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Introduction

One of the critical issues in conjunction with solid oxide fuel cells is their long-term
reliability. For more than 10 years, Jiilich has operated numerous stacks in fuel cell and
electrolysis mode for durations of more than 3,000 h. In recent years, one SOEC stack ran
for approx. 20,000 h and some SOFC-stacks for 20,000 and 35,000 h [1-4]. In 2007,
operation of a short-stack was started just barely before the end of the European R&D
project RealSOFC [5]. This project aimed for operation times of 3,000 h to compare
various materials and operation parameters. One materials-related comparison was the
interconnect material used. Two similar stacks, one built with Crofer22APU and one built- -
with ITM from Plansee were assembled and operated. The first one was shut down after-
18,000 h and the latter one was operated until it reached 100,000 h at the operation
temperature of 700°C. Within that time the stack was on load for 93,000 h and in the last
period for 7,000 h under OCV at 700°C.

After reaching the 100,000 h, the stack was post-test analyzed according to our mternal
protocols [6] and all stack components characterized individually by the single experts
(interconnects, sealant, cell). Here we report the results related to the cell.

1. Stack description

A 2-plane short stack of the Jilich so-called F-design was assembled with two anode-
supported cells of 100x100 mm?. The active area was 81 cm?, the applied current density
0.5 A cm™, and humidified hydrogen and compressor air were used as gases. The overall
voltage degradation rate reached 0.5 % per 1,000 h, but not linearly. In minimum, four
different regimes / slopes could be observed [7]. After cooling down, one third of the stack
was embedded completely and cut by water jet cutting from the entire stack. The other two
thirds were dissected plane-by-plane. Samples from the embedded and non-embedded
part were cut, ground and polished for SEM and TEM cross-sectional characterization.
Other cell samples were taken for wet chemical analysis and SEM surface
characterization. To compare the results obtained for the cell, a second cell from roughly
the same manufacturing period as those of the stack was treated in a simifar manner.

2. Results

Wet chemical analysis

Six cell samples were cut, dissolved and their chemical composition measured via ICP-
OES (inductively coupled plasma — optical emission spectroscopy). Table 1 shows the
results obtained.
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(causing stresses and cracks). And secondly the migration of nickel toward the fuel
electrode / electrolyte interface.. The opposite effect, the migration away from the fuel
electrode is observed in electrolysis mode frequently [1, 2, 13, 14] and happens during
shorter operation times (some hundreds: or thousands hours depending on operational
conditions). The effect of Ni migration towards the border to the electrolyte has been
theoretically postulated recently [15] but has not been observed before. We assume that
the effect happens at the given operational conditions only after very long exposure times.

In summary, the stack degraded with approx. 0.5 % / 1000 h but non-linearly and shows,
after stack dissection, no macro failures but some microstructural effects mostly located at
the border regions between the electrolyte and the first micrometers of the electrodes.
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