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Table 1  Elastic constant C

ij

 of B

2

-NiAl crystal alloyed by Ce or Cr, separately (GPa) 

Ce→Al site  Cr→Al site  Cr→Ni site 

x/at% 
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11

 C
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44

  C

11

 C

12

 C

44

  C

11

 C

12

 C

44

 

0 161.4 148.0 97.9  161.4 148.0 97.9  161.4 148 97.9 

0.1 193.0 134.6 117.1  997.8 131.7 92.5  1015.6 131.9 91.2 

0.2 195.6 136.7 117.1  28.4 109.3 93.8  1020.8 132.7 90.1 

0.3 198.0 138.0 116.6  34.2 112.5 94.8  1017.9 131.4 91.0 

0.4 203.1 142.1 115.6  36.5 113.1 95.1  1346.9 138.9 90.4 

0.5 201.3 140.0 114.3  39.7 115.1 95  1345.3 137.7 90.4 

0.6 202.7 141.0 113.2  42.5 116.6 93.7  1358.3 138.3 89.8 

0.7 204.7 143.4 112.5  46.3 118.8 92.4  1347.4 134.7 90.1 

0.8 204.0 142.9 112.5  48.5 118.9 91.6  1353.1 136.8 89.9 

0.9 208.3 146.9 113.1  49.8 117.6 91.8  1341.1 127.6 96.7 

1.0 209.1 146.5 114.2  54.7 120.5 92.7  1348.6 135.6 90.1 

1.1 210.6 145.4 115.4  57.1 122.6 94.5  1347.3 134.1 90.0 

1.2 207.6 139.6 116.1  58.5 126.1 95.7  1347.5 136.4 90.0 

1.3 213.7 143.4 116.0  57.6 128.7 95.6  1334.8 127.7 96.3 

1.4 212.5 141.3 115.5  56.5 130.8 94.6  1339.8 136.3 90.0 

1.5 213.1 143.6 114.4  56.8 132.5 93.5  1338.5 137.8 89.9 

1.6 211.8 146.5 113.5  58.9 134.0 92.5  1337.7 134.9 89.5 

1.7 209.4 149.3 112.8  61.5 134.4 92.1  1328.1 134 89.5 

1.8 206.6 151.3 112.4  63.8 134.6 91.3  1337.4 124.2 94.1 

1.9 204.5 152.5 111.9  65.8 135.3 89.8  1317.2 125 94.3 

2.0 203.9 153.1 111.3  67.6 137.2 87.6  1317.0 126.3 93.8 

2.1 204.7 153.6 110.2  69.1 138.7 84.6  1314.4 125.5 93.0 

2.2 206.3 154.0 108.9  71.8 138.4 83.0  1320.8 133.9 86.9 
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Table 2  Elastic constant C

ij 

of B

2

-NiAl crystal alloyed by Ce cooperation with Cr (GPa) 

Ce→Al site+Cr→Al site  Cr→Al site+Cr→Ni site 

x/at% 

C

11

 C

12

 C

44

  C

11
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12

 C

44

 

0 161.4 148 97.9  161.4 148 97.9 

0.1 196.6 137.5 117.1  194.9 136.6 116.6 

0.2 201.5 140.1 115.2  196 136.1 116.4 

0.3 200.7 139.3 112.7  196.9 135.3 115.1 

0.4 203.3 142 113  197.2 135.2 113.1 

0.5 209 143.7 115.4  198.9 137.8 111.4 

0.6 214.8 144.3 116.1  199.2 138.6 110.6 

0.7 216.3 148.5 114.2  200 137.7 111 

0.8 205.3 149.5 112.3  203.5 137 112.4 

0.9 205.8 155.5 111.1  207.1 135.4 113.8 

1.0 209.7 157.3 108.1  210.4 136 114.3 

1.1 210.1 157.2 105.7  204.6 136.4 113 

1.2 212.1 160.9 106.2  197.9 139.7 111.5 

1.3 217 158 102.1  194.2 142.6 110.8 

1.4 220.7 157.5 96.4  193.9 143.6 110.7 

1.5 213.8 162.2 95.1  194.1 142.3 110.9 

1.6 191.8 162.4 81.5  193.8 141.3 110.1 

1.7 191.3 163.8 70.1  195.3 143.7 108.5 

1.8 188.9 163.2 69.2  194.5 144.3 106.8 

1.9 185.9 159.5 65.7  193 141.9 106.1 

2.0 193.2 159.4 50.6  197.3 140.5 105.2 

2.1 191.6 145.8 55.9  203 138.6 103.1 

2.2 189.9 137.7 53  205.8 135.8 101.5 
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Fig.2  Effect of alloying concentration x and mode on the Young 

modulus E (a) and shear modulus G (b) for Ni
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First-Principles Study on Mechanical Properties of B

2

-NiAl Intermetallic Compound 

Alloyed by Ce Cooperation with Cr 

 

Chen Lü, Liu Yizhong, Li Min 

(Changsha Aeronautical Vocational and Technical College, Changsha 410124, China) 

 

Abstract: The effect of alloying concentration x (x=0~2.2 at%) on Cauchy pressure, elastic modulus E, the shear modulus G and their ratio 

G/B

0

 of B

2

-NiAl supercells alloyed by Cr and Ce, alone or together, was calculated in the framework of Virtual Crystal Approximation (VCA) 

by the first-principles pseudopotential plane-wave method. Results show that the shear modulus G and elastic modulus E of B

2

-NiAl alloy are 

significantly increased when Cr occupies the Ni atom site in B

2

-NiAl crystals, while the G and E will be reduced when Ce occupies the Al 

atom site. With the alloying concentration increasing to 2.1 at%, the ductility of B

2

-NiAl crystals can be improved with Cr occupying the Al 

atom site. It is worth emphasizing that the ductility of B

2

-NiAl crystals is improved more significantly when Ce and Cr replace Al atom site 

simultaneously than that alloyed by Ce or Cr alone, especially when the alloying concentration x is 2.0 at%. The calculation result herein 

explains the phenomenon that the room temperature ductility of B

2

-NiAl alloy is enhanced obviously by Cr cooperation with Ce. The 

electronic density of states shows that Cr atoms or Cr cooperation with Ce atoms all can weaken the hybridization effect of the main bonding 

peaks of Ni(d)-Ni(d) and decrease the directivity of the main bonding peaks in B

2

-NiAl crystal.  

Key words: B

2

-NiAl; Ce and Cr alloying; virtual crystal approximation; mechanical property 
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