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Effect of Cu content on the y-Niphase: Firstprinciples studies

LI Ya-min, JIANG Lu, LIU Hong-jun

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou Univ. of Tech., Lanzhou 730050, China)

Abstract: In this work, first-principles density functional theory was applied to investigate the effect of
variation of Cu Content on the y-Ni Phase of nickel base alloy from the atomic scale. The total energy, for-
mation enthalpy , cohesive energy ,the density of the states and elect on density difference were calculated
and used to study the stability of different system including before and after doping. The results show that
the doping of Cu atoms reduces the absolute values of formation enthalpy and cohesive energy of the y-Ni
system, and with the increase of the doping concentration, the absolute values of the formation enthalpy
and cohesive energy decrease correspondingly, indicating that the system stability reduced when introdu-
cing Cu, which is worse with the increasement of Cu. The doping of Cu reduces the hardness and deforma-
tion resistance of the system, as well as the oriented bond and bonding ability between atoms, resulting in
the reduction of system’s ductility. The essential reason for these changes is that the incorporation of Cu
changed the charge distribution and interaction around Ni atoms in the system. The trend for experimental
results are consistent with that for the first-principles calculation results.
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Tab.1 Chemical composition of experimental alloys %
Ni Cr Nb Mo Ti Al C Cu Fe
No.0 52.00 18.40 5.40 3.05 1.05 0.55 <0.05 0 Bal.
No.1 52.00 18.40 5.40 3.05 1.05 0.55 <0.05 0.1 Bal.
No.2 52.00 18.40 5.40 3.05 1.05 0.55 <0.05 0.3 Bal.
No.3 52.00 18.40 5.40 3.05 1.05 0.55 <0.05 0.5 Bal.
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Tab.2 Formation enthalpy and cohesive energy of the super-
cells
Cu E o Hom Eon
/% /eV /(eV+atom 1) /(eV+atom ')
0 —10 835.131 —0.045 6 —7.229
3.125 —43 462.640 —0.044 1 —7.130
6.25  —21792.372 —0.043 8 —7.030
12.5 —10 957.262 —0.039 0 —6.833
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Tab.3 Elastic constant C;; of y-Ni system before and after doping
v-Ni Cy1/GPa C15/GPa C13/GPa C33/GPa Cy/GPa Cess/GPa
0(Ni) 17 246.5 147.3 — — 124.7 —
0(Niy 18] 260.6 177.0 — — 109.3 —
0 228.937 171.482 174.281 229.743 107.982 108.161
3.125 210.278 132.964 — — 108.409 —
6.25 204.059 163.408 147.646 197.526 101.737 105.258
12.5 198.571 152.073 152.112 205.838 101.219 99.361
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3 Tab.4 Bulk modulus B, shear modulus G, B/G and Young’s
Gv = %(Cu —Ci;, +3Cuw) %) modulus E of y-Ni system before and after doping
Cu/% B/GPa G/GPa G/B E/GPa
_ 5(Cy —Cyy) Cy 0 191.967 75.997 0.396 201.412
Gr =5~ S - (8
3(Cyy —=Cp) +4Cyy 3.125 158.735 71.736 0.452 187.033
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