On Ni coarsening in Ni-yttria stabilized zirconia electrodes: Threedimensional multi-phase-field simulation supported by key experiments
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1. Introduction

2. Research strategy

 Ni coarsening is considered as one of the most important factors
resulting in the degradation of Ni-YSZ electrodes.

 The porous composite cermet of nickel (Ni) and
yttria-stabilized zirconia (YSZ) electrode is the
current state-of-the-art SOC fuel electrode.
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 Quantitative descriptions of the Ni coarsening in Ni-YSZ electrodes
during the operation can reveal the degradation behavior and predict
the life time of the Ni-YSZ electrodes.

Quantitative
phase-field model

 The phase-field method has emerged as a powerful tool to simulate
the microstructural evolution in various materials processes.

3. Results & discussion
Initial simulation microstructure
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 Research objective: Quantitatively simulate Ni coarsening in
Ni/yttria stabilized zirconia electrodes.
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Experimental microstructure are used as the initial simulation
microstructures

3.1 Benchmark test of materials parameters
 Simulation of the isolated Ni particle
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 No quantitative phase-field simulations of Ni coarsening in Ni-YSZ
electrodes have been performed up to now.

 Ni undergoes severe microstructural evolution
during long-term operation, which leads to
degradation of the cell performance.
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3.2 Ni coarsening in Ni-YSZ electrode

 Simulations of a large number of
microstructures with the small size

Fig. 7. 2-D slices of the
phase-field simulated 3-D
microstructure
with
the
domain of 5.49×5.49×5.49
μm3 (shown in Fig. 3(a)),
compared
with
the
experimental ones. The size
of the slice is 5.49×5.49 μm2.

Fig. 1. A representative
microstructure with a 3-D
domain of 3.66 × 3.66 ×
3.66 𝜇𝜇𝜇𝜇3 containing an
isolated Ni particle taken
from a real microstructure
of Ni/YSZ electrodes.

Fig. 8. 2-D slices of the
phase-field simulated 3-D
microstructure
with
the
domain of 9.15 × 9.15 ×
5.49 𝜇𝜇𝑚𝑚3 (shown in Fig.
3(b)), compared with the
experimental ones. The size of
the slice is 9.15 × 5.49 𝜇𝜇𝑚𝑚2 .

Fig. 4. Morphology evolution of a 3-D isolated
Ni particle in the microstructure shown in Fig. 1.

Fig. 2. Different microstructures with a 3-D domain of 3.66 × 3.66 ×
3.66 𝜇𝜇𝜇𝜇3 taken from a real microstructure of Ni/YSZ electrodes.
Fig. 5. Phase-field simulated (a) volume, (b) surface area, (c)
average radius and (d) shape factor of the isolated Ni particle
shown in Fig. 4, compared with the experimental data.
Fig. 3. Microstructures of the Ni-YSZ electrodes in different domains:
(a) 5.49 × 5.49 × 5.49 𝜇𝜇𝑚𝑚3 , and (b) 9.15 × 9.15 × 5.49 𝜇𝜇𝑚𝑚3 . .

 Reliable thermophysical parameters
were obtained.

4. Conclusions


A strategy for the 3-D quantitative simulation of Ni
coarsening in Ni-YSZ electrodes has been
developed based on multi-phase-field (MPF) model
coupling with the reliable thermophysical
parameters and key experiments.




Fig. 6. Phase-field simulated microstructure parameters of microstructures with a domain of
3.66 × 3.66 × 3.66 𝜇𝜇𝑚𝑚3 shown in Fig. 2, compared with experimental data: (a1) Ni, (a2) Pore
and (a3) YSZ phase fractions, (b1) Ni, (b2) Pore and (b3) YSZ interface areas per volume, (c1)
Ni/Pore, (c2) Ni/YSZ and (c3) Pore/YSZ interface areas per volume, (d1) total TPB density and
(d2) percolating TPB density.

 Reliability of thermodynamic parameters was confirmed.

The reliable thermophysical parameters for simulations of Ni coarsening in
Ni-YSZ electrodes were obtained.
Microstructures with medium and larger sizes taken from Ni-YSZ
electrodes were quantitatively simulated with reliable thermophysical
parameters. The microstructure evolution and microstructure parameters of
simulated microstructures agree with experimental results.



Fig. 9. Cumulative PSDs of Ni (a1 and a2), Pore (b1 and b2)
and YSZ (c1 and c2) phases of two phase-field simulated
microstructures ("Sim") with the medium and larger
domains, compared with the experimental data (“Exp").

 There a drop of connectivity for the
Ni network due to the Ni coarsening

The TPB density of Ni-YSZ
electrodes with the operation time
based on the present simulation
strategy can be obtained and then can
be used to predict the electrochemical
property of electrodes.

Fig. 10. TPB tortuosity evolution for Ni (a1 and a2),
Pore (b1 and b2) and YSZ (c1 and c2) phases of two
phase-field simulated microstructures with the medium
and larger domains, compared with experimental data.

Fig. 11. Evolution of the critical pathway thickness for Ni
(a1 and a2), Pore (b1 and b2) and YSZ (c1 and c2) phases of
two phase-field simulated microstructures with the medium
and larger domains, compared with the experimental data.

 There is a creasing connectivity for
the Pore network after annealing

 The YSZ network is stable
during the annealing
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