celi-supporting metal substrate plate {or very similar
component} to the remaining cell-supporting metal substrate nlates of the stack, with the
advantage that the electrical connection to the adjacent unit cell, and mechanical forces, closely
resemble those between adjacent cell units, with the first electrically conductive ceramic layer
thus in face-to-face abutment with a separator plate of the adiacent unit cell, in common with

other cell-supporting metal substrate plates in the stack.

in this case, preferably the second aver of the electrical end plate has 3 fiat cubwardly facing side
with the first electrically conductive ceramic layer comprising a continuous layer bonded thereto.
The first electrically conductive ceramic layer may be made of the same material as a second
electrically conductive ceramic faver bonded to a separator plate of the adjacent cell unit that is

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

Forming the first and second electrically conductive ceramic layers from the same material
ensures goad electrical contact thershatween {e.g., by reduced contact resistance relative to the
contact resistance between two dissirmilar materials), and therefore also between the alectrical
end plate and the adjacent cell unit. Efficiency of the assembily, operated as a fusl cell or an

slectrolyser cell, is thereby improved.

The first electrically conductive ceramic fayer may have a thickness sgual 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.z. compressible) gaskets, conveniently the same type of gaskets may be used
to separate the at least one slscirical end plate and the adiacant 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 multiple locations within the assembly, and

ensures consistent transter of compressive forces through the assembly,

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

sfectrical terminals.

Prefarably, a portion of the external electrical terminal extends through an opening in one of the
hase plate and top plate to slectrically connect to the first layer of the electrical end plate.

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

For example, the openingisl may be aligned with internal manifolds {formed by ports through
asach cell unit in the stack), the slectrical terminals {also referred to as electrical studs) may alsa
be aligned with the internal manifolds. Gaskets may separate sach plate, and are positioned

arpund ports and openings to form the internal manifold.

Typicaily the first and second layers of the electrical end plate are iron-containing layers, More
typically the lavers are steel, more typically stainless steel, sven more typically ferritic stainless
steel, Without being limited by metal type, examples of suitable materials for the first layver
include $8441, Crofer 22 and examples of suitable materials for the second layer indlude 55441,

55444, and Crofar 22,

Typically, the first faver of the elecirical end plate will have a thickness of at least 0.5mm, more
typically hetween 4.5mm and 5mm, even more typically between 0.5 and 2mm, even mors
typically between 1 and Z2mm. in other words, the first layer of the slectrical end plate is Hisalf a

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

Tynically, the thickness of the first and second ceramic layvers is 53-200 micrometers, preferably

80-150 micrometers, and more preferably $0-100 micrometers,
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Tynicaily, the thickness of the substrate {also referred to a3 support plate, metsl substrate plate
or cell-supporting metal substrate plate} is 50-250 micrometers, preferably 56-150 micrometers,

and more preferably 100 micrometers,

Prefarably the slectrochamical cells of any of the aspects detailed above comprise planar, solid
axide, fuel vell or electrolyser cell units. The electrochemical cell assembly may be used as a fuel
and/or electrolyser cell or any other variant capable of electrochemistry. The stack of planar ceil
units may be based on one of solid oxide slectrolvtes, polymer slactrolvis membranes, or molten
eiectrolyvies or any other variant capable of slectrochemistry. in an example, the electrochemical
cell is based on 2 plurality of planar celi units {2.g. tens 10 saveral hundrad cell units) having solid
oxide electrolvtes and so the electrochemical cell may be referred 1o as a solid omdade fuel cell
{SCGFC) and solid oxdide electrolyser cell. The solid oxide elecirolyies may be supported by a foll, in
which case they may be referred o as metal-supported celis, in particular, metal-supported solid

axide fuel cell {(ME-30FC) or electrolyser call,

The stack may comprise slectrochemically active cell units, each of which comprise a separator
plate and a cell-supporting metal substrate piate. In an electrochemically active cell unit, the
metal substrate plate supports an active electrochemical cell laver (e, one In which an
aslectrochemical 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 slectrochemically aclive may be provided, as described in WO
20357136295 Al Hence, a cell unit adjacent an shectrical end plate may be electrochemically
active, meaning it will perform the function of an electrochemical cell at operation conditions,
ard the electrical end plates may be in contact with a respactive electrochemically active cell unit
at the end of the stack of cell units. Alternatively, the adjacant cell unit may he electrochemically
inactive while still forming an electrical connaction betwean the electrical end plate and rest of
the fual calf 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 cass, the electrical end plate may be described as being in elactrical

contact with an adjacent cell unit positioned at the end of the stack.

Typicailly, the adiacent call unit comprises at least one of a metal substrate plate and a separator
plate, Typically, the cell unit is & metal supported call 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
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with a 3D contourad construction, for example, comprising a patiern of spaced channels and ribs,

or spaced dimples, to control fluld flow.

As indicated above, “cell units” or “cell stack” is used to refer to “elactrochemical call 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 3 cross sectional view of a cell stack arrangement in accordance with a first aspect of

the prasent invention.

Figure 4 is a oross sectional view of a cell stack arrangament in accordance with the first aspect.

Figure 5A is a cross sactional view of a cell stack arrangement in accordance with the first aspect

and figure 5B is an enlarged view of a portion of the celf stack arrangament of figure 5A.

Figure 6A a cross sectional view of a cell stack arrangement in accordance with the first aspect

arndd figures 6B and 6C are enlarged views of a portion of the cell stack arrangement of figure 84,

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

accordance with the first aspect.

Figure 8 is an exploded perspective view of the cell stack arrangement shown in figure 548 in

accordance with the first aspect,

Figure 9 is an expioded perspective view of the cell stack arrangement 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 arrengerment shown in figure 180,

Figure 12 is an exploded view of a first elecirical 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 sscond

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 2 portion of a cell stack arrangament in accordancs with the

second aspect,

it the following figures and description like reference nurmerals will be used for like alements in

different figures.

Detalled Description of 1st Aspect

Referring 10 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 s¢ as 1o show detall of an internal
manifold {chimneyd, an electrical stud, and an electrical end plate. A stack of five repeating cell
untits 306 are shown forming the slectrochemical cell stack, the number of cell units is reducad for
iHustrative purposes and is typically much larger {for example 3G-200}, The cell units 306 comprise
a substrate {or metal support plate} 306z and a separator {or interconnect) 308b and may be
sirvilar 1o those described in the Appiicant’s earlier patent application WO 20157136295, The
substrate 308z carries an electrochemically active layer {or active fuel cell component layer, not
shown) comprising respective anode, electrolvte and cathode lavers respectively deposited {e.5.
as thin coatings/films} on and supported by the metal support plate {e.g. stead pliate or foil), the
eiectrocheryically active laver faces the separator 306k of the adiacent cell unit 306, The metal
support plate 306a has a porous region {not shown) surrcunded by a non-porous region with the
active lavers being deposited upon the porous region so that gases may pass through the pores
from one side of the metal support plate 3064 to the opposite side 1o access the active layers
coated thereon. As shown in figure 3, each call unit 306 comprises two plates ar layers — the
metal supprort plate 306a and a separator plate 306k {(bul 2 spacer plate may be sandwiched
hetween the metal support plate 306z and the separator plate 306k}, i also has fhuld 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 call unit 308 with a fluid
velume in the middie defined by the space provided in betwesen the metal support plate 308a and

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

fusefweld path, thereby avoiding surface-to-surface contact resistance losses.

As discussed in WO2015/136295, the porouws region comprises small apertures {holes drilled
through the metal foil substrate} {not shown) extending through the metal support plate 3063, in
a location to overlie the anocde {or cathode, depending on the polarity orientation of the
eiectrochentically active iaver), which is positioned under the metal support plate 306a. Thases are
pasitioned in the large space or aperture between the metal support plate 306a and the
separator plate 3068k {and which may be defined by the spacer plate) so as to aliow the fluid
volume to be in fluid communication with the slectrochemicaliy active layers on the underside of

the support plate 3063 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 lavers) of a
subseguent {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 308, This thus electrically connects between adjacent
fuel calls units 306 of a stack to put the electrochemically active layers of the stack {usuaily one

on each fuel cell unit) in series with one anather,

The stack of cell units 306 in Fig. 3 are stacked with gaskets 304 positioned between neighboring
cell units 306, Each gaske! 304 surrounds a fluid port of the cell unit and is electrically insulating.
The stack of cell units 206, with respective gaskets 304, ars positionad one atop another such that
corresponding fluid ports in the cell units 306 are aligned to form an internal manifold or
chimney through the stack of cell units, through which a fluid may be delivered to, and exhausted
from, the call units {spacifically, 1o the opening betwean the matal support plate 3083 and the
separator plate 306b of sach cell unit 306}, The gaskets 304 provide a fluldic seal between their
surface and that of the sbutting surface. The gaskets 304 are preformed gaskets and are not
electrically conductive. The gaskets may, for example, be made of a vermiculite {eg
thermiculite), which may provide a superior sealing performance compared Io mica or ceramic

while requiring much lower load to seal.

Either or both of the metal support plate 3063 and the separator plate 3060 of o cell unit 306 may
be provided with dimples {not shown in Fig. 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 {Le. surrcunding the chimnayl and in Hine with the gaskets 304, The
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dimpies transfer compression through the stack of cell units, supporting comprassion applied to
the ceil unit by the gaskets {port gaskets, that is gaskets surrounding a port, the gaskets are
wypically annular surrounding a port of circular cross-section) 304 positionad above and below the
cell unit, and maintain a separation {gap} between the metal support plate 308a 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 between the metal support plate 306a and the

separator plate 306k of a cell unit 306 {as describad further with respect to Figs. 5§ and 6}

in this embodiment, positioned o each snd of the stack of cell units are a powsr take off
assembly and 3 top plate or bassplate. A power taks off assermbdy comprising 3 first electrical end
plate 202 and an electrical stud 301 s positioned to the upper end of the stack of cell units, with
the first slectrical end plate 302 positioned atop the stack of cell units, The first electrical end
plate 302 i¢ separatad from the and of the stack by a {port) gaskat 304, which is identical to the
{port) zaskets used betwesn call units 306 in the stack. The first electrical end plate 302 bladks
the chimney, by means of a base portion from which the elecirical stud sxtends 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 308, The first slectrical end plate 302 transfers elecirical potential from the cell unit
306 at the upper 2nd of the stack of cell unils 306 1o the electrical stud 301, which transters the
potential external to the cell stack arrangement 300, the stud acting as an electrical terminal. The

first electrical end plate 302 and slectrical stud 301 may be unitary; alternatively they may be two

separate components which are welded, brazad, screwead, or otherwise affixed 1o ong another.

Positioned above {i.e. cutwardly of} the first electrical end plate 302 is a first elactrically insulating
plate 30%a, so that the first electrical end plate 302 is positioned betwesn the first electrically
insulating plate 305z and the stack of cell units. The first electrically insulating plate 3058 extends
praferably across the stack to at least the same extent as the underlying stacked coll units and is

gasket 304, which is identical to the

o

separated from the first slectrical end plate 302 by a {port)
gaskets usaed betwean cell units 306 in the stack. The gasket 304 surrounds an opening in the first
electrically insulaling plate 305a which is cosdal with {and forms a continuation of) the chimneay

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

Pasitioned ahove the first electrically insufating plate 3053 is a top piate 303, so that the first

electrically irsulating plate 2053 is positioned between the top plate 303 and the first slectrical
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end plate 302, The first electrically insulating plate 305a is separated from the top plate 303 by a
{port} gasket 304, which i5 identical to the gaskets used bebween cell units 306 in the stack. The
gasket 304 surrounds an opening in the top plate 303 which iz coaxial with {and forms a
continuation of} the chimney through the stack, through which the electrical stud 301 passes, The
first electrically insulating plate 305z provides electrical insulation between the electrical end
plate 302 and the top plate 303, The first electrically insulating plate 30%a may be manufachured

from mica or a non-conductive ceramic material,

Positioned below the stack of celi units {i.e. 1o the opposite end of the stack than that having the
first electrical end plate 302, first electrizally insulating plate 3053, and top plate 303} is a sscond
electrical end plate 310, second electrically insulating plate 305k, and base plate 308, The second
siectrical end plate 310 is separated from the end of the stack by a gasket 304, which is identical
1o the {port) gaskets used hatweaen cell units 306 in the stack. The second slectrical end plate 310
is provided with a port, which is aligned with the ports through the cell units 306, through which
fluid mav pass, as such, it defines part of the chimney. The second efecirical end plate 310 s in
siectrical contact with the cell unit 306 at the lower end of the stack of cell units 306, and has
oppasite polarity to the first electrical end plate. The second electrical end plate 310 may be in
slectrical contact with a second electrical stud {not shown} 1o transfer electrical energy out of the

calf 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 positionsd between the second electrically
insulating plate 305b and the stack of cell units, The second slsctrically 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 204 surrounds an opening in the
second slectrically insulating plate 305b which is coaxial with {and forms part of} the chimnsy

through the stack, through which Auid may pass.

Pasitioned below the second electrically insulating plate 3050 is the base plate 308, 50 that the
second electrically insulating plate 305b is positionad between the base plate 308 and the second
electrical end plate 310, 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 epening in the base plate 308 which is coaxial with {and forms

part of) the chimney through the stack, through which fhild may pass, and provides a port for
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fluid delivery o or exhaust from the chimney and thereby the stack., The second slectrically
insulating plate 305b, which is similar t© the first slectrically insulating plate 305%s, provides
electrical insulation between the electrical end plate 310 and the base plate 208. The second
electrically insulating plate 30%b may be manufactured from mica or a non-conductive ceramic

material.

Compression means 307 is provided t© 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 sxample, the first slectrical end plate 302 is in slsctrical contact with an outermost laver
{e.g. an anode iaver) of the uppermost call unit 306 of the stack of call units and the second
atectrical end plate 330 /is in slectrical contact with a cathode layer of the lowermaost cell unit 306
of the stack of call units {the stacked cell units baing in a series connection). The ancde may ba in
fluid communication with the first fluid volume and the cathode in contact with the second Fuid
viplume, Operated as a fuel call, fuel is supplisd to the first fluid volume and oxidant supplied to
the second Huid volume, and a potential difference is produced between the first electrical end
plate 352 and the second slectrical end plate 310, and a load may be conneciad thershetween. in
this case, the first slecirical and plate 302 may be referred 0 33 3 monopole and the sscond

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

Operated as an electrolyser call, a potential difference is apphied 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 g cell stack arrangement 400 is shown. Cell stack
arrangement 400 is a variant of the cell stack arrangemant 300 of Fig. 3. In the variant shown in
Fig. 4, the cell unit {repeat unit} 408 includes & metsl support plate 406z and 2 separator plate
406h. In this variant, no preformed {port) gaskets are required between call units 408 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 sectional view of a cell stack arrangement 500 is shown, and referring
to Fig. 5B an enlarged view of the area encircled in Fig., 54 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 o the cell units 306
described above. Fig. 5A shows the slectrochemically active layer 506, comprising respective
angde, electrolvte and cathode lavers respectively deposited {e.z. as thin coatings/films} on and
supported by the metal support plate 306a. Fig. 54 also shows the up and down projections of
the separator plate 306k which contact the metal support plate 306a of the cell unit 3086 and an
autermost layer of the electrochemically active layer 506 of the adjacent {neighboring) cell unit

306,

The elsctrical stud 301 and first elecirical end plate 307 are similar o those described above. in
this case an slectrically insulating siesve 503 {also referrad 1o a5 a collar} surrounds the siectrical
stud 301. The glectrical stud 301 and the openings through the first electrically insuiating plate
305a and top plate 203 may be circular in cross section, and in which case the skeeve 303 s a
holiow cylinder. The sleeve 303 is formed from an {electrically} insulating material, such as mica
oy ceramic. i provides mechanical stability 1o the sisctrical stud 301 during handling of the stack
arrangement 500 and during connection of a load o the stud 301, The sleeve 503 also pravents
ingrass of foreign material {e.g. dirt) into the stack arrangement 300 via the opening in the top
plate 303, Further mechanical stability is provided by a washer 504 which surrounds the sleeve
5033 {and stud 301} and sits on the outer face of the top plate 303, The outer face of the washer
504 sits proud {iL.e. protrudes from the cuter face of the top plate 303 further than} the suter end
of the sleeve 503 such that any mechanical forces applied to the stud are transferred through the
washer 304 to the top plate 303 rather than throusgh the slesve 5303 or through the stud 301 to
the first slectrical and plate 302. The washer may be formed of any sultable {elacirically}
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. A The first electrical end
plate 302 is {preferably} provided with a layer of material 310 deposited {eg. as thin
coatings/films} on — or attached to - and supported by the first electrical end plate 302. The {aver
of material 510 is an slectrically conductive ceramic material, and may have a similar compaosition
to that of the cathode of the electrochemically active laver 506, for example it may ke LSCF, LCN,
BSCF, eg LCNBEG. The laver of material 510 advantageously has a thickness which is squivalent o
the thickness of the slectrochemically active layer 506 of the cell units 306, which means that the
profrusions in the separator plate 3060 of the outermost {uppermost in Fig. 54} cell unit 306

contact the face of the laver of material 510, This conveniently also aliows all gaskats 304 to be of
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similar thickness. This reduces the number of different components required in the stack
arrangement 500 as no special components are reguirad 10 connect the stack of cefl units 306 1o
the first slectrical and plate 302, The iaver of material 310 contacts the {up} protrusions in the
separator plate 3068h of the outermost {uppermost in Fig, BA} cell unit in the stack of cell units
angd electrically connects that separator piate to the first electrical end plate 202 to aliow transfer
electrical energy therebetwesn, The electrical end plate 302 is shown as a single plate upon
which the layer of material 518 is affixed, coated, or deposited, but may also be a vwo {or more}
part construction, as described in the second aspect, for example electrical end plate 1482 of Fg.

id

A secand electrical stud 505 is shown in Fig. 54, which is similar to the electrival 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 305k and bass plate 308, The second slectrical stud 505 is provided with a sleeve 503,

washer 5044, bushar, and nut, similar to the first elecirical stud 301, but associatad with the base

Further details of the second electrical end plate 5307 are apparent in Fig. 54, The second
slectrical end plate 507 is provided with protrusions extending toward the stack of cell units 1o
cantact an outermaost electrode {e.g. the cathode) of the slectrochemically active layer 506 of the
agutarmost {lowermost 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
gaskels 304 positioned between the second slectrical end plate 507 and the stack of cell units to
ke of the same thickness {indeed, to be the same gaskets) as those used hetween adjacent cell

uniis 306 in the stack of cell units,

The protrusions in the second elecirical end plate 507 contact the cutermaost {fowearmaost in Fig.
54} face of the slectrochemically active fayer {e.g. the cathode} of the ocutermaost cell unit in the
stack of cell units and efecirivailly connects that face of that slectrochemically active layer (o the
second electrical end plate 507 {0 allow transter of slectrical energy therebetween. The alectrical
end plate 507 is shown as a single plate, with integral projections, but may also be a two {or
rore) part construction, as described in the second aspect, for example electrical end plate 1407

of Fig. 1.
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it will be noted that the electrical stud 301 and the second electrical stud 505 are positioned at
oppasite ends of the stack of cell units. Two chimneys are presant in the arrangement 500, and an
slectrical stud s aligned with each {e.g., preferably coaxial with eachl. The chimneys are
definedfformed by the gaskets 304, ports through the call units 308, and ports through either the
first electrical end plate 302, first electrically insulating plate 305z, and top plate 303 or through
the second electrical end plate 507, second electrically insulating plate 305b, and base plate 308,
The first slectrical end plate 302 blocks a first chimney {left cde of Fig. 54, by means of a base
partion 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 slectrical stud extends perpendictariyl.

As indicated by the arrows in Fig. 54, the first chimney is used for delivery of a first fluid to 3 first
fluid volume, and the second chimney is used for exhaust of the first fluid volume. The first fluid
volume is enclosed betwesn the metal support plate 3063 and the separator plate 306k of a cell
unit 306 and supplied/exhaustad by the chimneys. The second fluid volume may be provided
surrounding the cell units and chimneys, enclosad by the skirt, base plate, and end piats, and o
be in fluid communication with the outermost efecirode of the electrochamically active layer 306,
Parts for supply and exhaust of the second fluid volume may be provided in the base and/or end

plate {not showst in Fig. BAL

Further shown in Fig. 54 are support lavers 511 provided betwesn the power take of plate 302
ard the first electrically insulating plate 3054, between the first electrically insulating plate 3053
and the top plate 303, bebween the second elecirical end plate 507 and the second electrically
insulating plate 305%b, and betwesn the second slectrically insulating plate 305b and the base
plate 308, The support favers 511 have an extent which corresponds to the extent of {are in line
with, and in plan view cover a corresponding plan view area 1o} the electrochernically active
lavers 506 {and protrusions in the separator plate 306b). The support layers 511 transfar a
portian of the comprassion force applied batween the base plate 308 and top plate 303 through
the stack of cell units. This ensures good {for example sven across the plan view areal slectrical
contact within cell units 306 and between adjacent cell units in the stack of cell units {i.e. good
siectrical contact between the down protrusions of the separator plate 306b toward the metal
support plate 306a of the same cell unit 306, and good electrical contact between the up
protrusions of the separator plate 306k toward the ocutermost electrode of the slectrochamicaily

active layer 506 of the adjacent, or neighboring, cell unit 306 in the stack of cell units). Maturally,
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the same comprassion force, via the support layers 511, provides good electrical contact beatween
the first and second efecirical end plates 342, 5307 and the outermost cell units of the stack of ¢l
units. The support fayers 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. &, a partial skirt 207 is shown for clarity. {T is 10 be understood that the skirt 307
may inciude 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 metai support plates 3063 and ssparators
306k are not shown exploded, and so only the separators 206k are apparent in this view. The
metal support piate 3063 and separator 206k of a cell unit 306 are walded or otherwise affixed to

one ancther around their periphery.

in use as a fuel cell, an electrical load may be connected betweesn the slectrical stud 301 and the
second electrical stud 50% of the arrangement 500, In an example where the anocde is the
electrochemically active layer closast to the metal support plate 306a, the first fluid s fuel, The
fuel is supplied to the anode via the first chimney, the gap between the metal support plate 306a
and the separator 306h, and the porous region of the metal support plate 308h, and fuel exhaust
products are routed from the anodes, 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 ¢ell, a potential difference may be provided betweaen the electrical stud
301 and the second electrical stud 505 and to provide slectrical energy to the arrangement 500,

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

Referring to Fg. 64, a cross sactional view of a cell stack arrangement 600 is shown. Cell stack
arrangement 800 is a variant of the cell stack arrangemuent 500 of Fig. 5A. Figs, 6B and 6C show
zoomed areas of the cell stack arrangement 600 of Fig. 8A. Fig. 7 is a plan view of the first and
second electrical end plates 602, 606 of the cell stack arrangement 606, each having a stud. Fig. @
is an exploded perspective view of the arrangement 800 of Figs. & and 7. Note that the
arrangement 60C {including cell units 306 in the stack of cell units) is shown rotated by 180

degraas relative 1o the arrangement 500 shown in Fig. 5.
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in the arrangement 800 shown in Fig. &, first elecirical end plate 602 with stud 601 is connected
via an additional bushar 512 to an additiona! electrical end plate 607, which allows both slectrical
studs 601 and 805 1o be positioned al the same end of the stack arrangement 800, It also allows
fluid entry and exhaust from the first fluid volume to be positionad at the same end of the stack
arrangement 00 {the fluid entry and exhaust being positioned to the opposite end of the stack
arrangement 600 to the electrical studs 801, 605}, Gaskets 304 are provided betweean each of the

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

The second electrical stud 605 and associated second elactrical end plate 686 are similar to the
secend electrical stud 505 and second elactrical end plate 507 of the arrangement 500, with the
exception that the second elactrical stud 685 passes through openings in an additional electrically
insulating plate 613 {for reasons outlined below)} and through the first electrical end plate 602,
Thus, the second electrical end plate 806 is provided with projections 614 towards and in contact
with the outermost layer of the cutermost call unit 306 of the stack of cell units, which may be an
cutermast electrochemically active laver of the slectrochemicaily active layers 506. The second
alectrical end plate 608 Is shown as a single plate, with integral projections, but may aiso be 3 two
{or more} part construction, as described in the second aspect, for example electrical end pists

1407 of Fig. 10

A support flayer 511 is positioned 1o the opposite side of the second electrical end plate 606 to the
projections, batween the second elecirical end plate 666 and the additional slectrically insulating

plate £13 to maintain the compression within the elactrochemically active region of the stack,

The first slectrical stud 801 is connected to or unitary with the first electrical end plate 802,
similar 1o the slectrical stud 301 and first electrical end plate 302 of the arrangement 500. Unlike
arrangement 500, there is no electrically conductive ceramic layer 5310 coated or deposited on the
first elecirical end plate 602, The first electrical end plate 802 is electrically connscted to the
bushar 612, which in turn is electrically connectad to the additional electrical end plate 607 such
that the two elactrical end plates are at the same polarity and both subject to the comprassion
forces exerted by the compression means, particularly in the vicinity of the chimneys, The
additional slectrical end plate 607 is positionad to the opposite end of the stack of cell units o
the first elecirical plate 802. The additional electrical end plate 607 is provided with a layer of

material 5310 deposited {e.g, as thin coatings/films) on - or attached to - and supported by the first
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electrical end plate 607, The layer of material 510 is otherwise similar to that described above

with reference to Fig. 5.

The first slectrical plate 802 is positioned bebween the additional elecirically insulating plate 613
and the top plate 303 of the stack arrangement 600, The first electrical plate 602 is separated
from the additional glectrically insulating plate 6132 by support lavers 511 and gaskets 304, In
other words, the first electrical plate 602 is positioned to the opposite side of the additional
siectrically insulating plate 6313 from the second electrical end plate 606. The additional
eiectrivally insulating plate 613 thus provides electrical insulation between the first electrical

plate 602 and the second electrical end plate 6806, Similarky, the additional electrical end plate 607

is separated from the first electrically insulating plate 305a by supportiavers 511 and gaskets 304,

The hushar 812 is waided or otherwise affixed to {and in electrical connection with} the first
electrical end plate 602 and the additional electrical end plate 807 via tabs on the ends of the
bushar 612 and/or the first electrical end plate 502 and the additional electrical end plate 807.
The bushar is positioned to one side of the stack of call units, between the stack of cell units and
the skirt, and is approximately parallel to a stacking direction of the same. The tabs are more
flaxible than {for example because they are thinner tharn) the bushar 612, first slectrical end plate
602, and the additional electrical end plate 607, which means that differential thermal expansion
bebween the stack and the busbar is accounted for by Hexibility in the tabs, and 50 minimal stress
is transferrad to the busbar 6812, first electrical end plate 602, and the additional electrical end

plate 647,

The additional elecirical 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 1o
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, 84, the second electrical end plate 806 extends
across both of the chimneys, so both end plates block the eft hand side chimney and are
compressed by compression forces in that chimnay. In this case the first elecirical plate 602 may
e manufactured from the same material as the second slectrical end plate 606 but may be
thinner than the second electrical end plate G606 because it & not exposed to the fluid in the
chimneys {typically fuel in a fuel cell application}. Thus, whers thers are two electrical end plates,

but one is exposad 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 profective coating and/or be made thinner than the former
plate, Alternatively, it the second electrical end plate 608 doss not additionally block the chimney
to the left-hand side of Fig. 684, the first electrical plate 802 and the second electrical end plate
G606 may be manufactured from the same material and be of the same thicknass, as both are

axposed to similar {dual) chemical environments,

Referring to the partially exploded view of the arrangemeant 600 shown in Fig. 9, a partial skirt 307
is shonwn for clarity. it is to be understoond that the skirt 307 may include & further two side walls
i connect edges of the shown skirt components 347 such that the skirt surrounds the stack. Nots
also that the metal support plates 206a and separators 306b are not shown exploded, and 50 onby
the metal support plates 306a ars apparent in this view. The metal support plate 306z and
separator 306k of 3 cell unit 308 are welded or otherwise affixed to one anather around their
pariphery. Note further that the additional slectrical end plate 807, busbar 812, and first
electrical end plate 602 are shown in their assembiled {e.g. welded, brazed, or otherwise affixed
tngether} form, dashed lines indicate the Incation in the exploded arrangement that the plate 807
and plate 832 occupy. Only once these plates are in position in the stack {and preferably once
compression 5 applied to the stack) may the bushar 612 be affixed to the plate 807 and piate
602, Furthermore, electrically conductive ceramic layer 510 is shown separate 1o the additional
electrical end plate 607, but it will be understood that freqguently the electrically conductive

caramic layer 510 will be coated or deposited on the additional electrical end plate 607,

In use as a fusl call, an electrical load may be connected between the electrical stud 801 and the
secorid electrical stud 60% in the arrangemeant 600, In an example where the anods is the
siectrochemically active layer closast o the metal support plate 3064, the first Huid s fuel and
flow within the first fluid volume is represented by the arrows in Fig. GA, The fusl is supplisd to
the anode via the first chimney, the gap between the metal support plate 3063 and the separator
306b, and the porous region of the metsl support piate 306b, and sxhaust products are routed
from the anode, via the gap betwesan the metal support plate 3063 and the separator 306k, 1o
the second chimnsy. The second fluid is oxidant and is supplied o the cathode via the second

fluid volume.

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

801 and the second slectrical stud 805 and to provide electrical energy to the stack in the
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arrangement 800, Relevant fluids are provided io the first and second fluid volumes, and

exhausted therefrom.

The arrangement 800 allows convenient electrical and fluidic connections to a system in which
the cell stack arrangement 600 is positioned because all glectrical connections are positioned to

one end of the arrangement and all fluidic connections are positioned to the ather 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 631, to align with the
first chimney in the cell stack arrangement 800. The first electrical end plate 602 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 802 nearest 1o the electrical stud 803 may be straight for

sase of attachment to the bushar 812,

The second electrical end plate 606 is provided with the second electrical stud 605, to align with
the second chimneay in the cell stack arrangemeant 600, A plurality of projections 614 are provided
which project toward the outermost slectrode of the elecirochemically active laver of the
cutermost cell unit of the stack of cell units, to transfar power from the stack 1o the sscond
siectrical end plate 606, A port 705 may optionally be provided through the sscond electrical end
plate 606, If the port 706 is provided, then it forms part of the first chimnay, if the port is not
provided then the second slectrical end plate 806 blocks the first chimney. In the Iatter case, the

second electrical end plate 606 blocks both chimneys,

Detailed Description of 2nd Aspect

Referring to Fig. 10, a cross sectional view of a cell stack arrangement 1400 is shown. Cal stack
arrangement 1400 is o variant of the cell stack arrangement 500 of Fig. 5. Fig. 11 is an explodad
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 darity.

Figure 12 is an exploded view of a first electrical end plate of the cell stack arrangameant 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 1402 is shown, which may function subsiantially
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 weided {or otherwise connsctad)
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10 a second faver 1417 {the weld path is shown by a dashed fine 1821 in Fig. 11 and Fig. 121 The
first fayer 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 call stack arrangement via a continuation of that
Mocked chimney) and is provided with a port which forms a part of another chimney for fluid

dalivery or exhaust of the first fluid volume,

it may be szen that the second laver 1417 is a planar plate. The second layver 1417 is similar to the
metal support plate 306a of a cell unit 306 in the stack of cell units. The second laver 1417 is
provided with {similarly positioned) ports in the same way a5 the metal support plates 306a in the
stack of cell units, An electrically conductive ceramic layer 1418 is bonded {for example affixed 1o
or deposited on} the opposite face of the second layer 1417 o that which faces the first laver
1416, The electricaliy conductive ceramic layer 1418 may be similar to the slectrically conductive
caramic laver 510 described previcusly, and may be of a type of material suitable for use in a
cathode of a fuel call, for exarmple LSCF, LCN, BSCF, e.g. LUNGD. The thicknass af the electrically
conductive ceramic layer 1418 is similar to the thickness of the slectrochemically active lavers
5036 of cell units 306 in the stack of cell units. This means that the gaskets 304 which separats the
second laver 1417 from the separator plate 308b of the neighboring {oulermost 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} celi unit 308 of the stack of call units. The projections on the separator plate 308b
alternate in up-and-down diractions, the up projections directed toward and in contact with the
slectrically conductive ceramic laver 1413 and away from the metal support plate 3063 of the
same cell unit 308, and the down projections directed away from the electrically conductive
ceramic layer 1418 and toward and in contact with metal support plate 366z of the same call unit
306. The down projections of the separator plate 306b contact the metal support plate 306a and
50 are slectrically connected to the layer 506, which may be slectrochemically active in which
case the down projections of the separator plate are electrivally connected to the electrode
{typically the ancde} of the slectrochemically active laver closest to the metal support plate 308a
{those electrochemically active lavers being on the other side of the substrate). That electrical
connection is enhancad by the welding of the meatal support plate 306a and the separator plate

306h around their periphery. As a result, the electrical stud 301 is electrically connected o the
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stack of cell units via the first layer 1416, second laver 1417, and slectrically 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 slectrical end plate 1407 comprises a two-layer construction in which a first layer 143% s
welded {or otherwise connected) to a second layer 1420 {the weld path 1727 is shown by a
dashead Hne in Fig. 11 and Fig. 13}, The first laver 1419 is a planar plate. The first layer 1419 blocks
one of the chimneys of the cell stack arrangemeant {the electrical stud 305 sxits the cell stack
arrangement via a continuation of that blocked chimney} and is provided with a port which forms

a part of another chimmey for fiuid delivery or exhaust of the first fluid volume,

The second layer 1420 is simitar to the separator plate 3060 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 306h in the stack of cell units. The second laver 1420 s welded or otherwise
connected 1o the first laver 1418 around its periphery {and may also be welded around the ports).
it may be sesn that the second laver 1420 s 2 contoured plate {f.e. it has 3D features). The
second layer 1420 is provided with projections which alternate in up-and-down directions, the up
projections directad toward and in contact with the layer 506 {which may be an electrochemically
active layer} of the neighboring {lowermost in the figure) cell unit 208 in the stack of cell units and
away from the first layer 1418 of the electrical end plate 1407, and the down projections directed
away from the neighboring {lowermaost in the figure} cell unit 306 in the stack of call units and
toward and in contact with the first layer 1419 of the electrical and plate 1407, The up projections
of the second faver 1420 contact the layer 306 of the neighboring {lowermost in the figure} cell
urit 206 of the stack of call units and so are electrically connected to the slectrode {typically the
cathode) of the neighboring {lowermuost in the figure} call unit 306, As a result, the electrical stud
R05 is electrically connected to the stack of cell units via the first layer 1419 and the second layer
1420, The slectrical studs 301 and 505 are affixad or otherwise conneciad at base portions of the
raspactive slectrical end plates in a similar manner to that descoribed with respect to the first

aspect above, the base portions being subjected o the compressions forces in the respective

The first (1416, 1419} and second {3417, 1420} lavers of the electrical end plates {14032, 1407} are

ron-containing layers, for example the layers are steel {typically stainless steel, or ferritic
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stainiess steel). Examples of suitable materials for the first laver include 55441 and Crofer 27 and
examples of suitable materials for the second laver include 354471, 53444, and Crofer 22, The first
and second lavers are formed of different metals and are permanantly connacted. The first layer
of the electrical end plate will have a thickness of at least 0.5mm, for example between 0.5mm

and 5mm, or between 0.5 and 2mm, or between 1 and 2mm.

The arrangement 1400 of Fig. 10 may be varied to provide both the first electrical stud 301 and
second electrical stud 505 at the same end of the stack through use of a busbar and additional

electrical plate, as described with respect to arrangement 600 in Fig. 6 of the first aspect.

Fig. 12 is an {artificially) exploded view of the first elecirical end plate 1402, iIn Fig. 12, the first
layer 1416 and the second layer 1417 are self-supporting rigid plates. The weld path 1621 is
represented by the dashed line and follows the periphery of the second faver 1417 of the first
electrical end plate 1402, Further wald pathis} (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 lavers 1416, 1417 of the first slectrical end plate

1420,

Fig. 13 is an {artificially} exploded view of the second slectrical end plate 1407, In Fig. 13, the first
laver 1419 and the second layer 1420 are seif-supporting rigid plates. The weld path 1722 is
repraesented by the dashed line and follows the periphery of the first layer 14198 and the second
laver 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
pathis} {not shown! around the periphery of the fhiid ports may also be present 1o prevent fluid

flowing from the chimney formed by the respective port into the space batween the first and

second layers 1419, 1420 of the second elecirical end plate 1407,

Referring to Fig, 34, 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 electrical stud 505, second elactrical end
plate 1407 and neighboring (owermost in Fig, 10} cell unit 306 in the stack of cell units in the cell

stack arrangeament 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 & conductive caramic layer 1824, The projections
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of the separator plate 308b of 2ach cell unit 306 which are directed toward the electrachamically
active fayvers of the neighboring cell unit 306 of the stack of cell units are also provided with a
conductive ceramic layer 1824, The conductive ceramic layers 1324 are bonded or deposited to

said projections.

The conductive ceramic layers 1824 are in face-to-face contact with the lavers 5086 of the
neighboring celt unit 306 of the stack of cell units, and provide improved elecirical contact
ebween the projections {and therefors separator plate 306b or second plate 14207 and the
layers 506, When the layers 506 are slectrochemically aclive layers of o celf unit, the outermost
siectrode of the neighboring cell unit is typically the cathode, and a 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 ceramic layers 1824 as part of
a cell stack arrangement 1900, Cell stack arrangement 1900 is a variant of the arrangement 1400
of Fig. 1. Fig. 15 additionally shows conductive ceramic lavers 1824 which are bonded to or
deposited on the up projections of the separator plate 3066 of the uppermost cell unit 306 in the
stack of cell units contacting the electrically conductive ceramic laver 1418 of the first slectrical
end plate 1402, These conductive ceramic layers 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 Himited to the above sxamples only, and other examples will be
readily apparent o 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.

EXAMPLES

Example 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 positive and at least one negative electrical end
plate are disposed in compression by means of compression means acting between the base
plate and top plate; wherein at least one of the electrical end plates is connected 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 passes through an opening in one of the base plate and
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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 opening.

Example 2: An electrochemical cell assembly according to example 1, wherein each of the base
plate and top plate is respectively electrically insulated from the stack of planar cell units by
means of an insulating layer provided between the respective end of the stack of planar cell units
and the respective base plate and top plate.

Example 3: An electrochemical cell assembly according to example 1 or example 2, comprising: at
least 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 connected 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
electrical terminal; and, wherein a fluidic seal is maintained by the compression means between
each base portion and the respective one of the base plate and top plate, so as to prevent loss of
fluid through each respective opening.

Example 4: An electrochemical cell assembly according to example 3, wherein 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.

Example 5: An electrochemical cell assembly according to example 3, wherein the positive
electrical stud and the negative electrical stud both pass through their respective first and second
openings in either the base plate or the top plate.

Example 6: An electrochemical cell assembly according to example 5, wherein one of the positive
and negative electrical studs is electrically connected to an additional electrical end plate of the
same polarity as that stud by a busbar, and optionally, wherein the connection to the busbar is via
at least one tab that is more flexible than the busbar and the connected electrical end plates.
Example 7: An electrochemical cell assembly according to any preceding example, wherein 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 compression forces exerted by
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the compression means to seal the respective internal manifold also act to seal the respective
opening.

Example 8: An electrochemical cell assembly according to example 7, wherein the base portion of
the respective electrical end plate extends across the respective internal manifold to block it.
Example 9: An electrochemical cell assembly according to example 7 or 8 wherein 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.

Example 10: An electrochemical cell assembly according to example 9, wherein 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.

Example 11: An electrochemical cell assembly according to example 10, wherein a first fluid
volume comprising the first and second internal manifolds is supplied and exhausted by
respective fluid inlet and outlet openings in the other of the base plate and top plate.

Example 12: An electrochemical cell assembly according to example 9, wherein 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 electrical studs also passes through an opening provided in the
electrical end plate that is connected or integrally formed with, and in electrical contact with the
other stud.

Example 13: An electrochemical cell assembly according to any preceding example, wherein at
least one of the positive and negative electrical end plates separates a first fluid volume and a
second fluid volume within the stack.

Example 14: An electrochemical cell assembly according to any preceding example, wherein 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.

Example 15: 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 compression by means of compression means acting
between the base plate and top plate, wherein: at least one electrical end plate is connected or

integrally formed with, and in electrical contact with, an electrical stud extending from a stud
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base portion, the electrical stud passes through an opening in one of the base plate and top plate
to form an electrical terminal, each 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 extending 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.

Example 16: 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 layer of the electrical end plate is electrically
connected to an external electrical terminal of the cell assembly, and the second layer 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.

Example 17: An assembly according to example 16, 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.

Example 18: An assembly according to example 16 or 17, 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.

Example 19: An assembly according to any one of example 16 to 18, wherein the stack comprises
electrochemically active cell units, each of which comprise a separator plate and a cell-supporting
metal substrate plate.

Example 20: An assembly according to example 19, wherein the second layer of the electrical end
plate is made of the same material as the separator plate.

Example 21: An assembly according to example 19 or 20, wherein the second layer of the

electrical end plate has essentially the same configuration as the separator plate.
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Example 22: An assembly according to any one of examples 16 to 21, wherein the second layer 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.

Examples 23: An assembly according to any of examples 20 to 22, 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.

Example 24: An assembly according to example 23, 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.

Example 25: An assembly according to example 23, 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.

Example 26: An assembly according to example 19, wherein the second layer of the electrical end
plate is made of the same material as the cell-supporting metal substrate plate.

Example 27: An assembly according to example 19 or 26, wherein the second layer of the
electrical end plate has essentially the same configuration as the cell-supporting metal substrate
plate.

Example 28: An assembly according to any of examples 16 to 19 or 26 to 27, wherein the second
layer of the electrical end plate has a flat outwardly facing side with the first electrically
conductive ceramic layer comprising a continuous layer bonded thereto.

Example 29: An assembly according to example 19 or 26 to 28, 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.

Example 30: An assembly according to any of examples 16 to 29, comprising both a first electrical
end plate at one end of the stack as defined in any of examples 20 to 25 and a second electrical
end plate at the other end of the stack as defined in any of examples 26 to 29.

Example 31: An assembly according to any of examples 16 to 30, wherein a portion of the

external electrical terminal extends through an opening in one of the base plate and top plate to



10

15

20

25

30

48

electrically connect to the first layer of the electrical end plate, and optionally, wherein the
electrical end plate is as specified in any of examples 1 to 15.
Example 32: An assembly according to any preceding examples, wherein the electrochemical cells

comprise planar, solid oxide, fuel cell or electrolyser cell units.
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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
positive and at least one negative electrical end plate are disposed in compression by means of
compression means acting between the base plate and top plate;

wherein:

the at least one positive electrical end plate is 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;

the at least one negative electrical end plate is connected 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 electrical terminal;

a fluidic seal is maintained by the compression means between each base portion

and the respective one of the base plate and top plate, so as to prevent loss of fluid through each
respective opening; and

the positive electrical stud and the negative electrical stud both pass through
their respective first and second openings, the first and second openings being both in the base

plate or both in the top plate.

2. An electrochemical cell assembly according to claim 1, wherein each of the base plate and

top plate is respectively electrically insulated from the stack of planar cell units by means of an
insulating layer provided between the respective end of the stack of planar cell units and the

respective base plate and top plate.

3. An electrochemical cell assembly according to claim 1 or 2, wherein one of the positive
and negative electrical studs is electrically connected to an additional electrical end plate of the

same polarity as that stud by a busbar.

4, An electrochemical cell assembly according to claim 3, wherein the connection to the
busbar is via at least one tab that is more flexible than the busbar and the connected electrical

end plates.
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5. An electrochemical cell assembly according to any preceding claim, wherein 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 compression forces exerted by
the compression means to seal the respective internal manifold also act to seal the respective

opening.

6. An electrochemical cell assembly according to claim 5, wherein the base portion of the

respective electrical end plate extends across the respective internal manifold to block it.

7. An electrochemical cell assembly according to claim 5 or 6, wherein 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.

8. An electrochemical cell assembly according to claim 7, wherein 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.

9. An electrochemical cell assembly according to claim 8, wherein a first fluid volume
comprising the first and second internal manifolds is supplied and exhausted by respective fluid

inlet and outlet openings in the other of the base plate and top plate.

10. An electrochemical cell assembly according to claim 7, wherein 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 electrical studs also passes through an opening provided in the electrical
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end plate that is connected or integrally formed with, and in electrical contact with the other

stud.

11. An electrochemical cell assembly according to any preceding claim, wherein at least one
of the positive and negative electrical end plates separates a first fluid volume and a second fluid

volume within the stack.

12. An electrochemical cell assembly according to any preceding claim, wherein 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.

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

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