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Abstract 
Multi-phase field (MPF) and molecular dynamics (MD) simulations have been applied to study 
nanograin growth mechanisms. At mesoscale level, prominent properties of nanostructured 
materials, e.g. the grain boundary excess volume and vacancy release, are inserted to MPF model 
using which we are able to investigate phenomenological aspects of the growth. The atomistic 
aspects of boundary movement and vacancy generation during the growth have been investigated 
using MD simulations. 
 
1 Introduction 
In recent decays, bulk nanostructured materials received huge considerations as future structural 
and functional materials. Although many experiments reported remarkable properties for these 
materials, the manufacturing and stabilization of nano-sized structures are under enormous 
discussions. Specifically, nanomaterials expose linear grain growth [1, 2] which needs deep 
understanding to guarantee the stabilized materials at different temperatures. Low-density grain 
boundaries with random arrangement of the atoms and higher density of lattice defects are two 
prominent features which are frequently observed in nanomaterials [3]. During the growth, when 
the total grain boundary area decreases, the excess volume in grain boundaries may redistribute 
as vacancies. The thermodynamics aspect of vacancy generation is discussed by Estrin et al. 
[4]. The excess volume, moreover, is a geometrical necessity of grain boundary which imposes 
mechanical stress to the system. Therefore vacancy generation and diffusion depend on stress 
fields due to the excess volumes. Multi-junctions drag and grain rotation are also considered as 
possible phenomena on the nanoscale. In current work, MPF represents the stress effect in 
combination to vacancy diffusion. The kinetic of grain boundary in atomistic level was studied 
using MD simulations. 
 
2 Modelling and simulation methods 
2.1 MPF modelling and simulations. In this model [5], the free energy of the system is described 
by the integration over interfacial and elastic free energy densities. Elastic strain in the system is 
proportional to grain boundary expansion. In this case, plastic relaxation happens by the 
diffusion of free volume driven by local stress gradients. 3D simulations were performed in 
cubic boxes with 100 grains with 120³ cells of a dimension of 0.4 nm. Figure 1 shows the 
simulation box in four different time steps. 
2.2 MD simulations. Atomistic mechanisms of the grain growth are investigated by MD method. 
This method is employed to simulate a simple model of a small spherical grain with an initial 
diameter of 6 nm embedded in a large cubic substrate with a side length of 30 nm. The small 
grain is defined by a 45° misorientation from matrix. The boundary mobility and geometrical 
changes during the shrinkage are traced and from analysis the activation energy of shrinkage is 
obtained. 
 
3 Results and discussions 
MPF results confirm the linear grain growth in nano regime. MD simulations confirm these 
results. The Linear growth turns out that grain boundary mobility is independent from curvature. 
Considering vacancy diffusion as lower bound for the mobility, one can concludes that the 



linearity is a diffusion-limited phenomenon on the nano-sized structures. This is consistent with 
low-temperature linear grain growth. 
 

 
 

Figure 1. 
 
Figure 2 shows the redistribution of the excess free volumes as vacancies during the growth. The 
activation energy of the process is obtained to be less than one-tenth the self diffusion which is in 
correlation with experiments [7]. From this picture, the transition criterion in current model is a 
critical maximum grain boundary velocity (dr/dt), which is diffusion-limited and temperature-
dependent. 

 
 

Figure 2. 
 



4 Conclusions 
The results explain linear grain growth in nanomaterials to be a diffusion-controlled process at 
low temperatures. At higher temperatures, however, linear regime switches to normal regime 
where curvature driven grain growth happens. The nature of excess volumes in grain boundaries 
plays the critical role in nanograin growth mechanisms. 
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