o) EXCELENCIA
o SEVERO
C Tagl ) OCHOA

High velocity impacts on plasma facing materials.
Vacancies, He, He bubbles, & polycrystalline targets
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Plasma Facing Materials
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Evidence for high-velocity solid dust

generation induced by runaway electron
impact in FTU
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https://www.youtube.com/watch?v=56D2Bq9gN08
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[2] P. Dwivedi, A. Fraile, T. Polcar. J. Nucl. Mater. 594, 155042 (2024) 1
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https://www.youtube.com/watch?v=56D2Bq9gN08

Real Plasma Facing Materials / Radiation
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Fig. 16: Marian et al 2017. Fig. 14: Marian et al 2017.

[1J. Marian et al. Recent advances in modeling and simulation of the exposure and response of tungsten to fusion
energy conditions. Nuclear Fusion. 57, 9 (2017)



Defects / Vacs. He subs, He bubbles, T, D...
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[1] C.-W Nan, R. Birringer. Phys. Rev. B 57, 8264 (1998). [2] L. Hu et al. Appl. Phys. Lett. 111, 081902 (2017)



Real PFM

He & vacancies

He bubbles

Pxtal — W-fuzz ..
Alloys. SMART ...
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Smart Tungsten-based Alloys for a First Wall of DEMO Temperature dependent study of helium retention in tungsten fuzz surfaces



He & vacancies
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Fig. 1. Enthalpy vs T for different % of vacancies in W. Inset: estimated melting point vs % vacancies.



Total Dis. Length: 0 nm Sputtered Atoms: 0

(b) | ()

Velocity: 3500 m/s

Hypervelocity impacts: W on W i
Time: O ps

(a) The liquid-gas flow / sputtering regime and crater formation.
(b) Mechanical response of crystalline tungsten (<100> parallel to direction of impact).
(c) The Sputtered atoms during impact.




He & vacancies
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Fig. 2. Effect of vacancies & He substitutional atoms in Left) Crater depth, H.. Right) Crater
diameter, D.. v = 3 km/s, impactor size N = 17,153 atoms, diameter = 8 nm.



He & vacancies
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Fig. 3. Effect of vacancies & He substitutional atoms in Left) Crater volume, V., and Right)
Number of sputtered atoms. v = 3 km/s, impactor size N = 17,153 atoms, diameter = 8 nm.



He & vacancies
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Fig. 4. Effect of vacancies & He substitutional atoms in total dislocation length (TDL) in nm in the
target. v = 3 km/s, impactor size N = 17,153 atoms, diameter = 8 nm.



W + He Bubbles
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He bubbles




Total Dislocation Length
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Fig. 5. Total dislocation length (in nm) in W target with 4 different He bubbles (in size &
position). In all cases the ratio substitutional to vacancy is set to 1. Impact velocity v = 3 km/s.
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Crater Volume
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Fig. 6. Shock response of the W system with different number of He bubbles & voids in terms of
crater volume. Impact velocity 3 km/s. Blue dashed line = averaged value without He bubbles.
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Table 2. Hardness measurements in GPa, for all concentrations. size of grain (nm)
Size of Grain (nm) d=7.9 d = 8.5 d=9.1 d=10.5
Reduced elastic modulus E, (GPa) 497.25 42412 292.5 235.2
Hardness H (GPa) 54.7 42.58 26.51 24.73
Yield stress o, (GPa) 57.2 43.89 28.2 24.07

[1 T. Karafi et al. Effect of grain-size in Nanocrystalline W on hardness and dislocation density: A MD study. Crystals 2023, 13, 469.



W Pxtal*

V =3 km/s

* https://atomsk.univ-lille.fr/












o Almost like a SC?
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Fig. 7. Crater volume (divided by projectile volume) for different targets; SC and Pxtals.



W Pxtal / columnar

[1] A Lopez-Cazalilla et al. Comparative study regarding the
sputtering yield of nanocolumnar W surfaces under Ar+
irradiation. Phys. Rev. Mat. 6(7) 2022

[2] J. Suarez-Recio et al. Early stages of self-healing at W grain
boundaries from ab initio machine learning simulations.
Communications Materials. 6, 236 (2025)

[3] G Valles et al. Influence of grain boundaries on the radiation-
induced defects and hydrogen in nanostructured and coarse-grained
W. Acta Materialia. 122, 277-286 (2017)

[4] H. Zhu et al. Loading direction-dependent mechanical properties of

columnar polycrystal: A MD study. J. Mat. Eng. Perf. 30 1970-1980 (2021)
Neper: Polycrystal Generation and Meshing



Summary: Effect of ...

He subs & vacancies: moderate
He bubbles: moderate
Pxtal: moderate ?

- 1) Previous results are valid for real PFM
—->2) Explains agreement with experiments!2-!

[2] P. Dwivedi, A. Fraile, T. Polcar. J. Nucl. Mater. 594, 155042 (2024)
[3] P. Dwivedi, A. Fraile, T. Polcar. J. Nucl. Mater. 600, 155289 (2024)
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MD detalls

Target: 600 x 600 x 400 A3, up to 200 million atoms

Projectiles:
« Small = 2,331 atoms.
« Big=17,261 atoms

Velocities: 1-9 km/s (KE up to 312 keV).
Timestep: 0.1 fs

Total simulation times: 100-200 ps.
Computational time: 50,000 CPUN/ impact

Interatomic potentials: Marinica [4] and Olsson [5].

Both potentials are joined to the universal repulsive interatomic potential of Ziegler,
Biersack and Littmark (ZBL) at small interatomic distances.



[1] A. Fraile, P. Dwivedi, G. Bonny, T. Polcar, Nuclear Fusion. 62, 026034 (2022)
[2] P. Dwivedi, A. Fraile, T. Polcar. J. Nucl. Mater. 594, 155042 (2024)
[3] P. Dwivedi, A. Fraile, T. Polcar. J. Nucl. Mater. 600, 155289 (2024)
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Fig. 11. Shock response of the W system with different number of He bubbles and voids in terms of total dislocation
length (TDL) in the target. Impact velocity 3 km/s. Blue dashed line = averaged value with no He bubbles.



Magnetism Laboratory observations of impact-
generated magnetic fields

David A. Crawford & Peter H. Schultz

Department of Geological Sciences, Brown University, Providence,
Rhode Island 02912, USA

PHYSICAL REVIEW B 103, 094437 (2021)

Spin-lattice model for cubic crystals
PHYSICAL REVIEW B 105, 134430 (2022)

P. Nieves®,"" J. Tranchida®.” S. Arapan®,' and D. Legut®'
UT4Innovations, VSB - Technical University of Ostrava, 17. listopadu 217215, 70800 Ostrava-Poruba, Czech Republic

2Computational Multiscale Department, Sandia National Laboratories, P.O. Box 5800, MS 1322, Albuquerque, New Mexico 87185, USA
Atomistic simulations of magnetoelastic effects on sound velocity

P. Nieves®,"" J. Tranchida,” S. Nikolov,® A. Fraile®,* and D. Legut ®'
UT4Innovations, VSB - Technical University of Ostrava, 17. listopadu 217215, 70800 Ostrava-Poruba, Czech Republic
XCEA, DES/IRESNE /DEC, 13018 Saint Paul Lés Durance, France

*Computational Multiscale Department, Sandia National Laboratories, P.O. Box 5800, MS 1322, 87185 Albuquerque, New Mexico, USA
*Nuclear Futures Institute, Bangor University, Bangor, LL57 1UT, United Kingdom of Great Britain and Northern Ireland

[1] D. A. Crawford. Nature. 336 3 (1988)
[2] P. Nieves, J. Tranchida, S. Arapan and D. Legut. Phys. Rev. B 103, 094437 (2021)
[3] P. Nieves, J. Tranchida, S. Nikolov, A. Fraile and D. Legut. Phys. Rev. B 105, 134430 (2022)



Size-dependent melting point

d =6 nm (8,369 atoms) d=21nm (359,439 atoms)
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Size-dependent melting point
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J. Sun and S. L. Simon. The melting behavior of aluminum nanoparticles. Thermochimica Acta. 463: 32 (2007)



Semi-melted W particles
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Depending on T,
the particle is “semi-melted”



The thermal conductivities of various crystallographic orientation.

Crystallographic orientation [112] [110] [100] [111] [1 B. Fu et al. J. Nucl. Mat. 427
Thermal conductivity (W/mK) 17.33364 17.68689 17.28034 18.12303 (2012) 268-273




