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Fig. 1. The cluster-plus-glue-atom model of NizAl
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Fig. 3. The configurations and formation energies of [Al-Ni;5]Al,Crs,: (a) [Al-Nip|Crs; (b) [Al-Nijp)Aly5Cras; (¢) [Al-Nijp)Al Cry;
(d) [ALNijg]AL 5Cry 55 (e) [ALNijp] Al Cry; (f) [ALNijp]Aly 5Cros.

207101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 20 (2022) 207101

@ i

@~

‘ Cr

An(r)

W —1.2197
O —0.7338
[ —0.2478
O +0.2381
W +0.7240
H +1.2099

@ i
(PN
~Cr

An(r)
W —1.2167
O —0.7311
@ —0.2456
O +0.2399
W +0.7254
B +1.2100

@ i

o

~ Cr

An(r)

W —1.2148
0O —0.7294
@ —0.2440
O +0.2415
B 10.7269
W +1.2123

K 4 Ni-AL-Cr 4 4 PR 0N I $2 150 Y A6 2 73 v A7 5 2

@ N
@
~ Cr
An(r)
W —1.2252
O —0.7380
I —0.2508
O +0.2363

W +0.7235
B +1.2107

@ i

@

~ Cr

An(r)

W —1.2169
O —0.7309
@ —0.2449
O +0.2411
W +0.7271
W +1.2131

@ N
@
~ Cr
An(r)
B —1.2081
O —0.7240
I —0.2399
O +0.2442

W +0.7238
W +1.2125

(a) [AL-Nijy]Crg; (b) [AL-Nijy]AlysCrys; (c) [Al-Nijy]AlCry; (d) [Al-

Nipp] Al 5Cry 55 (€) [ALl-Nijy]AlCry; (f) [Al-Nijp]Aly sCrg 5 (35BS {E T : 0.005 F]-0.005 arb.units)

Fig. 4. The difference charge density of the cluster-plus-glue-atom model for Ni-Al-Cr alloys: (a) [Al-Nij,|Crs; (b) [ALl-Nijp]Aly 5Cry5;
(c) [AL-Nijp] Al Cry; (d) [Al-Nijp)Al 5Cry5; (e) [Al-Nijp]ALCry; (f) [Al-Nijp]Aly 5Cry5. (Isovalues: 0.005 to —0.005 arb.units).
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cluster-plus-glue-atom model”

Jiang Fu-Shi»?%  Wang Wei-Hua?  Li Hong-Ming?
Wang Qing D Dong Chuang V4T

1) (Key Laboratory of Materials Modification by Laser, Ion and Electron Beams (Ministry of Education), School of Materials Science
and Engineering, Dalian University of Technology, Dalian 116024, China)
2) (College of Mathematics and Physics, Inner Mongolia Minzu University, Tongliao 028043, China)
3) (Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
4) (School of Materials Science and Engineering, Dalian Jiaotong University, Dalian 116028, China)

( Received 24 May 2022; revised manuscript received 17 June 2022 )

Abstract

The short range order and physical properties of Ni-Al-Cr alloys are studied by using the cluster-plus-glue-
atom model. In the formula [Al-Ni,]ALCrs ,, x = 0, 0.5, 1.0, 1.5, 2.0, 2.5, Al atom is selected as the center of
cluster, then twelve Ni atoms which are arranged at the nearest neighboring sites constructe a cluster, and Al
atoms and Cr atoms which are located at second neighboring sites are glue atoms. The results of formation
energy show that the configurations of cluster-plus-glue-atoms model are more stable than the other
configurations with all compositions. The results of difference charge density show that the charge density
transfer of Ni-Al-Cr system is mainly accumulated between Ni and Al atoms or between Ni and Cr atoms. It
means that Ni-Al and Ni-Cr are more easily bonded than Ni-Ni and Al-Cr. The electronic band structures
indicate that Ni-Al-Cr alloy has conductor properties. The hybrid effects between Ni-3d and Al-3p or Ni-3d and
Cr-3d are obvious, which verifies that there are strong interactions between Ni and Al atoms or between Ni and
Cr atoms.

Keywords: Ni-Al-Cr alloys, cluster-plus-glue-atom model, difference charge density, electronic band structure
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