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Atomic Investigation of Al; X (X= Nb, V., Y) Based on DFT Calculations
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Abstract : Thermodynamic stability, electronic structure and mechanical properties of DO,,-Al;Nb, L1,-Al,Y and
D0Oy,-Al; V intermetallic compounds were investigated by adopting density functional theory (DFT) calculations.
The result reveal that formation enthalpies (AE[) of Al; X (X=Nb, V, Y) are all negative, indicating thermody-
namically stable state of compounds. The AE value of DO,,-Al;Nb is the most negative, confirming the highest
thermodynamic stability, which is sequentially followed by L1,-Al;Y and DO,,-Al; V. The Young’s modulus E
and shear modulus G are ranked as D O,,-Al;Nb>D,,-Al; V>>L1,-Al; Y, proving the highest strength of DO,,-
Al;Nb. The ratio of bulk modulus and shear modulus B/G can be utilized to predict the ductility, which are
queued as DO,,-Al; V>DO,,-Al;Nb>L1,-Al; Y, demonstrating the desirable ductility of Al; V. The order of ani-
sotropy index AV is DO,,-Al; V>L1,-Al; Y>DO,,-Al; Nb. The interatomic bonding mechanism is clarified ac-
cording to the electron density difference(EDD) and partial density of states(PDOS). The result shows that Al at-
oms have a tendency to charge donors, while V, Y, Nb atoms tend to be charge acceptors. Strong hybridization
exists between valence electrons of Al-3s3p orbital and V-3d, Y-4d or Nb-4d orbital, and formed Al-V, Al-Y and
Al-Nb bonds have remarkable covalent characteristics.
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Fig.1 Crystal structures of Al; X(X=Nb, V, Y)
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Tab.1 Lattice constants(a, ¢) and formation enthalpies(AE)

of AL X

ﬁﬁg a/omc/nm .Ai'o/_) BRI W
0.427 5 — —39.657 6 AW GGA-PBE

L1,-AlY 0.427 9 — —42.471 [22] GGA-PWI1
0.4250  — 47.000 [23]  GGA-PBE

0.377 2 0.8322 —26.956 8 A3t GGA-PBE

DOy-Al 'V 0.377 0 0.832 1 —26.346 [24] GGA-PW91
0.370 2 0.817 7 28.910 [9] LDA-PBE

0.3854 0.8639 —40.060 8 A#F985  GGA-PBE

DOy-Al;Nb  0.385 3 0.832 5 —40.050 [24] GGA-PWI1
0.385 5 0.864 5 39.5 [8] GGA-PBE

DFT it & ¥ % FH Materials Studio % {4
CASTEP (Cambridge Sequential Total Energy Pack-
age) BERSE . (I RA ™ SCBE BEIE Bl (GG A) Y PBE
ACHRHEIZ R T TH BT RE 1R E S 350 eV, 81 5
2SI b B OAK R BE 20 R 0.4 nm ™', SCF W 8155 22 1
BN 1.0 X 107" eV/atom, ffi f§ Broyden-Fletcher-
Goldfarb-Shanno(BFGS)“*" 51 12z BE A7 J5 - fir & ith ¢ AR
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Tab.2 Elastic constants C;; of Al; X GPa

& )& [ . . . . . .
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DOy~
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Al;Nb
DOgs- _
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Tab.3 Mechanical property index and calculation results

of anisotropy index for Al; X
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Fig.2 Bulk modulus, shear modulus,

Young’s modulus of Al; X
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PEBGE, 18 3y AL X By B/G {EFIARA . MK 3 F
B 3 A A1, DO,,-Al; Nb, DO,,-Al, V #l L1,-Al, Y 1§
B/G 451 1.424 5.2.416 0,1.226 0, DO,,-Al;Nb
1 L1,-ALY i B/G ¥3/hF1.75. R4 DO.,-ALV
B/G KT 175, B % BB H =& 00y 25 N
0.215 6.0.318 1,0.179 3 ¥J/NF 0.33, 7] LR BH & 3

L1,-ALY

Ak & P #0 LAME I 3
1034
N . v2033 ]
Sl —_ 0
’ — B/G 4030
221 {028
N
» 20F {026 2
2 | g |BO-175 | b :é
16} Jozm
i {020
iP5 {018
0.16
DO,-ALNb DO,-ALV  L1,-ALY

#BEET
B3 ALX e 3% B/G 4Gk vy
Fig.3 Ductility criterion B/G value and Poisson’s ratio
y for AL X
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Fig.4 Differential charge density diagram of Al; X
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Cracking Control of Rare Earth Magnesium Alloys during Casting Process Based

on Numerical Simulation
Yao Fei, Liu Yingzhuo, Wang Kun, Wang Xianfei, Chen Qiming., Zhang Yingping, Yuan Yong
(Shanghai Spaceflight Precision Machinery Institute)
Abstract: Aiming at the crack occurred in the production of rare earth magnesium alloys, the ProCAST software
was applied to simulate the stress distribution of the casting process. Numerical simulation results and casting
process tests reveal that the stress can be reduced by modifying the fillet size of end frame. By increasing the tran-

sitional fillet size and adding reinforcing rib, the crack could be eliminated and the cabin was successfully pro-

duced.
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