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ABSTRACT 

Grain growth in polycrystalline materials is known to be a non-equilibrium dissipative 
process. It is driven by a reduction of the Gibbs free energy that is associated with an 
entropy production. The temporal development towards a thermodynamic equilibrium 
proceeds under the constraints of metrical, topological and mechanical equilibrium 
properties in the space filling grain network. 

In the present work nanocrystalline grain 
growth in polycrystals is modelled under the 
assumption that the mobility of grain 
boundaries is limited at small grain sizes. In 
particular, following the works of Gottstein, 
Shvindlerman, Novikov and others (cf. e.g. 
[1]), it is assumed that the grain boundary 
mobility depends, for two-dimensional grain 
growth, on the triple junction distance.  

Therefore, a new intrinsic length scale   has 
been introduced, reducing the mobility 0m  of 
the grain boundary to 
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where a  is the triple junction distance. 

 

 
Figure 1. Grain structure with triple 
junction distance a . 

Based on this assumption the Monte Carlo Potts model algorithm (compare [2] and the 
literature within) has been modified. The implemented algorithm allows now the 
simulation of grain growth controlled by size effects. 
For initially very small grains a linear grain growth kinetics is observed (cf. Fig. 2a), 
which is in agreement with the experimental results of [3]. Furthermore, an 
approximately quasi-stationary self-similar coarsening regime is reached, where the 



 

grain size distributions are shifted to smaller relative grain sizes. The coincidence of the 
distributions implies a universal size distribution as can be seen in Figure 2b. 
 

 
Figure 2: a – Mean grain size vs. time showing a linear growth kinetics; b – Universal 
grain size distribution shifted to smaller relative grain sizes  RRx / . 

 
This linear growth regime can 
adequately be described by a statistical 
mean-field approach based on the 
generalized Lifshitz-Slyozov-Wagner 
theory (cf. [4] and the literature within) 
yielding an analytical grain size 
distribution function  
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that is in good agreement with the 
simulation results (compare Fig. 3). 

 

 
Figure 3: Self-similar grain size 
distribution together with analytic fit. 
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