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First-principles study of
generalized stacking fault energy in Ni-based alloys

WEN Yu-feng, SUN Jian, HUANG Jian, XING Hui

(School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The generalized stacking fault energies of Ni and Ni-based alloys with alloying elements of Cr, Co, Nb, Mo, W,
Ru and Re were calculated using first-principles based on the projector augmented wave method and the generalized
gradient approximation. The calculated results show that the stacking fault and unstable stacking fault energies are
affected by the atomic radii and valence differences (AR and AV) between alloying elements and Ni, and the alloying
elements affect the stacking fault energies of Ni-based alloys more obviously. The capabilities of dislocation cross-slip
and climb depend on the difference between the unstable stacking fault energy and the stacking fault energy of Ni-based
alloys. Among the alloying elements, Re, W and Mo are the most effective for solid-solution strengthening in Ni-based
alloys.
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Fig.1 Stacking sequence projected along [111] direction of
Ni-based alloys (a) and supercell model containing 48

atoms (b)
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Table 1 Lattice constant (a,), bulk modulus (By), pressure

coefficient (B,') and magnetic moment (M,,) of pure Ni

Resource ay/A ByGPa By My /ug
This work 3.5239  188.0 496 0.60
Theoretical ™™ 3.5243  180.0 0.60

Experimental!' 3.5300  188.0
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SN Table 2 Stacking fault energies, unstable energies and their
230 Pus ™ st _,-’! A differences of pure Ni and Ni-based alloys
—~ 200 _,.i' \ Material  yo/(mJm?)  pe/AmIm?) e/ (mlm?)
"f / \\ Ni 281.94 135.98 145.96
E 1501 / ! Ni-Cr  287.12 112.90 174.22
3 i~ il "\.\ Ni-Co 29536 119.14 176.22
\ Ni-Nb 235.52 43.77 191.75
S0 \".‘ Ni-Mo  260.84 4533 215.51
) s 2‘0 Ni-Ru  284.86 97.10 187.76
fb, Ni-W 27333 45.60 227.73
2 R SRR Ni-Re 289.60 55.31 23429
Fig.2 Generalized stacking fault energy curve of pure Ni 350
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Fig.3
energies and atomic radii difference between alloying elements
and Ni

Relationship between generalized stacking fault

350
3000 . . . .Cr
:W
250} Mo
E200f Ni  Co Ru  Re Nb
&
S 1500
N o R
100 - o Cr
L Vus o W
50 ° T Vst Mo
O 1 1 1 1 1 1
0 1 2 3 4 5

AV
4 BULRIERE S 2SI G et R R #
TZEMEAV IR
Fig.4
energies and valence difference between alloying elements
and Ni

Relationship between generalized stacking fault
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