ECS Transactions, 68 (1) 1707-1713 (2015)
10.1149/06801.1707ecst ©The Electrochemical Society

Interdiffusion and Charge Transport Across Surface-M odified Current Collectors
in Planar SOFCs

N. Demeneva, DMatveev, V. Kharton, S. Bredikhin

Institute of Solid State Physics RAShernogolovka, Moscow Distr. 142432, Russia

Current collectors are a key component of planar SOFCs,
separating air and fuel supplied onto the electrodes and connecting
the cells in series. One of main challenges in the SOFC technology
developments to suppress degradation processes, often assbciat
with the interconnect materials, and to provide low contact
resistivity in oxidizing atmospheres. The present warkoicused

on thestudiesof near-surface interdiffusion phenomena in Crofer
22 APU ferritic steel interconnects with Nased protective layers.
Particular emphasis was centered on the-speaific resistance
(ASR) between the current collectasad La sSrp MnO3; (LSM)
cathodes which exhibit time dependencies governed by the
protective intdayer compositionand interface microstructure
alterations The ASR changestested during over 30,000 howat
atmospheric oxygen pressure, cardbsecribedn terms ofa model
assuming that theurrent acrosghe interconnectgrLSM interface

is essentially controlled bylectron transfervia the interfacial
Schottky barrier The experimental observations validatesth
approachgexpaining the junction resistivity andSchottky barrier
height variationsas a result of metahterdiffusion betweenthe
current collector and Naased protective coagn

I ntroduction

Commercialization of th&sOFCtechnologymakes it necessany reduce costand to
improve performance, reliability and durability of the fuel cell statk® most common
materials for current collectors of the planar SOFCs operating at intermediate
temperatures (75850<C) are ferritic stainless steels, such as Crofer 22 AR¥E.choice

of suchsteels is associatenh particularwith their high corrosion red@nce at operating
temperaturesand matchingof the thermal expansion coefficien(€ TE) with other
functional materials However the presence of chromium inevitably leads to the
formation of CgO3; oxide scaleon the surfacewhich increases arespecific resistance
(ASR) of the interconnectdrcathode interface and may cause failuréh@mmal cycling

(1-4). This problem may only be solved employing protective coatings (5). As the
interconnect oxidation at the cathode side is responsible for over 30% SOFC stack
degradation, th@rotectivecoatingsminimizing the ASR should provide lifetimes of, at
least, 30000 hour&-10).

In previous works (7,8)a new approach foforming barrier layers impeding Cr

diffusion to the metallic current collector surfagas proposednd testedThe resultant
Ni coatings were found to provedow ASR of the «current collecterLSM cathode»
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junctions, varying in the range-510 mOhm-crhduring prolonged tests (up to BOD

hours) at 850°C in air underload currenobf 0.5 A/cm?. Onedistinctive feature of these
coatings is a significant decrease in themntact resistance at thatial stage (3000 -

5000 h),followed by plateaus-like behavior of the ASR vs. time dependencies when an
almost constant resistance is achievBage present work is centered on the studies of
interfacial morphology alterations and charge transport mechanisms associated with these
superior properties.

Experimental

Crofer 22 APU (Thyssen Krupp VDM) with 22% chromium content was uséueas
material for current collectors in the present study. Tuteoh samples with a diameter of
18 mm and thickness of 1.5 mm were cut, potished using a 70m diamond grinding
disc andthen cleaned with aabrasive powder. fie discs were dipped into a satied
NiCl; solution in aqueous HCheatedup to 70—-80°C for surface oxide film remoahd
adhesion improvement. Th&h layers (thicknessf 6-16 um) were applied as described
elsewhere (7,8)The Ni-coated Crofer 22APWsamples were annealed a vacuum
furnace at 1050°CThe microstructural analysis was performed dmanning electron
microscopy (SEM) and energgispersive spectroscopy (EDS) using a Supra 50VP
instrument. The studies of element distribution profiles across the interfaces were carried
out after prolonged isothermal treatments at 850°C in air, coupled with electrical
measurements as a function of time. In order to detect trace separation of new phases
such as GOs;, micro-Raman scatteringpectroscopy was also employed usirigaman
fluorescerlme microscopgeamMix M532® (spatial resolution of um, spectral resolution
of 4-6 cn).

ASR of the «current collectdrLag gSrp.MnO3; (LSM) cathode» couples (Fig.Was
studiedas a function ofime under the SOFC cathode operation conditions (atmospheric
oxygen pressure, 850°C, current density of 0.5 ) cfio eliminate therror inducedy
thermeemf,the resistance was calculatfiedm the current-voltage dependencies.

9
Figure 1.Schematiadrawingof the cellused for testingf the protective coatinggl),
porous LSM disk;(2), Pt ring; (3),deposited protectiveayer; (4), stainless steel disk;
(5,6), current leads; (7,8,9potentialprobes.

In the course of testingyolished poroud.ag sSrpMnO; disks were symmetrically
sandwiched betweemb coated or uncoated stainletsel samplesThe assembly(Fig.
1) was mechanically loaded with a weight of 2daf andplaced ina quartz chamber
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heatedup to 850°C The cell arrangementnakesit possibleto simultaneouslyneasure
resistances of two junctisn

(-) Current collector | LSM(+) [1]
with the working polarity corresponding to that under SOFC operation.

Results and Discussion

The ASR vs. time dependersder thejunctionsof LSM andCrofer 22 APUwith the
protective layer thickness of 16 and 6m, are shown in Fig. 2.
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Figure 2. Time dependencesf the ASR for the junctions«LSM cathode| current
collector»with the protective interlayer thickness of 16 um (left) andv6(right).
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Figure 3. Eementaldistributionprofiles across theCrofer 22 APU Ni | LSM junctions
aftertesting during 100 h (a300 h (b), and 700 h (c).

As mentioned above, these dependencies can be split into two typical regions with
different behavior. During the initial interval (marked as 1), the resistivity decreases. The
durationof this periodof time was shown to increase with increasing thickness of the
protedive coatings(7,8). One should also mention that the ASR values observed at the
end of the first period of time were always similar to one another, 5-7
irrespective of the starting ASR and Myer thickness. After the initial decrease, the
resstance tends to stabilizeyith a rather insignificant growttlduring over 15,000-
20,000 hourginterval I1). The correlation between duration of the initial transient period
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and thickness of the ptective coatings indicates an important role of interdiffusion.
Indeed, the crossectional elemental distributions assessed by EDS (Fig.3) clearly show
that Ni diffuses into the steel and &#uses in the opposite direction, substituting nickel

in the protective layer.

Sincethe thickness of Ni laye(L) and diffusion time £) are known, the diffusion
coefficient can be evaluated using the one-dimensional solution oFik’'law

D=L%z. [2]

For 6 um layer andtime interval of 2,500 h, thestimated is equalto approximately
4x10™ cnf/s. WhenL= 16 pm and 7 = 7,000 h the diffusion coefficient of 980 cnv/s

can be foundThese values are in agreemanith the nickel diffusion coefficients a-

Fe known in the literature (11).

Figure 4 shows a SEM image with liseanEDS resultgor the «Crofer 22 APU with
depositecdNi | LSM cathode» junctiomaftertesting durings,000 h. In this casejakel has
already mainlydiffusedinto the stainless stegDne important observation is related to
the formation of an additional irregular sublayer between the deposited protective layer
and Crofer 22 APU. In fact, this sublayer forms initiallyhen the interdiffusion
processes start; then its thickness increases with time (Fig.3).

10um 1 Electran Image 1

Figure 4.Crosssectionand elemental distribution profiles for the juncti@stedduring
6,000 h at 850°C in air.

EDS analysis demonstrated tithe main components dhis irregularly shaped
sublayer arechromiumand oxygen. In order to detect trace separation of new phases
micro-Raman scattering spectroscopy was emplpped example is presented in Fig.5.
The localRaman spectruraf the subsurface islang@omprisedive mainlines associated
with optical phonons in GOs.

The separation of chromium oxide islaratsthe boundary between tleposited
protectivelayer and Crofer 22 APlagrees well with the mechanism when Ni and Fe
interdiffusion plays a dominant rol&@his mechanism explains also superior #itgiof
the junctions (Fig2). At elevated temperaturesand atmospheric oxygen pressure,
the deposited Ni should be oxidized, forming NiO. However, sshcemium has a
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Figure 5. Raman spectrum of aOs island under the surface of current collector.

substantiallylower electronegativity compared nickel (12), its interaction with NiO
should lead to the formation of £ scale:

2Cr + 3NiO — Cr;03 + 3 Ni [3]

Similar reaction isalso expected foriron transported in the opposite directiorhisl
interaction enables continuous diffusion Nif atoms io the bulk of Crofer 22 APU
whilst immobile CpO; islandsformed at the phase boundary block chromium diffusion
to the stainlessteel surfaceAlthough he number andveragesize of the chromium
oxide islang increase with time, the interface remains overall stable.

When discussing the diffusion-affected ASR values, one should note that the total
electrical resistance of the «current colle¢t&rSM cathode»assemblies comprises
several contributions. These include, at lea$imc resistance of the stainless steel
(Rerofer), Ohmic resistance of the porowsthode R sy), anda contributionof interfacial
Schottky barrier Rschottky:

R=Rcrofer + Rism+ RSchottky [4]

The former two contributionaretime-independentt-or the geometry tested in this work,
their values can be estimated aso® ~ 5 mOhmxcnf (13) andR.sy~ 0.6 mOhmxcnd
(14). The contactresistance can be quantitatively describeflameworkof the Schottky
barrier model for metal semiconductor interfaced5-17) The junction between the
current collector and SOFC cathode should be considered as fdriaaedh. In the case
of relatively thin blocking layer, the currembitage relationship and resistance for such a
junction can be evaluated as

J=ATXVelkT)exp(F/KT) [5]

k PMetal=PLSM
RSchottky = (eATZ) e kT [6]
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where the Richardson constant4remKi/h® comprises the Planck)and Boltzmannk)
constants as well as electron chargeapdelectron effective massnj; V is the voltage
drop across the forwaiiased junctionF = @meta — ysm IS the difference between the
metal work function and electron affinity of the LSM cathodes.

At theinterfacebetween LSM andurrent collector with degsited Ni layer, thdSR
value of the Schottky barrier is determined ke work function difference of LSM
(PLsm ~ 3.9 eV) andNi (& = 5.01 eV (18). Consequently, for N LSM contact the
areaspecific resistivity can be estimated as 8.2 mOhnfxdime total ASR of the
assembly defined by Eq.[4] is 13.8 mOhm*chiotice that the experimental values lie in
the range 13-18 mOhmxértFig.2).

The same approach can be used to assess ASR after the initial interdiffusion period
of time (Interval | in Fig.2), when most Ni is dissolved in the stainless steel and is
substituted with iron in the surface layer. For ltterval Il, theSchottky barriebecomes
determined by thevork function ofFe @re = 4,81 €\ (18).For the contact between Fe
and LSM, the simple estimatiomgives the Schottky barrier resistty of 1.05
mOhmxcni; the estimated total ASR of the assembly becomes 5.65 m@tfmAgain,
the model provides an excellent agreement with the experimental values, \ariheg
range 46 mOhmxcm, Fig. 2.

Conclusions

The areaspecific resistance of the “surfapeodified Crofer 22 APU current
collector | LSM cathode” junctions was studied over long periods of time under the
SOFC cathode operation conditions (atmospheric oxygen pressure, 850°C, current density
of 0.5 An?). The ASR variations can be quantitatively descriiadramework of the
Schottky barier changescaused by the work function alteratsomhen Ni diffuses into
the stainless steel bulk and is substituted by iron transported from the Tteel
microscopic mechanism governing these changes involves thésoformation of
essentially immolke CrOs; islands at the boundary between Crofer 22 APU and
deposited Nbased layerThe latter factor prevents chromia transport into porous LSM
and, hence, is considered relevant for the stability and electrical resistivity of the
interface.
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