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Table 1  Cohesive energy of W atom in bcc lattice, formation 

energy of vacancy and substitutional position Cr for 

various supercells (eV) 
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3×3×3 –8.50 3.27 0.36 
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0.37 (standard) 

4×4×4 –8.51 3.27 0.32 
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� 1  W	
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Fig.1  Configurations of solute Cr interstitials in W: (a) <100> dumbbell, (b) <110> dumbbell, (c) <111> dumbbell, (d) tetrahedral, 

(e) octahedral, and (f) substitutional Cr (the red ball denotes W atom and the blue one denotes Cr atom) 
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Fig.2  Formation energy of solute atom Cr at various positions 

in W 
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Fig.3  Relationship between the formation energy of substitutional 

Cr atoms and the Cr content 
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Fig.4  The first, second, third, fourth and fifth neighboring vacan- 

cies of the solute Cr atom (the red ball denotes W atom and 

the blue one denotes Cr atom) 
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Fig.5  Relationship between the vacancy formation energy in 
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Fig.6  Relationships of vacancy formation energy (a), binding 

energy of vacancy and solute Cr atom (b) with the Cr 

content 
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Interaction Between the Solute Cr Atoms and Vacancy 

in W-Cr Alloys Using First-Principles Calculation 
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Abstract: The occupation of solute Cr atoms, the interaction between solute Cr atoms and vacancy, and the effect of the solute Cr 

concentration were studied by first-principles calculation. The results show that the solute Cr atoms prefers to occupy the substitutional 

position with formation energy of ~0.3 eV. The point defects induced by radiation will facilitate the segregation of the solute Cr atoms. 

The formation energy of solute Cr increases linearly with the increasing of the concentration of solute Cr, indicating a strong segregation. 

It is also found that the formation energy of the second nearest neighbor vacancy of single atom Cr in super-cell is the lowest, even lower 

than the intrinsic vacancy formation energy of W, so there is a weak attraction between solute Cr and the vacancy. For the same Cr content, 

the vacancy formation energy of different configurations and the binding energy of vacancy and Cr are different, and the higher the Cr 

content is, the more dispersed the values are. With the increase of Cr content, the average vacancy formation energy and the average 

binding energy of the vacancy and Cr decrease slightly, so the vacancy near the solute atom Cr is more easily formed and the vacancy 

concentration is higher, which also indicates that there is weak attraction between the solute Cr and the vacancy. These results are 

important for understanding the long-term micro-structural evolution of materials under irradiation. 

Key words: first-principles; W-Cr alloys; vacancy 
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