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Abstract: Refractdry high-entropy alloys (RHEAS) are key structural materials for aerospace and weaponry
components operating under extreme thermomechanical coupling conditions, owing to their outstanding high-
temperature stability and mechanical properties. However, their dynamic behaviors under combined wide-
temperature (77.15-1373.15 K) and high-strain-rate (0.001-7300 s™') loading remain poorly characterized. The
relationship between macroscopic responses and microstructural evolution is not yet fully understood, and the

conventional Johnson—Cook (J-C) model fails to capture the temperature—strain rate coupling effects, thereby
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limiting their engineering applications. An equiatomic single-phase body-centered cubic (BCC) WNbMoTaV
RHEA was fabricated by vacuum arc melting with five remelts to ensure chemical homogeneity. Quasi-static
tensile tests were conducted at 77.15 K, 173.15 K, and 293.15 K at a strain rate of 0.001 s™'. Dynamic
compressive tests were performed using a split Hopkinson pressure bar (SHPB) system at six temperatures and
four loading velocities. A multi-scale characterization approach, combining scanning electron microscopy
(SEM), electron backscatter diffraction (EBSD), and high-resolution transmission electron microscopy
(HRTEM), was employed to elucidate the deformation and damage mechanisms. A modified J-C model,
incorporating regression coefficients for the strain-rate hardening term and a temperature—strain rate coupling
correction, was developed and validated via finite element simulations using a user-defined material subroutine
(UMAT). The results show that the alloy exhibits pronounced temperature softening and strain-rate hardening.
At a fixed loading velocity, the strain hardening rate decreases monotonically with iner€asiigtemperature, with
the value at 77.15 K being only 68.5% of that at 1373.15 K. A consistently high fragtion of high-angle grain
boundaries (HAGBs, =75% across all temperatures) underpins its exceptional Widestemperature stability: low-
temperature strengthening arises from subgrain refinement and dislocation walkascimulation, while dynamic
recrystallization dominates plastic deformation at 1373.15 K. The medified_model accurately reproduces the
evolution of the strain hardening rate with temperature, with prediction etters ranging from 8.0% to 12.5%.

Keywords: WNbMoTaV RHEA; microstructural evolution; J-C constitutiye correction finite element method
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Fig.1 The WNbMoTaV RHEA after preparation completion
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Fig. 4 SEM scanning results of the fracture surface
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Fig .7 The SEM observation results, (A—C) Fracture micromorphology of the specimens collected at the loading velocity of 15
m/s and experimental temperature of 77.15 K. (D—F) Fracture micromorphology of the specimens collected at the loading

velocity of 15 m/s and experimental temperature of 1373.15 K
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Fig .8 EBSD images of the WNbMoTaV RHEA under a loading velocity of 15 m/s at different experimental temperatures
TR0 2 N IR B A 4 R AR A A 2R 5 SRR TR B IR O, 1 9(a)dE s TR (77.15K) 5
MU i e (SR NN A K AR DA 2 B e el [ B PN A7 A 1 03| B I AT B 13 s K DA B RS A L o
MG S5 8 ARIR TOL -3 s R RS B 2 ~20um 4510 —8, frESiE 2 2188 R0E S0 a3
HERUEFITE a2, 9(b)H BCC (110155 i I i M 25 SUE B 72 A5 0.22nm A1 0.14nm,  JBOK 5
() DX e s T T 10 L DR S S e R S R P AR R 2 4, DS E L R A o 1 it i B ) 22 5
= AR /N EENE R B 2 EBSD Y LAGB R 7 R EFAREL, RN G5 —MR)™ 4, SAED 2
Bl BCC S5 MR DR s HESEAFAE R ROR B, SR AR KB AR S L, (B BIRECR BN )s &
HOPERZ RS R T RS B 9(o)Ean 1 s (1373.15K) 5l A& EH TS HESRES
WIEZE R EAE, 45 ST A it i R OS2 1K) HAGB, A B A AR 00N [ 8 5 R e 9E 25
ik, 5B 8 MR LA AR 5 Eh S A BB e — 8L (E15 WN HEA £ il T
B H AR S, B 9(d)H BCC [ 110] 4 M f A% 2 LR EE 433 2 O. 0.24nm, fr4H%
R RS, AT T

Matrix * ; o™ )

5nm.

(b) Atomic-Scale Lattice and SAED Structural
Characteristics(77.15K)

(c) Characteristics of Substructure and Deformation Bands (d) Atomic-Scale Lattice and SAED Structural
(1373.15K) Characteristics(1373.15K)
9 WNbMoTaV RHEA ] HRTEM 5% [X B FA75F (selected area electron diffraction, SAED) (v=15m/s)
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Tab. 2 J-C model parameters of WNbMoTaV RHEA
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Tab. 3 The regression coefficients for the strain rate hardening term.
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