Office de la Propriete Canadian CA 2454281 A1 2003/02/06

Intellectuelle Intellectual Property
du Canada Office (21) 2 454 281
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/07/11 51) CL.Int."/Int.CI. HO1M 8/24, HO1M 8/06, HO1M 8/02

(87) Date publication PCT/PCT Publication Date: 2003/02/06 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2004/01/16 ROLLS-ROYCE PLC, GB

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: GB 2002/003196 HART NIGEL THOMAS GB:

(87) N publication PCT/PCT Publication No.: 2003/010847 PASHLEY, MARK NIGEL, GB:
(30) Priorité/Priority: 2001/07/24 (0117939.9) GB OAKELY, MICHAEL JOHN, GB;
DEAN, ERIC WILLIAM, GB;

AGNEW, GERARD DANIEL, GB
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : PILE DE CELLULES ELECTROCHIMIQUES A L'OXYDE SOLIDE
(54) Title: A SOLID OXIDE FUEL CELL STACK

10

42
1% e am
j 37A
[ 128 36 42'
[ 36 ‘ -f I ? |
12C 118 10 B 36 111
Sl 01 I % *
42 | A ”
TZC -1 - ’.- é %
40 T {H PLC .
LR 37A
31 L /
2 QA i [~
[ %
34 9 38
42
A 12 A

(57) Abrége/Abstract:

A solid oxide fuel cell stack (10) comprises a plurality of modules (12). Each module (12) comprises an elongate hollow member
(14). Each hollow member (14) has at least one passage (32) extending longitudinally through the hollow member (14) for the
flow of reactant. Each hollow member (14) has two parallel flat surfaces (16, 18). At least one of the modules (12A, 12B, 12C)
Includes a plurality of solid oxide fuel cells (20). The solid oxide fuel cells (20) are arranged on the flat surfaces (16, 18) of the
modules (12A, 12B, 12C). At least one end (34) of each module (12) Is connected to an end (36) of an adjacent module (12) to
allow reactant to flow seguentially through the modules (12). The arrangement of the modules (12) provides compliance In the
solid oxide fuel cell stack (10) and thermal and mechanical stresses in the solid oxide fuel cell stack (10) are reduced.
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(§7) Abstract: A solid oxide fuel cell stack (10) comprises a plurality of modules (12). Each module (12) comprises an elongate
hollow member (14). Each hollow member (14) has at least one passage (32) extending longitudinally through the hollow member
(14) for the flow of reactant. Each hollow member (14) has two parallel tlat surfaces (16, 18). At least one of the modules (12A,
12B, 12C) includes a plurality of solid oxide fuel cells (20). The solid oxide fuel cells (20) are arranged on the flat surfaces (16, 18)
of the modules (12A, 12B, 12C). At least one end (34) of each module (12) is connected to an end (36) of an adjacent module (12)
to allow reactant to flow sequentially through the modules (12). The arrangement of the modules (12) provides compliance in the
solid oxide fuel cell stack (10) and thermal and mechanical stresses in the solid oxide fuel cell stack (10) are reduced.
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A SOLID OXIDE FUEL CELL STACK

The present invention relates to a solid oxide fuel

cell stack.

The main variants of the solid oxide fuel cell are the

tubular solid oxide fuel cell (T-SOFC), the planar solid
oxide fuel cell (P-SOFC) and the monolithic solid oxide

fuel cell (M-SOFC).

The tubular solid oxide fuel cell comprises a tubular

solid oxide electrolyte member, which has inner and outer

electrodes.

The monolithic solid oxide fuel cell has two variants.

The first variant has a planar solid oxide electrolyte

member, which has electrodes on its two major surfaces.

The second variant has a corrugated solid oxide electrolyte
member, which has electrodes on its two major surfaces.

Our Lkuropean patent EP0668622RB1 disclose a novel solid-

oxide fuel cell, which comprises a plurality of modules.

Some of these modules comprise hollow members, which have

two parallel flat surfaces upon which the solid oxide fuel

cells are arranged. The opposite ends of each module are

connected to reactant manifolds by compliant bellows

connections.

However, such an  arrangement does not provide

sufficient thermal and mechanical compliance in the solid

oxide fuel <cell stack to minimise the mechanical and

thermal stresses 1n the solid oxide fuel cell stack.
Accordingly the present invention seeks to provide a
novel solid oxide fuel stack which reduces, preferably

overcomes, the above mentioned problems.

Accordingly the present invention provides a solid

oxide fuel cell stack comprising a plurality of modules,

each module comprising an elongate hollow member, each

hollow member having at least one passage extending

longitudinally through the hollow member for the flow of a

reactant, each hollow member having two parallel fla
it

go—
p—

surfaces, at least one of

—

< t

the modules including a plura

1
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of solid oxide fuel cells, the solid oxide fuel cells being

ol

arranged on at least one of the flat surfaces of the at

least one module, the surfaces of adjacent modules being

arranged substantially parallel and spaced apart, at least
5 one end of each module being connected to an end of an
adjacent module to allow reactant to flow sequentially
through the modules and thermal and mechanical stresses in

the solid oxide fuel cell stack are reduced.

Preferably the solid oxide fuel cell stack comprises a

10 manifold for the supply of a reactant and a manifold for

the removal of the reactant, each module having a first end

-

and a second end, the first end of a first one of the

modules being connected to the manifold for the supply of

reactant to the first one of the modules, the second end of

15 a second one of the modules being connected to the manifold

for the removal of reactant from the second one of the
modules, the second end of the first one of the modules

being connected to the first end of an adjacent module, the

-

first end of the second one of the modules being connected

20 to the second end of an adjacent module.

The second end of the first one of the modules may be

connected to the first end of the second one of the

modules.

Preferably each hollow member has a plurality of

25 passages.

At least one hollow member may have a different length

to the remainder of the hollow members.

Preferably the at least one module includes a

plurality of fuel cells on both of the flat surfaces of the

30 module.

Bach module may include a plurality of solid oxide

fuel cells.
At least one of the modules may comprise a heat
exchanger.
35 At least one of the modules may comprise a fuel
reformer. The at least one module may have a catalvyst
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arranged in the at least one passage through the hollow
member. The catalyst may be arranged on the surfaces ot
the at least one passage through the hollow member.

A member may be arranged in the at least one passage

through the hollow member. The member may be a coil of

wire. The member may be arranged and configured to define

a helical flow path through the passage with the hollow

member. A catalyst may be arranged on the member.

Fach module may be connected to an adjacent module by

an end cap.

Each module may be connected to an adjacent module Dby

a spacer. The spacer may comprise a ceramlic washer or a

metallic washer.

Preferably the solid oxide fuel cell stack comprises

up to twenty modules. Preferably the modules have a length
of 50mm to 2000mm. Preferably the modules have a width of

20mm to 300mm. Preferably the modules have a thickness of

p—
—

up to 30mm, more preferably the modules have a thickness of

up to 10mm.

The centre lines of adjacent modules may be arranged

substantially in the same plane to form an undulating

arrangement of modules.

Alternatively the centre lines of adjacent modules may

be arranged 1n different planes to form a  helical

garsn

arrangement of modules. The centre lines o©of adjacent

modules may be arranged perpendicularly. The centre lines

P

of adjacent modules may be arranged at an angle of 45°, 52°

or 60°.

Preferably at least one damping member 1s arranged

between adjacent modules. The damping member may be a

resllient corrugated member or the damping member may be a
resilient C shaped member.
Preferably each solid oxide fuel <cell comprises an

anode electrode, a cathode electrode and a solid oxide

electrolyte.
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Preferably the anode electrodes are arranged on the

flat surfaces of the elongate hollow member.
The at least one passage of at least one of the

elongate hollow members may have a varying cross-sectional
The at least one passage may

area throughout its length.

A
or a diverging passage.

=

L

be a convergling passag:
The present invention will be more fully described by

way of example with reference to the accompanying drawings

1in which:-

10 Figure 1 1s a partially cut away perspective view of a
solid oxide fuel <cell stack according to the present
invention.

Figure 2 1s a side elevation of one module of the
solid oxide fuel cell stack shown in fiqure 1.
15 Figure 3 1s a partial cross-sectional view through the

module shown in figure 2.
1s an enlarged cross-sectional view of the

. connector.

Figure 4
ends of two adjacent modules and =
Figure 5 1s an enlarged cross-sectionse

ends of two adjacent modules and an alternative connector.
E  the

1l view of the

i
g
-

20
Figure © 1s an enlarged cross-sectional view o:
n alternative connector.

-

ends of two adjacent modules and
FFigure 7 1s a partially cut away perspective view O:

ck according to the

lternative solid oxide fuel cell ste

all g

present 1nvention.
Yy perspective view of a

according to the

25
rtially cut awe

fuel c¢cell stack

Figure 8 1s a pc

further solid oxide

present invention.
Figure 9 1s a partially cut away perspective view of a
oxide fuel cell stack according to the

30 further solid

present invention.
A solid oxide fuel cell

inventions 1s shown in figures 1 to 5.
L1ty of modules

stack 10 according to the
The solid

ama

present
oxide fuel cell stack 10 comprises a plure
Fach module 12 comprises

14 are

rranged within a casing 13.
The hollow members

35 12 =&
>~ hollow member 14.

an elongate
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manufactured from fully or partially stabilised zirconia,
alumina, silicon carbide, magnesia doped magnesia aluminate
or other suitable ceramic material. Each hollow member 14
has two parallel surfaces 16 and 18 upon which are arranged
solid oxide fuel cells 20. The hollow members 14 are
porous to allow fuel to flow to the solid oxide fuel cells
20 .

The solid oxide fuel cells 20, as shown in figures Z
and 3, are spaced apart longitudinally along the surfaces

16 and 18 and the solid oxide fuel cells 20 on each of the

surfaces 16 and 18 are electrically connected in series.

FEach solid oxide fuel cell 20, as shown in figure 3,
comprises an anode electrode 22, a solid oxide electrolyte

24, and a cathode electrode 26. The anode electrodes 22 of

all but one of the fuel cells 20, on each of the surfaces

16 and 18, are electrically connected to the cathode

electrode 26 of an adjacent fuel cell 18 by a respective

one of a plurality of interconnectors 28.

-t

Fach hollow member 14 has a passage 32 extending

longitudinally through the hollow member 14, for the supply

of fuel to the solid oxide fuel cells 20. The fuel

diffuses through the hollow members 14 to the anode

electrodes 22 of the fuel cells 20. The passage 32 1in =ach

hollow member 14 has a uniform cross-sectional area

throughout 1ts length.

Each module 12 has a first end 34 and a second end 36

and the modules 12 are arranged such that the first end 34

of a first one of the modules 12A 1s connected to a fuel

supply manifold 38. The second end 36 of a second one of

the modules 12B is connected to a fuel removal manifold 40,
as shown 1in figure 1. The first end 34 of each of the
modules 12C and module 12B is connected to the second end

36 of an adjacent one of the modules 12C and 12A by a

respective one of a plurality of connectors 42. The

connectors 42 are formed of a metal or a ceramlc with a
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similar, preferably the same, coefficient of thermal
expansion as the hollow members 14, as shown in figure 1.

Thus each module 12 1s arranged such that the surfaces

16 and 18 of the hollow member 14 are substantially

5 parallel and spaced apart. The modules 12 are arranged

such that the surfaces 16 and 18 of adjacent modules 12 are

substantially parallel and spaced apart. Additionally, it
is to be noted that the modules 12 are arranged to form an

undulating arrangement of modules 12. Thus 1t 1is clear

i0 that the fuel flows sequentially through the modules 124,
12C and 12B from the fuel supply manifold 38 to the fuel

removal manifold 40 through a serpentine flow path as shown

in figure 1.

Additionally air, or oxygen, flows through the space

15 between the modules 12 1n a direction perpendicular to the
longitudinal direction of the modules 12. One or more

damping members 3/A, 37/B or 37C are preferably positioned

at suitable positions between adjacent modules 12.

Each damping member 37A is manufactured from a

20 resilient, sSpring, material, for example a metal and 1is

formed into a corrugated shape. FEach damping member 37A 1is

arranged to abut the surfaces of the adjacent modules 1Z2.

The damping member 37A 1s provided with an electrically

insulating coating if it 1s arranged to abut the fuel cells

25 20. The damping members 37A also have an additional

advantage because they act as flow directors to direct the

flow of air, or oxygen, 1in the required direction across

the cathodes 26 of the fuel cells 20.

BFach damping member 37B is manufactured from a

30 resilient, spring, material, for example a metal and is
formed into a C shape. Each damping member 37B 1s arranged

to abut the surfaces of the adjacent modules 12. The

damping member 37B 1s provided with an electrically

insulating coating if 1t 1s arranged to abut the fuel cells

35 20.
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—

Fach damping member 37C is manufactured from a

resilient, spring, material, for example a woven ceramlcC

cord. Fach damping member 37C 1is arranged to abut the

surfaces of the adjacent modules 12. The damping member

37C does not require an electrically insulating coating

even if it is arranged to abut the fuel cells 20.

An electrical connection is provided between the solid

oxide fuel cells 20 on the surfaces 16 and 18 of each

module 12 by providing an electrical connection between the

interconnectors 30. In figure 3 the fuel cells 20 are

arranged symmetrically on each module 12 and a cathode

celectrode 26 of one of the fuel cells 20 on the surface 106

2t the first end 34 of each module 12 electrically

connected to a cathode electrode 26 of one of the fuel
ace 18 at the first end 34 of the

cells 20 on the sur:

respective module 12 through the interconnectors 30. The
electrical interconnection comprises an electrically

conducting band 33 wound around the module 12 and

preferably the band 33 comprises platinum. Likewise an

anode electrode 22 of one of the fuel cells 20 on the

_

surface 16 at the second end 36 of each module 12 1s

g
e

electrically connected to an anode electrode 22 of one oL

the fuel cells 20 on the surface 18 at the second end 36 of

the respective module 12 through the interconnectors 30.

The electrical interconnection agalin comprises an

electrically conducting band wound around the module 12.

-

Tn this arrangement the solid oxide fuel cells 20 on the

surfaces 16 and 18 of each module 12 are electrically

connected in electrical parallel using the interconnectors

30 at the first end 34 and the second end 36 of tThe module

12. Adjacent modules 12 are then connected 1in electrical

series by electrically connecting the interconnectors 30.

n an alternative arrangement, not shown, the anode

—

electrode 22 of one of the fuel cells 20 on each of tThe

surfaces 16 and 18 of each module 12 is electrically

connected to a cathode electrode 26 of one of the fuel
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ﬂ

cells 20 on one of the surfaces 18 and 16 of an adjacent

module 12 by a respective one of the interconnectors 30.

Tn this arrangement the solid oxide fuel cells 20 on the

surfaces 16 and 18 of adjacent modules 12 are electrically

connected in electrical series using the interconnectors 30

at the first end 34 and second end 3
The first end 34 of one of the

end 36 of one the modules 12 and a

6 of the module 12.
modules 12, the second

connector 42 are shown

in figure 4. The first end 34 of one of the modules 12 is

provided with one or more apertures 44, which extend

through the hollow member 14 towards the adjacent module

g

12. The second end 36 of one of the modules 12 is provided

with one or more apertures 46. The

provided in the second end 36 of on

g—
—

be the same number, or a di:

ferent number, to the number of

number of apertures 46

e of the modules 12 may

‘)

apertures 44 as are provided in the first end 34 of the

other module 12. The apertures

46 extend through the

hollow member 14 towards the adjacent module 12. The

apertures 44 and 46 in the modules 1

The connector 42 is substantia

2 are aligned.

lly T-shaped member 48,

which comprises a stem 50 and flanges 52 and 54 at one end

b

of the stem 50. The T-shaped member 48 may comprise one,

two or three pieces. For example the stem 50 and flanges

52 and 54 may be the three separate

pieces. The member 48

is arranged such that the stem 50 of the member 48 1is

positioned between the ends 34 and

gi—y

The member 48 has a number orf

36 of the modules 1-2.

apertures 56 extending

through the stem 50. The number of apertures 56 provided

in the member 48 may be the same

number, or a different

number, to the number of apertures 44 and 46 that are

provided in the first end 34 and the second end 36 of the

other module 12.

The member 48 separates the ends 34 and 36 of the

adjacent modules 12 and bonds, and
36 O:

46 and 56 allow fuel to flow from

)

seals, the ends 34 and

the adjacent modules 12 together. The apertures 44,

the passage 32 1in one
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module 12 sequentially through the apertures 44, 56 and 46

to the passage 32 in an adjacent module 12. The flanges 52

and 54 at the end of the stem 50 provide additional support

for the modules 12 and may seal the ends 34 and 36 of the

modules 12. The apertures 44, 46 and 56 are of any

sultable shape or size, for example circular apertures or

slots.

The flanges 52 and 54 at the end of the stem 50 of the

connector 42 may not be co-linear so that the ends of the

modules 12 are not completely in alignment.

p—

Electrical conductors 31 extend through the stem 50 to

interconnect the interconnector 30 associated with the

solid oxide fuel <cells 20 on one module 12, and the

interconnector 30 associated with the solid oxide fuel

cells 20 on the adjacent module 12.

P

The first end 34 of one of the modules 12, the second

end 36 of one the modules 12 and an alternative connector

42 are shown in figure 5. The first end 34 of one of the

modules 12 extends into the connector 42 and the second end

36 of one of the modules 12 extends into the connector 42 .

The ends 34 and 36 are sealed to the connector 42.
The connector 42 comprises a hollow member 60, which

has two parallel slots 62 and 64 in which the first end 34

of one of the modules 12 and the second end 36 of one of
the modules 12 locate. The ends 34 and 36 of the modules

12 are open to allow fuel to flow from the passage 32 1in

one module 12 through the end 36 of the module 12, to turn

through 180° in the connector 42 and to flow through the end

34 of the adjacent module 12 into the passage 32 of the

adjacent module 12.

Electrical conductors 31 extend along the inner

surface of the connector 42 to interconnect the

interconnector 30 associated with the solid oxide fuel

cells 20 on one module 12 with the interconnector 30

associated with the so0lid oxide fuel cells 20 on the

adjacent module 12. The electrical connection in the
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figure 4 may also be applied to the

connector 42 shown in figure 5. The connector 42 shown in

figure 5 may have either one or both of the electrical

connections shown in figures 4 and 5.

The first end 34 of one of the modules 12, the second

end 36 of one the modules 12 and a further connector 42 are

shown in figure 6.

The connector 42 comprises a substantially T-shaped

member 70, which comprises a s

pl—

tem /2 and flanges 74 and 76

at one end of the stem 72. The member 70 is arranged such

that
endas

have

in thickness from the s

The

the stem 72 of the member
34 and 36 of the modules

a maximum thickness adjac

preferably at an angle in the

45°.

'ﬁ

and

elongate hollow member 14 to have different coefficients of

The ends 34 and 36 of

70 is positioned between the
12. The flanges 74 and 76

ent the stem 72 and decrease

cem /2 to forming tapering surfaces.

tapering surfaces may be at any sultable angle,

range 30° to 60°, for example

- the modules 12 also have

surfaces tapering at any sultable angle to abut the flanges
74 and 6.

member 70 between the tapering surfaces of the

One or more apertures 78 extend through the

=

t 1

flanges 74

76. This arrangement allows the member 70 and the

thermal expansion if the bondi

shear stresses.

The member 70 separates

adjacent modules 12 and bonds,

36 of the adjacent modules 12

p—
.

ng material 1is able to carry

the ends 34 and 36 of the

and seals, the ends 34 and

together. The apertures 78

allow fuel to flow from the passage 32 1n one module 12

through the apertures 78 to the passage 32 1n an adjacent
module 12. The flanges 74 and

provide additional support for

ends 34 and 36 of the modules 12. The apertures 78 are of

any

Or S

76 at the end of the stem 772
the modules 12 and seal the

P
—

suitable shape or size, for example circular apertures

lots.

10
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The flanges 74 and 76 at the end of the stem 72 of the

conne

modul

inter
solid
inter

cells

Cross
numbe

hollow members 14 have a length between 50mm and 2000mm, &

width

ctor 42 may not be co-linear so that the ends of the

es 12 are not completely in alignment.

Flectrical conductors 31 extend through the stem 72 to

connect the interconnector 30 associated with the

oxide fuel cells 20 on one module 12 with the

connector 30 associated with the solid oxide fuel

20 on the adjacent module 12.

The hollow members 14 are preferably rectangular in

-section and have rectangular or round ends. The

r of hollow members 14 1s Dbetween 2 and 20. The

of 20mm to 300mm and a thickness of up to 30mm. The

maximum thickness is preferably 10mm, the minimum thickness

is preferably 1lmm and more preferably the minimum thickness

is 3mm, however a smaller thickness may be possible.

.

The main advantage of this arrangement of the modules

is that thermal and mechanical stresses in the solid oxide

fuel

parti

toler

cell stack are reduced, preferably minimised. In

cular it allows for the build up of manufacturing

ances and thermal strains, due to thermal gradients

and thermal cycling, in the solid oxide fuel cell stack 10

by allowing compliance, or flexibility, between the modules

12.

betwe

The stresses are distributed through the connections

en the modules and through the modules themselves.

The durability of the solid oxide fuel cell stack 1is

1mpro

modu .l

0J

ved. Also a relatively high packing density of

es/solid oxide fuel cells is possible.

Alternatively the electrical conductors 30 may extend

long the outer surface of the connector 42.

An alternative solid oxide fuel cell stack 110, as

shown in figure 7, is substantially the same as the solid

oxXide

oxide
112.
114.

fuel cell stack 10 shown 1in figure 1. The solid

fuel cell stack 110 comprises a plurality of modules

Each module 112 comprises an elongate hollow member

The hollow members 114 are manufactured from fully or

11
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partially stabilised zirconia, alumina, silicon carbide or
other suitable ceramic material. Each hollow member 114
has two parallel surfaces 116 and 118. The hollow members

114 are porous to allow fuel to flow to the solid oxide

fuel cells.

Some of the modules 112D have solid oxide fuel cells

120 arranged on all of both of the surfaces 116 and 118.

Some of the modules 112E have solid oxide fuel cells 120
arranged on both of the surfaces 116 and 118 of one half of
the module 112E. Both of the surfaces 116 and 118 on the

remaining half of the module 112E act as heat exchangers

121 to dissipate heat. Some of the modules 112F have solid

oxide fuel cells 120 arranged on both of the surfaces 116

o
p—

and 118 of one half of the module 112F. The remaining half

of the module 112F has a catalyst 144 arranged 1n the

passage 132 to act as reformers 123 for reforming the fuel.

Some of the modules 112G have no solid oxide fuel cells and

the modules 112G act as a heat exchanger 121. Some of the

modules 112H have no solid oxide fuel cells and the modules

11ZH have a catalyst 144 arranged in the passages 132 to

act as reformers 123 for reforming the fuel.

The passages 132 of the modules 112F and modules 112H

may have a catalyst 144 applied to the surfaces of the

passages 132, or a catalyst 144 may be applied to a member

146 positioned within the passages 132. The member

be a spirally wound wire. Alternatively the member 146 may

be arranged and configured to define a helical flow path

through the respective passage 132 with the hollow member

114. The member 146 1is manufactured, £for example by

twisting the ends of an elongate resilient member to form a
helical passage. The member 146 also aids heat and mass

transfer.

An alternative solid oxide fuel c¢cell stack 210, as

shown 1in figure 8, 1s substantially the same as the solid

A

fuel cell stack 10 shown in figure 1. The solid

oxXide

oxide fuel cell stack 210 comprises a plurality of modules

12
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212. The modules 212 are arranged such that the adjacent
ones of the modules Z212A and 212B have different lengths
and alternate ones o0f the modules 212A, or modules Z212B,
have the same length to produce a stepped arrangement.

A further alternative solid oxide fuel cell stack 310,
as shown 1in figure 9, 1s similar to the solid oxide fuel
cell stack 10 shown in figure 1. The so0lid oxide fuel cell

stack 310 comprises a plurality of modules 312. The

modules 312 are arranged such that the adjacent ones of the

modules 312A and 312B are arranged differently to those in

figure 1.

In figure 1 the surfaces 16 and 18 of the adjacent

modules 12A and 12B are arranged substantially parallel to

each other and the centre lines X of the adjacent moc

ules

12A and 12B extend longiltudinally in substantially the same

direction and in the same plane. Thus 1in adjacent modules

12A and .12C the fuel flows in opposite directions but in

parallel planes and the fuel flow turns through 180° in the

connectors.

In filigure 9 the surfaces 316 and 318 of the adjacent

modules 312A and 31Z2B are arranged substantially parallel

to each other and the centre lines X of adjacent modules

312A and 312B extend longitudinally 1n different

directions, or at different angles. In figure O

The

adjacent modules 312A and 312B are arranged to extend

longitudinally perpendicularly to each other and alternate

modules 312A or 312B are arranged to extend longitudinally

in substantilally the same direction to form a rectangules

| L

arrangement of modules 312. Thus in adjacent modules 312A

and 312B the fuel flows 1in perpendicular directions

in

parallel planes and the fuel flow turns through 9%0° in the

connectors.

It is equally possible to arrange for adjacent modules

to be arranged at any other suitable angle, for example 72°

to form a pentagonal arrangement of modules, 60° to form a

hexagonal arrangement of modules or 45° to form an octs

13
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arrangement of modules. Thus in adjacent modules the fuel
flows at appropriate angles but in parallel planes.

Thus the modules 312 are arranged to form a helical
arrangement. It may be possible to arrange for two helical
arrangements of modules to be arranged around the same axes

and to be 1interdigitated.
Although the present invention has been described with
reference to a plurality of solid oxide fuel cells arranged

in series on the surfaces of the elongate hollow members of

the modules other suitable arrangements of solid oxide fuel

cells may be possible.

Although the present invention has described the anode

electrodes of the solid oxide fuel cells being arranged on

the surfaces of the elongate hollow members of the modules

it is equally possible to arrange the cathode electrodes of

the solid oxide fuel cells on the surfaces of the elongate

gt

hollow members of the modules.

Although the present invention has described the

passages 1n each elongate hollow member having a uniform

cross—-sectional area throughout 1ts length, it may be

possible for one or more of the elongate hollow members tO

have a varylng cross-sectional area, a non-uniform cross-

sectional area, throughout 1its length. The non-uniform

passage may be a converging passage or a divergling passage.

The converglng passage accelerates the flow in the

direction of flow of the reactant and the diverging passage

diffuses the flow 1n the direction of flow of the reactant.

14
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1. A solld oxide fuel <cell stack (10) comprising a

plurality of modules (12), each module (12) comprising an
elongate hollow member (14), each hollow member (14) having
at least one passage (32) extending longitudinally through

the hollow member (14) for the flow of a reactant, each

hollow member (14) having two parallel flat surfaces
(16, 18), at least one of the modules (12A,12B,12C)
including a plurality of solid oxide fuel cells (20), the

solid oxide fuel cells (20) being arranged on at least one
of the flat surfaces (16,18) of the at least one module
(12A,12B,12C), the surfac
(12A,12B,12C) being arranged substantially parallel and

e ey

es  (16,18) of adjacent modules

spaced apart, characterised 1n that at least one end (34)

of each module (12) being connected to an end (36) of an

adjacent module (12) to allow reactant to flow sequentially

through the modules (12) and such that thermal and

mechanical stresses i1in the solid oxide fuel cell stack (10)

are reduced.

2. A solid oxide fuel cell stack as claimed in claim 1

comprising a manifold (38) for the supply of a reactant and

SRS

a manifold (40) for the removal of the reactantg,

module (12) having a first end (34) and a second end (36),
1

Ar—

the first end (34) of a first one of the modules (1-A)

being connected to the manifold (38) for the supplv of

reactant to the first one of the modules (12A), the second

end (36) of a second one of the modules (12B) being

onnected to the manifold (40) for the removal of reactant

C

from the second one of the modules (12B), the second end

(36) of the first one of the modules (12A) being connected
to the first end (34) of an adjacent module (12C), the
first end (34) of the second one of the modules (12B) being

connected to the second end (36) of an adjacent module

(12C) .

3. A solid oxide fuel cell stack as claimed in claim Z

wherelin the second end (36) of the first one of the modules

15
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(12A) being connected to the first end (34) of the second
one of the modules (12C).

4, A solid oxide fuel cell stack as claimed in claim 1,

claim 2 or claim 3 wherein each hollow member (14) has a
5 plurality of passages (32).

5. A solid oxide fuel cell stack as claimed in any of

claims 1 to 4 wherein at least one hollow member (14) has a
different length to the remainder of the hollow members

(14) .
10 0. A solid oxide fuel cell stack as claimed in any of

claims 1 to 5 wherein the at least one module {12) includes
a plurality of fuel cells (20) on both of the flat surfaces
(16,18) of the module (12).

7. A solid oxide fuel cell stack as claimed 1n any of

15 claims 1 to 6 wherein each module (12) includes a plurality

of solid oxide fuel cells (20).

8 . A solid oxide fuel cell stack as claimed in any of

p—
p—

claims 1 to 7 wherein at least one of the modules (112E)

comprises a heat exchanger (121).

20 9. A solid oxide fuel cell stack as claimed in any of

claims 1 to 7 wherein at least one of the modules (112F)

comprises a fuel reformer (123).

10. A solid oxide fuel cell stack as claimed in claim 9

wherein the at least one module (112F) has a catalyst (144)
25 arranged in the at least one passage (132) through the

hollow member (114).

11. A solid oxide fuel cell stack as claimed in claim 10

-

wherein the catalyst (144) is arranged on the surfaces o:

the at least one passage (132) through the hollow member
30 (114).

12. A solid oxide fuel cell stack as claimed in any of

claims 1 to 11 wherein a member (146) is arranged in the at
least one passage (l32) through the hollow member (114).

13. A solid oxide fuel cell stack as claimed in claim 12

35 wherein the member (146) is a coil of wire.

16
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14. A solid oxide fuel cell stack as claimed in claim 12

wherein the member (146) is arranged and configured to

define a helical flow path through the passage (132) with
the hollow member (114).

15. A solid oxide fuel cell stack as claimed in claim 12,
claim 13 or claim 14 wherein a catalyst (144) is arranged
on the member (140).

16. A solid oxide fuel cell stack as claimed in any of

claims 1 to 15 wherein each module (12) is connected to an
adjacent module (12) by an end cap or by a spacer.

17. A solid oxide fuel cell stack as claimed in any of

claims 1 to 16 wherein the centre lines (x) of adjacent

modules (12A,12B) are arranged substantially in the same

plane to form an undulating arrangement of modules (12).

18. A solid oxide fuel cell stack as claimed in any of

claims 1 to 16 wherein the centre lines (x) of adjacent

modules (312A,312B) are arranged in different planes to

form a helical arrangement of modules (312).

19. A solid oxide fuel cell stack as claimed in claim 18

F
—

wherein the centre 1lines (%) of adjacent modules

(312A,312B) are arranged at an angle of 45°, 60°, 72° or 90°.

20. A solid oxide fuel cell stack as claimed in any of

claims 1 to 19 wherein at 1least one damping member

(37A,37B,37C) 1s arranged between adjacent modules (12).

21. A solid oxide fuel cell stack as claimed in claim 20

wherein the damping member (37A,37B,37C) 1is a resilient

corrugated member (37A), or a resilient C shaped member
(37B) .

22. A solid oxide fuel cell stack as claimed in claim 20,

or claim 21 wherein the damping member (37A,37B,37C) is
metallic (37A,37B).

23. A solid oxide fuel cell stack as claimed in claim 22

wherein the damping member (37A,37B) has an electrically

insulating coating.

24. A solid oxide fuel cell stack as claimed in any o©of

claims 1 to 23 wherein each solid oxide fuel cell (20)

17



10

CA 02454281 2004-01-16

WO 03/010847 PCT/GB02/03196

comprises an anode electrode (22), a cathode electrode (26)

and a solid oxide electrolyte (24).

25. A solid oxide fuel cell stack as claimed in claim 24
wherein the anode electrodes (22) are arranged on the flat
surfaces (16,18) of the elongate hollow member (14).

26. A solid oxide fuel cell stack as claimed in any of
claims 1 to 25 wherein the at least one passage (32) of at

least one of the elongate hollow members (14) has a varying

cross—-sectional area throughout its length.

18
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