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Table 1 Energy calculation of a-Zr with point defects and Nb
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Table 2 Calculation formula of elastic constant of hexagonal structure

Strain Energy change
£2(4,6,0,0,0,0) AE/N, = (Cyy + C12) 6
¢=(0,0,0,0,0, 5) AEN, = Cesd?/ 2
¢=(0, 0, 6,0, 0, 0) AEN,= C336%/ 2
£=(0,0,0, 6, 5, 0) AE/Ny = Cysé?
£=(6,4,6,0,0,0) AEN,= (C1y + Cip+ 2C13 + Cgz/ 2)°

doping
Svstem Total energy/  Energy per  Formation Energy in
Y eV atom/eV energy/eV  Reference/eV
Zr54 -455.617 -8.437 - -8.441
Zr53 -445.186 - 1.994 2,00
Zr55 -460.993 - 3.061 2.891
Zr53Nb  -456.596 - 0.648 0.6321%
Zr54Nb  -463.045 - 2.636 2.7614
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Table 3 Elastic constants of a-Zr with point defects and Nb
doping (GPa)

Cu Cw2 Cis Cas Cus

Zr54 150.7 60.0 68.5 168.2 25.7
Zr53 148.8 56.6 66.6 159.1 28.2
Zr55 130.9 72.8 69.9 157.4 245
Zr53Nb 138.3 72.6 69.7 168.6 226

Zr54NDb 132.2 70.5 71.3 159.7 23.6
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Fig.1 Modulus of a-Zr with different point defects
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Table 4  Anisotropy indices (A) of a-Zr with point defects and Nb

doping
Zr54 Zr53 Zr55 Zr53Nb Zr54Nb
0.41 0.28 0.17 0.36 0.20
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Effect of Point Defects and Nb-doping on the Elastic Modulus Anisotropy of
a-Zr: A First Principles Study

Xin Tianyuan®, Chen Xuanyu?, Zhang Wei', Zhang Weiwei?, Qin Jiantao®, Wu Lu', Pan Rongjian*
(1. The First Sub-Institute, Nuclear Power Institute of China, Chengdu 610005, China)

(2. Key Laboratory of Nuclear Physics and lon-beam Application (MOE), Institute of Modern Physics,
Fudan University, Shanghai 200433, China)

Abstract: Based on the density functional theory, the effects of point defects and Nb-doping on the mechanical properties of a-Zr were studied

using first principles method. The results show that vacancy increases the shear modulus while Nb-doping decreases the shear modulus of a-Zr. It

is found that the introduction of point defects and Nb-doping will weaken the anisotropy of a-Zr structure by calculating the three-dimensional

Young’s modulus of a-Zr with different configurations of point defects, so it can be predicted that single point defects are helpful to alleviate the

degradation of irradiation properties of zirconium alloys.
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