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Properties of VPS cells on IT11 substrates
Reference Composition Thickness Fabrication
(um) route
Functional Layer
Substrate Plansee IT11 Fe-26Cr 950-1050 PM
(Mn, Mo, Ti, Y,0,)
Barrier Layer H.C. Starck La, ,Sr,,Ca,,Cro, 30-50 APS
Anode Gen4 NiO-YSZ (1:1 mass) 40-60 APS
Electrolyte Gen3 9.5 mol% YSZ 40-60 VPS
Cathode Gen3 LSM/LSCF 25-35 APS
LSM/LSCF 15-40 Screen printed
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Interdiffusion of metallic species
(Ni into substrate, Fe into anode)
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Metallographic cross section of a VPS cell with
diffusion barrier layer

I LaSrMnO;-cathode

> 8YSZ-electrolyte

> Ni/8YSZ-anode

7/
} Lao.7Sro.15Ca0.15CrOs-barrier layer

> Porously sintered ferrite plate
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Experimental set-up for cell characterisation
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cell voltage U in V

I-V curves of cell IT100 in fuel cell and
electrolysis mode
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I-V curves of cell IT100 as a function of temperature
at 43% humidification

Sooa gy 14 100
00— 0a g . D~p ASSN _
=g O i A 1'3 j . lLlll,L'l'!"’l’H =

o “u ! i S A n“v; .Ll‘lllLlL'l‘Ll!UUILI‘LllILIIL T 0 NE
00 A }!}-II'LLL i 2
Gasflow = 40/30//160 smipm/cm2 H2/H20O//Air (43% Steam) o =
> - 00 E
= c
3 o2t 2

Q R -+ -200
© / ".ﬁ
= > c
2 T :
T
= Dﬂmﬂ + -300 «
[T o™ o
o A o, ;
D/D/” ——1 - 296h, 800°C ]
o Q.

D/D/D —+—2-292h, 750°C — -400

yug O
Lo -o—3 - 314h, 850°C
,EVD/
T /V—V T T T T T T T 0'5 T T '500
-400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150
current density i in mA/cm?
# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV CIMTEC 2010 — 5th Forum on New Materials, Montecatini Terme, Tuscany, Italy, June 13-18, 2010

in der Helmholtz-Gemeinschaft



s T 7 i

I-V curves of cell IT100 as a function of temperature
at 66% humidification
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I-V curves of cell IT100 as a function of temperature
at 92% humidification
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I-V curves of cell IT28 in fuel cell and electrolysis
mode as a function of temperature
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Complete test run of cell IT28
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Change in impedance spectra of cell IT28 at OCV
during long-term electrolysis
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Change of impedance spectra of cell IT28 at
400 mA/cm? in fuel cell mode
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Change of impedance spectra of cell IT28 at
400 mA/cm? in electrolysis mode
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SEM micrographs of cross sections of cell IT28
after 2425 h of operation
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Cell IT4 (LSM O,-electrode with Pt mesh)
and coated interconnect
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I-V characteristics of cell IT4 with Pt mesh and
interconnect in fuel cell and electrolysis mode
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Complete test run of cell IT4
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7 Metal supported cells show good electrochemical performance during electrolysis
operation:

1.3V at 1l A/lcm2 at 850 °C
1.4V at1l A/lcm? at 800 °C
For comparison: Electrochemical performance of alkaline water electrolysers
1.6 V at 0.3 A/cm? at 80 °C (advanced Raney-Ni electrodes)
1.9-2.3V at 0.3 A/lcm? at 80 °C (standard Ni electrodes)

Cell performance is improving with higher temperature and higher steam content

Degradation during electrolysis operation (3.2%/1000 h) is significantly higher
than in fuel cell operation and needs further improvement

Impedance spectra revealed a significantly enhanced polarisation resistance
during electrolysis operation compared to fuel cell operation which was mainly
attributed to the hydrogen electrode.
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