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Context: Tritium retention and breeding

Fusion reaction in tokamaks: 2D 4+ 3T — *He (3.5 MeV) + n (14.1 MeV)
It needs Tritium which is Not abundant on earth

= Tritium needs to be breeded on site




Context: Tritium retention and breeding

Fusion reaction in tokamaks: 2D 4+ 3T — *He (3.5 MeV) + n (14.1 MeV)
.. ) ; 67 : 3
It needs Tritium which is Not abundant on earth n+ 'Li » "T+a+4.8MeV
= Tritium needs to be breeded on site with lithium n4+ “Li » 3T+ a4+ n’

WCLL concept
Water Cooled Lithium Lead

. Tungsten

Lead lithium

. Eurofer




Context: Tritium retention and breeding

WCLL concept
Water Cooled Lithium Lead

. Tungsten

Lead lithium

. Eurofer
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Tritium is Not abundant and it is RADIOACTIVE (B~ emitter max 18 keV)
= premeation and retention is a Safety Issue for fusion reactors: 700 g limit in ITER Vacuum Vessel

Modelling Tritium in Fusion materials is important
for predicting Tritium sustainability and safety
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Tritium transport in materials: governing equations

® 0 0 ¢
detrappin
A & A& A 4

cy (M3): Interstitial Tritium

cy; (M3): trapped Tritium in type trap i '
diffusio

n; (M3): trap of type i s

H/D diffusion-trapping model in the Bulk
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Geometry of the WCLL First Wall
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Geometry of the WCLL First Wall

Tritium transport (diffusion, trapping)
Trap creation
Themal transport
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GeomEtry of the WCLL First Wall Politecnico di Torino:
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Model parametrization: Tungsten

T. Schwarz-Selinger et al, Mater. Res. Express (2023)

Simulations of self-damaged tungsten to mimic accumulation of neutron damage
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Model parametrization: EUROFER reo
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Simulations of TDS and permeation of gas exposed Eurofer

F. Montupet-Leblond et al, NME (2021)
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Permeation analysis with D.¢(T)
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Model parametrization: EUROFER

First TDS, up to 873 K
x Second TDS, up to 1273 K
------ MHIMS TDS up to 1273 K
—— MHIMS interrupted TDS, part 1
—— MHIMS interrupted TDS, part 2
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Model parametrization

4 First Wall models: Reference model
] J. Dark et al, NF (2021)
— Undamaged W (2 traps) and Eurofer with 1 trap
- Undamaged W (2 traps) and Eurofer with 3 traps
Plasma

(Tritium and HEAT) Damaged W (2+5 traps) and Eurofer with 1 trap
—

Damaged W (2+5 traps) and Eurofer with 3 traps

—
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3. Conclusions and perspectives
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Tritium spatial distribution: 2D fields

Tritium concentration (m~3)
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Tritium spatial distribution: 2D fields
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Tritium spatial distribution: 2D fields
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Tritium spatial distribution: 2D fields
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Tritium inventory
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Tritium inventory
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Conclusions and perspectives

Significant impact of W damage traps and native traps in Eurofer

_________________|TRetention

W damage traps Huge increase (x 4000) Slight delay (100 s)
3 traps in Eurofer (high E4¢) Increase (x 1800) Significant delays (1 day)

W damage traps + 3 traps in Eurofer = Tritium retention x5700 and almost no permeation
Trapping models can significantly affect the overall tritium cycle and self-sufficiency [Meschini et al, NF (2025)]
Perpectives

Validate the existence of high detrapping energy trap in Eurofer with more experiments
A. Theodorou HWS Chamonix (2024)
F. Montupet-Leblond at IRFM (in progress)

What are the neutron damage in Eurofer?

Can the high Eg4; traps in Eurofer (and W) be saturated with H or D?

Ireversible traps:

F. Montupet-Leblond et al, NF (2022) -
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Tritium spatial distribution: 2D fields
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