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The high temperature fuel cell with a thin film electrolyte
(10) has an electrochemically active element which is
executed as a planar multi-layer structure (1). At least the
electrolyte and cathode layers (10, 11) are deposited on a
porous, gas-permeable carrier structure (20, 30) by means of
a thin film technigue. The carrier structure is a sintered
body of metal ceramic material (31) which comprises a highly
porous base layer (30) as well as a fine pored cover layer
(20) of anode material placed on the base layer. The pores
(32) of the base layer are open with respect to one another
and have an average diameter of the order of magnitude of at

least about 300 pm. The pores (21) of the cover layer have

diameters which are not substantially greater than 1 to 3 um.
The coefficient of thermal expansion of the carrier structure
(20, 30) is substantially the same as that of the solid
electrolyte (10).

CLAIM

1. High temperature fuel cell with a thin fiim electrolyte
(10) whose electrochemically active element —
consisting of a cathode (11), an electrolyte and an
anode (12) — is executed as a planar multi-layer
structure (1) wherein at least the electrolyte layer and
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the cathode layer are attached to a porous, gas-
permeable carrier structure (20, 30) by means of a thin
film technique

characterised in that the carrier structure is a
sintered body of metallic ceramic material (31) which
comprises a highly porous base layer (30) as well as a
fine pored cover layer (20) placed on the base layer and
preferably consisting of anode material, wherein the
pores (32) of the base layer are open with respect to
one another and have an average diameter of the order of
magnitude of at least about 300 pm, while the pores (21)
of the cover layer have diameters which are not

substantially larger than 1 um, and wherein the
coefficient of thermal expansion of the carrier

structure is substantially the same as that of the solid
electrolyte.
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Abstract of Disclosure

The high temperature fuel cell with a thin film electrolyte
(10) has an electrochemically active element which is
executed as a planar multi-layer structure (1). At least the
electrolyte and cathode layers (10, 11) are deposited on a
porous, gas-permeable carrier structure (20, 30) by means of
a thin film technigue. The carrier structure is a sintered
body of metal ceramic material (31) which comprises a highly
porous base layer (30) as well as a fine pored cover layer
(20) of anode material placed on the base layer. The pores
(32) of the base layer are open with respect to one another
and have an average diameter of the order of magnitude of at

least about 300 um. The pores (21} of the cover layer have
diameters which are not substantially greater than 1 to 3 pm.
The coefficient of thermal expansion of the carrier structure

(20, 30) is substantially the same as that of the solid
electrolyte (10).

(Fig. 1)
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Sulzer Innotec AG, Winterthur, Switzerland

High temperature fuel cell with a thin f£film electrolyte

The invention relates to a high temperature fuel cell with a
thin film electrolyte in accordance with the preamble of
claim 1. Such a fuel cell is known from EP-A 0 635 896 (=
P.6583). The invention also refers to a battery with fuel

cells arranged in stacks.

In the known fuel cells, the electrochemically active
element, which consists of an anode, a solid electrolyte and
a cathode in a planar arrangement, is manufactured by means
of a vacuum-plasma injection process, a VPS process for
short.

Thin film electrolytes, such as can be manufactured by the
VPS process, permit operating temperatures of 600 to 800°C.
In electrochemically active elements in the form of self
supporting plates, as are customary in the older types of
fuel cells, the operating temperatures lie between 900 and
1000°C. Various problems in connection with the choice of
material which give rise to high costs at the higher
temperatures do not arise at the lower temperatures.
Nameworthy cost reductions in comparison with the older types
of fuel cells are therefore to be expected in the case of
fuel cells with thin film electrolytes. The long term
stability of the fuel cells is also improved.




In the known fuel cell the carrier structure for the
electrochemically active element is a flexible porous body
built up of layers. In a boundary zone of this carrier
structure the pores, which are relatively large, are filled
with fine metallic particles. This boundary zone represents a
fine pored layer onto which the thin film layers of the
electrochemically active element can be applied. The
flexibility of the carrier structure has the advantageous
effect that damaging thermal strains between the ceramic
electrolyte and the metallic carrier structure can be
avoided. The proposed use of a metallic felt for the carrier
structure is however problematic with respect to the
manufacture of the electrochemically active element by means
of a thin film technique, since it is difficult to
manufacture a substrate suitable for application of the thin
film layers by means of the disclosed process. A substrate is
suitable if it has a smooth, homogeneous surface free of
defects in spite of its porosity.

It is thus the object of the invention to provide a fuel cell
whose carrier structure for the electrochemically active
element is more suitable as a substitute for coating with a

thin film. This object is satisfied by the fuel cell defined
in claim 1.

The high temperature fuel cell with a thin film electrolyte
has an electrochemically active element which is built up as
a planar multi-layer structure. At least the electrolyte
layer and the cathode layer are applied on a porous carrier
structure permeable to gas by means of a thin film technique.
The carrier structure is a sintered body of a metallic
ceramic material (“‘cermet’’} which comprises a highly porous
base layer as well as a fine pored cover layer of anode
material placed on the base layer. The pores of the base
layer are open with respect to one another and have an
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average diameter on the order of magnitude of at least about
300 pm. The pores of the cover layer have diameters which are

not substantially larger than 1 um. The coefficient of
thermal expansion of the carrier structure is substantially

equal to that of the solid electrolyte.

The dependent claims 2 to 10 relate to advantageous
embodiments. The subject of claim 11 is a battery of high
temperature fuel cells in accordance with the invention.

The invention will be explained in the following with regard
to the drawings. Shown are:

Fig. 1 an electrochemically active element on a carrier
structure in accordance with the invention having
a base layer in the form of an open-pore foam

structure,

Fig. 2 a schematic view of a multi-laver construction of
an electrochemically active element and

Fig. 3 a part of a cross-section through the fuel cells
of a cell stack with the cross-sectional plane
lying parallel to the stack axis.

The planar multi-layer structure of Fig. 1 is composed of the
following sheets or layers: an electrolyte 10 which is
produced using a thin film technique; a cathode 11 on the air
side of the electrolyte 10; a cover layer 20 which together
with the base layer 30 forms a carrier structure for the
layers 10 and 11 on the one hand, and which, on the other
hand, simultaneously functions here as the anode. The cover

layer 20 is porous (pores 21 in Fig. 1).
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The base layer 30 consists of metallic ceramic material 31
and has large pores 32. The foam structure illustrated is
obtained for example as follows: The skeleton of an open-
pored plastic foam is coated with a slurry containing powder
particles of metallic oxides and ceramic material. After
drying, a suitable stable carrier structure is obtained by
sintering in a reducing atmosphere in which the metallic
oxides give off their oxygen. During sintering, the material

of the plastic skeleton vaporises.

The cover layer 20 is preferably produced by means of a band

casting procedure. In this procedure a plastically deformable

mixture of powdered solid substances and binder means is
HE rolled out into thin sheets with a thickness of about 0.3 mm.
‘et t It is preferable to use the same or similar materials for the
solid substances as are used for the base layer, which
convert into a form suitable for the anode reaction on
sintering in a reducing atmosphere. The freshly prepared film
is laid on the undried base layer. The two layers combine on
drying. A volume reduction results on sintering of this two-~

TR layer body. The thickness of the cover layer 20 reduces to
about 150 pm. Pores 21 which are not substantially larger
Lo, than 1 pm simultaneously form due to the reduction of the

metallic oxides. Depending on the manufacturing process, the
thickness of the cover layer 20 has a value between 80 and

300 um.

An advantageous mixture of the powdered solid substances for
the manufacture of the base layer and the cover layer
consists of 70% NiO and 30% YSZ (= ZrO, stabilised with Y_0O,
= electrolyte material). PVB (polyvinyl butyral) and/or PEG
(polyethylene glycol) is/are added to this mixture as a
binder. A phosphate ester is used as a dispersion agent.

Ethylene glycol is a suitable solvent. The sintering is done




at about 1400°C. Afterwards the nickel oxide NiO is reduced
in a hydrogen atmosphere to metallic nickel; the stabilised
zirconium oxide YSZ remains chemically unchanged in the

process.

Thanks to the filigree construction of the carrier structure
no strains arise during sintering which would lead to cracks,
which is otherwise often observed in the manufacture of

monolithic bodies from metal ceramic material.

Fig. 1 shows the simplest construction of an
electrochemically active element deposited on a carrier
structure. The thin film technique permits the relatively
simple manufacture of complicated multi-layer structures
which, thanks to this complexity, have advantages over the
most simple construction. Such a structure with a multi-layer
construction is indicated in Fig. 2: an anode 12 consisting
of two films 12a and 12b is deposited on the cover layer 20,
which here no longer has the function of an anode.

During the operation of the fuel cell the anode reactions
take place in the film 12a, which for instance contains the
above mentioned mixture of Ni and YSZ and which is from 5 to
30 um thick. Other metals or mixtures of metals can be used
instead of Ni. Instead of the Y¥SZ, which is an ionic
conductor, ceramic materials which conduct electrons as well
as ions can also be used (e.g. cerium oxide doped with

gadolinium).

The second film 12b is a compensatingly acting transition
layer with a thickness of 1 to 15um. As a result of the
specially chosen composition and construction, the transition
layer 12b bridges differences between the materials of the
following layer 10, namely of the electrolyte layer, and of




the outer anode layer 12a. The film 12b consists for example

of a mixture of substances which conduct electrons and ions.

The cathode 11, which like the anode is built up of two films
lla and 11b, lies on the electrolyte layer 10, which is 5 to

20 pum thick. The film 11b is likewise a transition layer
which conducts ions and electrons or which for example is
catalytically active by means of palladium. The film 11a is
the electrochemically active cathode which consists of a

perovskite.

Various technigues can be used for manufacturing the various
thin films: thermal spraying procedures such as VPS, which is
also called LFPS {‘‘Low Pressure Plasma Spraying’’), or high
speed flame spraying (HVOF = ‘‘High Velocity Oxy Fuel’’};
also PVD (‘‘Physical vapour Deposition’’) or maghetron
sputtering or EBPVD (‘‘Electron Beam PVD’’); furthermore,
silk screen printing techniques or sol-gel procedures.

The base layer 30 can easily be soldered onto a metallic
plate using, for example, a NiCrP soldering film. To
manufacture a fuel cell the base layer 30 is soldered onto a
plate-shaped body 50 (see Fig. 3} which is provided as a heat
exchanger for heating the air required for the reaction.

Fig. 3 shows a part of a cross-section through two adjacent
fuel cells of a cell stack. A part of an air conveying layer
40 can be seen at the upper end of this section. The arrows
45’ indicate the transport of oxygen from the air 45 to the
cathode 11. The gas 35 flowing into the base layer 30 on the
other side of the electrolyte 10 supplies — arrows 35/ —
the anode 12 with hydrogen and carbon monoxide, which are
transformed to water and carbon dioxide via energy releasing

anode reactions.
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The base layer 30 is connected to the heat exchanger plate 50
via a soldered connection 53. This plate 50 with air channels
51 is the first layer of the adjacent fuel cell. After the
air 45 has been heated to practically the reaction
temperature by flowing through the channels 51, it is
introduced into the air conveying layer 40 of the lower cell
via a non-illustrated connection. This layer 40 can be formed
in a manner similar to the layer 30 by a ceramic foam body,
which foam body must not contain any oxidisable metals
however. The layer 40 can also be manufactured by means of
uniformly arranged knobs or burls which are firmly connected
either to the lower side of the heat exchanger plate 50 or to
the surface of the cathode 11.

It is also possible to provide the air conveying layer 40 as
a carrier for the electrochemically active element 11, 10, 12
in place of the gas conveying layer 30. Such a solution is
described in the FRuropean Patent Application No. 95810026.5
(= P.6658). It contains a highly porous sintered body which
is manufactured of a cathode-like material. The carrier
structure disclosed here has the following advantages over

this solution:

¢ An improved mechanical stability which — especially at the
high temperatures — has high resistance to irreversible
deformations.

e An improved conductivity, especially at the envisaged
operating temperatures of 600 - 800°C.

e An improvement in the executability of the solder
connections thanks to the metallic constituents.

¢ Greater ease of manufacturing the element built up of a
ceranic foam and a cover layer using anode-like instead of
cathode~like material.




* 2 simple production of the porosity in the cover layer
hecessary for the passage of the gas through the sintering
in a reducing atmosphere.

s Fewer problems in the manufacture of electrochemically

active elements with large diameters.

Further embeodiments of highly porous carrier structures are
described in the said application No. 95810026.5 (see Figures
9 and 10 there). Corresponding carrier structures can also be
provided for the gas-side base layer 30.

Specific fuel cells having a centrally symmetrical

construction are also described in the same application
‘ot (Figures 1 and 2). Correspondingly constructed cells can be
St manufactured with the multi-layer structure disclosed here.
Such cells connected in series form a cylindrical stack.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. High temperature fuel cell with a thin film electrolyte whose
electrochemically active element - consisting of a cathode, an electrolyte and an
anode - is executed as a planar multi-layer structure wherein at least the
electrolyte layer and the cathode layer are attached to a porous, gas-permeable
carrier structure by means of a thin film technique characterised in that the
carrier structure is a sintered body of metallic ceramic material which includes a
highly porous base layer as well as a fine pored cover layer placed on the base
layer and preferably consisting of anode material, wherein the pores of the base
layer are open with respect to one another and have an average diameter of the
order of magnitude of at least about 300um, while the pores of the cover layer
have diameters which are not substantially larger than 1um, and wherein the
coefficient of thermal expansion of the carrier structure is substantially the same
as that of the solid electrolyte.

v ue 2. High temperature fuel cell in accordance with claim 1 characterised in
o that the cover layer is manufactured by means of a band casting procedure and
has a thickness of 80 to 300um, preferably of about 150um.

3. High temperature fuel cell in accordance with claim 1 or claim 2
characterised in that the base layer has an open-pore foam structure.

4, High temperature fuel cell in accordance with one of claims 1 to 3
IR characterised in that the metal ceramic material of the carrier structure consists
) of nickel and stabilised zirconium oxide.

5. High temperature fuel cell in accordance with one of the claims 1 to 4
characterised in that the thickness of the electrolyte layer amounts to between
about 5 and 20um.
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6. High temperature fuel cell in accordance with one of the claims 1 to 5,
characterised in that the electrolyte layer is deposited directly onto the cover
layer of the carrier structure.

7. High temperature fuel cell in accordance with one of claims 1 to 5
characterised in that at least one layer acling as an anode is placed between
the cover layer of the carrier structure and the electrolyte layer.

8. High temperature fuel cell in accordance with claim 7, characterised in
that the anode consists of two films, a 1 to 15um thick compensatingly acting
transition layer and a 5 to 30um thick layer at which the anode reactions can
take place, with these layers being composed of mixtures of one of more metals
and ceramic materials - in particular electrolyte material.

9. High temperature fuel cell in accordance with one of the claims 1 o 8
characterised in that the cathode consists of two layers, a 1 to 15um thick
compensatingly acting transition layer and a 5 to 30um thick layer at which the
: cathode reactions can take place, with these layers being composed of mixtures

of one or more metals and ceramic material - in particular electrolyte material.

10, High temperature fuel cell in accordance with one of the claims 1 to 9
characterised in that the base layer of the carrier structure is soldered onto the
one surface of a plate-shaped body, with said body being provided for the
infeed of air into the cell.

11.  Battery of high temperature fuel cells in accordance with one of the claims
et 1 to 10 characterised in that the cells are formed substantially centrally

symmetrically; and in that the cells connected in series form a cylindrical stack.

DATED this 11th day of May 1999

SULZER INNOTEC A.G.

. WATERMARK PATENT & TRADEMARK ATTORNEYS
), 290 BURWOOD ROAD

“% HAWTHORN VICTORIA 3122

AUSTRALIA
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