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Fig.1 Spatial position (a, c, ¢) and atomic distributions (b, d, f) of the selected oriented crystal planes in Mo-Nb-W single crystal: (a-b) (110);
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Table2 Structure parameters of different oriented crystal planes of Mo-Nb-W single crystal
Crystal plane Interplanar spacing, d/nm  Distance between neighboring atoms, //nm  XRD full width at half maximum, FWHM/(°)
(110) 2.2351 a,ﬁa 0318
(111) 0.9103 2a 0.387
(112) 1.2882 a,\3a 0.319
Note: a-lattice constant
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Fig.2 XRD patterns of different oriented crystal planes of Mo-Nb-W single crystal: (a-b) (110); (c-d) (111); (e-f) (112)
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Fig.3  Nanoindentation load-displacement (P-4) curves (a-c) of the three oriented crystal planes at different strain rates: (a) (110),

(b) (111), and (c) (112); (d) the maximum load versus strain rate at the depth of 2000 nm
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Fig.7 Nanoindentation size effect characteristics of different oriented crystal planes under quasi-static loading mode (a) and continuous contact

stiffness mode (b)
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Table 3 Maximum load and corresponding indentation depth of (110), (111) and (112) oriented crystal planes under quasi-static

loading mode

Indentation depth under peak load/nm

Peak load/mN

(110) (111) (112)
10 248 233 256
20 401 375 409
50 719 689 735
100 1098 1055 1118
200 1658 1608 1692
500 2839 2692 2783
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Anisotropy Characteristics of Micro- and Nano-mechanical Propertiesand Strain Rate
Response of Mo-Nb-W Single Crystal

Yin Tao, Wang Baojian, Hu Zhongwu, Zhang Weiwei, Bai Wei, Ren Guangpeng, Guo Linjiang, Liu Yan, Zhang Wen,
Li Jianfeng
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Mo-based single crystal is a key material for nuclear power generation components in deep space exploration ships. Optimizing alloy
composition to achieve property improvement of single crystal materials is an important way to improve the power generation efficiency and
service life of nuclear power sources. A novel Mo-Nb-W single crystal was prepared by electron beam suspension zone melting method, and the
hardness (H), contact stiffness (S) and elastic modulus (E) of different oriented crystal planes were investigated by nanoindentation technique.
The results show that there is no pop-in phenomenon in the load-displacement (P-4) curves of the (111) crystal plane, and the plasticity index is
high, which indicates that the plasticity in <I111> direction is good. However, the pop-in steps appear in the P-4 curves of both (110) and (112)
crystal planes during nanoindentation, and the plasticity index is low, indicating that the plasticity in <111> and <112> directions is relatively
poor. The hardness of the measured oriented crystal planes is gradually increased with the increase in strain rate due to the shortened relaxation
time, while the contact stiffness and elastic modulus are slowly decreased as strain rate increases. There is significant anisotropy in the
mechanical properties of Mo-Nb-W single crystal, and the hardness is ranked as H11y>Ha10>H12). The order of contact stiffness and elastic
modulus are as follows: Saiy>Sa12>Sa10) and Eqiny>Eq127>Eq10). The hardness of these mentioned oriented crystal planes is gradually decreased
with the rise of indentation depth, and the (111) oriented crystal plane has the most obvious indentation size effect.

Key words. Mo-based single crystal; nanoindentation; anisotropy; strain rate; indentation size effect
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