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First-principles calculation on rupture work of
Ni/NizAl interface with Ru addition
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Abstact: Using the first principles plane-wave pseudopotential method, the energetic and electronic structure of Ni/NizAl
interface with Ru addition were calculated. The Griffith rupture works W of Ni/Ni;Al interface with Ru addition
demonstrate that the substitution of Ru atom for either Ni atom or Al atom is profitable to improve the rupture strength of
the interface. Among which the replacement of Ru for Al at the Ni/Ni3Al interfacial layer is the best. The analysis of
electron densities of states (DOS) and the distributions of valence electron densities of Ni/Ni;Al interface reveal that the
electronic interaction between the first nearest neighbor (FNN) Ru-Ni atoms is stronger than that between FNN Ni-Al
atoms, and the overlapping electron numbers within the interlayer on the Ni/NizAl interface with Ru addition increase,
compared with the interface without Ru addition. The strengthening effect of Ru on the rupture strength of »-Ni/y'-Ni;Al
interface can be attributed to the enhancement of the interlayer bonding, which is induced by the strong interaction
between the Ru-Ni atoms.
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Table 1 Test results of ultrasoft pseudopotentials of Ni and Al
in Ni;Al

Lattice Heat of Bulk

Research constant/nm formation/ modulus/
(eV-atom ™) Mbar
This work 0.357 2.27 2.20
TB-LMTO! 0.351 2.20 1.46
AE-LMTO!” 0.355 1.94 2.10
Expt 1617 0.357 1.59-1.62 2.40
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Fig.1 Schematic diagram of calculation models: (a) Ni/Ni;Al interface models, a, b, ¢, f denote Ni atom and d, g denote Al atom; (b)
Ni(002) and Ni;Al (001) surfaces; (c) Ni(001) and NizAl (002) surfaces
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Table 2 Total energies E; and E; of Ni/Ni;Al interfacial supercells and their corresponding surface models, interfacial areas S; and

Griftith rupture works, W

Model Site E/eV E! eV E!'leV S;/nm’ W/(J-m?)
No. 1 Region-1 759647197 485202834  —27429.5704 0.244 9 4.862
(No-addition) Region-2 ~75964.7197  —37736.1353  —38212.461 5 0.244 9 5273
No.2 Region-1 ~78470.8127 510277447  —27426.1599 0.253 2 5.349
(Ru—a) Region-2 —78470.8127  —40243.0147  —38208.7253 0.253 2 6.034
No.3 Region-1 784708721 510273155  —27426.848 3 0.253 7 5.275
(Ru—b) Region-2 ~78470.8721  —37733.5451  —407 18.6777 02537 5.888
No. 4 Region-1 —78470.6260  —48517.7315  —299 35.880 3 02528 5.391
(Ru—c) Region-2 ~78470.6260  —37733.7735  —407 20391 8 02528 5.216
No. 5 Region-1 —81047.8340 485164995  —32512.197 1 0.242 4 6.073
(Ru—d) Region-2 —81047.8340 —37733.0550  —43296.9842 02424 5.647
No. 6 Region-1 ~78469.1583  —48516.5039  —299 35.443 | 02535 5.438
(Ru~e) Region-2 ~78469.1583  —37733.0018  —407 18.381 0 02535 5.617
No. 7 Region-1 784704843 485175425 299363769 0.253 6 5.232
(Ru—~f) Region-2 784704843  —37733.7274  —40719.917 5 0.253 6 5319
No. 8 Region-1 —81047.4764  —48516.5328  —32513.582 1 0.2518 5.523
(Ru—g) Region-2 —81047.4764  —37733.1432  —43296.607 8 02518 5.639
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Fig.2 Projective densities of states (PDOS) of atomic layers in Ni/NizAl interfacial models: (a) Region-1; (b) Region-2
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neighbor atomic layers in Ni/Ni3Al interface models
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Fig.4 Total valence charge density contour plots of (010) planes of Ni/NizAl interfacial models with or without addition (Region
indicated by dashed arrows is region-1; and that by solid arrows is region-2): (a) Model-1; (b) Model-3; (c) Model-5; (d) Model-8
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