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Fig. 1 Creep curves of W-4Re-0.27HfC alloy at creep stress of 40 MPa
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Table 1 Creep properties and grain state parameters of W-4Re-0.27HfC alloy

Stress/  Steady-state creep  Creep Grain Deformed Recrystallized Substructured
Creep temperature/°C 5 1 . . . . . . . .
MPa rate/x107 s” time/h  size/um  grain proportion/%  grain proportion/%  grain proportion/%
1800 40 9.8 1.96 234 0.7 423 57.0
1900 40 10 1.6 25.0 0.5 383 61.2
2000 40 21 0.92 27.3 0.4 47.7 51.8
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Fig.2 Kernel average misorientation (KAM) of W-4Re-0.27HfC alloy after creep at different temperatures: (a) as-received, (b) 1800 °C,

(c) 1900 °C, and (d) 2000 °C
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Fig.5 Fracture morphologies of W-4Re-0.27HfC alloy after creep at different temperatures: (a) 1800 °C, (b) 1900 °C, and (c) 2000 °C;
morphology and EDS element mappings of second-phase of W-4Re-0.27HfC alloy after creep at 2000 °C (d)
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Fig.7 XRD patterns of W-4Re-0.27HfC before and after creep
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Fig.8 Hardness of W-4Re-0.27HfC before and after creep and heat
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Ultra-High Temperature Creep Properties and Failure Mechanism of W-Re-HfC Alloy

Zheng Zhenghui', Lai Chen', Dong Liran', Dong Di’, Xiong Ning’, Wang Ying', Miao Guowei',
Zhang Yingxiao', Wang Jinshu'
(1. School of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)
(2. ATTL Advanced Materials Co., Ltd, Beijing 100094, China)

Abstract: The creep properties of W-4Re-0.27HfC (wt%) alloy at temperatures of 1800, 1900, and 2000 °C was investigated by SEM, EBSD, and
density functional theory (DFT). The grain size, grain type, dislocation density, fracture morphology, and the mechanism of creep failure of
W-4Re-0.27HfC alloy ware analyzed after creep at different temperatures. The results indicate that the steady-state creep rates at creep
temperatures of 1800, 1900 and 2000 °C are 9.8x10°, 1.0x107, and 2.1x10° s”, respectively. With the increase in creep temperature, the
proportion of low-angle grain boundaries decreases while the proportion of high-angle grain boundaries increases, resulting in the increase in
average grain size. During the creep process, grain undergoes plastic deformation, forming numerous ductile dimples. The poor deformation
compatibility of high-angle grain boundaries leads to the formation of voids, accelerating creep failure. EDS results illustrate that the HfC particles
in W-4Re-0.27HfC alloy are oxidized severely. DFT calculations show that the interface binding energy between HfC and matrix decreases from
—11.221 J/m® to —3.935 J/m” after HfC oxidation, reducing the strengthening effect of the second phase.

Key words: W-Re alloy; creep property; creep failure; second-phase particle
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