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Chapter Eight 160

As discussed in Chapter Six, grooved Cr5FelY,0, plates were used as an alternative
method of current collection to the Nimonic 90 wire current collect and silver wires
examined in Chapter Four. The grooved plates were tested on both high and medium
temperature SOFCs. Cell performances were enhanced when coatings such as

La,Sr,,CrO, or Ag-La,Sr,,CrO, were applied to the CrSFelY,0; alloy plates.

Using the medium temperature Ce,,Gd,,0, , electrolyte SOFCs developed in Chapter
Five, silver was incorporated into the current collect/interconnect as a cermet coating
on the metal alloy plates. Ag-La,,Sr,,CrO, was utilised, as similar cermet coatings
exhibit lower resistance than the perovskite alone. At 600°C and 0.7 V, using H,
bubbled through H,0 at 25 cm’ min”, a current density of 8 mA cm” was achieved
for the coated CrSFelY,0, as compared to 2 mA cm” for the non-coated. In
comparison to the Ag-La Sr,,CrO, coated Cr5FelY,0,, the silver wire did yield a
higher performance of 12 mA cm®. The reduced performance of the Ag-LaO.BSr'O.ZCrO3
coated plate compared to the silver wire may be due to the ceramic component
having a lower conductivity at reduced temperature. When performances of the
SOFCs using the Ag-La,,Sr,,CrO, and Ag-La, Sr, ,CoO, coatings were compared, the
Ag-La Sr,,CrO, yielded better cell performances, even though the ceramic
component of Ag-La, Sr,,CoO, is reported to have a much higher conductivity. On
removal of the Ag-La, Sr,,CoO, coated interconnect from the cell, it was found that
the coating had de-laminated from the CrSFelY,O, interconnect surface. It was
assumed that the thermal expansion coefficient difference between the coating and
the interconnect was too large. It is believed the de-lamination induces a higher

resistance, resulting in poorer cell performance.

At 900°C in air, using H, bubbled through H,O at 25 cm’ min", Ag-La,,Sr,,CrO,
coated interconnects were used in conjunction with a high temperature, YSZ tubular
electrolyte based SOFC. At 0.7 V, employing the Ag-La Sr ,CrO, coated
Cr5FelY,0, plates, a cell current density of 40 mA cm” was achieved, which

compared well to 41 mA cm” for the silver wire interconnect.

In comparison to the cell performance achieved using the Ag-La ,Sr,,CrO, coating,

the La,,Sr,CrO, coating exhibited reduced cell performance. The difference in
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performance between the two coatings was attributed mainly to the lower resistivity
of the Ag-La,Sr,,CrO, cermet compared with the LaySr,,CrO; ceramic. The
La,Sr,,CrO,; coating did show a gain in cell performance over the uncoated

Cr5FelY,0, interconnect.

The alloy metal plate current collect design sustained the rapid start up properties

required for the tubular SOFCs.

The compatibility of Cr-based interconnect related materials with the Ce ,Gd,,0,,
electrolyte was investigated in Chapter Seven. The Cr,0, scale formed on the surface
of Cr-based metal interconnect (such as CrSFelY,0, used in this thesis), was shown
to be compatible with the electrolyte at co-firing and operational temperatures.
Similarly, the (La,Sr)CrO, ceramic interconnect proved to be compatible with

Ce,,Gd,,0,,, even after annealing in air at temperatures as high as 1600°C.

Alternatively, SrCrO,, a second phase associated with (La,Sr)CrO,, was shown to
react with Ce,,Gd,,0, , at 1300°C forming a proposed perovskite phase, thought to be
composed of Sr, Ce, Gd, and Cr. Also, CaCrO,, a second phase related to the
(La,Ca)CrO, interconnect material, was shown to react with Ce ,Gd,,0,,. It was
postulated that if a second phase, such as CaCrO, or SrCrO,, is present in the doped
LaCrO,, it may have a detrimental effect on their compatibility with Ce ,Gd ,0,,

during co-firing.

In summary:

e silver coatings employed as current collectors in high temperature SOFCs,
achieved similar cell performances to those recorded for silver wire;

e perovskite and cermet coatings applied to the metal interconnects (both the
Nimonic 90 wires and Cr5FelY,0, plates), were shown to improve the electrical
contact and cell performance of SOFCs;

e medium temperature Ce,Gd,,0,, based electrolyte tubular cells can be

successfully fabricated using extrusion;
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I-V curves demonstrated that Ce,,Gd,,0,, based SOFCs have potential for
fabrication and operation, as medium temperature, tubular SOFCs;

single phase La SrCrO, (x = 0-0.4), the perovskite coating used on the
Cr5FelY, O, metal alloy interconnect, and the Cr,0O, scale formed on the alloy
were shown to be compatible with Ce ,Gd,,0,, at temperatures above operating
and co-firing temperatures;

if using (La,Sr)CrO, as a coating on the metal interconnect, second phases (such
as SrCrO,) should be avoided as they can react with the Ce ,Gd ,0,, electrolyte

at co-firing temperatures.
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8.2 Recommendations

SOFC cell performance can be improved through optimisation of electrode,
electrolyte and interconnect materials. In order to optimise the tubular SOFC systems

studied in this thesis, a number of investigations could be performed.

For the Ce(Gd)O, , based electrolyte system:

e optimisation of electrodes for the Ce(Gd)O, , based cell;

e developments of thin film coatings to stop reduction of the Ce(Gd)O,, electrolyte

in fuel gas atmospheres;

For the SOFC systems in general:

e developments of lower operational temperature SOFC systems. For example an
anode supported tubular SOFC with thin film (5-10 pm) YSZ or Ce(Gd)O,,
electrolytes may allow greater reduction in operational temperature due to
decreased electrolyte thickness. The anode support tube could be fabricated using

extrusion techniques.

e co-firing the interconnect with the electrodes of the tubular SOFCs, to obtain
strong bonding and good electrical contact, and then to assess the thermal shock
properties.

e development of functional perovskite coatings on the metal interconnect

Suggested work in the development of these functional coatings is discussed in

further detail below.
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8.2.1 Perovskite coatings on the metal interconnect.

An important consideration when stacking SOFCs is to obtain and maintain good
electrical contact between the metal alloy interconnect and the electrodes, otherwise
stack performance can be seriously reduced. Improved electrical contact and cell
performance is achieved by application of coatings on the metal interconnect surface.
Typically, chromia forming alloys such as Cr5FelY,0, coated with (La,Sr)CrO, can
be used. The coating can also consist of several perovskite layers, known as

“functional layers”, that perform different functions.

Research detailed in this thesis showed coatings applied to metal alloys improved the
performance of tubular SOFCs. In addition, studies on the stability of (La,Sr)CrO,
and Cr,0, (the oxide scale formed on the Cr5FelY,0, alloy surface) with
Ce,,Gd,,0, ,, revealed them to be chemically compatible. No studies were performed,

however, using multi-functional layers.

More research needs to be performed on the use, fabrication and composition of these
functional layers, in order to provide enhanced electrical contact and long-term

stability.

8.2.1.1 Recommended studies for development of functional perovskite layers

Initially, studies would involve the preparation of a standard interconnect material
upon which coatings/functional layers can be applied and tested. It is proposed that
the standard interconnect would be a La ,Sr,,CrO, coated Cr5FelY,0, alloy plate.
La,,Sr,,CrO, would be applied to the metal alloy surface by vacuum plasma spray in
order to form a dense coating, intimately contacting the metal alloy surface.
Subsequent coating/s would then be applied over the pre-existing La,,Sr,,CrO, using

an air brush or paint technique.
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The fabrication of the coatings would involve:

e synthesis of perovskites by glycine nitrate process;

e fabrication of cermets;

e preparation of inks/paints containing perovskite or cermet;

e paint or airbrush coating/s over the pre-existing La Sr,CrO, layer of the
La, Sr,,CrO,/Cr5FelY,0, interconnect;

e firing of the coatings at various temperatures.

At the same time, investigations need to be performed to develop the coatings. The

following variants could be studied:

e powder processing;
e cermet fabrication;

e coating composition;
e coating application;

e firing temperature.

Initial investigations would be kept relatively simple, varying only coating
composition or firing temperature. Initial studies should be performed on silver
cermet coatings such as Ag-La Sr ,CrO, and Ag-La, Sr, ,CoO,. These coatings

would be used in conjunction with medium temperature SOFCs.

Studies could involve varying the ratio of the silver to perovskite and then evaluating
each coating with respect to its effectiveness in reducing contact resistance between
the cathode and the metal interconnect. Under operating conditions, the contact
resistance of each coating could be evaluated with respect to time. Furthermore,
thermal cycling tests could be performed during the contact resistance measurements
to ascertain the effect sharp temperature changes have on the coating integrity and
contact resistance. SEM analysis combined with elemental mapping and microprobe
analysis should be used to evaluate the stability/reactivity of the coatings themselves,

and with other cell components.
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Once a functional coating was found that achieved and maintained good electrical
contact, a stack consisting of 6-10 cells would be constructed, employing a
Cr5FelY,0,/La St ,CrO, interconnect coated with the functional coating. The
design of the interconnect could be similar to that described for the plate arrangement
in Chapter 6, or a rod design in which the tubular SOFCs are placed in grooves along
the length of the rod. The performance of the stack would be tested. For testing of
long term coating integrity, cross-sections could be taken from SOFC systems that
have been operated over time, to determine the stability of the coatings with the cell

components under operating conditions.
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Appendices
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Appendix A

Kroger-Vink Notation

The superscript symbols /, * and * are used to represent a negative effective charge,

positive charge and a neutral charge, respectively.

The subscript symbol denotes the lattice site label, that is either a chemical symbol,

or the small letter 'i' for an interstitial site.

The main capitalised symbol designates the species occupying the site, or the

capitalised letter "V' for a vacancy on the labelled site.

For example:
Y,0,—22Y; +V,;" +30;,
where: Y/ is the Y™ on the Zr" site with an effective charge of —1;

V,' is the oxygen vacancy with an effective charge of +2;

O, is the occupied oxygen vacancy with no charge, that is, neutral.

An example of a cluster of defects can be represented:

(Sr,, —-Vy =Sr)*

Where, (Sr;, -V, —Sr/ )" represents a cluster of strontium ions on lanthaum sites,

associated with an oxygen vacancy, with a net neutral charge.
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Appendix B

A brief investigation was conducted to determine the effect temperature and time had
on the grain size of Ce ,Gd ,0,, extruded tubes, and is shown in Fig. 1 (Appendix

B). These investigations were performed on tubes fabricated using the formulation

and procedure developed for sample 4 in Chapter 5.

Fig. 1 (Appendix B) SEM micrographs showing the variation in surface grain size of
Ce,;Gd,,0,, sintered tubes with varying temperature and time: (a) 1450°C/4 h; (b)
1500°C/2 h; (c) 1550°C/2 h; (d) 1600°C/2 h; (e) 1650°C/6 h.
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Appendix C

Fig. 1 (appendix C) shows the adverse affect the CaCrO, melt (Ca-Cr-O) has on the
Ce,,Gd,,0, ,.electrolyte pellet. The Ce,,Gd,,O,, pellet has formed cracks after
annealing. Analysis described in Chapter indicated the Ce, ,Gd,,O,, grains were
reacting with the Ca-Cr-O melt and being digested as the Ca-Cr-O migrated along
grain boundaries, and the free surface to form an unidentified phase consisting of Ca-

Cr-Ce-Gd-O.

Ca-Cr-O melt (dark grey) from CaCrO, pellet

19112d ¢'0*°pD*°a)) Jo vare pajoayyeun

Ce,,Gd,,0,, pellet (light grey)

Reaction of Ca-Cr-O melt with Ce,,Gd,,0,,
Fig. 1. SEM micrograph showing a cross section of a Ce, ,Gd,,0,, pellet annealed
with a CaCrO, pellet. The CaCrO, pellet was placed on top of the Ce,,Gd,,0, , pellet
(top of picture) and annealed in air at 1300°C for 24 h. The Ca-Cr-O melt enveloped
the entire Ce,,Gd,,O,, pellet and migrated into the pellet reacting with the
Ce,,Gd,,0,,.
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