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Table 1 Change relationship between strain and total energy
of Cubic crystal system

Strain Change of total energy
e=(0,0,0,6 5, 5) AE _3¢,.52
v o2
AE
e=(5,5,0,000) 7:(011+012)52
e=(6, 6, 6,0,0,0) A\/—E:g(cmzclz)sz
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Table 2 Change relationship between strain and total energy
of Hexagonal system

Strain Change of total energy
e=(6,4,0,0,00) AV—E=(011+012)52
e=(0,0,0,0,0,0) 2 (Cy-Cpp)o?

vV 4
AE 1 2
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Fig.1 Fitting quadratic curves of energy change and strain of Wi,Y 4
(atomic structure is shown in the insert figure with blue as W

atoms and red as Y atom)
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Table 3 Comparison of bce W. Previous experimental and
theoretical values elastic constants (Cj) (GPa)

Method C11 Clz C44

Present 529.94 211.19 139.44

Exp.E” 533 205 163
Theor.[% %4 553 207 163

Fz4 AOAIFH W BERE (B). HYEE (G). KR
2 () JAftE () R (B/G) 5ii{EFMIBIRENILL
Table 4 Comparison of bcc W. Previous experimental and theo-
retical values for bulk modulus (B), shear modulus (G),
Young’s modulus (E), Poisson’s ratio (v) and B/G ratio

Method B/GPa G/GPa E/GPa B/G v

Present 317.44 14742 38296 215  0.30

Exp.” 31433 16340 417.80 192  0.28
Theor®*3 32233 17300 44024 186  0.27

®5 AAL (Y) FEMEERSIREMELE(TB)XLL
Table 5 Comparison of hcp Y. Previous experimental and theo-
retical values (TB) for elastic constant (GPa)

Method Cu Cp Cis Cas Cus
Present 75.21 22.30 24.44 80.77 23.80
Exp.Fd 78 29 20 77 24
(TB)E 45 15 13 48 17

FRo6 HLRABE (V) BFEE (B). BYNEE (G). MR
2 (E). JAfAtE (v) KK (BIG) 5L EFMIBILEXTLL
Table 6 Comparison of hcp Y. Previous experimental and theo-
retical values for bulk modulus (B), shear modulus (G),
Young’s modulus (E), Poisson’s ratio (v) and B/G ratio

Method B/GPa G/GPa E/GPa B/G v
Present 4146 2544 6335 163  0.245
Exp.[* 41.16 2533 6305 163  0.245

(TB)E 24.44 16.23 39.87 1.51 0.228
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Y Concentration/at%

2 WY Zna s AR Y S ERE
Fig.2 Equilibrium lattice constant of W-Y binary alloys as a

function of Y concentration
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Table 7 Lattice constants (a), cell volumes (V) and placeholder
of optimized Y atoms of W-Y binary alloys
Optimized yttrium atom

Composition  a/mm  V/nm?

placeholder
Wie 0.31729 0.03194 -
WisYy 0.32025 0.03284 Arbitrarily
W1Y> 0.32286  0.03365 (000), (0.5, 0.5, 0.5)
WYy 0.32966 0.03583 Fig.1

WsgYs 0.35063 0.04311 Evenly dispersed placeholder
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Fig.3 Three elastic constants of W-Y binary alloys as functions

of Y concentration
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Fig.4 Bulk modulus (B), shear modulus (G) and Young’s modulus

(E) of W-Y binary alloys as functions of Y concentration
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Fig.5 B/G ratio and Poisson’s ratio (v) of W-Y binary alloys as

functions of Y concentration
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Fig.7 Density of states (DOS) of bcc-based WixYy: (2) WisY1, (b) WaaY2, (€) Wa2Y 4, and (d) W8Y8 (The energy is with respect to the Fermi level.

In the figure, W1-d, W2-d, Y-d and W-d represent Y nearest neighbor a W atom, Y farthest a W atom, a Y atom in the alloys and a pure

W atom, respectively)
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Mechanical Properties of W-Y Alloys by First-Principles Calculations

Jiang Diyou*?, Liu Sangiu®
(1. Nanchang University, Nanchang 330047, China)
(2. Jiangxi University of Technology, Nanchang 330098, China)

Abstract: The effect of yttrium contents on the fundamental mechanical properties of W-Y alloys was studied by the first-principles method based
on the density functional theory. The mechanical constants of W1.4Yx (x=0.0625, 0.125, 0.25, 0.5) alloys were calculated in solid solution model.
According to the calculated mechanical constants, the mechanical properties were analyzed. Results show that the elastic constants, bulk modulus,
Young’s modulus and shear modulus of W-Y alloys decrease non-monotonically with the increase of Y concentration, indicating that the doped Y
decreases the mechanical strength of W materials. Based on the mechanical characteristics, such as B/G, Poisson’s ratio v and Cauchy pressure C',
the ductility and toughness of the W-Y alloys are significantly improved with the increase of Y concentration. When the Y contents reaches 0.25,
the ductility and the deformation resistance of W-Y alloys are largely enhanced. Through the analysis of the density of states, W-Y alloy metallic
properties decrease and then increase as the concentration of Y increases.

Key words: first wall material; W-Y alloy; mechanical properties; first-principles; density function theory
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