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     O
2-

-conducting 8.5 mol% Y2O3-doped ZrO2 (8YSZ) has been widely used as electrolyte for solid 
oxide fuel cells (SOFCs). It is furthermore applied in porous Ni/8YSZ ceramic-metallic (cermet) 
composite anodes to enhance the penetration depth of O

2-
 into the anode. Nickel is the standard 

anodic metal material due to its superior catalytic properties. The decomposition of pure 8YSZ is one 
important reason for the significant degradation of its ohmic resistance at high operating temperatures 
(~40% in 2500h at 950°C, [1]). This spinodal decomposition comprises both the microstructural 
coarsening of the tetragonal t’’-YSZ phase as well as the chemical decomposition of the material [2]. It 
leads to Y-depleted regions (~10nm) in a Y-enriched matrix (Figure 1a, b) [1, 2]. In the presence of 
Nickel the decomposition of the 8YSZ is (under reducing atmosphere) accelerated by a factor of 50 [3] 
(Figure 1d). We assume that, when switching from oxidizing to reducing atmosphere, the dissolved 
Nickel ions capture electrons and change to the metallic state. The strain field, which would arise in 
the vicinity of the dissolved Ni species (radii: 0.69 Å Ni

2+
, 1.25 Å Ni

0
), is expected to strongly enhance 

the mobilities of Y- and Zr-ions of the host lattice. Moreover, the rapid diffusion of Ni-ions into 8YSZ 
(more than 100 µm at 1450 °C for 5 h) was observed in a recent study [3]. Owing to the rapid diffusion 
mentioned above, the drastic impact on the performance of the 8YSZ has to be expected if both 
materials, Ni and 8YSZ, are heat treated at high temperatures in oxidizing atmosphere. This applies to 
most state-of-the-art SOFCs, where the porous Ni/8YSZ anode (cell support) and the 8YSZ electrolyte 
(subsequently deposited) are co-sintered around 1400 °C. This is necessary to form a suitable 
network of NiO and 8YSZ within the anode (before reduction) as well as to generate a gas-tight 
electrolyte thin film. Consequently, one has to expect the electrolyte to be saturated by Ni. 
     Our aim is to investigate the oxidation state of the Ni species, dissolved in the 8YSZ, as well as the 
impact of the surrounding atmosphere thereon (by in situ switching the atmosphere) in order to 
understand the strong influence on the degradation mechanism at the atomic scale. Therefore, we 
apply complementary ex situ as well as in situ techniques to two types of samples: i) real anode half-
cells with 10 µm thick electrolyte (cross-section shown in Figure 2a), and ii) thick-film 8YSZ 
electrolytes (200 µm thick), onto which NiO is deposited as thin film. To both types of samples, 
sintering at a high temperature (e.g., 1400 °C, 5 h) as well as various heat treatments under reducing 
conditions are applied. Preliminary WDXS (wave-length dispersive X-ray spectroscopy) 
measurements already revealed (Figure 2b) that Nickel is present to a reasonable concentration of 
about 1.5at% (solubility of Ni in 8YSZ) in the 8YSZ thin-film electrolyte of state-of-the-art SOFCs after 
co-sintering the half-cells (Figure 2a). This is in accordance with our prediction. Oxidation-state 
analyses by ex situ EELS utilizing the L2,3-ionization edge allow for the site-specific characterization of 
the valance state of the dissolved Ni before and after the various heat treatments . However, the 
disadvantage of EELS is that we don’t have the capability to study the change of the oxidation state in 
situ in our transmission electron microscope. Therefore, we plan to apply complementary in situ 
techniques like NEXAFS (near-edge X-ray absorption spectroscopy) and ESR (electron spin 
resonance) to similar samples to unveil the underlying atomistic process leading to the enhancement 
of ionic motion. 
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Figure 1. TEM dark-field images of a) as-sintered and b) degraded 8YSZ [3] depicting the redistribution of t’’-YSZ 

precipitates (indication for on-going decomposition). c) EDXS line scan across several Y-depleted regions 
(indicated by higher contrast in b)). d) Accelerated degradation of DC conductivity of a Ni-containing 8YSZ 
sample. After about 70 h the atmosphere was switched to reducing conditions and held for 100 h. In this short 
period under reducing atmosphere the conductivity decreased of about 25%. 
 

 
Figure 2. a) Cross-sectional SEM images of a state-of-the-art anode-based half-cell showing the dense 8YSZ 

layer on top of the porous (not yet reduced) anode. b) WDX spectra of the layer shown in a) and of a pure 8YSZ 
reference clearly indicating that Ni is already present in the 8YSZ electrolyte after the co-sintering of the anode 
half-cell. The Ni concentration amounts to about 1.5 at%. 

 
 
 


