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Fig.1 Crystal structure models of FezAl (a), Fe12XAl3(X=Cr, Mo) (b), and Fe2sCrMoAls (c)
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Table 1 Cohesive energy and substituted atom

Cohesive energy/eV  Substituted atom

Fe1,CrAl; -10.143 Al
Fe11CrAl, —9.6996 Fe- 1
Fe11CrAl, —9.6882 Fe-1I
Fe1,MoAl3 -10.168 Al
FeisMoAl, -9.742 Fe- 1
FeisMoAl, —9.6928 Fe-1I

E(V)=E,+ 9\10680 {M\\//"f -1 3 B, +[Cﬂ§ —1]2 [6—4@2’)1 (2)

RE)FHIVo. Eov Bofl B 3 HIERER. A&, &
P DL B AR R IR 21 . B 2 N FesAl [ E-V i 2k .

2B TIIA I FesAl fkg & BoR R fi & .
RUPHA S B SERE Y &8, 5 Seie SR
(1% ZE7E 0.68%~2.3% 2 1], #4145 & 5 S 50 A 4%
REEIE, 5 S R R Z T RITE 2.54%~7.2%2 (7],
¥J/NT 10%.
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Fig.2 E-V curve of FezAl
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Table 2  Fitted lattice parameter and bulk moduli of FesAl

parell_;tettlgre/nm Beos/GPa B/GPa

This work 0.569319 182.217
Refs. 0.5739[18 172.218
0.57320% 1702%
0.5827[24 177.7%”4
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Table 3 Elastic constants of FesAl, Fe;oXAl; (X = Cr, Mo) and
Fe2sCrMoAlg (GPa)

Cn Cu Cu
FesAl Thiswork  232.42  167.89 157.50
2620 156 1620
Expt.
212,51 160.28 12481
Fe;,CrAl;  Thiswork 247.36  164.54 151.11
Fe;,MoAl;  Thiswork  266.04  169.61 147.62
Fe,CrMoAls Thiswork  256.21  158.37 148.83
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Fig.6 Overlapping electron number of Fej,Als, Fe;.CrAl; and
FeleOAlg
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Table 4 Mulliken electronic populations of Fei,Als

Species Number s p d Total
Fe- 1 4 0.59 0.62 6.64 7.86 0.14
Fe-II 8 049 0.77 6.82 8.08 -0.08

Al 4 0.94 2.04 0 2.99 0.01

Chargele

£ 5 FepCrAl; 9 Mulliken BB F% B3

Table 5 Mulliken electronic populations of Fe1,CrAl;

Species Number s p d Total Chargel/e

Fe- 1 1 063 081 6.61 8.05 -0.05

Fe- 1 3 06 053 664 777 023
Fe-11 8 056 079 6.78 813 -0.13
Al 3 095 207 0 3.02 -0.02
Cr 1 265 592 496 13,53 0.47

%+ 6 Fe;sMoAl; B Mulliken ¥ [F

Table 6 Mulliken electronic populations of Fe;;MoAl;

Species  Number s p d Total Charge/e
Fe- 1 1 066 082 6.61 8.09 -0.09
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Fig.7 Electron density difference of (110) plane in FesAl (a), Fe1.CrAl; (b), and Fe;2MoAl; (c)
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Theoretical Research on Effect of Cr, Mo on Mechanical Properties and Electronic
Structure of DO;-FezAl

Chen Yu'?, Yao Zhengjun?, Zhang Pingze?, Luo Xixi?, Han Peide®
(1. Nanjing Institute of Industry Technology, Nanjing 210046, China)
(2. Nanjing University of Aeronautics and Astronautics, Nanjing 211100, China)
(3. Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The preferred site of Cr or Mo alloying element in the DO3-Fe3Al intermetallic compounds, and the effect of Cr or Mo on the
mechanical properties and electronic structure of FesAl were investigated by first-principle based on density functional theory. The
research demonstrates that Cr or Mo substitutes the Al atom preferably in FesAl, and Cr or Mo increases the bulk moduli, rigidity moduli
and Young's modulus of FezAl and improves the ductility of FezAl, and Cr and Mo together improves the bulk moduli, rigidity moduli and
Young's modulus of FesAl, but decreases slightly the ductility of FesAl. According to the analysis of the electronic structure and the
electronic density, the improvement of the mechanical properties of FesAl can be mainly attributed to that the s, p, d-state orbital electron
of the element Cr or Mo is involved in hybridization of FesAl, Cr or Mo increases the number of the bonding peaks of FesAl and
overlapping electron number among atoms of FesAl. In addition, Cr or Mo decreases the directionality of electron atmosphere between
Fe-Fe of FesAl.
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