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Abstract

The feasibility of using Crofer22APU mesh dip cahigth LaNip sCay 4035 (LNC)
ceramic paste as a uniform contact layer on a @2fPU channelled interconnect
was studied. The control of LNC dip coating thicksien Fe-Cr mesh was carried out
by rheological measurements of the suspension. &6bs-section of formed
composite contact material showed good adhererteesba ceramic and metallic
components. The measured area specific resista%ie)(value at 800 °C was
0.46+0.01 n@- cn?, indicating low contact resistance itself. Thegaarm stability of
metallic/ceramic composite was also studied. Thetam resistance, when composite
contact material was adhered to channelled CrofdPRRinterconnect, was

5.40+0.01 ni)- cnf, which is a suitable value for the performancéleSOFC stack.
The stability of the system after treating at 86d6ér 1000 h was characterized using
X-ray Micro-Diffraction (XRMD), Scanning Electron igroscope equipped with an
Energy Dispersive X-ray analyzer (SEM-EDX) and X-Rhotoelectron Spectroscopy
(XPS) techniques. The oxidation rate of the allogt BeO, phase formation were
enhanced on the channels of the interconnect. Theigormation of Cr@(g) and
CrO,(OH), (g) species was accelerated on the compositeceufader the channel.
Through XRMD and XPS analysis the coexistence of perovskite phases (initial

LNC and Cr-perovskite) was observed.
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1. Introduction

Global warming and its detrimental climatologiadtplogical and sociological effects
have led to an increasing interest in more efficaerd clean power systems [1]. High
temperature solid oxide fuel cells (HT-SOFCs, ofiegan the range of 800-1000 °C)
have a good potential for being used as statiosiaryd-alone power generation systems
[2]. For these applications, chemical to electraféiciency of HT-SOFC is in the range
of 45-65 % [3]. For smaller scale applications,lsas micro combined heat and power
(micro-CHP), small auxiliary power units (APUs) asmdall electrical generators [4],
there is a need to lower operation temperaturés tive intermediate temperatures (IT)
range of 500-800 °C. Lower temperature operatitordd more rapid start-up and shut-

down.

A single SOFC cell produces ~0.6-0.7 V under nonking conditions [3].
Therefore, in order to obtain the desired elegtawer output, single cells are
connected and fabricated together to form a stacigunterconnect and sealing
materials [5]. In HT-SOFCs, the bond between thearel the LaCr@interconnect is
typically realized by sintering at 1300 °C. A sdbidnd with good electrical contact is
obtained and no other contact material is thenirequHowever, for IT-SOFC
chromium-containing ferritic stainless steels a@aegally used as interconnect [6, 7]
and, contact materials are needed to provide a penemus bonding between
interconnect and electrode to avoid power losse$@vious studies [9, 10], based on
the effect of contact between electrode and cuwelhdctor on the performance of
SOFCs, concluded that when the contact area afufrent collector increased from 4.6
% to 27.2 %, the cell resistance decreased frodth.8.19Q- cnf at 800 °C.

The oxide scale formed on the surface of Fe-Cysgllafter long exposure in the SOFC
environment, results in volatile chromium (Cr) spscuch as Crand Cg(OH); (in
presence of vapor) [3]. These species can caugkpagormance deterioration in
SOFCs due to the deposition of Cr at the bulk ebelet and at the electrolyte/electrode
interface regions [11]. The cathode contact mdtedan act as a barrier to the
migration of chromium from the metallic to the cadle and further minimize the area

specific resistance (ASR) between both materi#tsi4].



The cathode contact materials compositions shadiidl the following requirements

[15, 16]: i) high electrical conductivity and apprate sintering activity to minimize

the resistance of the contact layer itself andrtwget the steel substrate from excessive
oxidation, ii) chemically compatible and appropeittermal expansion behavior with
adjacent materials and, iii) high thermochemical sinuctural stability in the oxidizing
cathode environment. The materials used as colatgats include: i) noble metals (Ag)
or noble metal-perovskite composites (Ag-dkB.4)(Cay gFey 2) O3, Ag-

Lag gS1h.2MnQO3), ii) conventional perovskite cathode materialsc{sas,
Lag.6S1h.4C0p ey 803, Lag sSto oFe(y), iii) oxides with a spinel structure, §@, (M=Ni,

Mn, Co, Cu, Fe), or iv) recently developed oxidks Nip 380 /0. Despite the
interactions of these kind of materials which fodide scale on metal surface, due
to their susceptibility to form phases like AyO,, AgCrO,, SrCrQ, Cr-spinels or Cr-
perovskites, the use of those materials, in mass;aare quite effective for improving
the electrical contact between the cathodes andlimenterconnects [17-25]. In
addition, these materials can reduce the oxidattnof the steel and minimize the
formation of new phases arising from the oxidattbmetal itself such as, F@; and
Fe;04[26]. In this study, LaNisCa 4035 (LNC) ceramic composition was selected, due
to the adequate sintering activity, electrical astivity and thermal expansion
coefficient (TEC) [17], coupled with ferritic stdéss steel Crofer22APU mesh to form
a ceramic/metallic composite contact material. En22APU was developed to increase
the electrical conductivity of the scale and tousglthe chromium vaporization. This is
achieved by adding 0.5% Mn in its composition whatilities the (Cr,MnO, spinel
formation [3]. The use of a high conductivity peskite type material in conjunction
with stainless steel mesh is expected to improveenticollection. At the same time, it
achieves a continuous contact on the ribs withaatificing the flow of the air through
the channels. Taking into account our previousistufd.7, 27] the use of this composite
material between Crofer22APU interconnect anglsb& 4~eQ; cathode in flow channel
configuration, can offer an adequate mechanicabnity and low reactivity between the
applied layers without compromising the contacistasce of the system.

The goal of this work is to develop a metallic/eei@acomposite contact material
achieving a good bonding between this contact nadtnd the channeled metallic

interconnect. An adequate formulation of the LN@aoa&c slurry was set and then dip
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coated [28, 29] on Crofer22APU mesh. The electriesistance, chemical compatibility
and adherence between ceramic and metallic patte @omposite material, under long
term IT-SOFC operating conditions, were determifi®esults of electrical performance
of the contact material/interconnect system arsgured. In addition, long term contact
stability of the metallic/ceramic composite matkeaader the rib (direct contact) and

channel (indirect contact) of the interconnect aaslyzed.

In order to understand the interactions betweerCtioéer22APU alloy and the LNC
ceramic material the following issues were congdgB, 30]: i) the preoxidized alloys
form protective and semi-conductive chromia oxidd a dense and stable (Cr,MD)
spinel on the surface of the alloy, which is effexto reduce the generation of volatile
Cr species ii) the reason for the Cr volatilitghe thermodynamic instability of chromia
scales formed on the alloy, forming gaseous sp€@e3; (x=1,2,3)); and iii) the
deposition process of Cr species at the ceramitngpainder SOFC operation

conditions, can be described by the nucleation siépo theory.
2. Experimental

The formulation of ceramic powder used in this gtuas

LaNio.eC 4035 (LNC) (NexTech, Fuel Cell Materials). To obtain metati&amic
contact composite, Crofer22APU stainless steel niiéisixell SOFC Technologies),
with mesh opening of about 1#n and a thickness of 2%0n, was cut into 10 x 10
mm squares, cleaned with acetone in an ultras@ifcdnd dried. The squared-meshes
squares were preoxidized at 600 °C for 10 h anul difecoated with a LNC ceramic
paste (dip coating rate = 4.5 mm/s). The chemicalposition of the steel, as given by
the supplier, is listed in Table 1. The ceramicrglwas composed of ceramic powder
(LNC), dispersant (Dolapix, Zschimmer & Schwarz g@tische Fabriken), binder
(PVB, polyvinyl butyral, Solutia Solutions) and geht (ethanol, Panreac). The paste
composition was based on the formulation shownabld 2. Particle size distribution
of the ceramic powder was carried out using a Msigier particle size analyzer
(Malvern Instruments). Rheology of the suspenswas analyzed using a rheometer
(HAAKE MARS I1) at shear rates from 0.1'$0 1000 &, and at room temperature.
Ceramic/metallic material was sintered at 10508C2fh [9] and then treated at 800 °C

for 1000 h, in open air.



The composite contact material was bonded to ae€28APU channeled interconnect
(ThyssenKrupp VDM). The channels of substrate amn2width, 0.5 mm depth, 10
mm length and the distance between neighboringnsn2(Fig. 1). The substrate was
cut into 10 x 10 mm and 1 mm thick pieces, polishsitig #800 grit SiC paper and
then, cleaned with acetone in an ultrasonic bathdaied. Subsequently, they were
preoxidized at 800 °C for 100 h. An additional lagELNC was coated on the ribs of
the interconnect substrate by colloidal spray tepn[31]. The composite contact
material was directly adhered to the interconngntered at 1050 °C for 2h and then
treated at 800 °C for 1000 h. The reactivity betwde contact material and the rib and
channel of the Fe-Cr interconnect, after long teeated at 800 °C in open air, was
characterized according to the scheme shown inlFigll the experiments were
performed in open air so the moisture level initle®ming air stream can be establish
considering that the water vapor,(®) in air is around 0.001-5 % by volume. However,
these values depend on the temperature so it \Walito determine a moisture
numerical value in the performed experiments. Nimebess, in order to analyze Cr

species formation over the chromium scale it hanloensidered a wet atmosphere.

X-ray Micro-Diffraction (XRMD) data were collectagsing a Bruker D8 Discover
diffractometer equipped with a Cu Twisibe, Ni filter ¢ = 1.5418 A), PolyCa}) (1
single crystal cylinders) system for parallel bgeneration (divergence of 0.25°), and a
1-D LynxEye PSD detector (active length th27°). The sample was mounted on an
Eulerian Cradle with automatic controlled X-Y-Z@ta The sample illumination was
adjusted with 1mm PinHoleollimator in the incident beam, the position cohwas
tested by using the interference of two lasersa®Dadre collected from 10 to 1008 2
(step size = 0.04 and time per step = 10 s toted 6.5h) at RT.

Surface and cross-section of the samples werezetalyy a scanning electron
microscope (SEM, JEOL LSM-6400) equipped with arid@k Pentafet energy
dispersive X-ray analyzer (EDX). Secondary electmages (SE) were taken at 20 kV
and 1.1- 18" A using a working distance of 7 mm. Compositioalgsis was performed
using back-scattered electrons (BSE) at 20 kV acaghg voltage, 1-1DA current
density and 15 mm working distance. For the cressien analysis, samples were
embedded in epoxy resin, polished using standatdlimgraphic techniques, and

coated with a coal graphite layer (10 nm) that deysosited by evaporation (BLA-TEC
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SCD 004 Sputter Coater) to provide electrical catigity. INCA 350 software
(Oxford Instrument) was used to reconstruct thetsaeand Fe, Cr, Mn and a LNC
pellet were used as standards.

X-ray photoelectron spectroscopy (XPS) measurenmeaits carried out in a SPECS
(Berlin, Germany) system equipped with a Phoibd3 I5-DLD analyzer and
monochromatic Al K radiation (1486.6 eV). The analysis of the presémtnents were
made at wide scan mode (step energy 1 eV, dwedl @irh s, pass energy 80 eV) and
after that, high-resolution spectra of the fourehetnts were acquired (step energy 0.1
eV, dwell time 0.1 s, pass energy 20 eV) with attebn take-off angle of 90 °. The
binding energies were calibrated using C1s peak{RB4.6 eV) as an internal

standard.

Area Specific Resistance (ASR) measurements weferpeed using the DC four-

probe method (the resistance value was estimatedtfie voltage value (Thurlby
Thandar Instruments 1604 Digital Multimeter) measuon applying a current of 1A
(Thurlby Thandar Instruments PL300 current souf82), on both LNC dip-coated
Crofer22APU mesh composite (Fig. 2a) and on a systéhich was prepared according
to the geometries shown in Fig. 2b, in open akecEical contacts between samples and
external measuring circuit were made using two irésndirectly welded onto the sides
of the interconnect, and using Pt paste and Pt meththe surface of the composite

contact material.
3. Results and discussion
3.1. Control of LNC dip coating thickness on Fe-Cr mesh

Prior to the rheological characterization, part&iee distribution measurements were
performed on LNC powders, since this parameteuanftes the rheological properties.
Fig. 3 shows a monomodal size distribution of LN&vgder (do: 2.37um). The
characterization of LNC slurries by rheological s@@ments is important to control
coated thicknesses during the dip coating proédessmmary of the composition of the
slurry is shown in table 2. Rheological charactgian of the suspensions showed a

newtonian fluid behavior, which means that the assty values are independent of the



shear rate. Typical viscosity values are in thgyeaof 0.054 Pa-s, leading to a LNC
thickness of the layers after dip-coating and singeof ~500 pum.

3.2. Characterization of composite contact material

LNC ceramic slurries were dip coated on preoxidiZedfer22APU stainless steel mesh
and sintered at 1050 °C for 2h in order to formdbenposite contact material. Fig. 4
shows surface morphology SEM micrographs of Fe-€smbefore and after sintering
the LNC layers. The area specific resistance (A&R)e of the metallic/ceramic
composite material was 0.46+0.01atnf at 800 °C. This minimal ASR value
confirms that the use of this composite materiad asntact layer is adequate. SEM
cross-section (Fig. 5) of the obtained ceramic-thetzomposite contact material, after
ASR measurements, showed good adherence betweeréfd@ic material and
Crofer22APU mesh, due to similar TEC values betw@ssier22APU and LNC
materials [17]. As observed from figure 5, the og@iacoating is continuous and

homogenous along the sample.
3.2.1. Long term stability of composite contactemat

In order to study the chemical compatibility ansicalo establish the adherence between
the ceramic and metallic parts, the sintered a@ Pa5composite contact material was
heated at 800 °C for 1000 h, in open air. EDX magFigs. 6 and 7) were performed
of a cross-section of the composite material afteg-term operation was performed,
and compared with another sample just sinteririg&0 °C for 2 h used to establish
initial reactivity. According to figure 6, the inl material showed a gb; and
(Mn,Cr)0,4 spinel protection layer to minimize Cr migratidmdugh ceramic coated, as
expected. Nevertheless, the formed passive chrayga is not enough to prevent the
migration of Cr since the evaporation of protecttheomia layer takes place. Early
investigations [33] revealed that (Mn,&D), spinel offers lower volatility of Cr than
chromia. However, this reduction is less than aeoof magnitude. Thus, a Cr deposit
ring along the edge of the LNC ceramic coated, whaislth was ~3fum, was also
observed. The redeposition of chromium at the aymteterial, usually as poor
conductive phases, could decrease the cell perfaren@4].



The direct contact between the ceramic contactmabtnd the alloy makes possible
solid phase diffusion of Cr [35]. However, the nostructure of the ceramic material
revealed open porosity in the initial material @aodhposite after heating at 800 °C for
1000 h in open air, allowing vapor phase transpbvblatile Cr-species (Cr§XQg),
CrO,(OH); (g)) throughout the LNC coating. It has been fothmat [36] the most
dominant chromium species are Gi@dry air and Crg(OH), in humidified air.
However, the partial pressure of G(OH), and CrQ varies significantly with the
temperature. At the temperature decreases;(Otd), species become increasingly
dominant. The partial pressure of Grd&creases rapidly with the decrease of
temperature while the change in the partial presetiCrQ(OH), with the temperature
is relatively small. So, when the samples are sxtat 1050 °C, considering a wet
atmosphere, the main chromium vapor specie i@8B),. Besides, it could be found
CrO; because its partial pressure is still high. Howewden the samples are treated at
800 °C, the partial pressure of Gn® low being the dominant specie chromium
oxyhydroxide. The deposition process of these €cigs at the contact material can be
described by the nucleation reaction between thle Vilence Cr phases and the
nucleation agents (Kfi, C&"), forming Cr-N#*,Cc*-O nucleus. The reaction between
these nucleus, gaseous Cr compounds and nucleams leads to the deposition and
formation of CgOs, (Cr,Mn)0,, CoCrO,, etc [3]. One should consider that [37] the
magnitude of the Cr deposition is smaller with i@dg the test temperature, using the
same time exposure in each experiment. Thus,ghdintering step at 1050 °C the Cr
deposition is accelerated by temperature and araing heat treatment at

800 °C by the exposure time. Thus, different cecamaterial densifications were
observed between the initial material and compasttr the long term treatment,
showing that the latter was denser. The formatiattease new phases like spinels
might change the pore distribution of the ceramatemnal. Therefore, the
microstructure of the ceramic coating depends emr¢actions undergone by the

material.

High magnification cross-sectional BSE micrographd the corresponding EDX
elemental line scans of the initial (Fig. 8a) amhted (Fig. 8b) material are shown in
Fig. 8. According to other studies [38, 39], thédexscale growth rate is strongly
affected by the temperature. With increasing teljpee the growth rate constant



increases exponentially. Besides, it was found fd@]chromium oxide scale rates at
longer exposure time, on the cathode side, cantbegpreted as being parabolic. Thus,
the oxide scale formed on the mesh after 1000 hshigistly more noticeable.
According to Ref. 41 and taking into account thedfgohase diagram [42], the oxide
scale formed on mesh steel surface, after thersigtprocess of the composite at
1050 °C, is formed by FCC-FelOx in contact with the stainless steel and, by(sz&s
the oxide surface. Between these two layers, skorides may form, such as, f&&,
FeO, (Cr,BjO, spinel (B= Co, Fe, Mn, Ni) [43-45]. The similamnic radii of Co, Fe,

Mn and/or Ni, make it difficult to determine theaet chemistry of the grown spinel. At
800 °C the composition of the oxide scale has dasitnend to that at 1050 °C.
However, in the oxide/metal interface,Og may form instead of FCC-Fe/{); as in

the 1050 °C case. These results are in good agneevitb performed EDX line scans
(Figs. 8a and 8b). The formation of iron oxidegxide scale makes alloy be more
susceptible to breakaway oxidation [46]. The whiees observed on alloys (Fig. 8)
were identified as LNC contamination due to thagbwhg process. Besides, locally
internal precipitates of @03 followed by (Mn,Cr}O, spinel were also found (Fig. 7).
These internal precipitates could be related t@iternal oxide scale or it could be that
the diffusion rate of oxygen in the alloy was sgenthan that of Cr, forming internal
Cr0O3 precipitates [47].

3.3. Characterization of composite contact material with channeled Crofer22APU

interconnect

As starting point, the metallic substrates werelimed at 800 °C for 100 h. This
preoxidation of the steel may reduce Cr and Fespart into the contact coating after
long oxidation times [48]. A composite contact nmatlewvithout sintering was directly
adhered to preoxidized channeled Crofer22APU iotarect. In order to achieve good
adhesion between both materials, the ribs of tteraonnect substrate were coated with
LNC ceramic material by colloidal spray. Then, fystem composed of {composite
contact material/channeled interconnect} was seatet 1050 °C for 2h in open air. In
order to check the reproducibility of the procesferent systems were prepared. Fig. 9
and Table 3 show ASR values of two systems, ingigajood stability and similar
signal during the contact resistance measuremamisthus a good adherence between

the composite contact material and the interconidet ASR values are in good
10



agreement with those obtained in {Crofer22APU iod@nect without channels/ LNC
contact layer/ LgeSip.4FeQ; cathode} system [17]. The contact composite/irtenect
ASR value was 5.40+0.01@cnf, which is a suitable value for the performancéToef
SOFC stack. In addition, the obtained ASR valdewser than the systems without
applying a contact layer [12, 16, 17]. AccordindSieM cross-section of the system
after ASR measurements with EDX mapping to estirabgment diffusion (Fig. 10),

the formed oxide scale acts as protective layelO£followed by (Cr,Mn}O, spinel

top layer. The composite direct contacted (theai) indirect contacted (channel) with
the interconnect present similar Cr, Mn and Feithgtions. Along the ceramic bulk,
Cr’* and Mrt* deposition was observed, indicating that Mn dopaomotes Cr

deposition on the ceramic material.

3.3.1. Long term stability of composite contactenat with channelled Crofer22APU

interconnect

The {LNC dip-coated on Crofer22APU mesh compositetact material/ Crofer22APU
channelled interconnect} sintered system at 1050G treated at 800 °C for 1000 h in
open air to study the long term compatibility betwehe metallic substrate and the
composite. Fig. 11 shows X-ray Micro-Diffractiontigan refinements performed on the
rib (right) and the channel (left) of the intercewchin contact with the composite
material, after the long term treatment. The priglary analysis of the studied points
was carried out using the X Pert HighScore softv2@3. After the identification, the
observed phases, in both areas, were quantifilepriafile refinements were performed
using the FULLPROF program [49]. The formed phasebstheir semiquantitative
analysis (% in weight) are presented in Table @sEhanalyses reveal that in the rib
zone the main phases were Lgilloy 4035, La(Cr, B)Q (B= Ni, Co) and NiO. In
addition, secondary phases were also detectedr HECB):O, spinel (B= Co, Fe, Mn,
Ni) and FeOs. In contrast, the channel zone present as maiseghaaNg Cay 4035,
Fe;04, La(Cr, B)Q (B= Ni, Co), CpO3 and as secondary phases: Fe-Cr, (GOB|B=
Co, Fe, Mn, Ni) spinel and E@;. The original Fe-Cr substrate was identified iatiing
that the X-ray penetration was enough to obsem@eigmnal of all the formed layers. The
guality factors of the refinements are given in[€alb and 6. The presence of the LNC
perovskite phase in the channel zone is probabdytathe contamination during the

spray deposition on the ribs. The presence of Nightrentail that Ni is partially
11



extracted from the LNC perovskite lattice, wher€ass incorporated, most likely to
form La(Ni, Co, Cr)Q[27, 50]. It is known that applying a protectivgda to the
metallic interconnect alloy can reduce the oxidatiate [34]. Fig. 12 shows cross-
section EDX elemental line scans performed on tameel (Fig. 12a) and on the rib
(Fig. 12b) of the interconnect, which was in cohtaith the composite material after
treated at 800 °C for 1000h in open air. The sertagde layers, both on the channel
and on the rib, of the interconnect range from apjpnately 0.5 to 2im. Before ASR
test, the metallic substrate was preoxidized at°80fdr 100 h, making difficult to
observe differences between both zones. Howewer;¢hand Cr detected in the
channel is bigger than in the rib, probably duthtoformation of a passive layer on the
metal surface, more severe in the case of an uet@aéa. According to this, ceramic
coating might act as a protective layer. HenceQgis observed on the channels.
Furthermore, the absence 0%0s on the rib of the interconnect, can also implyt iha
has completely reacted to form La(Cr, BY8= Ni, Co) and (Cr, BO, (B= Mn, Fe,

Ni, Co) phases. The formed oxides at analyzed alaaumes contain: F®; (<2 % in
weight) and F¢gD, (~36 % in weight) whereas for those on the ribezdteO3 (~2 % in
weight) was semi-quantified. The presence of imides is in good agreement with the
previous studies performed on composite contacemadhisection 3.2.1.). According to
XRMD results, an interconnect without ceramic cogitat long exposure rate to air, can
promote the F©, formation rather than the formation of a chronpais| protective
scale, concluding in the formation of non-protegetor Fe-rich scale.

Fig. 13 shows the surface of the composite matetiath was in contact with the
interconnect, after long term IT-SOFC conditionBXEmapping analysis is also
shown. Three different areas were identified atcthrposite contact surface: the area
of the composite i) under the rib and, ii) undearatel of the interconnect and, iii) the
interface between both zones. Formation of Cr anddeposit along the interface of
both areas is observed, probably in the form ofNiG);O, protective spinel. Besides,
EDX analysis showed that the zone under the chgrasénts Cr, Mn and La
enrichment, possibly associated with Cr-Mn-spimel €r-perovskite crystalline
phases. The significant difference in the amour@rofleposition on the composite
material surface under the rib and under the cHaoirike interconnect can indicate that

the direct exposure to air accelerates the formaifcdCrQ; (g) and CrQ(OH) (g)
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species. Thus, vapor phase transport of Cr spealiecoies would be much faster and
more significant than the solid phase diffusiomtfims, in LNC and chromia scale,
through defects in these solids. Increasing vel&it species enhances Cr-depletion
from the alloy, thereby enabling the formation roini oxides [46].

XPS measurements were performed on the observedehand rib contact areas of the
surface of the metallic/ceramic composite mateFaj. 14 shows high resolution
spectra of the different zones including La,3dCr 2p and Mn 2§, spectral regions.
The binding energies and relative atomic percentageentration of the detected
elements are listed in Tables 7 and 8, respectilelyoth studied areas, for La, there
are two peaks, one at 833 eV which correspondsifoih. perovskite phase [51] and,
another at 834 eV which is assigned tG'lin La,Os [52]. In addition, the peaks
appearing at 575 eV and 579 eV could be assign€rfton perovskite [53, 54]. The
atomic concentration of Cr assigned to the peragskimains a ratio of 1:1, and La
component is assigned to the binding energy ofeB83n good agreement with ABO
structure (Tables 6 and 7). In the contact chanoeé, the peak at 577 eV might be
ascribed to Gt species, possibly forming €3 [55] in good agreement with XRD
results. The binding energy of 642 eV, which cquoegls to Mn2g,, is in good
agreement with MH in MnO, superficial oxide [56]. However, the content of Mrtoo
low to be assigned to Mhor Mn** species.

4. Conclusions

The application of composite LNC/Crofer22APU meshtings as a contact material
for Fe-Cr channelled interconnect was studied sdwtion to limit electrical losses
between both materials and also to reduce chromiigration from the interconnect.
Prior to forming the composite material, adequatenilation of the LNC paste was
obtained and characterizated by rheological measenmts. This slurry was dip coated
on Fe-Cr mesh to obtain metallic-ceramic compasitgact material. The results
showed good adherence between ceramic and metaiterial, showing a continuous
and homogeneous coated LNC layer. The system pegsan ASR value of 0.46+£0.01
mQ- cnf at 800 °C. After treatment under long term IT-SQfe@ditions, the composite
material still present noticeable oxide scale atehaate mechanical integrity of the
LNC/Fe-Cr mesh interface.
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When the composite contact material was directheagldd to the interconnect, the
obtained ASR values were reproducible and stallieating good adherence between
the composite material and interconnect. After 1080800 °C in open air, X-ray
Micro-Diffraction, performed at the rib and chanoéthe interconnect, revealed
interactions between the oxide scale and the LNmahto form Cr-perovskite which
was related with NiO presence. In both zones serantified FeO; was also present,
arising from the oxidation of the metal itself. Acding to XRMD results, the
interconnect without ceramic coating on the matalase, and the direct exposure to air
increased the oxidation rate ang®gformation as non-protective layer. The direct
exposure to air accelerates the formation of &g and CrQ(OH), (g) species on

channel surface.

Taking into account the obtained contact resistameghanical integrity and chemical
compatibility of the studied system, LNC dip-coatedFe-Cr mesh would offer
promising opportunities as a high conductivity casife contact material. Future work
will include the integration of the bLaSr 4/e0; cathode to form
{interconnect/composite contact material/cathodestam, in flow channel

configuration, to study its long-term stabilityterms of contact resistance and chemical

compatibility.
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Figure Captions and Tables

Fig. 1. Schematic representation of the characterizatighMC dip-coated on
Crofer22APU mesh composite contact material/ CR#APU channeled interconnect}

system.

Fig. 2. Schematic view of the system configuration for A8Basurements for: a)
composite contact material and b) composite comtatérial on channeled

interconnect.
Fig. 3. Particle size distribution of LNC powder.
Fig. 4. Surface SEM micrographs of Fe-Cr mesh: a) befodelg after sintered LNC.

Fig. 5. SEM cross-section of the ceramic/metallic compasitatact material after ASR

measurements.

Fig. 6. Cross-section of composite contact material &ftgering at 1050 °C for 2 h in

air and EDX mapping of the selected zone (in wbdtetinuous line).

Fig. 7. Cross-section of composite contact material aféatihg at 800 °C for 1000 h in
air and EDX mapping of the selected zone (in wbdetinuous line).

Fig. 8. Cross-sectional BSE images and the corresponddX étemental line scans of

a) initial material and b) composite after the Idrgat treatment.

Fig. 9. ASR for {composite contact material/channeledrncdenect} interface as a

function of time.

Fig. 10.Cross-section of {composite contact material/cledesh interconnect} sintered

system after ASR test and EDX mapping of the setezbne (in white continuous line).

Fig. 11.X-ray Micro-Diffraction pattern refinements penfioed on the rib and on
channel of the interconnect in contact with comigosiaterial, after long term heat

treatment.
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Fig. 12.Cross-sectional BSE images and the correspondingétemental line scans
performed on a) the channel and b) the rib of tberconnect which was in contact with

the composite contact material after treated at°80fdor 1000 h in open air.

Fig. 13.EDX mapping of the surface of the composite matevhich was in contact

with interconnect, after long term IT-SOFC condigo

Fig. 14.La 3d;», Cr 2p and Mn 2§, spectral regions of the surface of composite
contact material under the rib and channel afteg kerm heated at 800 °C in air.

Table 1.Composition of the Crofer22APU steel in wt%.
Table 2. Ceramic slurry composition prepared for dip-cogtin

Table 3. Area specific resistance values for compositeadnhaterial, with and
without interconnect, measured at 800 °C in air.

Table 4. Semiquantitative % in weight of the formed phaseshe rib and channel of

the interconnect in contact with composite mateaftdr heating at 800 °C for 1000 h.

Table 5.The quality of refinement performed on the riblod interconnect in contact

with composite material, after long term heat tmeait.

Table 6.The quality of refinement performed on the chami¢he interconnect in

contact with composite material, after heated & ®Dfor 1000 h.

Table 7. XPS analysis results of the detected elementthécontact surface of the
composite in contact with the rib of the intercociafter heating at 800 °C for 1000 h

in air.

Table 8. XPS analysis results of the detected elementhécontact surface of the

composite under channel of the interconnect, akeating at 800 °C for 1000 h in air.
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Table 1.

Cr Fe Mn Ti S Al La Others

Crofer22APU 22 Bal.* 0.5 0.1 025 025 015 0.28

* Balance



Table 2.

Ceramic slurry composition Volume %
Ceramic powder, LNC 12.5
EtOH 87.5

Dispersant, Dol apix 1% regarding to the
ceramic powder

Binder, PVB 5% regarding to the
ceramic powder




Table 3.

Sample ~ ASR (- cnf)
Composite contact material 0.46+0.01
Replica 1 5.504£0.01

Replica 2 5.304£0.01




Table 4.

Phases N° PDF Channel Rib
(Space Group)
LaNig ¢C 403 32-0296 ~ 46 ~ 82
(R-3c)
LaCrG, 24-1016 ~6 ~7
(Pbnm)
Fe-Cr 34-0396 <2 <2
(Im3m)
FeO; 73-2234 <2 ~2
(R-3c)
NiO 73-1519 ~2 ~5
(Fm-3m)
MnCr,O, 31-630 <2 <2
(Fd-3m)
Cr,0s 85-0730 ~4 -
(R-3c)
Fe0, 19-629 ~ 36 -
(Fd-3m)

* Estimated error: £ 1-2 %.



Tableb.

Rib LaNio.GCOOAOg LaCfO::, Fe-Cr F9203 NiO M ncr204
Phases
Rerag 13 29 31 30 16 40
Ry 8 23 16 24 9 18

© 5




Channel LaNi 0_6C00_403 LaCl’Og Fe-Cr F6203 NiO M ncr204 Crzog F%O4
Phases
Regragg 13 32 21 43 13 32 31 18
Ry 10 25 11 29 11 21 18 11
% 18




Table 7.

Peak Binging energy (eV) % At. Conc.
La 3d5/2 in ABOg 833.14 9.5
La3ds, in LaOs 834.4 9.1
Cr2pin ABOs 575.82; 578.98 9.1
Mn 2pg; 642.35 3.2
O1s 528.93; 530.74 69.1




Table 8.

Peak Binging energy (eV) % At. Conc.
La 3d5/2 in ABOg 833.07 7.1
La3ds, in LaOs 834.41 11.8
Cr2pin ABOs 575.73; 579.1 7.2
Cr 2pin Cr,03 577.35 1.1
Mn 2pz; 642.34 3.2
O1s 528.98; 530.99 69.6
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Highlights

» After 1000 h at 800 °C LNC/Fe-Cr mesh still pressatequate mechanical
integrity.

« ASR value for LNC/Fe-Cr mesh with interconnect \5a#0+0.01 n&®- cnt at
800 °C.

* Cr deposition under the channel is higher than utiderib of the interconnect.



