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Hydrogen embrittlement impacts the mechanical properties of the materials as a consequence 

of the mobility of hydrogen through the metal. To anticipate this phenomenon, knowledge of 

the influence of different time and space scales within diffusion and trapping processes in the 

material’s microstructure is required. In this work, we focus on the effect of different types of 

grain boundaries (GB) and their connectivity on the diffusion of hydrogen. The diffusion 

through GB networks has been studied using the percolation theory (network topology and 

connectivity) [1]. Then, the role of the two types of GBs (Random and Special) and their 

distributions have been studied numerically by a 2D and 3D finite element model [2] where the 

crystallography of the materials was simulated by considering a composite medium with three 

phases; two for the grain boundaries (Random GBs and Special GBs) and one for the grains. 

For 2D FEM, we demonstrate that the macroscopic effective diffusivity is governed by the 

percolation behavior of high-diffusivity boundaries. In this context an implicit model using a 

combination of the GEM equation and the Hashin Shtrikman formula approximates well the 

effective diffusivity deduced from 2D FEM in a polycrystal modeled by a ternary continuum 

composite. However, it has been shown [3] that the nature of the junctions of theses GBs plays 

a major role due to their high connectivity in 3D configuration and their high-volume fraction 

especially in nanocrystalline materials [4,5]. Four types of Triple Junctions (TJs) along with 

their distributions have been considered [6]. We developed three algorithms to control the 

distribution of the fractions of TJs based on a given fraction of Random and Special GBs. 

Results in 2D proves to reproduce GB connectivity paths by compelling the distribution. While 

the 3D simulations allow to correlate with the experimental results more accurately as the 

impact of TJs is included. 
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