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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to reversible solid oxide fuel cells (SOFC) comprising a metallic support and protected with
a barrier material incorporated within the fuel cell. Particularly, the invention relates to reversible solid oxide fuel cells (SOFC)
comprising a metallic support with the cathode on the metal support side and a barrier material impregnated into the metallic
support layer and cathode precursor layer. The invention relates also to metal supported solid oxide fuel cells protected on the
anode side, in which the barrier material is also impregnated into an anode precursor layer. The invention relates also to a
method of producing said reversible solid oxide fuel cell.

BACKGROUND OF THE INVENTION

[0002] Conventional manufacture processes of solid oxide fuel cells (SOFCs) include the provision of a metallic support, the
formation of an anode layer thereon, followed by the application of an electrolyte layer. The so formed half cell is dried and
afterwards sintered, often in a reducing atmosphere. Finally, a cathode layer is formed thereon so as to obtain a complete cell.
However, during the sintering of the half cell, undesired reactions between the metal support and anode materials occur, resulting
in a negative impact on the overall cell performance.

[0003] WO-A2-2005/122300 relates to a solid oxide fuel cell with the anode on the metal support side comprising a metallic
support ending in a substantially pure electron conducting oxide that prevents the reaction of metals of the anode with said
metallic support, which is normally a ferritic stainless steel. The complete cell contains on top of the metallic support, an active
anode layer, an electrolyte layer, an active cathode layer, and a transition layer to a cathode current collector of a single phase
LSM. A discrete barrier layer is provided between the electrolyte layer and the cathode layer in order to increase the lifetime of
the cathode layer by preventing the diffusion of cations from the cathode layer into the electrolyte layer.

[0004] WO-A2-2006/082057 discloses a fuel cell in which the cathode layer is provided on a metallic support, normally a ferritic
stainless steel support, enabling thereby the provision of robust cell which at the same time eliminates the problem of
deterioration of the metallic support otherwise encountered in designs where the anode layer is provided on the metal support
side. By having the cathode layer on a metallic support the reactions of active anode components such as Ni with the ferritic steel
of the support are avoided. A discrete barrier layer of doped ceria is provided in between the electrolyte and the cathode layer to
prevent the diffusion of cations from the cathode to the electrolyte. The provision of the cathode on the metallic support side
enables a more robust cell. The degrees of freedom in choice of anode material are increased and at the same time redox
stability is enhanced. However, corrosion of the metallic support may still take place and severely impair the applicability of this
otherwise attractive cell design. Moreover, at the operating temperatures of SOFC, often between 700 and 900°C, chromium
present in the metallic support, which is normally ferritic stainless steel, has a strong tendency to migrate into the cathode and
severely impair the performance of the cell by significantly decreasing the power density due to degradation of the cell. This
phenomenon is known in the art as Cr-poisoning.

[0005] D.E. Aiman et al. Journal of Power Sources 168 (2007) 351-355 describe the preparation of a fuel cell in which a thin and
dense metal sheet of ferritic stainless steel is perforated to form a current collector with a slotted pattern which allows the passage
of air to the cathode. The perforated metal sheet is then coated with ceria and subsequently attached to the anode or cathode
side of a button cell. The button cells contain a thin Gd-doped ceria layer at the electrolyte-cathode interface. The provision of a
ceria coating on the metal surface (as a thin oxide layer) reduces cell degradation due to Cr poisoning. However, only the outer
surface of the metal is covered with the ceria.

[0006] EP 1760817 A1 discloses a reversible solid oxide fuel cell monolithic stack comprising:

1. 1) a first component which comprises at least one porous metal containing layer (1) with a combined electrolyte and sealing
layer (4) on the porous metal containing layer (1), wherein the at least one porous metal containing layer hosts an
electrode;

2. 2) a second component comprising at least one porous metal containing layer (1) with an interconnect and sealing layer (5)
on the porous metal containing layer (1), wherein the at least one porous metal containing layer hosts an electrode.
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[0007] It would be desirable to be able to provide solid oxide cells which are robust and with higher corrosion stability and higher
resistance against Cr-poisoning than prior art cells.

SUMMARY OF THE INVENTION

[0008] We have now found that by providing a barrier material throughout the layers of the cell, it is possible to enhance the
corrosion stability of the metal support as well as other metal components present in the structure, such as interconnects. By
providing a barrier material that is deposited on the electrolyte layer, but which penetrates into the cathode precursor layer and
the metallic support layer, interface reactions between air electrode (cathode) materials and the electrolyte material are
prevented, whilst at the same time the corrosion stability of the metal support is enhanced and Cr-poisoning of the cathode is
avoided.

[0009] According to the invention we provide a reversible solid oxide fuel cell comprising a metallic support layer, a cathode
layer, an electrolyte layer and an anode layer, wherein the metallic support layer and the cathode layer comprise a barrier
material which prevents interface reactions between cathode materials and electrolyte material, the reversible solid oxide fuel cell
obtainable by a method comprising the steps of:

providing a metallic support layer;

forming a cathode precursor layer on the metallic support layer;
forming an electrolyte layer on the cathode precursor layer;
sintering the obtained multilayer structure;

impregnating a precursor solution or suspension of a barrier material which prevents interface reactions between cathode
materials and electrolyte material into the metallic support layer and the cathode precursor layer and subsequently conducting a
heat treatment;

forming a cathode layer by impregnating the cathode precursor layer with a pure catalyst or a composite comprising same, and

forming an anode layer on the electrolyte layer.

[0010] Also provided is a method of producing the above reversible solid oxide fuel cell comprising the steps of:
providing a metallic support layer;

forming a cathode precursor layer on the metallic support layer;

forming an electrolyte layer on the cathode precursor layer;

sintering the obtained multilayer structure;

impregnating a precursor solution or suspension of a barrier material which prevents interface reactions between cathode
materials and electrolyte material into the metallic support layer and the cathode precursor layer and subsequently conducting a
heat treatment;

forming a cathode layer by impregnating the cathode precursor layer with a pure catalyst or composite comprising same, and

forming an anode layer on the electrolyte layer.

[0011] The precursor solution or suspension of barrier material is thereby impregnated into the metallic support layer and the
cathode precursor layer. Yet, the barrier material may also be impregnated into other layers of the solid oxide fuel cell, such as
into transition layer(s) as defined below. As a result of the process the electrolyte will also be covered by the barrier material. The
electrolyte layer is gastight and therefore the barrier material is applied on it rather than into it. The barrier material is then
deposited on the side of the electrolyte layer facing the cathode, before forming said cathode layer. This eliminates undesired
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reactions between cathode and electrolyte materials, particularly between La and/or Sr oxides in the cathode and ZrO» in the

electrolyte, which tend to react and form electrically insulating interface layers in the cell and thereby reduce its electrochemical
activity.

[0012] As used herein the term reversible solid oxide fuel cell means that the reactions of the fuel cell are reversed when the
current in the cell is reversed and the solid oxide cell (SOC) acts as an electrolyser (SOEC).

[0013] As used herein the terms multilayer structure and half cell are used interchangeably. These terms encompass a layered
structure containing the metallic support layer, optionally one or more transition layer(s), cathode precursor layer(s) and the
electrolyte layer. For cells in which the electrolyte is directly attached to the metal support the term multilayer structure
encompasses a layered structure containing the metallic support layer, optionally one or more transition layer(s) and the
electrolyte layer. The term multilayer structure may also encompass embodiments in which additionally one or more anode
precursor layer(s) are provided.

[0014] The barrier material is able to penetrate in the cell and is distributed on the grain surfaces in the cathode compartment
comprising the porous metal support and precursor layer and on the surface of the dense electrolyte. The current invention
encompasses therefore metal supported cells with an impregnated barrier material that is dispersed throughout the layers of the
fuel cell, preferably all others than the anode layer, but still deposited on the surface of the electrolyte facing the cathode side.
The barrier material prevents interface reactions between cathode (air electrode) materials and the electrolyte material, such as
the diffusion of cations from the cathode catalyst to the electrolyte layer and to the cathode precursor, thereby increasing the
electrical performance and the lifetime of the cell. The barrier material prevents also chromium migration from the metal support
into the cathode. The barrier material enhances the corrosion stability of the metal support as well as other metal components
present in the structure such as interconnects by impeding or at least severely restricting the passage of oxygen into these
layers.

[0015] In an alternative embodiment of the invention a metal supported cell is also protected on the anode side. For this purpose
a precursor layer of the anode is also provided and forming or completing the anode takes place before forming or completing the
cathode layer.

[0016] Accordingly, the step of forming an anode layer on the electrolyte layer is conducted prior to the step of forming a
cathode layer (by e.g. impregnating the cathode precursor layer or metallic support layer) and comprises:

¢ forming an anode precursor layer on the electrolyte layer prior to sintering the obtained multilayer structure,

e after sintering the obtained multilayer structure, impregnating the anode precursor layer with a precursor solution or
suspension comprising compounds selected from the group consisting of Ni, Ce, Gd and mixtures thereof,
the method further comprising prior to forming said cathode and anode layers,

e impregnating a precursor solution or suspension of a barrier material into the metallic support layer, cathode precursor
layer and anode precursor layer, and subsequently conducting a heat treatment.

[0017] More specifically, according to this embodiment a reversible solid oxide fuel cell is obtainable by a method comprising the
steps of:

¢ providing a metallic support layer;

o forming a cathode precursor layer on the metallic support layer;

e forming an electrolyte layer on the cathode precursor layer;

e forming an anode precursor layer on the electrolyte layer;

¢ sintering the obtained multilayer structure;

e forming an anode layer by impregnating the anode precursor layer with a precursor solution or suspension comprising
compounds selected from the group consisting of Ni, Ce, Gd and mixtures thereof;

¢ forming a cathode layer by impregnating the cathode precursor layer,
the method further comprising prior to forming said cathode and anode layers,

e impregnating a precursor solution or suspension of a barrier material into the metallic support layer, cathode precursor
layer and anode precursor layer, and subsequently conducting a heat treatment.

[0018] For instance, after providing the metallic support, cathode precursor layer, electrolyte layer and anode precursor layer,
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the samples may be punched out in the desired dimensions and sintered under reducing conditions. After sintering, the barrier
material is impregnated into the metallic support, cathode and anode precursor layers, and onto the electrolyte layer. The
impregnation of the barrier material is conducted at least once and after impregnation the samples are heat treated, for instance
at 400°C for 1 hour. The metallic support is masked and the anode layer is formed by impregnating a nitrate solution containing
Ni, Ce and Gd. After drying, the metallic support mask is removed and the anode layer is masked. A cathode layer is then formed
by impregnating the cathode precursor layer with a suitable nitrate solution comprising e.g. La, Sr, Fe, Co, Ce and Gd.
Alternatively a colloid suspensions of (Laq-xSry)s (CoyFe1.y) O35 (LSCF) and Ce1GdxO2-5 (CGO) and/or Ni© and CGO may be

impregnated, respectively.

[0019] Where the electrolyte is directly attached to the metal support a reversible solid oxide fuel cell is obtainable by a method
comprising the steps of:

o providing a metallic support layer;

e forming an electrolyte layer on the metallic support layer;

e forming an anode precursor layer on the electrolyte layer;

¢ sintering the obtained multilayer structure;

¢ forming an anode layer by impregnating the anode precursor layer with a precursor solution or suspension comprising
compounds selected from the group consisting of Ni, Ce, Gd and mixtures thereof;

¢ forming a cathode layer by impregnating the metallic support layer,
the method further comprising prior to forming said cathode and anode layers,

e impregnating a precursor solution or suspension of a barrier material into at least the metallic support layer and the anode
precursor layer and subsequently conducting a heat treatment.

[0020] By having electrode precursor layers (cathode and anode precursor layers) on both sides corrosion protection of the
metal on the anode side is achieved while still having the cathode on the metal support side.

[0021] Regardless of the embodiment chosen, the barrier material is preferably provided after sintering of the multilayer
structure by vacuum infiltration, whereby impregnation throughout the multilayer structure, i.e. half cell, is obtained.

[0022] Preferably, the barrier material comprises ceria, more preferably doped ceria such as (CeggGdgp 1)O25 (i.e. CGO10) or
(Cep.gSmp 1)02-5 (i.e. CSO10).

[0023] The precursor solution or suspension of barrier material is preferably a nitrate solution of doped ceria, for instance a
nitrate solution of Gd doped ceria ((Ceg 9Gdp.1)02-5), or a, colloidal suspension of doped ceria particles having average diameter

of 2-100 nm, preferably 30-100 nm, more preferably 30-80 nm.

[0024] For the metal supported embodiments, it would be understood that after sintering the half cell consisting of the metallic
support layer, cathode precursor and electrolyte, a barrier material is impregnated into the porous structure of such half cell. The
electrolyte layer is very dense and therefore this layer is not part of this porous structure. The barrier material covers the
surfaces in the porous half cell as well as the surface on the electrolyte. After impregnation of the barrier material an active
cathode is impregnated in form of a pure catalyst (e.g. (Laq1-xSrysCoO3.5, LSC) or a composite (e.g. LSCF and CGO). The

opposite side of the electrolyte can be coated with any suitable anode.

[0025] Normally the anode gas contains more than 50 vol.% water which may cause severe corrosion problems in the metal
support. The provision of the cathode on the metal support side and the barrier material enables therefore also a higher degree
of freedom in the anode choice and it is even possible to have a redox stable Ni based anode.

[0026] The two step impregnation, first the impregnation of the precursor of barrier material and then the impregnation of the
active cathode material so as to form a cathode layer results in a dual protective effect of the metallic support. Thereby fuel cells
which are mechanically robust, with better performance and longer lifespan are obtained.

[0027] In yet another embodiment the method of preparing the reversible solid oxide fuel cell further comprises providing one or
more intermediate transition layers between said metallic support layer and said cathode precursor layer. The transition layer
represents a bonding layer of metal and ceramic materials that reduces thermal stress caused by the difference in thermal
expansion coefficients (TEC) of the metallic support and cathode. The transition layer consists preferably of a mixture of metal
and oxide material.
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[0028] Preferably a heat treatment at e.g. 200°C for 2 hrs is conducted subsequent to the provision of the precursor solution or
suspension of barrier material and before forming the cathode layer. The heat treatment may also be conducted at 300, 400,
500, 600, 700°C for 1, 2 or 3 hrs. This heat treatment ensures the decomposition of the precursor solution or suspension of
barrier material, for instance the nitrate of the nitrate solution of doped ceria ((Gdg1Ceq9)0O2.5), thereby fixing the barrier
material within the layers of the fuel cell. The impregnation procedure may be repeated several times, preferably 2 to 5 times in
order to ensure as much penetration of the barrier material into the cell as required to obtain a dense barrier layer. The heat
treatment may be conducted after each impregnation.

[0029] The metallic support layer has a porous volume of below 70 vol %, often in the range 10-60 vol %, and an average pore
size of 1-50 ym, preferably 2-10 ym. The porous metallic support layer enables the transport of gases and comprises preferably a
FeCrMx alloy, wherein Mx is selected from the group consisting of Ni, Ti, Ce, Mn, Mo, W, Co, La, Y, Al, and mixtures thereof, and

from 0 to 50 vol% metal oxides, and wherein the metal oxide is selected from the group of doped zrconia, doped ceria,
Mg/Cal/SrO, CoOy, MnOy, B2O3, CuOy, ZnOs, VOy, Cro03, FeO, MoOy, W03, Gag03, Alo03, TiOo, and mixtures thereof. The
addition of one or more of said oxides enhances the chemical bonding between the electrode layer and the metal support, at the
same time adjusts the TEC (thermal expansion coefficient) of the respective layers so as to reduce the TEC difference thereof.
Also, said oxides may be used to control the sinterability and grain growth of the layer. In the case of, for example, MgO, or CoOy,
the TEC difference will increase, whereas in case of, for example, CroO3, AloO3, TiOy, drconia and possibly ceria, the TEC will be

reduced. Thus, the addition of the respective oxide can be used to control the TEC difference as desired.

[0030] In a further preferred embodiment, the FeCrMy porous support layer comprises an oxide layer on all internal and external
surfaces. Said oxide layer may be formed by oxidation of the FeCrMy alloy itself in a suitable atmosphere. Alternatively, the oxide
layer may be coated on the alloy. The oxide layer advantageously inhibits the corrosion of the metal. Suitable oxide layers
comprise, for example, CrpO3, CeOp, LaCrO3, SrTiO3, and mixtures thereof. The oxide layer may preferably furthermore be
suitably doped, e.g. by alkaline earth oxides.

[0031] In a particular embodiment the metallic support is provided as a powder suspension of FeCrMx alloy, preferably
Fe22CrTi0.04, mixed with Zrg 94Yp 06Zr2-5-

[0032] The thickness of the metallic support layer of the present invention is preferably in the range of 1.00 to 2000 pym, and
more preferably of 250 to 1000 pm.

[0033] As mentioned above, the cathode layer is formed by impregnating said cathode precursor layer with an active cathode in
the form of a pure catalyst such as LSC or a composite such as a LSCF/CGO composite. The impregnation of the cathode
precursor layer may be conducted with a solution or suspension of the active cathode, such as a nitrate solution, or a colloidal
suspension with an average particle size of 30-100 nm of the active cathode.

[0034] The finally formed cathode layer may comprise doped zirconia and/or doped ceria and/or a FeCrMy alloy, for example
scandia and yttria stabilized zirconia (ScYSZ), and further at least one material selected from the group consisting of : (Laq-
xSrsMnO3.5 and (Aq-Bx)s(Fe14Coy)O3-5 where A = La, Gd, Y, Sm, Ln or mixtures thereof, and B = Ba, Sr, Ca, or mixtures
thereof, and Ln = lanthanides; for instance lanthanum strontium manganate (LSM), lanthanide strontium manganate ((Lnq-
xSrsMnO3, lanthanide strontium iron cobalt oxide (Ln1xSrx)s(Feq-+Coy)O3, preferably La, (Y1-xCaxs(Fe1-yCoy)03, (Gd1Sry)
(Fe1Coy)0O3, (Gd1xCay) (Feq-yCoy)O3, and mixtures thereof.

[0035] It has been found that a cathode layer comprising said composite material exhibits a better cathode performance, as
compared to other cathode materials known in the art. The thickness of the cathode layer is preferably in the range of 10 to 100
pm, and more preferably of 15 to 40 pm.

[0036] The electrode precursor layers are converted to the respective electrode (anode, cathode) layers by impregnation,
preferably vacuum infiltration, with active material after sintering. Impregnation of the active material in the electrode precursor
layer may also be conducted under pressure, i.e. by pressure impregnation. Pressure impregnation is particularly suitable where
the electrode layer is formed by impregnation of nano-sized suspensions, e.g. when forming a cathode layer by impregnation of a
nano-sized suspension of ferrites and/or cobaltites with average size of particles in the range 30-80 nm. The impregnation may be
conducted at least once, preferably up to five or seven times. If the precursor layer is converted into an anode, impregnation is
conducted with, for example, Ni with or without doped ceria, or with Ni with or without doped zrconia. Preferably, the impregnation
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of the anode precursor layer is carried out with a solution or suspension comprising compounds selected from the group
consisting of Ni, Ce, Gd and mixtures thereof; for instance with a solution comprising a nitrate of Ni, Ce, Gd or mixtures thereof.
The preferred method is impregnation of a suspension of Ni(O) and CGO.

[0037] The anode precursor layer is preferably formed from a composition of Zrg 78Scg 20Y0.0202-5 optionally mixed with Fe22Cr
or more preferably CeggGdg 102 optionally mixed with Fe22Cr. If the precursor layer is converted into a cathode layer, the

impregnation may be carried out with ferrites or cobaltites. As used herein ferrites and/or cobaltites are crystalline compounds
with the general formula (Ln1_XSrX)S(Fe1_yCoy)O3, Ln = lanthanide, preferably La. Alternatively other compounds may be utilised,

such as (Ln18rysMnO3, Y1xCax)s(Fe1-yCoy)O3, (Gd18ry) (FeqyCoy) O3, (Gd1xCay) (Feq1-Coy) O3, and mixtures thereof.

[0038] Hence, the cathode layer comprises doped zrconia and/or doped ceria and/or a FeCrMx alloy, and further at least one
material selected from the group consisting of lanthanum strontium manganate (LSM), lanthanide strontium manganate ((Ln1-

xSrsMnO3, lanthanide strontium iron cobalt oxide (LnqSrys(Feq1-yCoy)O3, Ln = lanthanide, preferably La, (Y1xCaxs(Fe1-
yC0y)O3, (Gd1xSry(Fe1-yCoy)O3, (Gd1xCay(Fe1-yCoy)O3, and mixtures thereof.

[0039] The cathode precursor layer may be formed from doped zirconia and/or doped ceria in which the dopants are Sc, Y, Ga,
Ce, Sm, Gd, Ca and/or any Ln element, for instance Zrp 78Sco.20Y0.0202-5. Also optionally, metals and metal alloys such as
FeCrMx, and the like, may be added, with Mx being selected from the group consisting of Ni, Ti, Ce, Mn, Mo, W, Co, La, Y, Al, and
mixtures thereof. In case of addition of the metals or metal alloys, the layer will possess oxygen-ion conductivity due to the layer
comprising doped zirconia/ceria, as well as electronic conductivity due to the metal. If the layer comprises doped ceria, the layer
will also exhibit some electrocatalytic properties.

[0040] In a further preferred embodiment, the cathode precursor layer may be a graded impregnation layer which is made from
one or more of thin sheets comprising a mixture of oxide material and a metal alloy, such as the ones mentioned above. Each
sheet may have varying grain sizes and pore sizes, and thicknesses of 5 to 50 ym. The grading is achieved by, for example,
laminating the metal support layer and various sheets, preferably 1 to 4 sheets, with different grain sizes and pore sizes by rolling
or pressing. The resulting graded layer may, for example, have an average grain size ranging from 5 to 10 ym in the sheet
closest to the metal support layer, and 1 um in the sheet closest to the electrolyte layer.

[0041] The electrolyte layer preferably comprises doped zirconia or doped ceria. More preferably the electrolyte layer comprises
a co-doped zrconia based oxygen ionic conductor. Said electrolyte layer has a higher oxygen ionic conductivity than a layer
comprising pure YSZ, and a better long time stability than a layer comprising pure ScSZ. Doped ceria may be used alternatively.
Other suitable materials for the formation of the electrolyte layer include ionic conducting materials mentioned above for the
electrode precursor layers, and also gallates and proton conducting electrolytes. The thickness of the electrolyte layer is
preferably in the range of 5 to 50 ym, and more preferably of 10 to 25 pm.

[0042] In a particular embodiment the invention encompasses that the anode layer is directly formed on the sintered multilayer
structure comprising the metallic support layer, the cathode layer and the electrolyte layer. The step of forming an anode layer on
the electrolyte layer is thereby conducted prior to forming a cathode layer by impregnating the cathode precursor layer. The
formed anode layer is preferbly a porous layer comprising NiO and doped zrconia or doped ceria. Alternatively, a redox stable
anode may be deposited on the multilayer structure. Accordingly, in yet another embodiment the formed anode layer is a redox
stable anode comprising Ni-zirconia, Ni-ceria, or any other metal oxide with oxygen ion or proton conductivity, for example
materials selected from the group consisting of La(Sr)Ga(Mg)O3-5, SrCe (Yb) O35, BaZr(Y)O3.5 and mixtures thereof, which have

the property of being able to withstand redox cycling better than hitherto known anodes.

[0043] Surface passivation of Ni-surfaces of the redox stable anode is achieved by the composition comprising at least one
additional oxide that is stable both under SOFC anode and cathode conditions, e.g. Al2O3, TiO2, CroO3, Sco03, VOx, TaOy,

MnOy, NbOy, CaO, BioO3, LnOy, MgCro04, MgTiO3, CaAlpOg4, LaAlO3, YbCrO3, ErCrOg4, NiTiO3, NiCroO4, and mixtures thereof.
Preferred oxides are TiO2 and CroOs3.

[0044] If, for example, TiOo or CrpO3 is used, NiTioO4 and NiCroO4 are formed in the redox stable anode layer during an
additional sintering step which is conducted in connection with the deposition of said redox stable anode layer. The deposition is
preferably conducted by spray painting a suspension of NiO- Zrg 78Scg 20Y0.02Zr2-5- TiO2 followed by sintering in air at 1000°C. A
redox stable microstructure is created during the initial reduction of the anode composition, leaving a percolating Ni structure with
randomly distributed fine TiO2 particles (on average about 1 micrometer). In order to control the coverage of the nickel surfaces,
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the composition of the redox stable anode may comprise pre-reacted NiTiO3 or NiCroO4 or a mixture of both before processing. In

this case the sintering after anode deposition may be conducted at 750°C.

[0045] The addition of the oxides furthermore results in a decrease of the thermal expansion coefficient of the redox stable
anode layer, which in turn strengthens the overall mechanical stability of the layers and the robustness of the resulting cell.
Preferred oxides therefore are CroO3, TiOp, AloO3, and Scp03.

[0046] The amount of NiO in the anode composition is preferably in the range of 45 to 75 weight %, based on the total weight of
the composition, and more preferably in the range of from 50 to 65 wt%. The amount of doped zrconia, doped ceria and/or a
metal oxide with an oxygen ion or proton conductivity in the composition is preferably in the range of 25 to 55 weight %, based on
the total weight of the composition, and more preferably in the range of from 40 to 45 wt%. As a preferred material, Zr 1, MyO2-5
may be used, with M = Sc, Ce, Ga, or combinations thereof; Y may also be included; X is in the range of 0.05 to 0.3. Also
applicable is Ce1xMxO2-5 with M = Ca, Sm, Gd, Y and/or any Ln element, or combinations thereof; Xis in the range of 0.05 to 0.3.

[0047] The amount of the at least one oxide in the composition is preferably in the range of 1 to 25 weight %, based on the total
weight of the composition, and more preferably in the range of from 2 to 10 wt%.

[0048] In a further preferred embodiment, the anode composition additionally comprises an oxide selected from the group
consisting of AlpO3, Co304, Mn304, BoO3, CuO, ZnO, Fe304, MoO3, WO3, Gap03, and mixtures thereof. The amount thereof in
the composition is preferably in the range of 0.1 to 5 weight %, based on the total weight of the composition, and more preferred
in the range of from 0.2 to 2 wt%. The additional oxides are used as sintering aids to facilitate the reaction during the sintering
step.

[0049] The oxides above consisting of AloO3, Co304, Mn304, B2O3, CuO, Zn0O, Fe304, MoO3, WO3, Ga203, and mixtures
thereof may also be added to the cathode precursor layer to control shrinkage during sintering.

[0050] Other suitable materials for the metallic support layer, the electrode precursor layer, the electrolyte layer, and the anode
and cathode layer may be selected from the materials disclosed in our WO-A-2005/122300.

[0051] The individual layers may be tape cast and subsequently laminated together. Alternatively, the individual layers may, for
example, be rolled from a paste or the like. Other application methods of the respective layers include spraying, spray-painting,
screen- printing, electrophoretic deposition (EPD), and pulsed laser deposition (PLD).

[0052] The sintering of the metal supported cells is preferably conducted at reducing conditions and the temperatures are
preferably in the range of 900 to 1500°C, more preferably in the range of 1000 to 1300°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The accompanying figure shows a schematic drawing of a SOFC with a metallic support, cathode layer, electrolyte layer
and barrier material incorporated therein.

DETAILED DESCRIPTION OF THE INVENTION

[0054] In the figure the resulting SOFC comprises a metallic support 1, a precursor layer for the impregnation of the cathode 2,
an electrolyte layer 3, an anode layer 4 and a barrier material 5 (represented by dots in the figure) being distributed on the
surfaces throughout the metallic support, the cathode layers and on the electrolyte surface facing the cathode. The electrolyte
layer is dense (not porous) and barrier material is therefore only found on the surface facing the cathode side.

[0055] After sintering of the half cell comprising the metallic support, optional intermediate layers, cathode precursor and
electrolyte, the barrier material is impregnated into the porous structure of the half cell. The barrier material, preferably doped
ceria, penetrates and covers all external and internal surfaces in the porous half cell. A subsequent heat treatment of the half cell
fixes the barrier material within and throughout the half cell. After said first impregnation with barrier material a second
impregnation is conducted, this time by impregnating an active cathode in the form of a pure catalyst, such as LSC, which has
catalytic activity for oxygen reduction. On top of the electrolyte, i.e. on its opposite side, the anode layer is formed. A dual
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protective effect of the metallic support brought about by the two step-impregnation is thereby achieved.

EXAMPLES

Example 1

Preparation of a reversible SOFC with porous cathode impregnation layer

[0056] A metallic support layer was tape-cast from a powder suspension comprising a Fe22Cr alloy, followed by a drying step.
The support layer had a thickness of 300 pm.

[0057] Thereon, a porous layer comprising Zrg 78Sco 20Y0.0202-5 for later impregnation of the cathode was formed by spray

painting. The layer had a thickness of 50 ym and a porosity of about 40% with an average pore size of about 1-3 pm. Then, an
electrolyte layer comprising Zrg 78Sc0.20Y0.0202.5 was formed thereon, also by spray painting. The electrolyte layer had a

thickness of about 10 pm.
[0058] The obtained multi-layer structure was dried, followed by sintering under reducing conditions at about 1300°C.

[0059] After sintering a nitrate solution of gadolinium doped ceria (Gdg 1Ce( 9)O2-5 (barrier material) is vacuum impregnated, i.e.

vacuum infiltrated, into the metal support and the cathode precursor layer two times. After impregnation the sample is heat
treated for 1 hour at 400°C.

[0060] A nitrate solution of (Gdg 1Ce9)O25 and (LapeSro4)0.98(Cop2Fep8)035 (CGO and LSCF) was subsequently

impregnated in to the cathode precursor layer by vacuum infiltration. The nitrates were subsequently decomposed at 400°C for 2
hours. The impregnation procedure was repeated 5 times.

[0061] Afterwards, an NiO-(Gdg 1Ceq 9)O2.5 anode was spray deposited on the electrolyte surface of the multilayer structure.
The resulting anode had a volume concentration of about 45 % Ni and 55 % (Gdg.1Cep 9)02-5.

Example 2

[0062] As example 1, but with the barrier material being impregnated two to four times in the form of a colloidal suspension of
(Gdp.1Ce0.9)0O2-5 particles with an average particle size of 30-80 nm. Prior to impregnation of the cathode the sample is heat

treated for 1 hour at 700°C.

[0063] The cell is completed as described in Example 1.

Example 3

[0064] As Example 1, except that the impregnated cathode only comprises (Lag gSro.4)0.98(Cog.2Fep 8)03-5 (no CGO) and is

impregnated in the form of a colloidal suspension having an average particle size of 30-100 nm.

[0065] The cell is completed as described in Example 1

Example 4

Preparation of a reversible SOFC with cathode impregnation into the metallic support
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[0066] A metallic support layer was tape-cast from a powder suspension comprising a Fe22Cr alloy, followed by a drying step.
The support layer had a thickness of 300 pm.

[0067] Then, an electrolyte layer comprising Zrg 78Sc 20Y0.0202-5 was formed thereon, also by spray painting. The electrolyte

layer had a thickness of about 10 pm.
[0068] The obtained multi-layer structure was dried, followed by sintering under reducing conditions at about 1300°C.

[0069] After sintering a nitrate solution of the barrier material (Gdg 1Ce.9)O2-5 is vacuum impregnated in to the metal support

and onto the electrolyte layer two times. After impregnation the sample is heat treated for 1 hour at 400°C.

[0070] A suspension of (Gdg 1Ceq.9)O2-5 and (Lag gSrp 4)0.98(Cop 2Fep.8)03-5 (CGO and LSCF) was subsequently impregnated

in to the metal support by vacuum infiltration. The impregnation procedure was repeated 5 times.

[0071] Afterwards, an NiO-Zrg 78Sco.20Y0.02Zr2-5 anode was screen printed on the electrolyte surface of the multilayer structure.
The resulting anode had a volume concentration of about 45 % Ni and 55 % Zrg 78Scp 20Y0.02Z2r2-5-

Example 5

[0072] A metallic support layer was tape-cast from a powder suspension comprising a FeCrMn0.01 alloy, followed by a drying
step. The support layer had a thickness of 400 pm.

[0073] After drying of the support layer, a layer for later electrode impregnation (cathode precursor layer of about 50
micrometer) was deposited by screen-printing an ink comprising a 1:1 volume mixture of Zrg78Sco20Y0.02Zr2-5 and a

Fe24CrMn0.01. The layer had a thickness of 50 um. Finally an electrolyte layer comprising Zrg 78Sco 20Y0.0202-5 was deposited
by spray painting.

[0074] After sintering of the obtained multilayer structure, a barrier material was impregnated two to four times in the form of a
colloidal suspension of (Gdgp 1Ceq 9)O2-5 particles with an average particle size of 30-80 nm.

[0075] A redox stable anode was deposited by spray painting a suspension of NO - Zrg 788C0.20Y0.02Zr2-5-TiO2. (52:43:5
weight %, respectively), followed by an additional sintering step at about 1000°C in air. During the sintering of the anode, NiTioO4

was formed in the anode structure. The redox stable microstructure was created during the initial reduction of the anode, leaving
a percolating Ni structure with randomly distributed fine TiO particles (~ 1 um).

[0076] The cathode was impregnated as described in Example 1.

Example 6

[0077] Same method as in Example 5, but with the composition for the redox stable anode comprising pre-reacted NiTiO3 before

processing. The sintering after anode deposition is performed at around 750 °C.

Example 7

[0078] Same method as in Example 6, but with the composition for the redox stable anode comprising NiCroO4 before

processing.

Example 8
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[0079] Same method as in Example 6, but with the composition for the redox stable anode comprising a mixture of pre-reacted
NiTiO3 and NiCro0O4 to control the coverage of the nickel surfaces.

Example 9

[0080] Same method as in Example 6, but with the composition for the redox stable anode comprising ScoO3 as the added oxide.

Example 10

[0081] Same method as in Example 5, but with the composition for the redox stable anode comprising doped ceria instead of
zZirconia.

Example 11

[0082] Same as Example 1, wherein the metal support sheet was obtained by tape-casting a Fe22CrTi0.04 alloy powder
suspension mixed with 5 vol% Zrg 94Y0 06025

[0083] The cell was completed as described in Example 5.

Example 12

[0084] A metallic support layer was tape-cast from a powder suspension comprising a Fe22Cr alloy, followed by a drying step.
The support layer had a thickness of 400 pm.

[0085] A graded cathode precursor layer was formed thereon from three thin sheets comprising Zrg 78Scp 20Y0.02Z2r2-5 and a
Fe22Cr alloy. The sheets with varying grain sizes, varying pore sizes and thicknesses of about 20 uym were manufactured by
tape-casting the respective powder suspensions. The cell structure was made by laminating the metal support sheet and the
three impregnation precursor layers sheets by rolling and pressing. The obtained impregnation layer had a graded structure with
pore size of from 10 ym in the layer directly on top of the metal support layer, and a pore size of 2 pym at the layer on which the
electrolyte layer was formed.

[0086] The cell was completed as described in Example 4.

Example 13

[0087] As Example 1, but with the addition of AloO3 to the cathode precursor layer as a sintering additive so as to control the

shrinkage during the sintering step.

[0088] The cell was completed as described in Example 1.

Example 14

[0089] A metallic support layer was formed by rolling a Fe22CrNd0.02Ti0.03 alloy paste, followed by a drying step. The support
layer had a thickness of 800 pm.

[0090] Alayer for cathode impregnation (cathode precursor layer) having a thickness of 30 pm, and an electrolyte layer having a
thickness of 10 ym were deposited by spray painting. Both layers were formed from a composition of (Gdg 1Ceg9)O2-5. After

sintering a barrier layer was impregnated as described in Example 1. This was followed by impregnation of a nitrate solution of La,
Sr, Co and Fe into the porous ceria layer by vacuum infiltration in order to form the cathode layer. After drying and cleaning of the

10
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electrolyte surface, a NO-(Smg 1Ce(.9)O2-5 anode was deposited by screen printing.

Example 15

[0091] A support was manufactured as explained in Example 1. After drying of the support, a layer for cathode impregnation
having a thickness of 70 pym, a Zrg 78Sco 20Y0.0202-5 electrolyte layer having a thickness of 10 um, and finally another layer for
anode impregnation (anode precursor layer) having a thickness of 30 pm, were deposited by spray painting. Both impregnation
layers (cathode and anode precursor layers) were formed from a composition of Zrg 78Scp20Y0.0202-5 and 40 vol% Fe22Cr

powder with an approximate porosity of 40 vol %.

[0092] Samples were subsequently punched out in the desired dimensions, and the samples were sintered under controlled
reducing conditions.

[0093] After sintering a suspension of the barrier material (Gdg 1Ceg 9)O2.5 is vacuum impregnated into the metal support and

the cathode and anode precursor layers as well as onto the electrolyte layer three times. After impregnation the sample is heat
treated for 1 hour at 400°C.

[0094] The metal support layer was masked, and a solution of NiCe-, Gd-nitrates was impregnated into the anode impregnation
precursor layer by vacuum infiltration. The resulting anode had a volume concentration of 40% Ni and 60% (Gdgp 1Ce 9)02-5.
After drying, the mask was removed, the anode layer masked and a nitrate solution used to impregnate the cathode precursor
layer by vacuum infiltration so that the resulting cathode composition was (Gdg 6Srp 4)0.99 (Cog 2Fe 8)03-5.
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Patentkrav

1. Reversibel faststofoxidbraendselscelle omfattende et metalbaerelag, et ka-
todelag, et elektrolytlag og et anodelag, hvor metalbeerelaget og katodelaget
omfatter et barrieremateriale, som forhindrer greensefladereaktioner mellem
katodematerialer og elektrolytmaterialer, hvilken reversibel faststofoxid-
braendselscelle kan opnés ved en fremgangsméade omfattende falgende trin:
- at tilvejebringe et metalbeerelag;

- at danne et katodeprecursorlag pa metalbeerelaget;

- at danne et elektrolytlag pa katodeprecursorlaget;

- at sintre den opnédede flerlagsstruktur;

- at impreegnere en precursoroplgsning eller -suspension af et barrieremate-
riale, som forhindrer graensefladereaktioner mellem katodematerialer og elek-
trolytmateriale, ind i metalbeerelaget og katodeprecursorlaget og efterfalgen-
de udfgre en varmebehandling;

- at danne et katodelag ved at impraegnere katodeprecursorlaget med en ren
katalysator eller et kompositmateriale, der indeholder denne, og

- at danne et anodelag pa elektrolytlaget.

2. Reversibel faststofoxidbraendselscelle ifelge krav 1, hvor trinnet at danne
et anodelag pa elektirolytlaget udfares fgr trinnet at danne et katodelag og
omfatter:

- at danne et anode-precursorlag pa elektrolytlaget for sintring af den opnae-
de flerlagsstruktur,

- efter sintring af den opndede flerlagsstruktur at impraegnere anode-
precursorlaget med en precursoroplgsning eller -suspension omfattende for-
bindelser udvalgt fra gruppen bestaende af Ni, Ce, Gd og blandinger deraf;
idet fremgangsmaden yderligere omfatter, far dannelse af katode- og anode-
lagene,

- at impreegnere en precursoroplgsning eller -suspension af et barrieremate-
riale ind i metalbeerelaget, katodeprecursorlaget og anodeprecursorlaget og
efterfelgende udfore en varmebehandling.

3. Reversibel faststofoxidbraendselscelle ifglge krav 1 eller 2, hvor bserema-
terialets impraegneringstrin udferes ved vakuuminfiltration.
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4. Reversibel faststofoxidbreendselscelle ifglge et hvilket som helst af de fo-
regaende krav, hvor barrierematerialet omfatter doteret ceriumoxid.

5. Reversibel faststofoxidbreendselscelle ifglge et hvilket som helst af de fo-
regaende krav, hvor precursoroplgsningen eller -suspensionen af barriere-
materiale er en nitratoplasning af doteret ceriumoxid eller en kolloid suspen-
sion af doterede ceriumoxidpartikler med en gennemsnitlig diameter pa 2-
100 nm.

6. Reversibel faststofoxidbraendselscelle ifalge et hvilket som helst af de fo-
regaende krav, yderligere omfattende tilvejebringelse af et eller flere mellem-
liggende overgangslag mellem metalbaerelaget og katodeprecursorlaget.

7. Reversibel faststofoxidbraendselscelle ifalge et hvilket som helst af de fo-
regdende krav, hvor metalbzerelaget omfatter en FeCrMx-legering, hvor Mx
er udvalgt fra gruppen bestaende af Ni, Ti, Ce, Mn, Mo, W, Co, La, Y, Al og
blandinger deraf, og fra 0 til 50 vol% metaloxider, og hvor metaloxiden er ud-
valgt fra gruppen bestdende af doteret zirconiumdioxid, doteret ceriumoxid,
Mg/Ca/SrO, CoOy, MnOy, B,Os, CuOy, ZnO,, VO, Cr05, FeO, MoOy, WO,
Gao03, Al,O3, TiO, 0g blandinger deraf.

8. Reversibel faststofoxidbreendselscelle ifglge et hvilket som helst af de fo-
regadende krav, hvor katodelaget omfatter doteret zirconiumdioxid og/eller
doteret ceriumoxid og/eller en FeCrMx-legering og yderligere mindst et mate-
riale udvalgt fra gruppen bestdende af: (Lai,xSr)sMnOss 09 (A1xBx)sFes-
yC0,035 hvor A =La, Gd, Y, Sm, Ln eller blandinger deraf, og B = Ba, Sr, Ca
eller blandinger deraf, og Ln = lanthanider.

9. Reversibel faststofoxidbreendselscelle ifglge et hvilket som helst af de fo-
regaende krav, hvor elektrolytlaget omfatter doteret zirconiumdioxid eller do-
teret ceriumoxid.

10. Reversibel faststofoxidbreendselscelle ifglge et hvilket som helst af de
foregaende krav, hvor det dannede anodelag er en redoxstabil anode omfat-
tende Ni-zirconiumdioxid eller Ni-ceriumoxid eller materialer udvalgt fra grup-
pen bestdende af La(Sr)Ga(Mg)Os.s, SrCe(Yb)Os5, BaZr(Y)Os.5 0g blandin-
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ger deraf.

11. Fremgangsmade til fremstilling af en reversibel faststofbraendselscelle
ifalge et hvilket som helst af kravene 1 til 10, omfattende falgende trin:

- at tilvejebringe et metalbaerelag;

- at danne et katodeprecursorlag pa metalbeerelaget;

- at danne et elektrolytlag pa katode-precursorlaget;

- at sintre den opnédede flerlagsstruktur;

- at impreegnere en precursoroplgsning eller -suspension af et barrieremate-
riale, som forhindrer graensefladereaktioner mellem katodematerialer og elek-
trolytmateriale, ind i metalbeerelaget og katodeprecursorlaget og efterfalgen-
de udfare en varmebehandling;

- at danne et katodelag ved at impraegnere katodeprecursorlaget med en ren
katalysator eller kompositmateriale, der indeholder denne, og

- at danne et anodelag pa elektrolytlaget.

12. Fremgangsmade ifelge krav 11, hvor trinnet at danne et anodelag pa
elektrolytlaget udfares for trinnet at danne et katodelag og omfatter:

- at danne et anodeprecursorlag pa elektrolytlaget for sintring af den opnae-
de flerlagsstruktur,

- efter sintring af den opnaede flerlagsstruktur at impreegnere anodeprecur-
sorlaget med en precursoroplasning eller -suspension omfattende forbindel-
ser udvalgt fra gruppen bestdende af Ni, Ce, Gd og blandinger deraf; idet
fremgangsmaden yderligere omfatter, for dannelse af katode- og anodelage-
ne,

- at impraegnere en precursoroplgsning eller -suspension af et barrieremate-
riale ind i metalbeerelaget, katodeprecursorlaget og anodeprecursorlaget og
efterfglgende udfgre en varmebehandling.

13. Fremgangsmade ifglge krav 11 eller 12, hvor precursoroplgsningen eller
-suspensionen af barrieremateriale er en nitratoplgsning af doteret cerium-
oxid eller en kolloid suspension af doterede ceriumoxidpartikler med en gen-
nemsnitlig diameter pa 2-100 nm.
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14. Fremgangsmade ifolge et hvilket som helst af kravene 11 til 13, hvor me-
talbaerelaget omfatter en FeCrMx-legering, hvor Mx er udvalgt fra gruppen
bestdende af Ni, Ti, Ce, Mn, Mo, W, Co, La, Y, Al og blandinger deraf, og fra
0 til 50 vol% metaloxider, og hvor metaloxiden er udvalgt fra gruppen af dote-
ret zirconiumdioxid, doteret ceriumoxid, Mg/Ca/SrO, CoOy, MnOy, ByOs,
CuOy, Zn0Oy, VO, Cro03, FEO, MoOy, WOy, Gax0s, AlxO3, TiO2 0g blandinger
deraf.

15. Fremgangsmade ifolge et hvilket som helst af kravene 11 til 14, hvor ka-
todelaget omfatter doteret zirconiumdioxid og/eller doteret ceriumoxid og/eller
en FeCrMx-legering og yderligere mindst et materiale udvalgt fra gruppen
bestaende af: (La1.xSrx)sMnOs.5 0g (A1xBx)sFe1.,C0oyOs5 hvor A = La, Gd, Y,
Sm, Ln eller blandinger deraf, og B = Ba, Sr, Ca eller blandinger deraf, og Ln
= lanthanider.
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