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Abstract: The mechanical properties and thermodynamic stability of nickel-based single-crystal superalloys are largely dependent on
the charateristics of the precipitated phase interface. In this work, density functional theory(DFT) is utilized to investigate the
influence of alloying elements, specially Co, Cr, Mo, W, Re and Ta, on the mechanical properties of y-Ni/y’-Ni;Al interface.
Following a convergence analysis to the optimal computational model, our findings reveal that Re and W exhibit the most significant
strengthening effects within both the y and y' phases. Notably, Re stands out for its substantial enhancement of

Young’s modulus(27 GPa and 11 GPa) and shear modulus(16 GPa and 6 GPa) in the y and y' phases, respectively, while Ta
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demonstrates a unique proficiency in augmenting the bulk modulus of 21 GPa and 14 GPa in the y and y’ phases, respectively.

Analysis of interfacial tensile properties indicates that the Re-doped system exhibit the highest ideal tensile strength( approximately

25 GPa) and deformation energy(approximately 1.84 J - m*) . Furthermore, the strengthening impact of alloying elements on

interface tensile properties diminishes in the order: Re > W > Cr > Mo > Ta > Co > undoped. Analyses of differential charge density

and density of states reveal that the strengthening mechanisms of theses alloying elements are attributable to the augmentation in the

chemical bonding strength between doped atoms and their nearest-neighbouring host atoms. Electron orbital characteristics indicate

that these alloying elements contribute to retarding interfacial fracture by maintaining local structural stability. A series of results

provide ideas for the development of novel nickel-based single-crystal superalloys.
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Table 1

Lattice constants and interaxial angles of interfacial systems with different number of atomic layers

Lattice contants/nm

Interaxial angles/ ( °)

Number of atomic layers
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Ta-y' 228.39 174.49 132.77
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Table 3 Bulk modulus, Young’s modulus and shear modulus
of the systems before and after doping with alloy elements

System B/GPa E/GPa G/GPa
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Ta-y' 193.33 191.19 71.59
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