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Real Plasma Facing Materials / Radiation

[] J. 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)

Fig. 16: Marian et al 2017. Fig. 14: Marian et al 2017.



Defects / Vacs. He subs, He bubbles, T, D…
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Real PFM

I W- He & vacancies

II W- He bubbles 

III W- Pxtal – W-fuzz .. 

IV W- Alloys. SMART … 



He & vacancies

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

3 % vacancies



Tm ~ 400 K lower





He & vacancies

Fig. 2. Effect of vacancies & He substitutional atoms in Left) Crater depth, Hc. Right) Crater

diameter, Dc. v = 3 km/s, impactor size N = 17,153 atoms, diameter = 8 nm.



He & vacancies

Fig. 3. Effect of vacancies & He substitutional atoms in Left) Crater volume, Vc, and Right)

Number of sputtered atoms. v = 3 km/s, impactor size N = 17,153 atoms, diameter = 8 nm.



He & vacancies

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



He bubbles
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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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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. 

Pressure dependent!



W Pxtal

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



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

W Pxtal*

V = 3 km/s









Almost like a SC?



W Pxtal
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Fig. 7. Crater volume (divided by projectile volume) for different targets; SC and Pxtals.  

d : average grain diameter  

n : number of grains.  



W Pxtal / columnar
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He subs & vacancies: moderate

He bubbles: moderate

Pxtal: moderate ?

1) Previous results are valid for real PFM

2) Explains agreement with experiments[2,3]

Summary: Effect of … 

[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 details

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 CPUh/ 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.

400 Å
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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
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Size-dependent melting point 

d = 6 nm (8,369 atoms) d = 21 nm (359,439 atoms)

Tm  0.8 TmB Tm  TmB

30



Size-dependent melting point 

TMB = Bulk Melting temperature

σsl = solid–liquid interface energy

Hf = Bulk heat of fusion

ρs = density of solid

d = particle diameter 
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Semi-melted W particles

R_liq

R_sol
Depending on T, 

the particle is “semi-melted”
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[] B. Fu et al. J. Nucl. Mat. 427 
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