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High-temperature dislocation climb 5 0 Dy 6x107
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Table 2 Summary data for creep in refractory metals and alloys

TR KRR 0 Q/K¥/mol RARERES  SEXM

W 1377/50MPa 4.2-74 360-620 1.2x107-8.5x10°¢ [26,32]

Mo 1400°C/60MPa 3.98~5.0 240-369 8.3x108-5.1x10° [34,36]

Ta 1300°C/70MPa 5.0 380-410 3.6x108-2.8x10° [37,38]
Nb(E R ) 700°C/30MPa 3.5 288+22 5.2x107-3.1x10° [38]
Nb({ERz 1) 700°C/10MPa 1.0£0.2 140+27 1.8x10%-9.5x107 [38]
W-4Re-0.27HfC 1800°C/60MPa 4.04 372.4 2.3x107 [52]
Mo-Lax0; 1200°C/80MPa 11-20 430~760 8.5x107-3.6x107 [55]

ASTAR-811C 1315°C/103MPa / / 1.8x10°® [57,58]
C103 1650°C/100MPa 3.4 340447 5.6x107 [60]
HfNbTaTiZr 1150°C/20MPa 2.5-2.8 273+£15 2.1x1077 [65]
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The progress research of creep property in refractory metals and alloys
Tian Xin !, Hanyu Zheng!, Chang Xin!, Xiaohui Lin!, Jing Liang !, Xuanqgiao Gao', Li Huang!, Wen Zhang !
(1.Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: This paper systematically reviews the creep properties and core mechanisms of refractory metals (W, Mo, Ta, Nb), their alloys, and
refractory high/medium-entropy alloys. Creep, as a slow plastic deformation under constant stress at high temperatures, is regulated by the
homologous temperature (Tu). When T < 0.3, it is dominated by dislocation glide; when 0.3 < Ty < 0.5, it is controlled by the competition between
strain hardening and recovery; when TH > 0.5, it exhibits three-stage creep, with the role of diffusion becoming increasingly prominent as temperature
rises. Among classical creep models, the power-law model is the most widely used. Through the stress exponent (n) and activation energy (Q), it can
roughly distinguish dominant mechanisms such as diffusion creep (n=1), dislocation climb (n=5~7), and solute drag creep (n=3). The creep of pure
refractory metals mostly follows the power-law relationship. The n values of W, Mo, and Ta are mostly between 3 and 7, and their activation energies
are related to lattice diffusion or dislocation core diffusion. In contrast, fine-grained Nb exhibits a dual mechanism dominated by power-law creep
and vacancy generation depending on stress. In alloy systems, W-Re-HfC, Mo-La:0s, and others improve creep resistance through precipitation
strengthening; the creep performance of the Ta-based alloy ASTAR-811C depends on grain size; and the Nb-based alloy C103 is controlled by the
solute drag mechanism. Among refractory high/medium-entropy alloys, the HfNbTaTiZr system is mainly governed by the solute drag mechanism.
Similarly, in the WMoTaNbD system, the increase in W content can enhance creep resistance through the solute drag effect. Overall, the factors
affecting creep performance include intrinsic factors such as composition and structure, as well as extrinsic conditions such as stress, processing
technology, and service environment. This paper provides theoretical support for the application of refractory metals in high-temperature extreme
scenarios and offers guidance for the design of high-performance materials.
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