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Fig. 1 Crystal structures of Al,,Si,,Mn,Crs_Fe, compounds
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Table 1 Cell parameters of Al,,,Si;,Mn,,Cr,_ Fe, compounds

(e alA bIA oA al° Bl yl° VIA® 23 [
Aly,Si;,MnyCrg 13.6230 16.929 5 13.446 0 91.560 1 86.958 4 91.9149  3093.954 4 P1
Aly,SiMnyCreFe, 13.675 4 16.490 9 13.651 8 93.889 9 93.1316 88.2596  3065.9707 P1
Al,,Si;,Mn;Cr,Fe, 147617 14.803 0 14.207 1 88.706 8 85.681 6 90.2302  3094.846 2 P1
Al,,Si;,Mn,,Cr,Fe, 13.376 8 13.376 2 13.376 5 90.004 0 90.000 7 89.9987  2393.4671 P1
Al,,Si;,Mn;Feg 13.617 9 14.0776 16.094 2 88.917 9 87.4243 94.8745 3070.3124 P1
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Table 2 Calculated formation enthalpy and cohesive energy
of Al,,Si;,MnCrg Fe, compounds

ezt JE kG eV “ifhkleV
Al,Si;;MnyCry 0 274187
Alg,Si,MnyCroFe, -0.002 77 -27.4382
Alg,Si;,Mn,Cr,Fe, -0.003 65 -27.4267
Alg,Si,MnyCroFe, -0.016 10 -27.4475
Al,SiMnggFe, 0 -27.4396
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Table 3 Calculated elastic constants of Al,,Si,,Mn,,Cr,_ Fe, compounds GPa

/f’t'% % Cll ClZ ClS CZZ CZS 033 CAA CSS CGG 511 612 614
Al,,Si;,Mn,(Cry 2047 628 665 1917 516 1875 570 530 584 1946 603  56.1
Al,Si;,Mn,CrFe, 1533 605 503 1799 529 1849 596 553  64.8 1727 546  59.9
Aly,Siz,Mn,Cr,Fe, 1449 780 185 1680 593 1508 864 624 557 1546 519 682
Al,Si;,Mn,Cr,Fe; 187.3 472 486 1887 549 1762 586 548 479 1841 502 538
Al,,Si;,Mn,Feg 190.7 46.8 50.2 193.9 55.5 179.1 61.5 61.6 59.1 187.9 50.8 60.7
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Table 4 Bulk modulus, shear modulus, Young’s modulus, Poisson’s ratio, B/G and intrinsic hardness of

AAl,,Si;,Mn;Cry_Fe, compounds GPa
e By By Bui Gy G Gy E o BIG Hy K
Aly,Si;,Mn,(Crg 1051 1035  104.3 60.5 59.3 59.9 150.9  0.259 1.74 8.88 1.26
Al,Si;,Mn,CriFe, 93.9 93.4 93.7 59.6 58.8 59.2 1454 0.239 1.58 9.81 1.18
Al,Si;,MnyCr,Fe, 86.1 79.6 82.9 615 49.7 55.6 136.3  0.226 1.49 10.04 1.08
Al,Si;,Mn,Cr,Fe; 94.9 94.7 94.8 59.0 57.8 58.4 146.6  0.244 1.62 9.45 1.13
Aly,Si,MngFe, 96.5 96.3 96.4 63.9 63.4 63.6 156.9  0.229 1.51 10.87 1.24
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Cr and Fe Replacement to Optimize a-Al(MnCrFe)Si Phase Stability,
Electronic Structure and Mechanical Properties

CHEN An-zhu, ZHOU Peng-fei, LU Cong—xiang
(School of Automotive and Transportation, Yancheng Polytechnic College, Yancheng 224005, Jiangsu, China)

Abstract:

The stability, electronic properties, mechanical properties and elastic anisotropy of a-AlSiMnCrFe
compounds were calculated by first-principles calculation method. The formation enthalpy and cohesive
energy of the AlISiMnCrFe compounds were not more than zero, which indicates that these compounds had
thermodynamically stable structures. The Al,,Si;,Mn,;,Cr,Feg had the lowest formation enthalpy, showing that
this compound had better stability than other-the AISiMnCrFe compounds. The main types of bonding bonds
of the AlISiMnCrFe compounds were metal bonds, covalent bonds and ionic bonds. The Al,y,Si;,MnCr, had
the biggest bulk modulus with the value 104.3 GPa; the Al,,Si;,Mn,sFe; had the biggest Yong’s modulus and
shear modulus with the value 156.9 GPa and 63.6 GPa, respectively. From the 3D surface map and projection
map of elastic modulus, it can be seen that the AISIMnCrFe compound had the elastic anisotropy.
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