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First-principles study of mechanical properties of BCC metals
tungsten and molybdenum under high pressure

HAO Lu-Yao, LIU Rui-Ping , ZHAO Wan-Tong , BAI Hui-Fang ,
DI Mao-Yun, YANG Zhi, XU Li-Chun, LI Xiu-Yan
(College of Physics and Optoelectronics, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; By using the first-principles method based on the density functional theory, the volumes, elas-
tic constants, elastic moduli and the phonon dispersion curves as well as the generalized stacking fault
energies of bee metals W and Mo have been investigated at the pressures from 0 to 100 GPa, and the me-
chanical stability, the brittle-ductile properties and the shear deformation of the two materials have also
been studied at the same pressure. Firstly, by calculating the elastic constants of the two materials at
the pressures from 0~100 GPa, it is found that the elastic constants of each material satisfy the condi-
tions of mechanical stability, moreover, the frequency of the phonon dispersion curves at 100 GPa is
positive and there is no imaginary frequency, therefore, both the structures of the W and Mo are me-
chanical stable at the pressures from 0~100 GPa. Besides, through analyzing the ratio of the bulk modu-
lus and the shear modulus, it is found that the high pressure can make the ductility of the W and Mo
stronger, and the ductility of Mo is better than that of W. Finally, the generalized stacking fault ener-

gies, shear moduli Gy, along the <<111> direction and the anisotropy ratios A of the two materials are

B 2017-11-07

EETB: HEKARPHARES T F R4 (51401142)

EZ B A ML (1992, L, IPERFEA, B+, EFZEMNFEIRESIE bee )8 S MEFBIS. E-mail: luyachao0321@qq. com
BRAEE : XM, E-mail: liuruiping@ tyut. edu. cn



1042 Wl K FROEARFF ) % 55 %

all investigated and it is found that, both the generalized stacking fault energies and Gy, as well as A all

increase when the pressure becomes higher, and the value of A is very close to 1 at 100 GPa, all these

indicate that the high pressure makes the shear deformation become more difficult and the weakens the

anisotropy of W and Mo.
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Fig. 1 The schematic diagram of the geometry struc-

ture of the [1117] (110) slip system. The vec-
tors a,and a; are repeated on the (100) plane
and are equivalent to the original lattice vector,
a; is the vector of the distorted cell along the
[110] direction and u is the slip vector
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Tab. 1  The lattice constants, elastic constants and the

corresponding experimental valuest®' and theoret-

ical values'® 22?5 of the bee metals W and Mo un-

der zero pressure

a/A  Cn/GPa C1,/GPa Cy/GPa

data in this study 3.172 528.2 201.6 135.6
Expt. [21] 3.165 532.6 205.0 163. 1
Bercegeay'?2] 3.171 502. 6 213.6 145.9

Kocit?3J 3.183 513 199 140
Zhang!®] 3.18 511.1 201.2 134.7
Ehemann!?*) 3.189 513 199 142

data in this study 3. 147 490. 9 160. 0 100. 5

Expt. [21] 3.150 463 158 107
Mo .

Koci-23! 3.175 463 163 103

Mengl?3/ 3.153 449. 8 169.7 96. 2
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Fig. 2 The relationships between the volume and the pressure of bce metals W(a) . Mo (b) and the corre-

sponding experimental”**") and theoretical calculating values'
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Fig. 3 The elastic constants of beec metals W (a) and Mo (b) as a function of pressure, the dotted line and
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Fig. 4 The phonon dispersion curves of bce metals W (a), Mo (b) at 0 and 100 GPa. The black dot re-

presents the experimental result measured by the inelastic neutron scattering method °-%!
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Tab. 2 The ratios of the bulk modulus to the shear modulus (B/G), the shear moduli in the <<111>> direction and the ani-

sotropy ratios A of the bee metals W and Mo at different pressures

A Mo
Pressure/GPa B/G Gi11/GPa A B/G G11/GPa A

0 2.004 166. 400 0. 817 2.199 143.567 0. 606
10 2.024 180. 100 0. 834 2.243 154.933 0.636
20 2.044 192. 300 0.851 2.276 165.133 0. 666
30 2.065 200. 433 0. 886 2.297 174.733 0. 697
40 2.079 214.067 0. 883 2.319 183. 667 0.726
50 2.095 224.800 0. 894 2.336 192. 700 0. 750
60 2.105 235.900 0.903 2.359 201.433 0.765
70 2.115 247.000 0.908 2.385 209.533 0.779
80 2.135 255.700 0.939 2.410 216. 400 0.796
90 2.136 267.400 0.922 2.438 222.133 0.812
100 2.153 276. 200 0.929 2.463 227.833 0.824
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