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Dislocation Plasticity:

The embedded-atom-type potential developed by Xu [5] is utilized to simulate a single crystal of HfNbTaTiZr 

with a lattice constant of 𝑎0 = 0.3404 nm. A layer of atoms serves as the piston, accelerating along the 

z-direction at three different velocities: 0.8 km/s, 1.2 km/s, and 1.6 km/s. The single crystal undergoes shock 

until the shock waves reach the free surface. A corresponding dump file, recorded shortly before impact, 

marks the start of the recovery simulation. OVITO is employed to investigate the spall and microstructure, 

with the latter being analyzed using Polyhedral Template Matching.

Phase Transformation:

PTM is used to colorize the microstructure locally during spall. The colors are as follows: red (hcp), blue 

(bcc), green (fcc), and light grey (other).  

Motivation:

High-entropy alloys show promising mechanical properties, such as good ductility, corrosion resistance, and 

high yield strength. The connection between microstructures and compositions with their properties is already 

extensively investigated for compression [1, 2], tension [3], and indentation [4], but their high-pressure 

properties aren’t. To advance our understanding, we studied the Senkov alloy (HfNbTaTiZr) under shock 

compression in LAMMPS.

Simulation-process visualized using snapshots from shock- and recovery simulations. The arrow shows the 

travel direction of the shock wave. The black lines indicate the simulation volume, and the shock moves from 

bottom to top.

Simulation-Process:

Shock Recovery
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Twin Development:

Snapshots on the left show the twin variants development colored in the bcc phase using 0.8 km/s piston 

velocity. The misorientation angle is set in comparison to the original bcc variant.
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Dislocation Plasticity:

Summary:

1. Twinning is an important plasticity mechanism, in particular for the smaller piston velocities.

2. Phase transformations play an essential role in setting up the twin structure.

3. The bcc phase also transforms into close-packed structures: fcc and hcp.

4. In contrast, dislocation plasticity is of minor importance. While dislocations do occur at the interfaces of 

twin variants, long line segments within the forming nanocrystals are rare.

5. Free dislocation segments preferentially feature screw rather than edge character in the relaxed phase 

after shock compression.

6. HEA complexity does not reflect increased spall resistance. The calculated values are smaller compared 

to Ta.
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