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Fig.1 Schematic diagrams of supercell of NigAl, (1x1x2) (a) and
the supercell of NigAl, with Co atom doping in different
sites (b~d)
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Table 1 Occupation of Co atoms in NicAl, supercells

Formula Site of Co
NigAl, -
NisAlCo (*1/2, £1/2, 0)
NisALCo(I) (*1/2,0, 1/2)
NisAl,Co(II) (0, 0,0)
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Table 2 Chemical composition of Inconel 718 alloys (w/%)
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.
®3 HERBENTEHRMELN. BHAMESHE
Table 3 Lattice parameters, formation enthalpy and cohesive energy of the supercells
al b/ c/ 17 Ew/ Formation enthalpy/  Cohesive energy/
Formula 0 0 0 3 3 B -1
x10" nm x10" nm x10" nm x10” nm eV eV-atom eV-atom
NicAl, 3.588 3.588 7.177 92.421 —8257.558 —0.4898 —8.6386
NigAlCo 3.555 3.555 7.129 90.099 —9243.751 -0.2144 -9.1589
NisAlLCo(I) 3.614 3.573 7.121 91.974 —7945.313 —0.4459 —8.6571
NisAl,Co(II) 3.563 3.563 7.237 91.886 —7945.356 —0.4513 —8.6625
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Table 4 Elastic constant Cj; of y’-Ni3Al system before and after doping (GPa)

Supercell CU Clz C13 C33 C44 Cﬁ(,
Ni;All"" 224.5 148.6 148.6 224.5 124.4 124.4
Ni;All'Y 242.2 151.8 151.8 2422 125.4 125.4
NisAl 241.080 155.035 154.904 241.873 121.633 121.610
NigAlCo 248.908 161.642 164.846 275.781 119.835 123.183
NisALCo(I) 249.221 154.697 158.118 243.182 128.841 125.384
NisALCo(Il) 249.932 160.090 155.022 255.731 127.090 131.872
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SEVERE T M RBE E ] LU R A 2 [ AR
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M 5 TLLEH, X4 Co TG, ShRIHM
Mg K& E A THE &S, R Co i1
TN BEAE R T NisAL AR R I AE
2.3 BTEEE

H T T fi# Co Ji 115 NigAL i & il 7 Co-Ni
H Co-Al Z A s F A BAEH, THH T NiAlL
(Ix1x2)E S LA AL, Ni Fl Co JR 7 s, p, d LT
S L (DOS) 4 3 5% FE(PDOS), Wil 2 Prios.
B2 RN TR BES (Ep) WAL, FKAES
AR BE R O %, UL BB AR AT S AR R 3 R L
BI&EE. 2 50% Co M 3d74s*. Ni JHTFMH
3d%4s*. Al JRF 1 3s%3p! MM L, TG R T
MAGHET, HHEECES ALNI A F R RMLRE.

M 2a AT L HE, NigAl, i 88 L7 35 550 A
~11.7~12 eV, M PDOS K 1] LA H: 2K RE 4 a7 B
SR A, JE T NI 3d. Al 3p LA /DR Al 3s Bl
WEHTOTERIN, X 3 A HUE A AT 15 % TR 2K R
BT -1 eV AL E LT 1 ANRBILIRIE, W] Ni
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Table 5 Bulk modulus B, shear modulus G, B/G and Young's
modulus E of y’-Ni3Al system before and after doping

Supercell B/GPa G/GPa B/G E/GPa
Ni;All'" 174 77 2.26 202
Ni;All'® 182 83 2.18 217
NisAl 183.747  90.254  2.035 232.669
NisAlCo 195.141  91.388 2.135 237.144
NisALCo(I)  187.054  94.659 1.976 242.987
NisALCo(Il)  188.429  96.241 1.957 246.719
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WA JEE A B SORRE R ML L T 4 ARig, &
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Fig.2 Partial and total electronic density of states of the systems with Co doping in NisAl, supercell model:

(a) NigAL, (b) NigAlCo, (c) NisAl,Co(I), and (d) NisALCo(II)
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Kl 3 Co #4% NicAl AN A7 B 1 5 £ 4e(100) [HI ¥ 2 43 Fi o 25 5 18
Fig.3 Distribution of charge density difference of the systems with Co doping in NicAl, along (100) plane:
(a) NisAly, (b) NicAlCo, (c¢) NisAl,Co(I), and (d) NisAl,Co(II)
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RIS I 25 IR W] Co MIVRINIGIN Ty AHALE it i
A E e, Wz T p Al IRy AR

4 BRUEIAEBE SR I IR ZS Inconel 718 &4 y' Al y"4H TEM JESH
Fig.4 TEM morphologies of y" and y" precipitates of standard heat treated (a, b) and long-term aged (c, d) Inconel 718 alloys:
(a, ¢) without Co and (b, d) with 1.00% Co
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K5 y-NisAl F p"-NisNb i i E DR 2 ]
Fig.5 Schematic diagrams of y’-Ni, y’-Ni3zAl and y"-Ni3;Nb stacking modes of supercells: (a) y'-NizAl (2x2x2) and (b) y"-Ni3Nb (2x2x1)
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Effect of Co-Doping on the Stability of y'-NizAl: A First-Principles Study

Li Yamin, Chen Yinping, Liu Hongjun
(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The effect of Co-doping on the stability of y’-Ni3Al 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 y’-NizAl
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 y’ 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 y'-Ni3Al 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; y' phase; electronic structure; stability
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