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Abstract: Using a first-principles plane-wave pseudopotential method, the site preference of N and its influence on the
fracture behavior of the y-Ni/y’-Ni;Al interface were investigated. The results show that the gaseous N, is difficult to be
joined into the Ni/Ni;Al interfacial region, but solid N impurity can be easily doped into the Ni/Ni;Al interface. The
N-doped interfacial system can stably exist either for substitution for host atoms or for occupation at octahedral
interstices, and N prefers to occupy the octahedral interstitial sites. N-doping, especially at octahedral interstitial sites,
makes the fracture strength of the Ni/Ni;Al interface be weakened. For the substitutional interface, the N-induced
embrittlement can be attributed to the decrease of electronic interactions between adjacent atomic layers caused by the
Frenkel defect. While in the case of interstitial doping, a multiple influence of a decreasing electronic interaction between
host atoms induced by a strong bonding between N and its nearest host atoms and a increased elastic strain energy
originated from lattice distortion should be responsible for the harmful effect of N on strengthening of the Ni/Ni;Al
interface.
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Fig. 1 Ni/Ni;Al interfacial model of interfacial supercell(a) and typical octahedral interstices in interfacial region(b) (White and

black balls denote Ni and Al host atoms, respectively; bigger gray ball denotes N atom doped at octahedral interstitial center)
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Table 2 Relative displacement of doped N and host atoms

1 NUNGALHIFHERHA H. 4t ie E SHkGES
Table 1 Heat of formation H, cohesive energy £ and solution

energy o per atom

Model H,/eV Hy/eV EleV oleV
Clean —0.2999  -0.2999 5.9265 -
Ni-1 -0.2373  —0.4253 59142 -
Ni-2 -0.2217 —-0.409 6 5.898 6 -
Ni-3 -0.2803 —0.468 3 5.9572 -
Al-4 -0.2133 —0.4014 5.9457 -
O-1 —0.2959 —0.4793 59797 —8.106 7
0-2 -0.2992 —-0.4826 59830 —8.2417
0-3 -0.2878 —0.4712 59716 =7.776 7
0-4 -0.2790 —0.4624 5.962 8 —7.4367
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(002)y/y' 2 O-2 78 .y M (001)y ZH O-1 £ &
(002)y/y" 2 H O-3 AL y'-NizAl AHH(001)y'f] O-4
P ik, KT N B2 Ni/Nis AL AH S B 28R 5
Wil FRIATE 0K B2 050G N (2R AE y AHIX 55(002)y/y 34
JZF IE NI TE

2.2 N i3Z% Ni/Ni;Al ¥ R8I hHt %

% 2 13 BT840 ok % Ni/Ni Al AR LA £
BTG B24% N 153040 AR S5 A A 88 B A 5t
DX PRI A3 R R . AR 2 ] I, Y N R
AR T 364K Ni sl ALJR PR, A B 1ERAH S IX S5k
FEAR AR E B R AR A, AR B AR T A

Relative displacement/%

Layer Atom
Ni-1 Ni-2  Ni3 Al-4 0-1 0-2 0-3 0-4
Ni - - - - (2.31)Y —-3.27 -5.75 -
(001)y
N —41.70 - - - 1.99 - - -
Ni - - - - 1.61 (1.87)Y (1.99)Y -2.17
(002)y/y'
- 2.28 - - - -3.06 -3.45 -
Ni - - - - - - - (4.92)Y
(001)y’ Al - - - - - - 7.83 9.15)"
N - - 96.49 82.87 - - - 1.18

Positive and negative values represent displacement toward and away from coherent interfacial layer, respectively, in Z direction.

1) Relative displacement of host atoms adjacent to N-doping in X or Y direction.
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Table 3 Space between atomic layers in y-Ni phase, y"-Ni;Al
phase, Region-1 and Region-2 at Ni/Ni;Al interfacial models

Space/A
Model
Ni-block  Region-2  Region-1 Ni;Al-block

Clean 1.748 1.770 1.814 1.797
O-1 1.823 1.806 1.797 1.805
0-2 1.735 1.832 1.821 1.824
0-3 1.778 1.798 1.853 1.789
0-4 1.747 1.750 1.826 1.858
Ni-1 1.753 1.754 1.815 1.799
Ni-2 1.754 1.761 1.801 1.798
Ni-3 1.754 1.744 1.812 1.825
Al-4 1.738 1.765 1.785 1.856
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Table 4 Total energies of Ni/Ni;Al interfacial supercells (£;) and corresponding surface models (Es), interfacial areas (S;) as well as

Griffith rupture works (/) in different regions

Model Site EfeV El/eV El eV SyA? wWI(J-m )
Region-1 —54158.00 —38 608.36 4.368
Clean —92794.21 51.00
Region-2 —32 488.96 —60 276.02 4.585
Region-1 —54 698.95 —38 608.29 4.417
0-1 —93 335.64 51.43
Region-2 -33033.27 —60 275.80 4.132
Region-1 —54702.07 —38 608.20 3.972
0-2 -93335.91 51.64
Region-2 —32488.72 —60 820.76 4.095
Region-1 —54702.19 —38 608.23 3.818
0-3 —93 334.98 51.46
Region-2 —32 488.83 —60 819.85 4.088
Region-1 —54 157.59 -39 150.14 4.108
0-4 —93334.26 51.67
Region-2 —32 488.86 —60 815.61 4.612
Region-1 —51985.37 —38 608.33 4.404
Ni-1 —90 621.74 50.94
Region-2 -30 318.69 —60 276.05 4.240
Region-1 ~51986.16 —38 608.43 4.094
Ni-2 —90 620.49 50.61
Region-2 —32 489.09 —58 105.36 4.116
Region-1 —54157.89 —36 439.97 4.278
Ni-3 —90 625.18 51.09
Region-2 —32 489.09 —58 106.87 4.576
Region-1 —54 158.06 -39 030.85 4.197
Al-4 -93215.61 50.90
Region-2 —32 489.02 —60 697.38 4.591
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Fig. 2 Total valence charge density contour plots of Ni/Ni3Al phase interface model (Region labeled by arrows is fracture region of
corresponding interfacial model): (a) Clean model, (200) plane; (b) Ni-1 model, (200) plane; (c) Ni-3 model, (400) plane; (d) O-1

model, (020) plane; (¢) O-3 model, (200) plane
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