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Abstract: In order to solve the problems of intrinsic brittleness and low room temperature plastic
toughness of the refractory high-entropy alloy WNbMoTaV used as the material for the slide shoe
of hypersonic rocket skids, first-nature principle calculations are conducted to investigate the
influence mechanism of the substituting elements Ti, Zr, Hf and Sn on the plastic toughness
performance of the high-entropy alloy for the oxidizable and less plastic W element. The seven
phase formation law parameters and cohesion energy of the (Ti/Zr/Hf/Sn/W) NbMoTaV alloys
are calculated by theoretical equation and it is determined that the NbMoTaV alloy is a stable and
single BCC structure. Then corresponding models are constructed to calculate the elastic
properties of these five refractory high-entropy alloys. Calculation results of elastic constants,

Poisson’s ratio v, Pugh’s ratio k£, Corsi pressure C;, —C,, s Zener anisotropy coefficient A* and
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( Ti/Zr/Hf ) NbMoTaV decreases

significantly in strength, increases slghtly in plasticity and decreases slightly in anisotropy, but

Chung-Buessem anisotropy coefficient A® show that

increases in shear anisotropy compared with that before the W replacement. When W is replaced
by Sn the strength and plasticity of the material decrease slightly, the anisotropy increases, and
the shear anisotropy decreases obviously. The reason for these phenomenons obtained from the
density analysis of states is that Ti, Zr, Hf and Sn decrease the bonding stability and covalency of
the alloy material, and thus decrease the theoretical strength. This study provides theoretical
reference for composition design, performance improvement and further engineering applications
of refractory high-entropy alloys.
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Fig. 1 An experimental platform for rocket sled
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Fig. 2 Cell structure of TiNbMoTaV high entropy alloy
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Table 1 Calculation results of the phase formation parameters of the alloys
&4 8/ % AH.io/(kJ » mol ') AS../(J+ (K+moD) ") 0 AX b4 v
WNbMoTaV 3.6 —4. 64 13. 386 8.542 0. 230 1. 105 5.4
TiNbMoTaV 3.7 —2.56 13. 386 13. 659 0. 241 1. 105 5.0
ZrNbMoTaV 4.9 —2.56 13. 386 13. 852 0.278 1. 150 5.0
HI{NbMoTaV 4.9 —1.92 13. 386 18.997 0. 285 1. 150 5.0
SnNbMoTaV 4.7 0.32 13. 386 97. 243 0. 249 1. 139 5.0
K2 SeRERARMITASLER
Table 2 Calculation results of energy and cohesion energy of the alloys
PO E./eV E./(eV « atom ")
BCC &5 #4) FCC 5 #4 BCC 514 FCC &5 #4)
WNbMoTaV —660. 443 —658. 683 —7.208 —7.179
TiNbMoTaV —595. 262 —593. 988 —6.589 —6.567
ZrNbMoTaV —599. 486 —598. 274 —6.724 —6.704
HI{NbMoTaV —618.562 —617. 050 —6.790 —6.765
SnNbMoTaV —544. 487 —531. 173 —6. 050 —5.828
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Table 3 A comparison of the elastic properties of the alloys between calculation results and the results in literature
B4 C,,/GPa C,,/GPa C,,/GPa B/GPa Gr/GPa Gv/GPa G/GPa
WNbMoTaV 341. 226 164. 397 50. 623 223. 340 61.063 65. 740 63. 402
WNbMoTaV! 392. 700 160. 100 57.600 234.000 81. 100
TiNbMoTaV 259. 043 137. 548 33.033 178. 046 40. 407 44.119 42.263
TiNbMoTa V™! 64. 920
ZrNbMoTaV 231. 457 125. 357 25. 280 160. 723 31. 975 36. 388 34. 181
HINbMoTaV 238.986 135.273 32.905 169. 844 38.539 40. 486 39.512
SnNbMoTaV 224.793 141. 377 54.724 169. 182 48. 651 49.518 49. 084
&4 E/GPa v k H/GPa C; —C,, /GPa A* AY
WNbMoTaV 173.762 0. 370 3.523 5.481 113.774 0.573 0.037
WNbMoTaV™" 218. 000 0. 345 2.890
TiNbMoTaV 117.493 0. 390 4.213 3.099 104. 514 0. 544 0. 044
TiNbMoTa V™" 0. 348
ZrNbMoTaV 95. 756 0. 401 4.702 2.263 100. 077 0. 477 0. 065
HI{NbMoTaV 110. 006 0.392 4. 299 2. 844 102. 368 0. 635 0.025
SnNbMoTaV 134. 268 0. 368 3.447 4.328 86. 652 1.312 0. 009
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Fig. 3 Density of state of alloys and their constituent elements
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