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Surface diffusion and fast diffusion models 

 

Figure S1 – Schematic representation of surface diffusion and fast diffusion models. The figure shows a Ni 

cluster with a high surface energy region and low energy vacant site. a) According to the surface diffusion 

model, mass transport takes place along the surface, step-by-step, until the matter voxel reaches the low 

energy vacant site. b) According to the fast diffusion model, the high energy matter voxel can jump into the 

low energy vacant site in a single step. In both cases, mass transport takes place only within the same Ni 

cluster. c) Grain boundary migration model: each grain boundary voxel is allowed a chance of changing its 

state to that of one of its neighbors, with a probability proportional to the local energy difference: for 

example, at triple junction (within the red circle in c), the energy of the voxels belonging to light grey and 

dark grey grains is higher than that of black grain. Therefore, these voxels, initially belonging to light grey and 

dark grey grains near triple grain junction, will be more likely to change their state to that of black grain. As 

a result, the triple junction will become more balanced at roughly 120° after evolution (by assuming isotropic 

grain boundary energy).  

 



Wire-based model 

Percolation across the full width of the imaged area was used to assess the global percolation of the nickel 
layer with the Pt mesh. If nickel percolated across the whole imaged area, the imaged active TPB density was 
assumed to be available to the entire electrode area. However, once Ni percolation from wire to image side 
stopped, the active TPB density was assumed to scale with the length of current collector mesh per unit area. 
Thus, the following equations were used: for Ni percolation across the whole imaged area: 

𝜌𝑎𝑇𝑃𝐵 =
𝐿𝑎𝑇𝑃𝐵

𝐴𝑖𝑚𝑎𝑔𝑒
       Eq. (S1)  

and once Ni percolation was lost from the fictitious wire location to the image side: 

𝜌𝑎𝑇𝑃𝐵 =
𝐿𝑎𝑇𝑃𝐵

𝐿𝑤𝑖𝑟𝑒−𝑚𝑖𝑐𝑟𝑜
×

𝐿𝑤𝑖𝑟𝑒−𝑚𝑎𝑐𝑟𝑜

𝐴𝑐𝑒𝑙𝑙
     Eq. (S2)  

where 𝜌aTPB is the active TPB density per unit of total cell area, 𝐿aTPB is total active TPB length, 𝐴image is the 

area of the imaged region, 𝐿wire−micro is the height of the imaged areas in Figure 1 (i.e., the assumed length 
of the current collector wire observed in this area), 𝐿wire−macro is the total Pt current collector length over 
the whole cell and 𝐴cell is the total cell area. As such, the first ratio on the right-hand side of Eq. (S2) gives a 
dimensionless aTPB length per unit length of current collector wire, while the second term is the expected 
wire length per total cell area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lattice-based model 

 

 

Figure S2 – Lattice-based model. a) Random realization of a square lattice (left), with clusters of green pixels 

connected to the external boundaries and isolated red clusters (right). In this context, a cluster represents a 

collection of pixels connected each other via one of the four pixel sides (but not through the pixel corners). 

In this specific case: �̃� = 20 (side length of the square lattice counted in pixels), �̃� = 0.5 (coverage fraction), 

�̃� = 200/26 ≈ 7.69 (mean cluster area), �̃� = 159/200 = 0.795 (percolation fraction). b) Percolation 

fraction �̃� as a function of coverage fraction �̃� for different side lengths �̃�. c) Normalized mean cluster area 

�̃�/�̃�2 as a function of coverage fraction �̃� for different side lengths �̃�. 

 

Calculation of parameters in random lattice simulations (see Figure S2a), where a cluster in this context 

corresponds to a distinct particle in real E-SEM images: 

�̃� =
# 𝑏𝑙𝑎𝑐𝑘 𝑝𝑖𝑥𝑒𝑙𝑠

�̃�2       Eq. (S3)  

�̃� =
# 𝑏𝑙𝑎𝑐𝑘 𝑝𝑖𝑥𝑒𝑙𝑠

# 𝑏𝑙𝑎𝑐𝑘 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠
      Eq. (S4)  

�̃� =
# 𝑔𝑟𝑒𝑒𝑛 𝑝𝑖𝑥𝑒𝑙𝑠

# 𝑏𝑙𝑎𝑐𝑘 𝑝𝑖𝑥𝑒𝑙𝑠
      Eq. (S5)  

 

 

 



Atomic Force Microscope 

 

Figure S3 – Surface roughness and grain depth of the YSZ substrate measured by AFM. a) Map of the YSZ 

surface as measured before Ni deposition. b) Depth of the YSZ grain boundary measured along the line shown 

in a). A fictitious nickel layer of 40 nm is also presented in b). 

Dihedral angle 

Dihedral angle = 360 ° - Observed grain contact angle  

 

Figure S4 – SEM images of a dewetted Ni film on YSZ after degradation at 600 °C, with dihedral angle 

measurements. Dihedral angle = 152 ° ± 7 °. 

 

Figure S5 – SEM images of a dewetted Ni film on YSZ after degradation at 500 °C, with dihedral angle 

measurements. Dihedral angle = 129 ° ± 10 °. 



Ni wetting angle  

 

Figure S6 – FIB-SEM cross-sectional images for Ni wetting angle measurements.  

The wetting angle of nickel particles was measured with FIB-SEM cross-sectional views by considering 30 Ni 
isolated particles with TPBs laying as perpendicularly as possible to the FIB-SEM cross-section plane. A 
wetting angle correction was considered due to the sample tilt of 54 ° of the FIB milling direction. Here 𝛼 is 
the real wetting angle, 𝛽 is the observed angle from SEM images. The contact point is a cross-section of a 
TPB (i.e., the intersection of gas/Ni/YSZ). From the SEM image,  𝛽 = 126 ° ± 13 °; therefore, after correction 
via Eq. (S6), the contact angle results equal to 𝛼 = 121° ± 12°, where the ± symbol refers to the range of 



maximum/minimum values, taking into account both the statistical variation of the wetting angle and the 
errors introduced by the measurement procedure. 

𝛼 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝑡𝑎𝑛𝛽

𝑐𝑜𝑠(36°)
)     Eq. (S6) 

 

Dewetting at 800 °C (late stage) 

 

Figure S7 – Late stage dewetting of 40 nm nickel thin film at 800 °C, showing stable nickel nanoparticles 

disconnected from large clusters. The stability of nickel nanoparticles indicates that evaporation-

condensation mechanism is not the dominant mass transport process. In fact, should the evaporation-

condensation mechanism be significant, isolated Ni particles should have disappeared after annealing. 

 

XRD analysis 

 

Figure S8 – XRD of as-prepared and aged 40 nm Ni thin film on YSZ substrate. The indicated peak is from Ni, 

all the other peaks are due to YSZ. 

 

 



Supporting videos 

The following supporting videos can be downloaded at the link: 

https://doi.org/10.5281/zenodo.2546395 

 

Video 1: an illustration of wire-based model for aTPB analysis. 

Video 2: high magnification (x10000) video for 40 nm nickel thin film dewetting at 560 °C. 

Video 3: high magnification (x10000) video for 40 nm nickel thin film dewetting at 600 °C. 

Video 4: nickel densification process during system heating up.  

Video 5: low magnification (x5000) video for 40 nm nickel thin film dewetting at 560 °C. 

Video 6: low magnification (x5000) videos for 40 nm nickel thin film dewetting at 600 °C. 

Video 7: surface diffusion simulation for nickel dewetting process. 

Video 8: fast diffusion simulation for nickel dewetting process. 

https://doi.org/10.5281/zenodo.2546395

