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Firstprinciple calculation for site substitution of
3d transition metal elements in NiAl intermetallic compound
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Abstract: Site substitutions of 3d transition metal( TM) elements in NiAl intermetallic compound were investigated with
the first principle methods based on plane-wave pseudopotential theory. By calculating the formation energy of NiAl al-
loyed by X element, the site preference were investigated. The results show that the former and later TM elements with
low valence electron numbers of Sc, V, Ti and Zn mainly substitute for the Al site in NiAl. The high valence electron
numbers elements with un-filled d-shell, e.g. Mn, Fe and Co, primarily substitute for the Ni site in NiAl. The elements
with semrfilled or filled dshell such as Cr and Cu can substitute for either the Ni site or the Al site in NiAl, but preferen-
tially tend to the Ni site. And with the increase of valence electrons in the outer shells in 3d TM, the site preference to
substitute for the Ni site increases before Mn and then decreases after Mn. From above results, a reasonable explanation

has been given on the analysis basis of the states density of valence electrons of these 3d TM elements in NiAl
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Fig. 1 Crystal structure of B2-NiAl
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ASCAEE KA E A AP Castep ( Cam-
bridge Serial Total Energy Package) #1715 . & T
W R, ] EE — JR 3 BT T 7 I
AT e 5% Bk A bR BCR HI T SCRR FE AT Bl GGA TP K
Perdew-Burke-Ernzerhof JE 2, J& ¥ {8] 5 =5 0] &
fiEH 1) PBE 4K (ultrasoft) % . SR FH A 14 7 4%
PF, K SRS EE 4 x 4 x 4, fb AR Ao 38 eR 40 R
STHICEE 2 RETT, - T E H b B e A T AR Tk
€, T Ti. Cr il Zn JAL 53X L8 J5 - 1) i ik
B H) e f kBT 2 350. 0 eV, R M Bk B 30
REAR T R34 330. 0 eV . 7EHEAT & TUTHE Z BT #H]
Broyderr Flecher Goldfarh- Shanno ( BFGS) 77 7% X iX
LS = u KA EEAT T U itk, USRS E
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BRAET 0.01 eV/ U AEmMBAT5.0x104 T,
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Fig.2 Two kinds of 16-atom supercells
with X atom

(a) —Substituting for center Al site;

(b) —Substituting for center Ni site
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Table 1 Equilibrium lattice constant(a) of
N17A18X and N18A17X

a/nm
X element
Ni;AlgX NigAl; X
Sc 0.5912 0.584 3
Ti 0.586 0 0.580 2
\ 0.582 4 0.577 9
Cr 0.579 2 0.575 8
Mn 0.5771 0.575 6
Fe 0.57517 0.573 8
Co 0.576 0 0.574 0
Ni 0.5770 0.573 8
Cu 0.579 6 0.5752
Zn 0.5822 0.576 2
H= _1]8[E“"_ mEni— nEa- Ex] (1)
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PG VERE AR A oA, TR KB n R AT B
i, Hghp fee AR 22 . 5t F X JRF B e NiAl
AL SO, R 2 AT, FHEE Tt = TR
NiAL Frf3 NigAL,X £ 4 7% % 66 1018 486 BT ok 7,
R\ H MR TR, HELEIME, Sc. Ti
A Zn B HILFH AL, NigAlLX & 41045 /fa e vt
B, T Cr B4 AL NS5 RR e M 2

H T RAEIX L 3d LK &R AE NiAL H (1) 5 7 1
o, AAEEH—BRATLUET ER 2 FioAH
AR R PR R T TR R 2 .

AH = H (NisAl,X) - H (Ni;AlsX) (2)
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JZ(3d 5 4s) L7 HURI SR R i W 3 o . A
3FHEHE L fEE 3d LIRS EINFRERT
g in, 3d ¥ SR LE B2-NiAl i 5 85 Ni {719
FBIEEIM, 2 Mo I 548 Ni AL R SR, A
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* 2 Ni;AlX Fl NigAl; X HI ik B
Table 2 Heat formation energy( £) of Ni;AlgX
and NigAl; X

E/eV
X element

Ni;AlgX NigALX
Sc - 0.571 - 0. 680
Ti - 0.607 - 0.685
\ - 0.606 - 0.628
Cr - 0.616 - 0.578
Mn - 0.702 - 0.588
Fe - 0.712 - 0. 607
Co - 0.722 - 0.624
Ni - 0.703 - 0. 641
Cu - 0.646 - 0.635
Zn - 0.600 - 0. 667
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Fig. 3 Curve of AH varying as electron

numbers of outer shells in X element
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Fig. 5 DOS of valence electrons of
Mn substituting for Al or Ni atom
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