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(57) Abrégée/Abstract:

A fuel cell assembly in which ends on one side of the cells forming gas passages are gas-tightly fixed to a holding means. Between
the peripheries of the ends on one side of the cells and the holding means, there are arranged a fixing member for fixing the cells to
the holding means and a sealing member for accomplishing a gas-tight sealing between the ends on one side of the cells and the
holding means. The fixing member has a softening temperature of not lower than 1000°C and the sealing member has a softening

temperature of from 700 to 1000°C.
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ABSTRACT OF THE DISCLOSURE

A fuel cell assembly in which ends on one side of the
cells forming gas passages are gas-tightly fixed to a holding
means. Between the peripheries of the ends on one side of the

5 cells and the holding means, there are arranged a fixXxing member
for fixing the cells to the holding means and a sealing member
for accomplishing a gas-tight sealing between the ends on one

side of the cells and the holding means. The fixing member

has a softening temperature of not lower than 1000C and the

10 sealingmember has a softeningtemperatureof from 700 to 1000TC.
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GAS-TIGHT FUEL CELL ASSEMBLY

F'ield of the Inventilion

The present invention relates to a fuel cell assembly

of the type 1n which ends

on one side of the cells forming gas

passages are gas—-tightly fixed to a holding means.

Description of the Related Art

-

systems of a varlety of

In recent years, there have been proposed fuel cell

g

types such as those of polymer

electrolyte type, phosphoric acid type, molten carbonate type

and solid oxlde type, as

The solid oxide type fuel

the next generation energy sources.

cell systems, 1n particular, operate

at a high temperature o:

- around 700 to 1,000°C, but have

advantagessuchasahighelectricalefficiencyandavailability

of waste heat. Thus, thelr research and development are under

way.

In a typical example of the solid electrolyte type fuel

cell systemas taught 1n JP-A-2003-282107 and JP-A-2003-282132,

cells comprising a plate—like support substrate that slenderly

extend are arranged 1n a predetermined direction, and ends on

one slide of the cells, 1.

r=

e., the lower ends thereof are fixed

to an upper surface of a gas casingvia a sultable holding means.

Gas passages are formed in the respective support substrates

that penetrate through and extend in the lengthwise direction

thereof, andarecommunicatedwlth the Interior of the gas casing,

permitting a fuel gas (or an oxygen-contalning gas) fed into

the gas casing to flow into the individual gas passages of the

support substrates from the gas casing. It 1s important that

the ends on one side of the cells are gas-tightly fixed to the

holding means to prevent the leakage of the fuel gas (or

oxygen—-containing gas) 1n the gas casing from the peripheries

of the holding means and support substrates to which the ends

on one side of the cells

are fixed. JP-A-10-92450 discloses
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a f1xing structure for gas-tightly fixing the ends on one side
of the cells to the holding means and a crystallized glass,
which remains in the state of a solid phase at operation
temperatures and is used as a fixing and sealing member sulited
for the gas-tight fixing. Further, JP-A-10-321244 discloses
a structure for gas-tightly fixing the ends on one side of the
cells to the holding means and a composlte body comprising
chiefly a crystallized glass, which remains in the state of
a solid phase at operation temperatures and ceramics and 1s
used as a fixing and sealing member suited for the gas-tight
fixing.

Here, 1t 1s important that the ends on one side of the
cells are sufficiently firmly fixed while malintaining
sufficiently reliable gas tightness even at operation
temperatures of from about 700 to about 1000C. In the
conventional fuel cell assemblies, however, the fixing
structure must be very complex for maintaining firm fixing and
reliable gas tightness and consequently, i1t often happens that
either the firm fixing or the reliable gas tightness might be
impaired. If described in further detail, when there 1s used
a fixing and sealing member that i1is in a solid phase at an
operation temperature, i.e., whichhas a softening temperature
higher than the operation temperature, cracks occur 1in the
fixing and sealing member when it is cooled 1n the step of
production, thereby causing impalrment of gas tightness. On
the other hand, when there 1s used a fixing and sealling member
having a low softening temperature, the fixing and sealing

member is softened during the operation and the cells are not

firmly fixed.

SUMMARY OF THE INVENTION

It 1s therefore a principal object of the present
invention to provide a novel and improved fuel cell assembly

which does not have to employ a complex fixing structure and
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which enables the ends on one side of the cells to be fixed
to the holding means sufficiently reliably gas-tightly and
sufficiently firmly.

Through keen study and experiment, the present 1nventors
have discovered the fact that a single material has been so
far arranged between the ends on one side of the cells and the
holding member for accomplishing the fixing and sealing, but
when there are arranged, between the ends on one side of the
cells and the holding means, a fixing member that is for fixing
the cells to the holding means and a sealing member that 1s
for accomplishing a gas—-tightly sealing between the cells and
the holding means, the fixing member and the seallng member
havingpropertiesdifferent fromeachother, theaboveprincipal
object can be achieved.

That is, according to the present invention, to achieve
the above-mentioned principal object of the present 1nvention,
there is provided a fuel cell assembly in which ends on one
side of the cells forming gas passages are gas-tightly fixed
to a holding means, wherein:

between the peripheries of the ends on one side of the
cells and the holding means, there are arranged a £i1xing member
for fixing the cells to the holding means and a sealling member
for accomplishing a gas—-tight sealing between the ends on one
side cf the cells and the holding means, the fixing member and
the sealingmember havingproperties different fromeachother.

Accordingtoapreferred embodliment, portions higher than
the ends on one side of the cells are exposed in an electricilty
generation chamber, and the sealing member is arranged on the
side of the electricity generation chamber in regard to the
fixing member, so that the fixing member 1s covered with the
sealing member so as to be avoided from being exposed to the

electricitygenerationchamber. Preferably, the fixingmember

has a softening temperature of not lower than 1000C and the

sealingmember has a softening temperatureof from 700 to 1000TC.
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The fixing member 1s a ceramic, a glass or a cement and,

particularly, a crystalline ceramic having a high degree of
crystallinityandcontainingSi0O;, Zn0O, B;0sandRO(R1sanalkall
earth metal). It is desired that the sealing member is a glass
or a crystalline or amorphous ceramic having a low degree of
crystallinityvandcontaining Si0O;, Zn0, BoOsandRO(R1lsanalkalil
earth metal). It is desired that a coefficient of thermal
expansionoal of thecellsissmallerthanacoefficlientof thermal
expansion a2 of the holdingmember, and a coefficient of thermal
expansion o3 of the fixing member 1s not smaller than 50% of
the coefficient of thermal expansion ol of the cells but 1s
not larger than 150% of the coefficient of thermal expansion
o2 of the holding means (0.5 al < a3 < 1.5 a2). It 1s deslired
that a coefficient of thermal expansion o4 of the sealing member
is not smaller than the coefficient of thermal expansion ol
of the cells but i1s not larger than the coefficient of thermal
expansion a2 of the holdingmeans (xl Sad £a2). Inapreferred
embodiment, the fuel cell assembly comprilses a plurality of
cells, the holding means is constituted by a plate member that
defines the upper surface of the gas casing, a plurality of
through openings are formed in the plate member at intervals
in the back-and-forth direction, the ends on one side of the
cellsareinsertedinthe throughopenings, and the fixingmember
and the sealing member are filled 1in a laminated manner between
the outer peripheral surfaces of the ends on one side of the
cells and the 1nner peripheral surfaces of the through openings.
In another preferred embodiment, the fuel cell assembly

comprises apluralltyofcells, theholdingmeans is constituted
by a closure member having a rectangular upper wall, both end
walls and both side walls hanging down from both end edges and
both side edges of the upper wall and defining the upper part
of the gas casing, the closure member has a plurality of through
ocpenings formedpenetratingthroughtheupperwall andextending

Chrough the upper portions of both side walls at intervals in
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the back-and-forth direction, the ends on one side of the cells
are 1nserted in the through openings in such a manner that both
ends ¢ the ends on one side are brought into contact with the
upper surfaces of the remailning lower portions of both side
wallsof theclosuremember, andthe fixingmember and the sealing
member are fllled 1n a lamlnated manner between both side
surfaces of the ends on cne side of the cells and the through
cpenings. In a further preferred embodiment, the fuel cell
assembly comprises a plurality of cells, the holding means is

constitutedbyarectangular framemember that defines the upper

surface of the gas casing, the lower ends of the plurality of
cells are arranged on a rectangular reglon surrounded by the
rectangular frame member at intervals in the back—-and-forth
direction, and the fixing member and the sealing member are
filled 1n a laminated manner in a remaining space in the
rectangular region. It isdesired that the gas casingincludes
a box-like body having a bottom wall, both end walls and both
side walls erected from both end edges and both side edges of
the bottomwall and having an open upper surface, upwardly faced
shoulder surfaces are formed in the inner surfaces at the upper
ends of both end walls and both sidewalls of the box-1like body,
and at least the outer side portions of the rectangular frame
member are positioned on the shoulder surfaces. A bonding
member may be filled between the shoulder surfaces of the
box-like body, the inner surfaces of both end walls and both
side walls posltioned higher than the shoulder surfaces and
the outer peripheral surface and lower surface of the
rectangular framemember. It isdesliredthatat least the outer
slde portions of the lower surface of the holding member are
the tilted surfaces that are tilted upwards and outwards. The
sealingmember canbe soconstitutedas tocover theupper surface
of the fixing member as well as the upper surface of the
rectangular frame member, upper surface of the bonding member,

and upper surfaces of both end walls and both side walls of
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the box-like body.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal sectional view schematically
illustrating a preferred embodiment of a fuel cell assembly
constituted according to the present invention;

Fig. 2 is a transverse sectional view 1llustrating cell

stacks in the fuel cell assembly of Fig. 1;

Fig. 3 is a sectional view illustrating, partly on an

enlarged scale, a mode for gas-tightly fixing the cells to a
plate member that constitutes a holding means in the fuel celi
assembly of Fig. 1;

Fig. 4 is a partial perspective view illustrating a
modified embodiment of themode for gas-tightly fixing thecells
to the holding means;

Fig. 5 is a partial sectional view 1llustrating the
modified embodiment of themode for gas-tightly fixing thecells

to the holding means;

Fig. 6 isapartial perspectiveviewillustratinganother
modified embodiment of themode for gas—-tightly fixing thecells

to the holding means; and

Fig. 7 is a partial sectional view illustrating another
modified embodiment of themode for gas-tightly fixing thecells

to the holding means.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the fuel cell assembly

constituted according to the present invention will now be
described in further detail with reference to the accompanying
drawings.

Fig. 1 is a view illustrating a preferred embodiment of
a fuel cell assembly of the solid electrolyte type that is a
typical example of the fuel cell assembly constitutedaccording

to the present invention. The illustrated assembly has a
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housing 2 of nearly a rectangular parallelopliped shape, which
is constituted by an outer frame 4 made of a heat-resistant
metal and & heat-insulating layer 6 lined on the inner surfaces
thereof. A plate-like heat-insulation layer 8 1s arranged on
theupperpartof thehousing2 toextendinahorlizontal direction,
and the interior of the housing 2 1s partitioned into an
electricitygeneration/combustion chamber 10 located below the
heat-insulation layer 8 and an additional chamber 12 positioned
above the heat-insulation layer 8.

Four gas casings 14 (one of which is 1llustrated in Fig.
1) are arranged at lower portion of the electricity
generation/combustion chamber 10 at intervals in the direction
of width (in a direction perpendicular to the surface of the
paper in Fig. 1). Each gas casing 14 1s of a rectangular
parallelopiped shape slenderlyextending in theback-and-forth
direction (right-and-left direction in Fig. 1), and 1s
constituted by a box-1like body 16 of which the upper surface
is opened and a plate member 18 that 1s arranged on the upper
surface of the body 16 and defines the upper surface of the
gas casing 1l4. In the illustrated embodiment, Céll stacks
generally designated at 20 are arranged on the plate members
18 of the gascasings 14. Thecell stacks 20, anda relationship
between thecell stacks 20 and theplatemembers 18 constituting
the holding member, will be described later in further detail.
In the i1llustrated embodiment, the four gas casings 14 are
arranged 1n parallel in the back-ana-forth direction, and the
cell stacks 20 are arranged on the respective plate members
18 of the gas casings l1l4. As desired, however, there may be
arranged a single gas casing having a corresponding size 1n

the directicon of wildth, and the cell stacks may be arranged

. 1n four columns 1n parallel on the plate member defining the

upper surface of the gas casing.

On the upper part of the electricity

generation/combustion chamber 10, there are arranged reforming
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casings 22, which correspond to the cell stacks 20. The

reforming casings 22 can be made of a suitable heat-resistant
metal. Ineach reformingcasing 22, there is stored a suitable
catalyst (not shown) for reforming a gas to be reformed, such
asthecitygas, intocafuelgasrichinhydrogen. To-be-reformed
gas lntroduction plpes 24 are coupled to the ends on one side
of the reforming casings 22 (right ends in Fig. 1) and fuel
gas feed pipes 26 are connected to the other ends thereof (left
ends in Fig. 1). The to-be-reformed gas introduction pipes
24 extend to the outer side of the housing 2 penetrating through
the lower wall of the housing 2 and are connected to a source
(not shown) for supplying the gas to be reformed, which may
be the city gas. The fuel gas feed pipes 26 are connected to
the gas casings 14. In this embodiment, the reforming casings
22 are arranged for the gas casings 14 and the cell stacks 20

arrangedin four columns. Asdeslred, asinglecommonreforming

casingmay be arranged for the gas casings 14 and the cell stacks
20 arranged in four columns.

An air manifold chamber 28 is arranged in the additional
chamber 12 divided in the upper part of the housing 2. An
oxygen-containing gas introduction pipe 30 is connected to the
airmanlfoldchamber 28, theoxygen-containing gas introduction
pipe 30 penetrating through the upper wall of the housing Z
and extending to the outer side of the housing 2. The
oxygen-containling gas introduction plpe 30 1s connected to a
source (not shown) for supplylng the oxygen-contalining gas that
may be the air. To the alr manifold chamber 28 1s further
connected an oxygen—-containing gas ejection means (not shown)
hanglng down among the cell stacks 20 from the lower surface
thereof. The oxygen-containing gas ejection means can be
constituted by ejectlon pipes having an ejection port or by
a hollow ejection plate. In the additional chamber 12 are

further arranged exhaust ducts 32 for communicating the

electricitygeneration/combustion chamber 10with the exterior
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of the housing 2.

If the description is further continued with reference
to Figs. 1 and 2, each cell stack 20 is constituted by arranging
the cells 34 in a plural number (eight cells in the 1llustrated
embodiment) in the right-and-left direction in Fig. 1 or 1n
the up~and-down direction in Fig. 2, the cells 34 slenderly
extending in the vertical direction, 1.e., 1n the up—and-down
directioninFig.lorinadirectionperpendicular tothesurface
of the paper in Fig. 2. As clearly illustrated in Filg. 2, each
cell 34 is constituted by an electrode support substrate 36, '
a fuel electrode layer 38 which is an inner electrode layer,
a solidelectrolyte layer 40, an oxygen electrode layer 42 which
is an outer electrode layer, and an interconnector 44.

The electrode support substrate 36 is a plate-like plece
slenderly extending in the vertical direction, and has both
surfaces which are flat and both side surfaces which are of

a semi-circular shape. Apluralityof (four inthe lllustrated

embodiment) gas passages 46 are formed in the electrode support
substrate 36 penetrating through in the vertical direction.
The interconnector 44 is arranged on one surface of the

electrode support substrate 36 (upper surface of the cell stack

20 located at the left end in Fig. 2). The fuel electrode layer
38 is arranged on the other surface of the electrode support
substrate 36 (lower surfaces of the cell stack 20 located at
the left end in Fig. 2) and on both side surfaces, and both
ends thereof are connected to both ends of the interconnector
44, The solid electrolyte layer 40 1s so arranged as to cover
the entire fuel electrode layer 38, and both ends thereof are
connected to both ends of the interconnector 44, The electrode
layer 42 is arrangedon themainportionof thesolidelectrolyte
layer 40, i.e., on a portion covering the other surface of the
electrode support substrate 36, and is positioned facing the

interconnector 44 interposing the electrode support substrate

36 therebetween.
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Current collector members 48 are arranged among the
neighboring cells 34 of the cell stack 20 to connect the
interconnector 44 of one cell 34 to the oxygen electrode layer
42 of the other cell 34. The collector members 48 are arranged
at both ends of each cell stack 20, i.e., on one surface and
on the other surface of the cells 34 positioned at the upper
end and at the lower end in Fig. 2. A conducting member 50
connects together the collector members 48 arranged on two ends
on one side (upper ends in Fig. 2) located on the left side
in Fig. 2 out of the four columns of cell stacks 20, another
conducting member 50 connects together the collector members
48 arranged on two ends on the other side (lower ends 1n Fig.
2) located at the center, and a further conductor member 50
connects together the collector members 48 arranged on two ends
on one side (upper ends in Fig. 2) located on the right side.

Further, a conductor member 50 1s connected to the collector

member 48 arranged on an end on the other side (lower end 1n

Fig. 2) located at the left end out of the four columns of cell

stacks 20, and a conductormember 50 isconnectedtothecollector

member 48 arranged on an end on the other side (lower end 1in

Fig. 2) at the right end. Thus, all cells 34 are electrically

connected 1n series.

The cells 34 will be described in further detall. The
electrode support substrate 36 must be gas—-permeablepermitting

the fuel gas to permeate to the fuel electrode layer 38 and

must, further, be electrically conducting to collect

electricity through the interconnector 44. To satisfy these
requirements, the electrode support substrate 36 1is made of
a porous electrically conducting ceramic or cermet. To form
the electrode support substrate 36 by the simultaneous firing
with the fuel electrode layer 38 and/or the solid electrolyte
layer 40, it is desired that the electrode support substrate
36 is made of a metal component of the iron group and an oxide

of a particular rare earth element. To impart a required gas
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permeablility, 1t isdesiredthat theelectrode support substrate

Johasanopenporosityofnotsmaller than 30% and, particularly,
in a range of 35 to 50%, and an electric conductivity of not
smaller than 300 S/cm and, particularly, not smaller than 440
C/cm. The fuel electrode layer 38 can be made of a porous
electrically conducting ceramic, such as Zr0O, (called

stabilized zirconia) that 1s formed from a rare earth element
in a form of a solid solution and nickel and/or NiO. The solid
electrolyte layver 40 needs to have a function as an electrolyte
for building bridges of electrons between the electrodes and
also to have a gas barrier property for preventing the leakage
of the fuel gas and the oxygen-containing gas, and 1s, usually,
formed from ZrO, containing 3 to 15 mol% of a rare earth element
in a solid solution. The oxygen electrode layer 42 can be made
of an electrically conducting ceramic comprising a perovskite
oxlde of the so—-called ABQOs type. The oxygen electrode layer
42 must be gas-permeable and, desirably, has an open porosity
of not smaliler than 20% and, particularly, 1n a range of 30
to50%. Theinterconnectord44canbe formedfromanelectrically
conducting ceramic and is further required to have reduction
resistance and oxidation resistance, since it comes in contact
with the fuel gas which may be a hydrogen gas and with the
oXygen—contalning gas which may be the air. For this purpose,
a lanthanumchromlite-basedperovskite~type oxide (LaCr0Oz-based
oxlide) is usedpreferably. The interconnector 44 must be dense
enough to prevent the leakage of fuel gas passing through the
fuel passages 46 formed in the electrode support substrate 36
and the leakage of oxygen-containing gas flowing on the outer
side of the electrode support substrate 36. It 1s, therefore,
desired that the interconnector 44 has a relative density of
not smaller than 93% and, particularly, not smaller than 95%.
The collector member 48 may be constlituted by a member of any
sultable shape formed from a metal or alloy having resiliency

or may be constituted by a member obtained by subjecting a felt
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comprising a metal fiber or alloy fiber to a required surface
treatment. Theelectricallyconductingmember 50 canbe formed
from a sultable metal or alloy.

If further described with reference to Fig. 1 together
with Fig. 3, the platemembers 18 constituting the holdingmeans
are arranged on the upper surface of each gas casing 14 arranged
on the lower part of the electricity generation/combustion
chamber 10. The plate members 18 that can be made of a suitable
heat-resistant metal or alloy can be fixed to the box-1like body
16 of the gas casings 14 via an appropriate fixing and seallng
member. If required, between the plate members 18 and the
box-like body 16, there can be arranged a fixing member and
a sealing member having properties different from each other,
as will be described below 1n detall, in a lamlnated manner,
instead of using the single fixing and sealing member. The
platemember 18 has aplurallty (eight inthe drawing) of through
openings 52 formed at i1ntervals 1in a dilirection in which the
cells 34 are arranged in the cell stack 20, 1.e., in the
right-and-left direction in Fig. 1, and the ends on one side,
i.e., the lower ends of the cells 34 are inserted in the through
openings 52. In the fuel cell assembly constituted according
to the present invention, it i1s important that a fixing member
54 and a sealing member 56 having properties different from
each other are arranged between the respective cells 34 and
the plate members 18 constituting the holding member for the
cells 34. In the illustrated embodiment, the fixing member
54 is arranged between the inner wall of the through opening
52 formed in the plate member 18 and the periphery of the lower
end of the cell 34, and the sealing member 56 1s laminated on
thesideoftheuppersurfaceofthefixingmember 54. Therefore,
the fixing member 54 is covered with the seallng member 56 and
is avoided from being exposed to the electricity
generation/combustion chamber 10. The sealing member 56

exists between the upper part on the inner peripheral surface
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of the through opening 52 and the periphery of the lower end
of the cell 34 and, further, overflows above the through opening
52 of the plate member 18 to exist between the upper surface
of the plate member 18 and the periphery of the cell 34, as
shown in Fig. 3. As desired, the entire upper surface of the
plate member 18 may be covered with the sealling member 56.

The fixing member 54 is for firmly fixing the cells 34
to the plate member 18 and, desirably, has a softening
temperatureof higher than 1000°C. Itisdesiredthat the fixing
member 54 that preferably has electrically insulating
properties is a ceramic, glass or cement or, partlcularly, a
crystalline ceramic having a high degree of crystallinity and
containing Si0;, Zn0, B20s and RO(R is an alkall earth metal).
It is desired that the fixing member 54 has a coefficient of
thermal expansion o3 which is not smaller than 50% of the
coefficient of thermal expansion ol of the cell 34 but 1s not
larger than 150% of the coefficient of thermal expansion o2
of the plate member 18 (0.5 al s o3 = 1.5 o2).

The sealing member 56, on the other hand, 1s for
accomplishing a gas-tight sealing between the plate member 18
and the lower end of the cell 34 and, desirably, has a softening
temperatureof 700 to 1000°C. Preferredexamples of the sealing
member 56 that preferably has electrically insulating
properties include a glass and a crystalline or amorphous
ceramic having a low degree of crystallinity and containing
Si0,, Zn0, B,03 and RO(R is an alkali earth metal). According
to experiment by the present inventors, 1t is further desired
that the coefficient of thermal expansion o4 of the sealing
member 56 is not smaller than the coefficient of thermal
expansionoal of thecell 34 but isnot larger than thecoefficient
of thermal expansion o2 of the plate member 18 (ol £ a4 = o2)
to fully reliably avoid the development of cracks due to a
relatively large tensile stress in the sealing member 56 and

to avoid deterioration in the gas—-tight sealing of the sealing
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member 56. The coefficient of thermal expansion al of the cell

34 is, usually, nearly equal to the coefficient of thermal
expansion of the material constituting the electrode support

substrate 36 from the fact that most of the volume of the cell
34 is occupied by the electrode support substrate 30.

In the structure for fixing and sealing the cells
illustrated in Figs. 1 and 3, for lnstance, a glass paste was
prepared by adding and mixing 9% of a solvent and 2% of a

dispersant into a glass powder having a coefficient of thermal

expansion o4 of 11.8 x 107°/C and an average particle size of

9 um. Theglasspastewasappliedontobetweentheplatemembers
18 and the cells 34, the solvent was dried at 130C and, then,

the glass was melted by heating at 950C and was cooled down

to a normal temperature. Thereby, a gas-tight sealing was
accomplished between the plate members 18 and the cells 34
without developing cracks in the glass that constitutes the
sealing member. The coefficient of thermal expansion ol of
the cells 34 was 11.6 x 107°. There were used two types of the
plate members 18, i.e., the ones made of SUS 430 having a
coefficient of thermal expansion a2 of 12.1 X 107° and the ones
made of forsterite having a coefficient of thermal expansion
a2 of 12.0 x 107°.

When there was used a glass powder having a coefficlent
of thermal expansion a4 of 10.2 x 107° which was smaller than
the coefficient of thermal expansion ol of the cell 34, on the
other hand, cracks developed in the glass after it was cooled
down fromitsmolten state. Cracks developedintheglass after
it was cooled down from its molten state when there was used
the plate member 18 made of zirconia having a coefficlent of
thermal expansion o2 of 11.0 X 107° and when there was used
the sealingmember 56 made of aglass powder having a coefficient
of thermal expansion a4 of 11.8 x 107° which was larger than

the coefficient of thermal expansion a2 of the plate member
18.
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In the 1llustrated embodiment, the plate member 18
defining the upper surface of the gas casing 14 1s used as a
holding member for gas-tightly fixing the cells 34. In 1ts
place, however, 1t is also allowable to use a plate member or
amemberof anyother suitable shapearrangedon the upper surface

of the above plate member defining the upper surface of the
gas casing 14, as a holding member for gas-tightly fixing the
cells 34.

Inthecell assembly as described above, a to-be-reformed
gas which inay be the city gas is fed to the reforming casings
22 through the to-be-reformed gas introduction pipes 24, and
is reformed into a fuel gas rich in hydrogen in the reforming
casings 22 and 1is, then, fed into the gas casings 14 through
the fuel gas feed pipes 26. Thereafter, the fuel gas 1s
introduced into the lower ends of the gas passages 46 formed
in the electrode support substrates 36 in the cells 34, and
rises through the gas passages 46. On the other hand, the
oxygen—containing gas that may be the air is introduced into
the air manifold chamber 28 through the oxygen-contalning gas
introduction pipes 30, and is ejected into the electricity
generation/combustion chamber 10 through oxygen-containing
gas ejection means (not shown). Thus, the fuel gas and the
oxygen—-containing gas are fed into the respective cells 34.
Inthecells 34, anelectrodereactionexpressedbythe following
formula (1) takes place on the oxygen electrode layer 42 while
an electrode reaction expressed by the followling formula (2)

takes place on the fuel electrode laver 38 to generate

electricity.

Oxygen electrode: 1/20; + 2e” - 0 (solid electrolyte)

——= (1)
Fuel electrode: 0 (solid electrolyte) + H; -
H,O + 2e ——— (2)

The fuel gas that flew through the gas passages 46 1n
the electrode support substrate 36 in the cells but that was
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not used for the electrode reaction, flows into the electricity
generation/combustion chamber 10 from the upper ends of the
electrode support substrates 36. The fuel gasburnsas it flows
into the electricity generation/combustion chamber 10. A
sultable 1gniting means (not shown) 1s arranged in the

electricity generation/combustion chamber 10 and starts

operating as the fuel gas starts flowing into the electricity
generation/combustion chamber 10 to start the combustion.
Oxygen in the oxygen-containing gas that was ejected into the
electricity generation/combustion chamber 10 but was not used
for the electrode reaction, 1s utilized for the combustion.
The interior in the electricity generation/combustion chamber
10 acquires a temperature as high as, for example, about 700
to about 1000°C due to the generation of electricity in the
cells 34 and due to the combustion of the combustion gas. The
combustion gas formed by the combustion in the electricity
generation/combustion chamber 10 is discharged to the outside
of the housing 2 from the upper end of the electricity

geneiation/combustion champber 10 through exhaust ducts 32.

Even when the interior in the electricity
generation/combustionchamber 10 acquires atemperatureashigh
as about 700 to about 1000C, the fixing member 54 fixing the
cells 34 to the plate members 18 1s not softened, and the cells
34 are maintalned fixed to the plate members 18 sufficiently
firmly. Further, even in case the sealingmember 56 1s softened
at a temperature of about 700 to about 1000C, the sealingmember
56 1s prevented from undesirable flowling by the fixing member
54 that is maintained without being softened.

Figs. 4 and 5 1llustrate a modified embodiment of a mode
in which the cells are gas-tightly fixed to the holding means.
In the embodiment illustrated in Figs. 4 and 5, a gas casing
114 1s constituted by a box-—like body 116 and a closure member
118 that constitutes the holding means. The closure member

118 has rectangular upper walls 100, both end walls 162 and
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both side walls 164 hanging down from both end edges and both
side edges of the upper walls 160. The lower surfaces of both
end walls 162 and both side Walls 164 of the closure member
118 are fixed to the upper surfaces of both end walls and both
side walls of the box-like body 116 via a suiltable fixing and
sealingmember. Apluralityof through openings 152 are formed
in the closure member 118 at intervals in a direction in which
the cells 134 of the cell stacks 120 are arranged, 1.e., 1n
the back-and-forth direction. The through openings 152 are
eXxtending penetrating through the upper wall 160 and through
the upper half portions of both sidewalls 164. The lower ends
of the cells 134 are inserted in the through openings 152, and
both ends at the lower ends of the cells 134 are brought into
contact with the upper surfaces of the remaining lower portions
cfbothsidewallsl6d4d. Afixingmember 154 anda sealingmember
156 are arranged 1n a laminated manner between the lower ends
of the cells 134 and the closure member 118. If described in
further detall, the fixXing member 154 1s filled in the through
openings 152 inwhichthe lowerendsofthecells 134 are inserted,
and the sealing member 156 1s further filled thereln so as to

cover the upper surface of the fixing member 154. In the

illustrated embodiment, the sealing member 156 covers not only

the upper surface of the fixingmember 154 but also substantially
the entlre upper surface of the closure member 118. The fixing
member 154 and the sealling member 156 may be the same as the
fixing member 54 and the sealing member 56 (Fig. 3) described
above.

Figs. 6 and 7 11llustrate another modified embodiment of
a mode 1n which the cells are gas-tightly fixed to the holding
means. In the embodiment lllustrated in Figs. 6 and 7, a gas
caslngzl4d isconstitutedbyabox~-likebody2l6andarectangular
frame member 218 that constitutes the holding means. The
box-like body 216 has a bottom wall 270 as well as both end
walls 272 and both side walls 274 erected from both end edges
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and both side edges of the bottom wall 270, and has 1ts upper
surface opened. Both end walls 272 and both side walls 274
have a decreased wall thickness at the upper ends thereof, and
shoulder surfaces 276 and 278 are formed facing upward in the
inner surfaces at the upper ends of both end walls 272 and both
slde walls 274. The rectangular frame member 218 has a
rectangular outer shape which is slightly smaller than a
rectangular shape defined by the inner surfaces at the upper
ends ocf bothendwalls 272 andbothsidewalls 274 of the box~1like
body 216, and 1ts outer side portions are placed on the shoulder
surfaces 276 and 278 of the box-likebody 216. Abonding member
280 1is filled between the outer peripheral surfaces of the
rectangular frame member 218 and the portions upper than the
shoulder surfaces 276, 278 of both end walls 272 and both side
walls 274 of the box-like body 216. Further, the outer side
portions of the lLower surfaces of the rectangular frame member
218 are upwardly tilted outwards to form tilted surfaces 282.
The bonding member 280 1s filled between the tilted surfaces
282 and the shoulder surfaces 276, 278 of the box-like body
216, too. Thus, the rectangular frame member 218 1s fixed onto
the shoulder surfaces 276 and 278 of the box-like body 216.
The bonding member 280 may be the same as the fixing member
54 (Flg. 3) described above.

Described below 1s how to fix the cells 234 to the
rectangular framemember 218 that constitutestheholdingmeans.
Prior to fixing the rectangular frame member 218 to the box-11ike
body 216, the lower ends of the cells 234 are arranged in a
rectangular region defined by the rectangular frame member 218
at 1ntervals 1n the back-and-forth direction (right-and-left
direction in Fi1ig. 6). Then, a fixXxing member 254 1n a pasty
or slurry state 1s filled in the remalning space of the
rectangular region and 1s solidified, thereby fixing the lower
ends of thecells 234 tothe rectangular framemember 218. Next,

the rectangular frame member 218 1s fixed onto the shoulder
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surfaces 276 and 278 of the box-like body 216 and, then, the
seallngmember 256 1s filled in a laminated manner on the fixing
member 254. It 1s desired that the sealing member 256 covers
not only the fixing member 254 but also the upper surface of
> the rectangular frame member 218 as well as the upper surfaces
cfbothendwalls 272, 274cf thebox-likebody2l6. Particularly,
the rectangular framemember 218 is formed fromametal oralloy,
1t 1s desired that the rectangular frame member 218 1s covered
with the sealingmember 256 so as tobe avoided frombeing exposed

10 to the electricity generation/combustion chamber that has an
oxidative atmosphere. The fixing member 254 and the seallng
member 256 may be the same as the fixingmember 54 and the sealing
member 56 (Fig. 3) described above.

In the embodiment illustrated in Figs. & and 7, the

15 rectangular framemember 218 is fixedonto the shoulder surfaces
276and278c0cfthebox-likebody2l16. Asdesired, therectangular
frame member 218 may be fixed onto the shoulder surfaces 276
and 278 of the box-1like body 216 by filling the sealing member
256 also between the rectangular frame member 218 and the

20 box-like body 216 at the time when the sealing member 256 1is
filled in a laminated manner on the fixing member 254, in place
of the bonding member 280. |

The preferred embodiments of the fuel cell assembly
constituted in accordance with the present invention have been

25 describedindetallwithreferencetotheaccompanyingdrawings.
However, 1t should be understood that the present invention
15 not limited to these preferred embodiments, and various
modifications and corrections may be made without departing
from the scope of the present invention.

30 Foe example, in the embodiment illustrated in Fig. 1,
a fuel gas rich in hydrogen is fed into the gas casing 14 and
an oxygen-containing gas is fed to the electricity
generation/combustion chamber 10. The present invention,

however, can be appliled to a fuel cell assembly of the type
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in which an oxygen-containing gas 1s fed into the gas casing
14 anda fuel gasisfedtotheelectricitygeneration/combustion
chamber. Further, in the embodiment 1llustrated in Fig. 1,
the fuel gas and oxygen-containing gas, which were not used
5 for generationofelectricitywere combusted lntheelectricity
generation/combustion chamber 10, but as desired, the fuel gas
and oxygen—-containing gas, which were not used for generation
of electricitymay be suitably recovered without bursting them
(in otherwords, theelectricitygeneration/combustion chamber
10 10 does not function as a combustion chamber but works only

as an electricity generation chamber.)
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CLAIMS:
1. A fuel cell assembly comprising a plurality of

p—

fuel cells, in which ends on one side of the cells forming

gas passages are gas-tightly fixed to a holding means,

whereln:

1)

between a periphery of the end on the one side of

each cell and the holding means, there are arranged a fixing
member for fixing the cell to the holding means and a
sealling member for accomplishing a gas-tight seal between

-

the end on the one side of the cell and the holding means;

|1

a portion higher than the end on the one side of

the cell 1s exposed 1n an electriclity generation chamber,

and the sealing member 1s arranged by the fixing member on a
side of the electricity generation chamber, so that the
fixing member 1s covered with the sealing member so as to
avold exposure of the sealing member to the electricity

generation chamber;

poth the fixing member and the sealling member are

electrically insulating;

the seallng member has a softening temperature

lower than that of the fixing member; and

ﬁ

the holding means 1s made of a heat-resistant

metal or alloy.

2. The fuel cell assembly according to claim 1,

whereiln the softening temperature of the fixing member is

g

higher than 1000°C and the softening temperature of the

sealing member is from 700 to 1000°C.

3. I'ne fuel cell assembly according to claim 1 or 2,

wherein the flxing member 1s a ceramic, a glass or a cement.
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pr—
p—

4. The fuel cell assembly according to any one of

claims 1 to 3, wherein the fixing member 1is a crystalline

ceramic having a high degree of crystallinity and containing

S10-, 4n0O, B>0Osz and RO 1n which R 1s an alkaline earth metal.

N

0. The fuel cell assembly according to any one of

claims 1 to 4, wherein the sealing member 1s a glass.

0. The fuel cell assembly according to any one of

claims 1 to 4, wherein the sealing member 1s a crystalline

or amorphous ceramic having a low degree of crystallinity

and containing S10;, Zn0O, B;O3 and RO (in which R 1s an

alkaline earth metal).

mrr

/. The fuel cell assembly according to any one of

)

—

claims 1 to 6, wherein a coefficient of thermal expansion ol

— =
o~

of the cell 1s smaller than a coefficient of thermal

expansion o2 of the holding means, and a coefficient of

thermal expansion o3 of the fixing member 1s not smaller

-

than 50% of the coefficient of thermal expansion ol of the

g

cell but 1s not larger than 150% of the coefficient of

Chermal expansion o2 of the holding means

(0.5 ol £ o3 £ 1.5 o2).

'—

c . The fuel cell assembly according to any one of

claims 1 to 7, wherein a coefficient of thermal expansion o4

'-'

of the sealing member 1s not smaller than the coefficient of

1)

fr—

thermal expansion ol of the cell but 1s not larger than the

coefficient of thermal expansion o2 of the holding means

(a0l < od < o2).

1)

9. The fuel cell assembly according to any one o:

claims 1 to 8, wherein:

pr—

ceach cell 1n the plurality of cells has an end on

one side,
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the holding means 1s constituted by a plate memper

that defines an upper surface of a gas casing,

a plurality of through openings are formed 1n the

~orth direction,

plate member at intervals i1in the back-and-:

the end on the one side of each cell 1n the

(7

plurality of cells 1s 1nserted 1n one of the through

openings, and

the fixing member and the sealing member are

filled in a laminated manner between an outer peripheral

10 surface of the end on the one side of each cell and an 1nner

peripheral surface of the through opening.

10. The fuel cell assembly according to any one of

ciaims 1 to 8, whereln:

the holding means 1s constituted by a closure

15 member having a rectangular upper wall,

poth end walls and both side walls hang down from

both end edges and both side edges of the upper wall and

deflne an upper part of a gas casing,

the closure member has a plurality of through

20 openings formed penetrating through the upper wall and

eXxtendling through upper portions of the both side walls at

intervals 1in the back-and-forth direction,

p—

the end on one side of each cell 1s inserted 1n

one of the through openings in a manner that both ends on

25 the one side are brought into contact with the upper

surfaces of the remaining lower porticns of the both side

walls of the closure member, and
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the fixing member and the sealing member are
filled in a laminated manner between the end on the one side

of each cell and the closure member.

|

11. The fuel cell assembly according to any one of

5 c¢laims 1 to 8, wherein:

cach cell 1n the plurality of cells has a lower

end,

the holding means 1s constituted by a rectangular

frame member that defines an upper surface of a gas casing,

—

10 cach lower end of the plurality of cells are

collectively arranged 1n a rectangular region surrounded by

“he rectangular frame member at 1ntervals 1n the back-and-

forth direction, and

the fixing member and the sealing member are

15 filled 1n a laminated manner 1n a remainling space 1n the

rectangular region.

12. The fuel cell assembly according to claim 11,

wherelin:

the gas casing comprises a box-like body having a

20 Dbottom wall, both end walls and both side walls erected from

poth end edges and both side edges of the bottom wall and

Faving an open upper surface,

upwardly faced shoulder surfaces are formed in
1nner surfaces at the upper ends of the both end walls and

2> the pboth side walls of the box-like body, and

at least the outer side portions of the

rectangular frame member are positioned on the shoulder

surfaces.
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13. The fuel cell assembly according to claim 12,

wnerelin a bonding member 1s filled between the shoulder

surfaces of the box-like body, the 1nner surfaces of the
Foth end walls and the both side walls positioned higher

“han the shoulder surfaces and the outer peripheral surface

and lower surface of the rectangular frame member.

14 . The fuel cell assembly according to claim 13,

—

wnereln at least the outer side portions of the lower

surfaces of the rectangular frame member are tilted surfaces

that are tilted upwards and outwards.

15. The fuel cell assembly according to claim 12,

winereln the sealing member covers the upper surface of the

f1x1ng member as well as the upper surface of the

H

rectangular frame member, upper surtface of the bonding

o~

member, and upper surfaces of the both end walls and the

poth si1de walls of the box-like body.

!—-

16. The fuel cell assembly according to any one o:

y—

c.aims 1 to 15, wherein the fuel cells are solid oxide fuel

] .
Ce 1 lb .

17, The fuel cell assembly according to any one of

claims 1 to 16, wherein the sealing member i1s located above

the holding means.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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