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Title: Solid oxide cell stack and method for preparing same

The present invention relates to a solid oxide cell stack
structure and a method for preparing same. In particular
the invention relates to a method for producing a novel
solid oxide cell stack structure by providing a catalyst
precursor in the electrode layers after the stack has been
assembled and initiated. The invention relates also to a
method for reactivation of a solid oxide cell stack struc-
ture that has degraded during operation. The solid oxide
cell stack structure is particularly suitable for use in
solid oxide fuel cell (SOFC) and solid oxide electrolysing

cell (SOEC) applications.

Solid oxide cell (SOC) is the generic term for specific
types of electrochemical cells, particularly solid oxide
fuel cells (SOFC) and solid oxide electrolysing cells
(SOEC) which in either case contain a solid electrolyte
layer arranged in between two electrodes. One electrode
acts as cathode and the other as anode. Usually, a solid
oxide cell stack structure is formed by assembling a plu-
rality of single cells into a stack and by providing inter-
nal and/or external manifolds. The manifolds enable the
proper distribution of the reaction fluid into each single
cell. The reaction fluid usually takes the form of an oxi-
dant gas, such as air, and a suitable fuel, such as hydro-
gen. In SOFC the oxidant is in contact with the cathode
while a fuel oxidised in the process is in contact with the
anode. Conversely, in SOEC a fuel (like hydrogen or CO) 1is
produced at the cathode by a reduction process from sup-
plied species like steam or CO,, and oxygen is produced at
the anode.

CONFIRMATION COPY
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During preparation of SOC stack structures, single planar
cells are stacked together with other components such as
interconnect layers, current collectors and seals. Gas
manifolds are subsequently adapted to the stack. After the
stack has been assembled and provided with manifolds, the
stack is subjected to a conditiohing step, in which the
stack is sintered by heat treating at temperatures usually
above 800°C and under pressure in order to tighten the
seals and achieve electrical contact between the components

of the stack.

A crucial part of the preparation of the final solid oxide
cell stack structure is the provision of catalytic activity
in the electrodes of the single cells forming the stack.
Usually stacks are assembled by using electrodes where the
catalytic material is an inherent part of the electrodes,
for instance Ni/¥YSZ anodes and LSM/YSZ cathodes. Thus the

electrodes are already active upon stacking and assembly.

Alternatively, the catalytic activity in electrodes can be
provided in the stack manufacturing process itself rather
than using already active electrodes. This can be done by
impregnation of the individual electrodes with a suitable
catalyst such as doped ceria prior to the sintering of the
components of the cell and accordingly prior to the assem-

bling of the cells into a stack.

This is for instance disclosed in EP-A-2031675 where the
electrode (anode structure) is impregnated with a precursor
solution of ceria which contains a solvent and a surfac-

tant. After impregnation, one or more calcination steps in
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air is/are conducted at above 200°C in order to form the
desired oxides of ceria. Thereby nano-sized particles of
ceria are provided in the electrode. Where an electrolyte
is adapted to the electrode prior to the impregnation
above, one or more sintering steps in a reducing atmosphere

at above 1000°C is also conducted.

In other instances, such as described in WO-A-2007/025762,
the electrodes are impregnated after sintering the stack.
Alternatively, the impregnation of the electrodes with a

suitable catalyst is conducted after the sintering of the
components, yet prior to the assembling of the components
into a stack, thereby suppressing the negative effect on

the performance exerted by unwanted reactions between the
catalyst and the electrode material or unwanted reactions

between the catalyst and the electrolyte material.

In either situation, an improvement in the anode and cath-
ode performance is observed at these stages of impregnation
at the production site itself, where impregnation is typi-
cally done on the cell as prepared, i.e. after the cathode
firing step, so that the electrode becomes receptive to the
impregnation. It is usually assumed that the electrode 1is

most receptive for impregnation at this stage of production

However, it has been found that the beneficial effect of
the catalyst in the electrodes is partly or fully lost upon
heating the cells above 800°C duriﬂg stack assembling and
initiation. Moreover, when subsequently put into operation,
the catalytic activity in the electrodes of the stack
structure is reduced over time due to for instance nickel

agglomeration or sintering in the anodes or cathode degra-
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dation because of instability towards decomposition and im-
purities. This results in an overall decrease in the per-
formance of the solid oxide cell stack structure. Such loss
of performance can bring the stack structure outside the
required specifications within a given application, for in-
stance in SOFC'stack structures used in power producing
units, thus forcing their replacement. This is cost-
intensive and deterring when considering the commefcial‘

prospects of using solid oxide cell technology.

We have now found that it is possible to significantly im-
prove the performance of the solid oxide cell structure
having electrodes that are already catalytically active by
impregnating the electrodes with a catalyst after the stack
has been assembled and initiated, for instance just after
the stack has been assembled in the laboratory or at the
production site, or later on in the lifetime of the stack,
particularly after the stack has been initiated in the op-
eration or application site. Hence, we impregnate a stack
that is already active and ready for operation with precur-
sors of a catalytic material and yet find that the stack

performance is actually improved.

The invention therefore concerns a method for producing and
reactivating a solid oxide cell stack structure by provid-
ing a catalyst precursor in the electrode layers after the

stack has been assembled and initiated.

Fig. 1 shows the observed unexpected voltage improvement of

all ten cells in a cell stack,
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Fig. 2 shows the voltage improvement of a single cell of

the stack comprising ten single cells,

Fig. 3 shows the history of the stack, illustrated by plot-

ting the measured voltage under a given current load, and

Fig. 4 illustrates the increase observed in the Open Cir-
cuit Voltage (0OCV) of the stack after impregnation. The in-
crease in OCV is documented under identical test conditions

before (1) and after (2) impregnation.

In a first aspect of the invention we provide a method for
producing a solid oxide cell stack structure and the novel
solid oxide cell stack structure as such produced by the
method. Accordingly, we provide a method for producing a
solid oxide cell stack structure, where said structure com-
prises an internal manifold, an external manifold or a com-
bination of both, where said structure has been assembled
by arranging a plurality of single solid oxide cells into a
stack, each single solid oxide cell containing electrode
layers separated by an electrolyte layer, and where said

structure has been initiated,
the method comprising the steps of:

(a) impregnating a catalyst precursor in at least one of
the already active electrode layers of the solid oxide cell
stack by introducing a solution of the catalyst precursor

via the internal or external manifold, and

(b) subsequently drying the solution of the catalyst pre-

cursor,
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wherein steps (a) and (b) are conducted at least once after

the stack has been assembled and initiated.

The term “initiated” means anode reduction and refers spe-
cifically to a process step (initiation) after stack assem-
bling where the SOC stack is pre—conditioned by applying a
reducing gas to the anode at temperatures above 700°C, usu-

ally above 800°cC.

The initiation may take place in the laboratory or at the
SOC production site as well. It may also take place at the
operation or application site, for instance in a module
comprising the SOC cell stack structures. Thus, the inven-
tion makes it possible for such SOC stack structures to be
produced in situ, i.e. during operation in a given applica-
tion, where initiation is conducted as part of the opera-

tion of the module comprising the SOC stack structures.

In connection with the above general embodiment of the in-
vention and one or more embodiments described below, at-
least one of the electrode layers in step (a) is an already

active electrode.

By the term “already active electrode” is meant electrodes
which inherently possess catalytic activity, for instance

nickel in Ni/YSZ anodes.

It is also to be understood that prior to initiation the
anode contains nickel in the form of nickel oxide apart
from cerium and gadolinium. The initiation step reduces the

NiO into the catalytically active element Ni.
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In connection with the above embodiments of the invention
and one or more embodiments described below, catalytically
active material is provided in at least one of the elec-
trode layers of the single solid oxide cell via a conven-
tional ceramic processing technique or by an impregnation
with a catalyst precursor before the stack is initiated.
Hence, the electrodes may also be provided with catalytic
material after the stack has been assembled, but before
initiation or even earlier in the process, i.e. before the
stack has been assembled. According to this embodiment the
electrodes may either be already active electrodes and thus
possess inherent catalytic activity, or the electrodes have
no inherent catalytic activity and therefore their cata-
lytic activity must be provided during the process before

or after assembling the stack.

The provision of the catalyst after the assembling and the
initiation can also be conducted immediately after the ini-
tiation. Even though the electrodes may have been provided
with catalyst before the assembling and the initiation as
known in the art, a further impregnation immediately after
the initiation serves unexpectedly as a top-up impregnation
in order to fill up more of the available porosities in the

electrodes.

Hence, in connection with the above embodiments of the in-
vention and one or more embodiments described below, the
invention also comprises conducting steps (a) and (b)
within max. 10 hrs after the stack has been initiated,
preferably within 1 hr after the stack has been initiated.

That is, in practice, immediately after the stack has been
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initiated. We make this definition of time scale because it
may also be desirable to conduct steps (a) and (b) much
later in the lifetime of the stack structure. Accordingly,
the invention also encompasses conducting steps (a) and (b)
after the stack has been in operation for 1000 hrs or more,
for instance 10,000 hrs or more. Therefore, the invention
also comprises repeating steps (a) and (b) over the life-
time of the solid oxide cell stack structure, i.e. steps
(a) and (b) are conducted at least twice over the lifetime
of the solid oxide cell stack structure. Since the catalyst
particles are likely to lose activity over time due to
coarsening, particle sintering or surface inactivation due
to accumulation of impurities or reaction with adjacent
particles, this embodiment enables in a simple manner the
reactivation of the solid oxide cell stack structure.
Hence, instead of replacing the SOC stack structure when
the performance gets below a certain level, the full stack
is reactivated by impregnating the electrodes again in what
can be regarded as a “flush-to-fix” step. The method ren-
ders superfluous the replacement of stacks in power produc-
ing units that have degraded outside the required perform-

ance specifications.

The impregnation of the catalyst and the subsequent drying
after initiation make it possible for more catalytic mate-
rial to be impregnated in the electrodes. For the SOFC an-
ode the major part of the required anode porosity is actu-
ally formed during the initiation, i.e. the anode reduction
step that takes place after stack assembly, whereas it is
more difficult to impregnate the anode in the cell as pre-
pared (after the cathode firing step, vet prior to initia-

tion) because the porosity at this stage is lower. It has
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turned out that heat treating the single cells to above
800°C during stack assembly impairs the cathode and anode
performance of electrodes where the catalyst has been added
by an impregnation route during cell manufacture. Hence,
contrary to known techniques, where the electrodes were
most receptive to impregnation in the cells before stack
assembling or even after stack assembling, yet before ini-
tiation, we have found that the electrode performance and
thereby the performance of SOC stack structures are im-
proved by impregnating the catalyst precursor in the elec-

trode structures after stack assembly and initiation.

Another advantage of the present invention is that the
amount of catalyst deposited in the electrodes and the
overall catalyst dispersion in the electrodes both are less
sensitive to the impregnation procedure. Hence, in connec-
tion with one or more of the above and below embodiments
the invention also encompasses impregnating the catalyst
precursor by means of pouring or pumping a solution of the
catalyst precursor through the manifolds of the stack. This
pouring or pumping involves flushing the solution, prefera-
bly an aqueous solution, through the manifolds of the stack
and represents a simple, straightforward, elegant and
rather inexpensive way of providing the catalyst to the
electrodes compared to other suitable, yet much more com-
plicated impregnation methods such as pressure filtration.
More preferably the impregnation is conducted by pumping
the solution of catalyst through pipes adapted to any of
the manifolds of the solid oxide cell stack structure. This
represents an even easier and more simple procedure than
pouring. The material chosen for impregnation, such as a

salt of the catalytically active component, is preferably
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dissolved in aqueous solution and the solution is sent via
the internal or external manifold through the stack on the
cathode or anode side (or both), depending on which side of
the cells is to be impregnated. Organic solutions, suspen-
sions of particles, melts and aerosols can also be used.
The cells become wet on one or both sides and the salt is
deposited by drying, thus leaving small particles with a
high catalytic effect on the electrode. The form and compo-
sition of the particles may change during the subsequent
heating to the témperature of operation due to decomposi-
tion of the precursors and formation of more stable oxide
particles. The process of achieving a good dispersion of
the suspension or precursor solution in the electrode
structure is assisted by placing the stack in vacuum prior
to drying and optionally by adding suitable surfactants to
the solution. Accordingly, in connection with one or more
of the above and below embodiments, the invention also en-
compasses providing a vacuum to the stack prior to the dry-
ing step. The vacuum is provided in the stack by e.g. con-
necting a vacuum pump to the manifold volume or by placing
the stack in a vacuum chamber, preferably for up to 12 hrs

prior to the drying step.

The stack can now be operated as usual, but with a reduced
area specific resistance (ASR) and thereby an improved per-

formance due to the deposited particles.

It is to be understood that the term “drying” as used
herein defines removal of water or any other solvent util-

ised in the solution of the catalyst precursor.
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Yet another advantage is that the catalyst can be deposited
properly by simple drying procedures. Hence, in connection
with one or more of the above and below embodiments the in-
vention encompasses drying the solution of the catalytic
precursor by blowing air thrbugh the stack or heating the
stack at 100°C or higher (calcination). For instance, air
at 100°C or 200°C can be blown through the stack or the
stack may simply be put in a furnace at 100°C or 200°C or
higher. The desired oxide of the catalytic precursor mate-
rial is formed during the drying step or in the subsequent

heating of the stack to the operating temperature.

The catalyst precursor is preferably selected from the
group consisting of Ni, Ni-Fe alloy, ceria, doped ceria,
zirconia, doped zirconia, MagTi;- MbxO3-5 with Ma = Ba, Sr,
Ca; Mb = V, Nb, Ta, Mo, W, Th, U; O < s £ 0.5; LnCr;_xMy0Os3-5,
where Ln is an element of the lanthanide series and M = Ti,
V, Mn, Nb, Mo, W, Th, U, Pr;0; and AEZri yx.y-.Cex¥y¥b.03, where
AE = Ba, Sr, Ca; and mixtures thereof. These materials are
suitable where the electrode for impregnation is the SOFC

anode.

Where the electrode for impregnation is the SOFC cathode,
the catalyst precursor is preferably selected from the
group consisting of LSM (Lai-xSrx)MnO;-s, (Lnj-xSryx)MnOs-s,

(Lnl-xsrx) Fel-ycoyOB—Sl (Yl-xcax) Fel—yCOyOB—SI (Gdl—xsrx) Fel-ycoyoii—ﬁl

(Gd;_xCax) Fe;-yC0y03-5, (Y, Ca)Fe;-,Coy03-5, ceria, doped ceria,
zirconia, doped zirconia, La(Ni,Fe)O3, La(Ni,Co)Os, LayNiOq4,
Ln;_xAE,xTmO,, where TM is a transition metal, Ln is a lan-

thanide element, and AE is an alkali earth element, Pr;03;
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and mixtures thereof. 8 is a number for the oxygen defi-
ciency in the lattice and is dependent on composition and

the actual oxygen partial pressure pO, (as p0O, decreasomg,

0 increases). The number is usually between 0 and 0.3.

Impregnations designed to improve the performance via an
improved tolerance to impuritiés such as Si0O; or “poison-
ous” species carried with the gas are another desired op-
tion. Precursors for this purpose are MgO, Ca0O, Al,03/MgO,
CazrO;, Srzr0O;, BaZr0O;, CaO, SrO, BaO or the carbonates
SrCO3, CaCOsz, BaCoOs;.

More preferably, the catalyst precursor is provided as an
aqueous solution of ceria. This is the most inexpensive and

simplest way of providing the catalyst.

In order to promote the formation of nanosized catalyst
particles in the electrodes, the solution, preferably the
aqueous solution contains a solvent and a surfactant. After
impregnation and heating (calcination) of the at least one
electrode, nanosized ceria particles are formed upon re-
moval of the surfactant of the solution. The nanosized par-
ticles disperse throughout the porosities of the electrode
and result in an improved performance of the electrode, as
the area specific resistance is reduced. Nanosized parti-
cles as used herein define particles having average parti-
cle diameter of 1 to 100 nm, preferably 1 to 50 nm, more

preferably 5 to 40 nm, such as 5 to 20 nm.

We have also found that the best performance in terms of
lower ASR or voltage improvement in the cells of the stack

is obtained where the electrode in step (a) is the cathode.
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Accordingly, in connection with the above embodiments and
one or more of the embodiments below, in step (a) the at

least one of the electrode layers is preferably a cathode.

As a result of the impregnation and drying after the stack
has been assembled and initiated, a novel solid oxide cell
structure is obtained having better performance, i.e. a
lower area specific resistance (ASR) and/or a higher power
density or higher voltage than solid oxide cell structures
in which impregnation of the electrodes is simply conducted
before initiation, such as before stack assembling or even
after stack assembling, yet prior to initiation, or where
the electrodes are already activated. Accordingly, the in-
vention encompasses also the product as such as defined in
claim 15 in the form of a solid oxide cell stack structure
made by the method of claims 1 to 14 as well as the use of
the solid oxide cell stack structure as solid oxide fuel
cell stack (SOFC) or solid oxide electrolysis cell _stack

(SOEC), as defined in claims 16 and 17, respectively.

The invention not only provides the production of novel SOC
stack structures. It provides also a method for the resto-
ration of activity (reactivation) of existing solid oxide
cell structures whose electrodes already possessed cata-
lytic activity, such as the above mentioned already active
Ni/YSZ anodes or LSM/YSZ cathodes, as well as solid oxide
cell structures whose electrodes have been impregnated with
a catalyst according to known techniques before stack as-

sembling and initiation.

We have found that stacks that have inferior electrical

performance due to degradation over use for many thousands
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of hrs can be reactivated to the initial performance by
adding further catalytic material to the electrodes through

impregnation with catalyst precursors in the used stacks.

Hence, according to a second aspect of the invention and as
defined in claim 18 we also provide a method for reactivat-
ing a solid oxide cell stack structure, in which said
structure comprises an internal manifold, external manifold
or a combination of both, and in which said structure has
been assembled by arranging a plurality of single solid ox-
ide cells into a stack, each single solid oxide cell con-
taining electrode layers separated by an electrolyte layer,
the method comprising the steps of: (a) impregnating a
catalyst precursor in at least one of the electrode layers
of the solid oxide cell stack by introducing a solution of
the catalyst precursor via the internal or external mani-
fold, and (b) subsequently drying the solution of the cata-
lyst precursor, wherein steps (a) and (b) are conducted af-

ter the stack has been assembled and initiated.

As used herein the term “reactivating” means restoring the
performance of the SOC cell stack structure in terms of ASR
and/or power density to a level equal to or at most 10%

lower than the SOC cell stack structure after initiation.

In connection with the above general embodiment defined in
claim 18 and one or more of the embodiments described be-
low, at least one of the electrode layers in step (a) is an
already active electrode. Preferably the catalytically ac-
tive material is provided in at least one of the electrode
layers of the single solid oxide cell via a conventional

ceramic processing technique or by an impregnation with a
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catalyst precursor before the stack has been initiated.
This renders it possible, once again, to extend the life-
time of the SOC stack structure, this time on conventional
SOC stack structures produced by providing the catalyst on
the electrodes before the stack has been assembled and ini-
tiated, such as in WO-A-2007/025762, by realizing the im-
pregnation step (a) and drying step (b) at the operation

site or customer site.

The impregnation treatment can be conducted by impregnating
the catalyst precursor and subsequently subjecting it to a
drying at least once after the stack has been in operation
for 1000 hrs or more, for instance after 10,000 hrs or
more, such as 20,000 hrs. An expensive replacement of SOC

cell stack structures is thereby avoided.

In connection with the embodiment defined in claim 18 and
one or more of the below embodiments, the impregnation in
step (a) is, as already deséribed above, preferably con-
ducted by way of pouring or pumping a solution of catalyst
precursor through the manifolds of the stack. More prefera-
bly the impregnation is conducted by pumping the solution
of catalyst through pipes adapted to any of the manifolds
of the solid oxide cell stack structure. This represents an

even easier and simpler procedure than the pouring.

The drying in step (b) is preferably conducted by blowing
air through the stack or heating the stack at 200°C or

higher.

The selection of a catalyst for use when reactivating the

SOC cell stack structure 1s also the same as described
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above. The catalyst precursor is preferably selected from
the group consisting of Ni, Ni-Fe alloy, ceria, doped
ceria, zirconia, doped zirconia, MagTii-xMbxO3-5 with Ma =
Ba, Sr, Ca; Mb = V, Nb, Ta, Mo, W, Th, U; 0 £ s £ 0.5;
LnCri-xM03.5, where Ln is an element of the lanthanide se-
ries, and M = Ti, VvV, Mn, Nb, Mo, W, Th, U, Pr;03 or AEZr; x-
y-zCexY¥y¥b,03, where AE = Ba, Sr, Ca; and mixtures thereof.
These materials are suitable where the electrode for im-

pregnation is the SOFC anode.

Where the electrode for impregnation is the SOFC cathode,
the catalyst precursor is preferably selected from the
group consisting of LSM (Laj;-xSryx)MnOs.s, (Ln;.xSrx)MnOs.s,

(Lnl-xsrx) Fel—ycoyOB-Sr (Yl-xcax) Fel—ycoyo3—5/ (Gdl—xsrx) Fel-ycoyo3—8/

(Gd;-xCax) Fe;-yCoy03-5, (Y,Ca)Fe;1,Co,03-5, ceria, doped ceria,
zirconia, doped zirconia, La(Ni,Fe)O;, La(Ni,Co)O3, LaxNiOq,
Ln; 4 AE,,TmOs;, where TM is a transition metal, Ln is a lan-
thanide element and AE is an alkali earth element, Pr;0;;
and mixtures thereof. 8 is a number for the oxygen defi-
ciency in the lattice and is dependent on the composition
and the actual oxygen partial pressure pO, (as pO; de-
creases, O increases). The number is usually between 0 and

0.3.

Also as described above, the catalyst precursor is prefera-
bly provided in form of an aqueous solution of ceria. More
preferably, the aqueous solution contains a solvent and a

surfactant.

The treatment may be done once, but repeated treatments

with an intermediate drying are preferred. The precursor
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solution may vary between the treatments. Of special pref-
erence is a treatment with ceria in the first step and a

Pr-nitrate in a subsequent step.

The invention is suitable for the production of novel SOC
stack structures with an improved performance and durabil-
ity (viz. an improved resistance to degradation when oper-
ated at high temperatures, e.g. above 700°C) as well as for
the reactivation of the performance of existing SOC stack
structures, regardless of whether they are anode or metal

supported.

Whereas the primary function of the treatments is an im-
provement of the electrical performance, the treatment also
has other beneficial effects. We have found that the re-
peated impregnation/drying treatments also serve to improve
the sealing of the anode and gas compartments. Effectively
the open circuit voltage of stacks is improved after the

treatments (see Example 1 below).

It is to be understood that the invention is not limited to
a treatment resulting merely in the enhancement of the sur-
face area of the catalyst in the electrode structures. The
treatment with nanoparticles dispersed in a stack after
initiation or after a long term operation may improve the
electrical performance via a range of different mechanisms
like: (a) providing active sites for scavenging detrimental
phases which are otherwise blocking the active sites for
the electrode reaction, (b) providing new sites for the
electrode reactions compensating for sites that may have
been blocked by impurities originating from the cell mate-

rials or brought to the electrode via the gas streams, such
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as Cr or S species or other, (c) providing new sites for
the electrode reaction to compensate for activity lost by
particle coarsening and providing a sintering inhibitor
counteracting further particle coarsening, and (d) provid-
ing addition of specific elements to compensate for loss of
these specific elements in the desired places occurring

during operation.

The invention is further illustrated by the following exam-

ples.
Example 1

This example shows the performance in terms of voltage im-
provement of a solid oxide fuel cell structure at 760°C.
The structure contains ten single cells and is prepared ac-
cording to the invention where the cathode of the single
solid oxide cells has been impregnated with a catalyst pre-
cursor after the stack has been assembled and initiated.
The electrode layers of the single solid oxide cells have
not been impregnated with a catalyst precursor before the
stack is assembled and initiated, but contain the active
material already in form of an Ni/YSZ anode and an LSM/YSZ

cathode. In other words, the electrodes are already active.

After the assembling and the initiation (anode reduction),
the cathode is impregnated with catalytic material (79%
Ce0s3, 21% Gdol%) .

Appropriate amounts of the nitrate salts (here Ce-nitrate
and Gd-nitrate) are dissolved in deionized water. A suit-

able surfactant (e.g. P123) is added with stirring. For the
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specific case the conéentration was 1.5 M (molar concentra-
tion). The solution was flushed through the manifold com-
partments of the stack. The manifold volume is connected to
a container holding the solution. A vacuum pump is con-
nected to the other gas access point of the specific com-
partment, and the solution is flushed through the compart-
ment at a rate of 30 ml/min thereby establishing a negative
pressure via the vacuum pump. Subsequently the stack was
placed in a vacuum chamber and the pressure was reduced to
100 mbar, where it was maintained until no further solvent
evaporation was detected. Finally the stack was heated to

350°C at a rate of 100 K/h and subsequently cooled.

The performance was measured in terms of voltage improve-
ment of the cells of the stack operated at 0.22 A/cm® and
760°cC.

Fig. 1 shows the voltage improvement of all ten cells in
the stack. It is observed that with the cathode impregna-
tion and at 20 A, the voltage unexpectedly increases about
40 mV on average (difference between lower and higher bars)

except for the end cells 1 and 10.

The outlined treatment was further beneficial for the gas
tightness of the stack as illustrated by an increase in
measured Open Circuit Voltage (OCV) of the stack after the
impregnation. This is illustrated in Fig. 4, where a 20 mV
increase of the OCV is documented after impregnation (line
2) under identical test conditions before (1) and after (2)

impregnation.
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Example 2

This example shows the performance in terms of voltage im-
provement of a solid oxide fuel cell structure at 680°C.
The structure contains 10 single cells and is prepared ac-
cording to the invention where the cathode of the single
solid oxide cells has been impregnated with a catalyst pre-
cursor after the stack has been assembled and initiated.
The electrode layers of the single solid oxide cells have
not been impregnated with a catalyst precursor before the
stack is assembled and initiated, but contain the active
material already in form of an Ni/Y¥SZ anode and an LSM/YSZ

cathode. In other words, the electrodes are already active.

After the assembling and the initiation (anode reduction),
the cathode is impregnated with catalytic material (79%

CeO,, 21% Gdolx,g) .

The performance was measured in terms of voltage improve-
ment of the cells of the stack at 0.22 A/cm® and 680°C. In
the anode: H, = 150 1/h + N = 100 1/h and in the cathode
air = 960 1/h. Fig. 2 shows the voltage improvement of the
single cell number 8 of the stack comprising ten single
cells. It is observed that with the cathode impregnation
and at 20 A, the voltage now increases about 100 mV, from
0.75 V in the lower curve to 0.85 V in the upper curve.
Similar voltage increases are observed for the other cells
of the stack. On average the voltage increases about 100 mv

across all cells.
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Example 3

A 10 cell 12x12 cm stack based on anode supported cells
with Ni/YSZ anodes and LSM/YSZ cathodes was assembled ac-
cording to usual procedures. Some of the cells had been im-
pregnated with a CGO precursors prior to the stack assem-
bling right after the cathode firing. The electrical per-
formance of these cells was indistinguishable from the
electrical performance of those cells not impregnated. The
stack was operated at ~ 700°C under a current load of 25 A
while feeding 150 1/h H; to the anode compartment. After
about 400 hrs of operation, the stack operation was termi-
nated and the stack cooled. After ~ 30 days of storage un-
der ambient conditions the stack was brought into operation
again, but this time at a new site in a different labora-
tory. The initial performance was close to the one observed
during the first test period, but after ~100 hrs of opera-
tion the electrical performance of several cells started to
degrade. After 1100 hrs of operation the stack was cooled
down, and the electrodes were impregnated with a ceria pre-
cursor as described in Example 1. A distinct improvement of
the electrical performance was observed when the stack was
reactivated after the infiltration bringing the electrical
performance even higher up than the recoded initial per-
formance. This is shown in Fig. 3, where the history of the
stack is illustrated by plotting the measured voltage under
a current load of 25 A in the three different test stages
outlined above (viz. test in first laboratory (1); test in

second laboratory (2); test after impregnation (3)).

This example shows that:
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- the impregnation prior to the stack assembling is not as
efficient as when the process is done after the stack as-

sembling (here after 1100 hrs of operation), and

- the outlined treatment may be used to re-establish the
electrical performance of a degraded stack after thousand

hrs of test (at a site different from the production site).
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CLAIMS

1. Method for producing a solid oxide cell stack structure,
where said structure comprises an internal manifold, an ex-
ternal manifold or a combination of both, where said struc-
ture has been assembled by arranging a plurality of single
solid oxide cells into a stack, each single solid oxide
cell containing.electrode layers separated by an electro-

lyte layer, and where said structure has been initiated,

the method comprising the steps of:

(a) impregnating a catalyst precursor in at least one of
the electrode layers of the solid oxide cell stack by in-
troducing a solution of the catalyst precursor via the in-

ternal or external manifold, and

(b) subsequently drying the solution of the catalyst pre-

cursor,

wherein steps (a) and (b) are conducted at least once after

the stack has been assembled and initiated.

2. Method according to claim 1, wherein at least one of the
electrode layers in step (a) is an already active elec-

trode.

3. Method according to claim 1 or 2, where a catalytically
active material is provided in at least one of the elec-
trode layers of the single solid oxide cell via a conven-

tional ceramic processing technique or by an impregnation
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with a catalyst precursor before the stack has been initi-

ated.

4. Method according to any of the claims 1 to 3, comprising
conducting steps (a) and (b) within max. 10 hrs after the

stack has been initiated.

5. Method according to any of the claims 1 to 3, comprising
conducting steps (a) and (b) after the stack has been in

operation for 1000 hrs or more.

6. Method according to any of the claims 1 to 5, comprising
impregnating the catalyst precursor by way of pouring or
pumping a solution of the catalyst precursor through the

manifolds of the stack.

7. Method according to any of the claims 1 to 6, comprising

providing a vacuum to the stack prior to the drying step.

8. Method according to any of the claims 1 to 6, comprising
drying the solution of the catalytic precursor by blowing
air through the stack or heating the stack at 100°C or
higher.

9. Method according to any of the claims 1 to 8 wherein the
catalyst precursor is selected from the group of Ni, Ni-Fe
alloy, ceria, doped ceria, zirconia, doped zirconia, MagTi;-
Mbx03-5 with Ma = Ba, Sr, Ca; Mb = V, Nb, Ta, Mo, W, Th, U;
0 £ 8 £0.5; LnCr;-xM03.5, where Ln is an element of the
lanthanide series, and M = Ti, V, Mn, Nb, Mo, W, Th, U,
Pr,0; or AEZrji-x-y-zCex¥,Yb,03, where AE = Ba, Sr, Ca; and mix-

tures thereof.
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10. Method according to any of the claims 1 to 8 wherein
the catalyst precursor is selected from the group of LSM
(La;-xSrx)MnO3-5, (Ln;-xSrx)MnOs.5, (Lni-xSry)Fe1-yCoy03-5, (Y3-
xCayx) Fe;.yCoy03-5, (Gd1-xSry) Fe;-yCoy03.5, (Gd;-xCax) Fe1-,C0,03-5,
(Y,Ca)Fe;-4,Co,03.5, ceria, doped ceria, zirconia, doped zir-
conia, La(Ni,Fe)0;, La(Ni,Co)0s3, LayNiO,, Ln;_,AE,,TmQO,, where
T™ is a transition metal, Ln is a lanthanide element and AE

is an alkali earth element, Pr;0;; and mixtures thereof.

11. Method according to any of the claims 1 to 8, wherein
the catalyst precursor is selected from MgO, CaoO,
Al,03/Mg0O, CaZrO;, SrZr0Os;, BaZr0O;, CaO, Sr0O, BaO or the car-
bonates SrC0O;, CaC0O; or BaCOs;.

12. Method according to claim 9 or 10, wherein the catalyst

precursor is provided as an aqueous solution of ceria.

13. Method according to claim 12, wherein the aqueous solu-

tion contains a solvent and a surfactant.

14. Method according to any of the claims 1 to 13, wherein
in step (a) the at least one of the electrode layers is a

cathode.

15. A so0lid oxide cell at above 200°C is stack structure

made by the method of any of the claims 1 to 14.

16. Use of the solid oxide cell stack structure of claim 15

as solid oxide fuel cell stack (SOFC).
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17. Use of the so0lid oxide cell stack structure of claim 15

as solid oxide electrolysis cell stack (SOEC).

18. Method for reactivating a solid oxide cell stack struc-
ture, in which said structure comprises an internal mani-
fold, an external manifold or a combination of both, and in
which said structure has been assembled by arranging a plu-
rality of single solid oxide cells into a stack, each
single solid oxide cell containing electrode layers sepa-
rated by an electrolyte layer, and in which said structure

has been 1initiated,

the method comprising the steps of:

(a) impregnating a catalyst precursor in at least one of
the electrode layers of the solid oxide cell stack by in-
troducing a solution of the catalyst precursor via the in-

ternal or external manifold, and

(b) subsequently drying the solution of the catalyst pre-

cursor,

wherein steps (a) and (b) are conducted at least once after

the stack has been assembled and initiated.

19. Method according to claim 18, wherein at least one of
the electrode layers in step (a) is an already active elec-

trode.

20. Method according to claim 18 or 19 in which catalytic

active material is provided in at least one of the elec-
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trode layers of the single solid oxide cell via a conven-
tional ceramic processing technique or by an impregnation
with a catalyst precursor before the stack has been initi-

ated.

21. Method according to any of the claims 18 to 20, com-
prising impregnating the catalyst precursor and subse-
quently subjecting it to a drying at least once after the

stack has been in operation for 1000 hrs or more.

22. Method according to any of the claims 18 to 21, com-
prising impregnating the catalyst precursor in step (a) by
means of pouring or pumping a solution of catalyst precur-

sor through the manifolds of the stack.

23. Method according to any of the claims 18 to 22, com-
prising drying the solution of the catalytic precursor in
step (b) by blowing air through the stack or heating the
stack at 200°C or higher.

24 . Method according to any of the claims 18 to 23, wherein
in step (a) the at least one of the electrode layers is a

cathode.
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