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Three lanthanum-based perovskite ceramic compounds were studied as contact materials,
(Lag 8Sro2)0.95FegsMng3C09103 (LSFMC), LaNiggFep403_5 (LNF) and LaNiggC0g403_5 (LNC), between a
Crofer22APU interconnect and a Lag gSrg 4FeOs (LSF) cathode. The layers were deposited using in all cases
wet colloidal spray technique. Phase structures of materials were checked by X-ray Diffraction (XRD)
measurements. Electrical conductivity and thermal expansion coefficient (TEC) for these selected com-
pounds were also determined.

The important properties of the resulting {interconnect/contact layer/cathode} systems; including area
specific resistance (ASR), reactivity, and adhesion of contact materials to the interconnect and to the
cathode were investigated. Moreover, the electrical resistance and reactivity of the system without a
contact layer, {steel/LSF/LSF} system, was measured for comparison. The contact resistance is strongly
influenced by the conductivity of selected contact materials, showing the lowest ASR values for {Cro-
fer22APU/LNC/LSF} assembly. The point microanalysis on cross-section of the systems, after ASR mea-
surements, reveals that there is chromium enrichment in the contact and cathode layers which allows
the formation of phases like SrCrO4 and Cr-containing perovskite in short exposure times. An adequate
integrity and low reactivity is achieved when LNF contact coating is applied between Crofer22APU and
LSF cathode without compromising the contact resistance of the system.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

layers are used between interconnect an electrode, and is often
accomplished by compression of the stack using and external load

Despite IT-SOFCs advantages, lacks of contact between inter- frame [2,3]. In practice, however, adhesion between contact ma-

connect ribs and electrode is still unsolved. The interfacial adhesion
between the oxide scale and electrode is very important for the
durability of the cell [1]. To solve this problem, cathode contact
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terial/interconnect needs even to be improved. Cathode contact
materials, apart from providing electrical contact between adjacent
components, can also serve to improve in-plane conduction over
the area of the cathode. In this case, contact material acts as a layer
of the electrocatalyst used in the cathode [4,5].

Earlier studies have concluded that the use of cathode contact
layers improves electrons transfer through the contact interface
from interconnect to activate cathode layer [6]. Therefore, the
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Table 1
Sintering procedure used for fabrication of rectangular bars for electrical conduc-
tivity and the degree of compaction (%) obtained for each material.

Composition Sintering procedure Relative density (%)*
LNF 1350°C,5h 90
LSFMC 1250°C, 10 h 98
LNC 1200 °C,5 h 79
LSF 1150°C,5h 93

2 Theoretical density was calculated from the results obtained in Rietveld anal-
ysis. Experimental density was determinated geometrically from the volume and
weight of the samples.

oxygen reduction reaction in the cathode triple-phase boundaries
has more electrons from the interconnect, resulting in a substantial
increase in cell performance. It was also found that cell degradation
inside the stack, is principally dependent on the interfacial contact
between the cathode current collecting layer and the interconnect
[7].

The cathode contact material composition is required to possess
high electrical conductivity and appropriate sintering activity to
minimize the resistance of the contact layer itself and to protect the
steel substrate from excessive oxidation. Besides, it must be
chemically compatible with both the protective materials or
chromia-forming interconnects and the perovskite cathodes. The
contact material, as well as, its reaction products should demon-
strate an appropriate thermal expansion behavior and high ther-
mochemical and structural stability in the oxidizing cathode
environment [8,9].

Cathode/interconnect contact materials in SOFCs include many
type of compounds: i) noble metals (Ag) or noble metal—perovskite
composites (Ag-(LageSro.4)(CoggFeg2)03, Ag—LaggSrg,MnOs3), ii)
conventional perovskite cathode materials [10] (such as,
Lag gSro2C0op.75Fep 2503, LaggSrgaFeOs), iii) oxides with a spinel
structure, M304 (M = Ni, Mn, Co, Cu, Fe), or iv) recently developed
oxides like Nig33C00670. Despite the interactions of these kind of
materials with Cr-containing steel interconnects, due to their sus-
ceptibility to form phases like Ag>CrOg4, AgCrO,, SrCrOy4, Cr-spinels
or Cr-perovskites, the use of those materials, in most of the cases,
are quite effective for improving the electrical contact between the
cathodes and metallic interconnects [11—15]. In this study,
(Lap.gSro.2)0.95Fen.6Mng 3C0p 103 (LSFMC), LaNig gFeg 403_s (LNF) and
LaNig C00.403_4 (LNC) were selected for their use as contact layers,
for intermediate cell operation temperature (IT-SOFC, 600—800 °C),
due to their adequate sintering activity, electrical conductivity and
thermal expansion coefficient (TEC). To carry out this study,
lanthanum strontium ferrite, Lag gSrg4FeO3 (LSF), has been chosen
as cathode due to its acceptable electric and ionic conductivity,

1 mm

10-20 pm
20-25 pm

relative control of the porosity and enough catalytic activity that
allows the reduction of the oxidant gas (air or oxygen) at low
operating temperatures [16]. As interconnect Crofer22APU was
selected due to its good workability, high corrosion resistance and
cost-effectiveness [17].

In the present research, three perovskites, LSFMC, LNF and LNC
were investigated as contact materials. Phase structure using XRD,
electrical conductivity and TEC values of selected materials were
determinated. Results of electrical performance and chemical sta-
bility of cathode contact materials in combination with Crofer22-
APU and LaggSrg4FeO3 as interconnect and cathode, respectively,
are presented and discussed. In addition, the system {steel/LSF/LSF}
without a contact layer was also studied for comparison. The use of
different perovskites as contact materials based on its properties
and, on contacting resistance and chemical compatibility of each
system will be discussed.

2. Experimental

Powders of (Lao‘gsl'o.z )0.95F60.5M1’103CO0J O3 (LSFMC),
LaNiggFep403_5 (LNF), LaNiggC00403_s (LNC) and LaggSrg4FeO3
(LSF) were purchased from NexTech, Fuel Cell Materials, and Cro-
fer22APU was obtained from ThyssenKrupp VDM. X-ray Diffraction
(XRD) at room temperature, using a Philips X'Pert PRO diffrac-
tometer equipped with Cu K, radiation (4 = 1.5418 A), was used to
check phase structures of the commercial materials. The power
generator has been provided at 40 kV and 40 mA. The patterns were
recorded in 26 steps of 0.026° in the 18—90° range. The diffraction
data of the samples were fitted in all the cases by Rietveld method
using the FULLPROF program [18—20].

For bulk conductivity and TEC measurements, pellets of pow-
ders were sintered at the temperatures shown in Table 1 to achieve
full density. Then, sintered pellets were cut in ~1 x 3 x 7 mm bars;
the conductivity measurements were carried out with the standard
dc four-point method on the rectangular sintered bars, from room
temperature to 1000 °C in air with a heating rate of 2 °C min~},
using a power source controlled by PC using Lab Windows/CVI field
point system. The measured conductivity values were corrected
taking into account the porosity of the samples [21]. Thermal
expansion measurements (TEC) for the contact layers, cathode and
interconnect were carried out from room temperature to 1000 °C in
air with a heating rate of 5 °C min~! by using a Unitherm Model
1161 dilatometer.

The contact evaluation of the studied material layers between
Crofer22APU interconnect and LSF cathode was carried out with
the interconnect preoxidized at 800 °C for 100 h in air in a Carbolite
furnace. Prior to the oxidation, the sheets were cut into 10 x 10 mm

Ir Pt wire

Interconnect
Cathode contact layer
Cathode layer

Fig. 1. Sample setup for contact ASR measurement of {Crofer22APU/contact layer/LSF} system.
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Table 2
Main emission lines for the analyzed elements.
Element K, (keV) Kp (keV) Ly (keV) Lg (keV)
La 4.650 5.041
Cr 5.411 5.946
Mn 5.894 6.489
Fe 6.398 7.057
Co 6.924 7.648
Ni 7.471 8.263

squares with 1 mm thickness, and also were polished using #800
grit SiC, cleaned with acetone in an ultrasonic bath and dried. As
observed in other studies, preoxidation of interconnect may reduce
Cr and Fe transport into the contact coating, after long oxidation
times. In addition, preoxidized samples developed thin coating
which may decrease interfacial stress over time between the con-
tact layer and interconnect [22]. The deposition of the contact
materials was carried out using wet colloidal spray deposition
technique, as was described in Refs. [23], and sintered at 1050 °C for
2 h to obtain a rather dense coating. LSF cathode was deposited on
contact layers using the same deposition technique and sintered at
950 °C for 2 h to produce a porous layer. The suspensions were

made mixing in a ball mill during 1 h the powders, ethanol and
ZrO; cylinders as grinding media. For the area specific resistance
(ASR) measurements a dc four-point method was used and, sam-
ples were prepared according to the geometries shown in Fig. 1.
Electrical contact between the sandwich structure and external
measuring circuit were obtained with two Pt wires welded to the Pt
mesh at interconnect and cathode side, in combination with Pt
paste onto the surface of interconnect and cathode. The overall ASR
of {Crofer22APU/contact material/cathode} setup was measured at
800 °C for up to 16 h to evaluate the starting point stability of the
obtained contact resistance values, and it was estimated by the
voltage value measured by chronoamperometry applying a current
of 300 mA, using a VSP Potentiostat/Galvanostat (Princeton Applied
Research, Oak Ridge, US). Cross-section of the sandwich structures,
after contact resistance measurements, were then metallographi-
cally prepared and investigated with scanning electron microscope
(SEM, JEOL LSM-6400) equipped with an Oxford Pentafet energy
dispersive X-ray analyzer (EDX) to study the microstructure of the
systems and, to determinate extend of interdiffusion between
materials. The composition analysis on the samples cross-section
was made using back-scattered electrons (BSE) at 20 kV acceler-
ating voltage, 1-10~° A current density and 15 mm working dis-
tance. Due to the overlap of the emission lines for the studied
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Fig. 2. Rietveld X-ray diffraction pattern refinements for commercial LSF, LSFMC, LNF,

LNC and Crofer22APU materials. Circles denote experimental points; upper solid line the

calculated profile. Theoretical peak positions (vertical sticks) and difference lines are shown in the bottom of each pattern.
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Table 3

General structural parameters obtained from the Rietveld analysis.
Material Space group Lattice parameters a (A)/c (A) V(A3) ¥
LNC R-3c 5.459(1)/13.137(1) 339.04(1) 3.29
LNF R-3¢ 5.513(1)/13.272(1) 349.33(1) 3.77
LSFMC R-3¢ 5.522(1)/13.412(1) 354.22(1) 3.33
LSF R-3c 5.528(1)/13.451(2) 355.93(1) 2.03
Crofer22APU  Im-3m 2.881(1) 2391(1) 731

elements (Table 2), the INCA 350 software from Oxford was used to
reconstruct the spectra and it was compared with the measured
one to confirm the presence or absence of these elements.

3. Results and discussion
3.1. Phase characterization

The phase structures of studied commercial materials (LNC, LNF,
LSFMC, LSF and Crofer22APU) were refined by the Rietveld method,
as shown in Fig. 2. All the perovskite phases showed a rhombo-
hedral structure with R-3c space group; however, steel has a cubic
arrangement and it crystallizes in space group Im-3m, as expected.
The refined cell parameters and unit cell volumes are summarized
in Table 3. The quantitative analysis demonstrates that the studied
materials were pure except LSFMC and LNC. For LNC two very weak
peaks corresponding to NiO were found (1.5% in weight) and for
LSFMC, Fe,03 phase (2% in weight) and traces of LaSrFeO4 (<0.1% in
weight) were quantified.

The dependence of conductivity of each perovskite on temper-
ature and the Arrhenius plot for the electrical conductivity in air is
shown in Figs. 3 and 4, respectively. The conductivity increases
with increasing temperature up to a maximum and then decreases
due to the lattice oxygen loss, for the LSFMC, LSF and LNF perov-
skites, implying a small semiconductor behavior [21]. For the LNC

1150 [

100
100 200 300 400 500 600 700 800 900

T (°C)
100 T T T T T T
LSFMC o
<= sof | I A
g
o ———
i [
| |
401 1
| |
| |
201 | I 1
| |

0
100 200 300 400 500 600 700 800 900
T(C)

A. Mordn-Ruiz et al. / Journal of Power Sources 248 (2014) 1067—1076

6.5 T T T T T T

log(cT) (S'K-cm1)

35 1 1 1 1 1 1
0.8 1 1.2 1.4 1.6 1.8 2
1000/T (K-

2.2
Fig. 4. Arrhenius plot of selected perovskites as a function of temperature.

material, however, the conductivity decreases continuously with
increasing temperature, implying a metallic behavior [24].

For the compositions with semiconducting behavior, the tem-
perature dependence of the conductivity can be described by the
small polaron hopping mechanism [25] as it shown in Equation (1):

o= Aexp(ZE2
= 7P\ kT

where A is the pre-exponential factor, T is the temperature, k is the
Boltzmann constant, and Ea is the activation energy for the hopping

(1)
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Fig. 3. Electrical conductivity of (LaggSro.2)o.05Feo.6Mng3C00103, LaNig gFep 4035, LaNipC0 4035 and LagSrg 4FeO3 perovskites as a function of temperature.
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Table 4
Maxima in conductivity, conductivity values at 800 °C and activation energy ob-
tained from the Arrhenius plots for all the compounds.

Composition omax (Scm™), 000 <c Ea (RT — Tyax)
TMax (DC) (S cmil) (EV)
LaNig 6C00.403_5 (LNC)* 1405.9 1229 -
LaNig gFeo.403_s (LNF) 751.4 685 0.02
(Laolgsro'z)0495FEO.5MHD.3C00'103 713 65 0.08
(LSFMC)
Lag ¢Sro.4Fe0s (LSF) 239.7 214 0.1

2 For LNC sample the activation energy was not calculated due to it exhibit
metallic electrical conduction in every range of temperature.

of the small polarons. The activation energy obtained from the
Arrhenius plots (for LSFMC, LSF and LNF samples) and the
maximum in conductivity and at 800 °C for all compounds are
given in Table 4.

The obtained conductivity values of the samples are in good
agreement with other studies for these types of compounds
[14,26—29]. As observed, at 800 °C the LNC and LNF show higher
conductivity than LSFMC, whose conductivity value is smaller than
the one obtained for the cathode material (LSF). It is known that
conductivity of contact materials is one of the most important
properties for ensuring acceptable ASR. However, the selection of
contact material also depends on mechanical integrity of the Cro-
fer22APU/contact layer/LSF interfaces and on its stability. Thus, in
terms of conductivity LNF and LNC are appropriate to use as contact
layer and, LSFMC is a suitable choice according to its mechanical
integrity [3] and also because its TEC value is closely matched with
that of the interconnect, as shown below.

Fig. 5 shows the thermal expansion curves of the five materials
obtained upon heating from 200 to 1000 °C. The TEC results present
close to linear dependence in the temperature range of 30—1000 °C
for the Crofer22APU and LNC samples. For the other materials,
however, the curves become steeper above the temperature at
which each compound shows the maximum in conductivity, cor-
responding probably to a lattice oxygen loss giving rice to the lattice
expansion. As it has been discussed in other works [29—31], this
lattice expansion, associated with the formation of oxygen va-
cancies, can be attributed to: a) the repulsion force arised between
those mutually exposed cations when oxygen ions are extracted
from the lattice; and/or b) the increase in cation size due to the

0.02 I I 1 1 I I 1
—e— LSFMC
—*— LSF
—e—LNC
0.015 LNF
—&— Crofer22APU
o 0.01
9
o
-
3
G <]
0.005
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.0.005 I I I ! I I I

200 300 400 500 600 700 800 900 1000
T(°C)

Fig. 5. Thermal expansion curves of the materials that compose the studied systems,
obtained upon heating from 200 to 1000 °C in air.

Table 5
Thermal expansion coefficients for the studied materials.

Component Material w30-800 - (K1) %30-1000 -c (K1)
Interconnect Crofer22APU 11.8-10°¢ 12.8-10°°
Contact layer LNC 17.9-10° 17.5-10°6
Contact layer LNF 16.1-10°6 16.0-10°°
Contact layer LSFMC 14.5-10°° 14.6-10°
Cathode LSF 16.1-10°6 17.5-10°°

reduction of Co and Fe ions from higher to lower valences, which
must occur concurrently with the formation of oxygen vacancies in
order to maintain the electrical neutrality.

The average TECs at different temperatures for all the compo-
nents studied are listed in Table 5. As expected, Co based perovskite
shows higher TEC values than obtained for Co-free perovskites,
such as manganites, nickelites and ferrites [32—35]. As can be
observed, for LNF and LNC, the a.30—g00 °c and a39—1000 -c values are
comparables to those obtained for the cathode, respectively. For
LSFMC, however, these TEC values are smaller showing interme-
diate values between LSF cathode and Crofer22APU interconnect.
The measured average TECs are higher than the ones reported in
other works [16,36—38] for this type of compositions. Those small
differences can be attributed to the influence of the sample prep-
aration method and different sintering temperatures [39].

The TEC values obtained for the interconnect material is smaller
than for the other components of the cell, especially for the LNC and
LNF compositions. Although the TEC values are not exactly the
same, they present an obvious concern for integrity of the contact
layers and interfaces during thermal cycling. It is necessary to
remark that for the cell preparation, the contact layer will be
relatively thin with a certain porosity to ensure the flow of oxygen,
properties that are expected to reduce thermal stress. In the
preparation of the cells, all of these materials have been success-
fully employed as contact layer between cathode and interconnect,
despite having larger TEC than Crofer22APU material.

From these results, it can be concluded that: a) LNC and LNF
compounds present the highest conductivity values and their TECs
values are comparables to those obtained for the cathode and, b)
despite the fact that LSFMC showed the lowest conductivity, the
TEC results obtained for this perovskite presents the best fit with
the TEC values obtained for the interconnect.

3.2. ASR measurements and post-test analysis

Fig. 6 shows that ASR values (Table 6) of the different contact
perovskites tested are stable during the contact resistance

800 °C in air

0.005

0 ! 1 1 | | | |
0 2 4 6 8 10 12

Time (h)

Fig. 6. ASR for {Crofer22APU/contact layer/LSF} interfaces as a function of time with
different contact materials and for the {Crofer22APU/LSF/LSF} system.
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Table 6
Area specific resistance values for the different tested contact perovskites measured
at 800 °C in air.

System: Crofer22APU/contact layer/LSF = ASR (Q cm?)
LNC 0.006(1)
LNF 0.010(1)
LSF 0.015(1)
LSFMC 0.018(1)

measurements. The contact made by LNC, which has the lowest
electrical resistance among the three selected perovskites, gives the
lowest ASR, while the contact made by LSFMC, which present a
lower electrical conductivity, leads to a higher contact resistance.
The value of the electrical resistance for the system with only LSF
amounts to 0.015 Q cm?, and it was relatively constant during the
experiment. The ASR values for the systems with the LNC and LNF
contact layers are 0.006 and 0.010 Q cm?, respectively. These values
are lower than that for the system with LSF only, as was expected
for LSFMC this value is higher and amounts to 0.018 Q cm?. The
achieved contact resistance values are considerably lower than
that of previously reported results for this kind of materials [3].
However, it has been published for {interconnect: AlSI441/contact
layer: Nig33C00,670/cathode: LaggSrp2MnOs} combination and for
{interconnect: 441SS/protective coating: Mn5C01504/contact
layer: Lag 7Sro.3Co03/cathode: Lag gSro.4Cop sFep 203} assemblies the
same order of ASR values [2,12]. The significantly low ASR was
probably due to the microstructure and thickness of the different
layers, and/or due to the good bonding of the interfaces between
contact layer and cathode, and contact layer and interconnect. It is
known [40] for this kind of systems that the initial area specific
resistance mainly depends on electrical conductivity of the

measured perovskites while the time evolution of the ASR depends
on the interactions between the contact materials and adjacent
components. For this reason it is difficult to assert that the reaction
products between ferritic steel and contact or cathode layers
exhibit sufficiently high electronic conductivity not to increasing
the contact resistance.

The polished cross-sections of different systems after ASR
measurements at 800 °C are shown in Fig. 7. Five layers can be
distinguished in all the samples, including: the interconnect, the
oxide scale, the contact layer, the cathode and the Pt paste. The
thicknesses of the contact materials can be estimated to be be-
tween 10 and 20 pm, respectively. In addition, in all cases, the
thickness of the cathode is about 20—25 pm. The total thickness of
the oxide scale for the combination with LSFMC is similar to the
system with LNF, which is about 1.5 pm. The oxide layers formed at
the LNC/and LSF/Crofer22APU interfaces are not completely ho-
mogeneous in thickness. It is likely that the protective chromia
scale growth rate, depends on the contact material composition.
This effect can be also related to the amount and distribution of
minor alloying additions in Crofer22APU, such as reduction of Si
and Al additives, leading to an increase of oxidation rates during the
preoxidation of the interconnect [41].

The microstructure of the cathode layer in all the samples is
similar, revealing open porosity with a pore size of approximately
0.5—2 um. The pore size distribution of the contact pastes depends
on the reactivity undergone by each system after ASR measure-
ments. The pores over the contact layer cross-sections for LNF, LNC
and LSFMC have a diameter of about 1 um, whereas for LSF is about
0.5—1 pm. Compared to other three contact materials, LSF has
fewer pores and it shows a quite uniform distribution of the pores.
In all the samples the contact layers were well bonded to the
metallic substrate. However, during the preoxidation process of

Fig. 7. Metallographic cross-sections (back-scattered electron image) of the different {Crofer22APU/contact layer/LSF} systems after ASR measurements at 800 °C in air.
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the interconnect, the formation of voids at the interface between when LSF was used as contact material and also for LNF combi-
the oxide scale and the steel can be detected. According to other nation. For LNC and LSFMC systems the cathode is not so properly
studies [41] insufficient La in the steel melt can lead to void for- attached to the contact layer, probably due to the mismatch be-
mation. The cathode and contact layer are well attached especially tween TECs values.
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Fig. 8. a) Details of SEM cross-sections of studied systems after contact resistance measurements, b) representative results to estimate the extent of interdiffusion at the different
systems interfaces from EDX point analysis.
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To estimate the extent of interfacial interdiffusion, in the start-
ing hours, for the contact material and the interconnect, or the
contact material and the cathode, linescans were performed using
EDX analysis along the samples as shown in Fig. 8. For all the cases,
oxide scale is composed of two layers: Cr,03 bonded to the metal
substrate followed by (B)304 spinel layer (B = Cr, Co, Fe, Ni, Mn) in
good agreement with the literature [42]. The growth of chromia is

30 um

governed by an outward and inward diffusion of Cr and O,
respectively [43].

The addition of manganese as additive in the alloy enhances the
formation of the spinel formed under the Cr,03 layer and, it im-
proves the scale conductivity which prevents chromium migration
and formation of Cr(VI) oxide and oxy-hydroxide species. Thus, the
reduction in the rate of cathode degradation by Cr poisoning is

) um

Fig. 9. EDX mapping of the cross-section of {Crofer22APU/LNC/LSF} combination after ASR measurements in air at 800 °C.
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given. Therefore, Mn-containing perovskites like LSFMC can also
facilitate the formation of Cr—Mn spinels. For Co- and Fe-containing
perovskites, such as LNC and LNF, the cobalt and iron released from
the perovskite lattice can react with the Cr and Mn from the oxide
scale to form (Cr, Mn, Co, Fe)304 spinels. The existence of Fe or Co
ions in the spinel grains might improve considerably the electrical
conductivity of the coated sample.

For all the systems, the element interdiffusion between cell
components is mainly concentrated on Fe, Cr and Mn which
released from the interconnect. In the cross-section imagenes gray
colored zones can be detected within the contact and cathode
material probably associated to the formation of Cr-containing
perovskites [44—46]. The presence of some cracks through the
ceramic layers, specially observed for LNC, and the chromium
enrichment zones observed for all the systems, can contribute to a
higher densification of coating causing in some of the systems
cracks. In addition, the cracks can be explained by interactions
between contact material and oxide scale, leading to expanded
volume of the layer.

Due to the mobility of Sr in cathode environment, large regions
enriched with Cr and Sr are observed within the LSF and LSFMC
layers owing to SrCrO4 precipitation [47], which is detected [3] as
“white zones” in the images.

When LNC contact material is used, a Fe enriched zone with
many different compositions was formed between chromia scale
and LNC coating (Fig. 9). Considering that denser contact layer re-
tains better Cr, it can be deduced that a decrease in the degree of
compaction of the layer makes increasing in chromia evaporation,
thereby leading to the low concentration of Cr,03 in Crofer22APU/
LNC interface. Thus, the increase in the concentration of Fe oxides
like Fe;Os3 is given. This oxide is less dense than Cr,03 and may
facilitate cation diffusion of Cr*, Mn>* and Fe3* to the surface,
resulting in a reaction with the contact coating [48]. Despite the
open porosity of the contact layer, LNC gives the lower ASR due to
its higher conductivity.

4. Conclusions

Direct contact between interconnect and cathode in IT-SOFC
stack generally leads to electrical losses. They can be diminished
by appropriate contact layers. Three lanthanum-based perovskite
ceramic compounds, (LaggSrp2)o.95FepsMng3Cop103 (LSFMC),
LaNig gFeg 403_5 (LNF) and LaNiggCog.403_4 (LNC) were selected as
contact materials for this study. The observed high conductivity
values for LNF and LNC and, the good fit between TECs values of
LSFMC and the interconnect make the use of these materials as
contact layers interesting.

The thickness of oxide scale observed for the combination with
LSFMC and LNF is reasonable homogeneous in contrast with sys-
tems with LNC and LSF in which this oxide scale is not uniform. This
effect can be related to the distribution of minor additives within
interconnect which produces differences in scale growth or, it can
be also associated to the contact material compositions. For all
cases, oxide scale is composed of two layers: Cr,03 bonded to the
metal substrate followed by spinel layer. The Mn-, Co- and Fe-
containing perovskites used in this study lead to the formation of
spinels with different compositions which can improve electrical
conductivity of coated samples. In the four systems the chromium
enrichment observed in contact and cathode layers allowed the
formation of phases like SrCrO4 and Cr-containing perovskite in
short exposure times. When LNC contact material is used, a Fe
enriched zone with many different compositions is formed be-
tween chromia scale and contact coating probably due to the open
porosity of the contact layer which prevents the formation of
protective coating of chromia. The obtained contact resistance

values are strongly influenced by the conductivity of the selected
contact material. The ASR contribution of all the systems is fairly
acceptable for the performance of a SOFC stack operating in the
intermediate temperature range.

The selection of the best contact layer is based on a compromise
between mechanical integrity of the Crofer22APU/contact layer/LSF
interfaces and, contact resistance and chemical compatibility of the
system. In the present case, LNF coating can be a suitable choice as
contact coating due to the adequate integrity and low reactivity
between the applied layers without compromising the contact
resistance of the system. Future work will include long-term sta-
bility of {Crofer22APU/LNF/LSF} system in terms of contact resis-
tance and chemical compatibility.
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