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1. Introduction 
One of the methods, which allows choosing the diffusion mechanism from 

several variants, is the study of the pressure influence on the diffusion coefficient. This 
influence is determined by the activation volume. However, microscopic calculations of 
volumes associated with defect migration are difficult. Calculations of migration volumes 
are few and they do not agree with each other and with the experimental results. In this 
paper, a new model for the simulation of the diffusion features of point defects is 
suggested. We used a new approach, based on a molecular static method and took into 
account the displacements of atoms in an elastic matrix around the computation cell. 

2. Model for the simulation of the diffusion features of point defects 
This work is devoted to the simulation of the diffusion features of point defects in 

bcc metals. It is known that the displacements of atoms calculated using the theory of 
elasticity solely are different from those obtained by means of simulation. These 
differences decrease with increasing distance from the defect (fig. 1). 
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Fig. 1: Displacement of atoms in the vicinity of a defect. 

The values of migration and formation volumes are very sensitive to the atomic 
structure in the vicinity of a defect, which makes it necessary to consider a large number 
of atoms in the computation cell and to take into account an elastic matrix around the 
cell. We have developed a new model taking these factors into consideration.  

In the framework of this model the atoms of a third zone are embedded in an 
elastic continuum and the displacements of these atoms (u) are defined as a first (u1) and 
a second (u2) term in a solution of elastic equation:  

u1=C1r/r3, 
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where r = 222 zyx ++  is the distance from the defect, C1,C2 are constants. 

The constants C1 and C2 are calculated by a consistent iterative procedure, and the 
atomic structure in the crystal with a defect is simulated. The constants C1 and C2 
calculated on a previous step of the iterative procedure are used to define the 
displacement of atoms in a third zone and this procedure converges to a certain value 
after some  iterations. Using this method, the formation and the migration energies 

 and the formation and the migration volumes  have been calculated 
for different bcc metals. 
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We studied the dependence of the displacement with a cubic symmetrical term in 
the solution of the elastic equation, i.e. with the constant C2, on the distance from the 
defect. It turned out that for the vacancy this term does not give a noticeable contribution 
to the displacement if the computation cell has a sufficiently large size (about 20000 
atoms in the computation cell). 

Moreover, we take into consideration that the energy of the system (in particular 
the system with the defect) depends on the outer pressure [1]. This dependence 
additionally contributes to the values of the migration and formation volumes. The results 
show that the addition of this term to the migration volume is congruent with the usual 
one and in some cases even exceeds it. 

3. Conclusion 
A new model for simulating the diffusion features of point defects is suggested. 

The model is based on a molecular static method and takes into account the 
displacements of atoms in an elastic matrix around the computation cell. Convergence of 
the iterative procedure, which stabilizes the atomic structure in the vicinity of a defect, is 
obtained. With the help of this new model, the formation and the migration volumes have 
been calculated including contributions caused by the dependence of the energy of the 
system on the outer pressure. The obtained diffusion features of point defects are studied 
depending on the number of atoms in the computation cell. 
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