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Table 2  Chemical composition of Inconel 718 alloys (ω/%) 

Alloy Ni Cr Nb Mo Ti Al C Co Fe 

No.1 52.00 18.40 5.40 3.05 1.05 1.25 ¸0.05 - Bal. 

No.2 52.00 18.40 5.40 3.05 1.05 1.25 ¸0.05 1.00 Bal. 
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Table 3  Lattice parameters, formation enthalpy and cohesive energy of the supercells 
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Fig.2  Partial and total electronic density of states of the systems with Co doping in Ni
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Fig.4  TEM morphologies of γ′ and γ″ precipitates of standard heat treated (a, b) and long-term aged (c, d) Inconel 718 alloys: 
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Effect of Co-Doping on the Stability of γ′-Ni

3

Al: A First-Principles Study 
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Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The effect of Co-doping on the stability of γ′-Ni

3

Al was investigated by first-principles density functional theory. The optimal 

parameters were determined by comparing the simulations and experimental results. Based on the plane wave pseudopotential method, the 

crystal structure, total energy, formation enthalpy, cohesive energy, electronic density of states and electron density difference of γ′-Ni

3

Al 

phases were calculated, which were used to analyze the stability and bonding characteristics of the crystal structure. The results indicate 

that the structure of unit cell is more stable after the Al atom is replaced by Co atom. In the range from –10 eV to Fermi energy, the orbital 

hybridization among Co (Ni) 3d electrons and Al s, p electrons occurs, and the charge transfer among atoms increases obviously, which 

enhances the covalent bonding in doped γ′ phases. When the Co atom replaces the Al atom instead of the Ni atom, the number of bonding 

electrons increases at low Fermi energy, and surrounding valence electron interactions are enhanced, so the stability γ′-Ni

3

Al phase will be 

improved. Finally, the simulation results were confirmed by long time aging heat treatment experiments of Inconel 718 alloy. 

Key words: first-principles; γ' phase; electronic structure; stability 
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