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Fusion reaction in tokamaks: 2D + 𝟑𝐓 → 4He 3.5 MeV + 𝑛 (14.1 MeV)

It needs Tritium which is Not abundant on earth

⇒ Tritium needs to be breeded on site

2

Context: Tritium retention and breeding
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Fusion reaction in tokamaks: 2D + 𝟑𝐓 → 4He 3.5 MeV + 𝑛 (14.1 MeV)

It needs Tritium which is Not abundant on earth

 ⇒ Tritium needs to be breeded on site with lithium
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Context: Tritium retention and breeding

𝑛 + 6Li → 3T + 𝛼 + 4.8 MeV

𝑛 + 7Li → 3T + 𝛼 + 𝑛′
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WCLL concept

Water Cooled Lithium Lead
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Context: Tritium retention and breeding

Tritium is Not abundant and it is RADIOACTIVE (β- 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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WCLL concept
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𝑐m (m-3): Interstitial Tritium

𝑐t,𝑖 (m
-3): trapped Tritium in type trap 𝑖

𝑛𝑖 (m
-3): trap of type 𝑖

H/D diffusion-trapping model in the Bulk

𝜕𝑐m

𝜕𝑡
=

𝝏

𝝏𝒙
(𝑫 𝑻

𝝏𝒄𝐦

𝝏𝒙
) − σ𝒊

𝝏𝒄𝐭,𝒊

𝝏𝒕
+ 𝑺(𝒙)

𝜕𝑐t

𝜕𝑡
= 𝝂𝐭 𝑻 𝒄𝐦 𝒏𝒊 − 𝒄𝐭,𝒊 − 𝝂𝐝𝐭 𝑻 𝒄𝐭  − 𝑨𝒊𝒄𝐭,𝒊 

𝜕𝑛𝑖

𝜕𝑡
= 𝚽𝑲 𝟏 −

𝒏𝒊

𝒏𝐦𝐚𝐱,𝚽
− 𝑨𝒏𝒊 

Implemented in the Open Source Code FESTIM
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Tritium transport in materials: governing equations

Thermally activated processes

𝜈 𝑇 ∝ exp −
𝐸𝑖→𝑗

𝑘𝐵𝑇

Delaporte-Mathurin et al, IJHE (2024)

Dark et al, NF (2024)

detrapping

Trappingdiffusion

Creation by 

neutron
Annealing
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Geometry of the WCLL First Wall 

Plasma

(Tritium and HEAT)

3T

3T

3T

3T

3T

Breeded Tritium

Eurofer

Tungsten

Lead lithium

𝑇cool = 585 K

𝜙inc,plasma = 5 × 1019 m2s-1

𝜙heat,plasma = 0.5 MWm-2
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Geometry of the WCLL First Wall 

Eurofer

Tungsten

Lead lithium
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Plasma

(Tritium and HEAT)

3T

3T

3T

3T

3T

Breeded Tritium

𝑇cool = 585 K

𝜙inc,plasma = 5 × 1019 m2s-1

𝜙heat,plasma = 0.5 MWm-2

Tritium transport (diffusion, advection)

Themal transport

Fluid Dynamic (CFD) including 

MagnetoHydro Dynamics (MHD)

Tritium transport (diffusion, trapping)

Trap creation

Themal transport
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Geometry of the WCLL First Wall 

Plasma

(Tritium and HEAT)
mol/m3

Temperature (K)

Tritium concentration 

𝑇cool = 585 K

𝜙inc,plasma = 5 × 1019 m2s-1

𝜙heat,plasma = 0.5 MWm-2

Results of 3D multi-physics model

(Tritium and thermal transport CFD with MHD) 
Eurofer

Tungsten

Politecnico di Torino:

G. Ferrero and R. Testoni
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Simulations of self-damaged tungsten to mimic accumulation of neutron damage
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Model parametrization: Tungsten

Detrapping energy

native 1 0.85 eV

native 2 1.00 eV

Small Vacancy 

clusters
1.15 eV and 1.35 eV

Medium Vacancy 

Clusters
1.65 eV and 1.85 eV

Big vacancy 

Clusters and Voids 
2.05 eV

2 W models

Wud: Undamaged W with only native traps

Wd: damaged W with all traps 

Model from J. Dark et al, NF (2024)

𝐸diff = 0.2 eV

T. Schwarz-Selinger et al, Mater. Res. Express (2023)
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Simulations of TDS and permeation of gas exposed Eurofer
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Model parametrization: EUROFER

Detrapping energy

native 1 0.51 eV

F. Montupet-Leblond et al, NME (2021)

Permeation analysis with 𝐷eff(𝑇) 

𝐸diff = 0.16 eV
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Simulations of TDS and permeation of gas exposed Eurofer
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Model parametrization: EUROFER

Detrapping energy

native 1 0.51 eV

native 2 1.27 eV

Native 3 1.65 eV

2 Eurofer models

E1t: Only native trap 1 (From simple permeation analysis) 

E3t: all 3 traps (adding high 𝐸dt)

F. Montupet-Leblond et al, NF (2022)

F. Montupet-Leblond et al, NME (2021)

Simulation of TDS 

and Permation 

𝐸diff = 0.16 eV
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4 First Wall models:

 Undamaged W (2 traps) and Eurofer with 1 trap

 Undamaged W (2 traps) and Eurofer with 3 traps

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

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

Plasma

(Tritium and HEAT)

Reference model

J. Dark et al, NF (2021)
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Tritium spatial distribution: 2D fields

Wud

Eurofer 1t

plasma

breeder

plasma

breeder

107
 s ~ 115 days 

continuous exposure
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Tritium spatial distribution: 2D fields

Wud

Eurofer 1t

plasma

breeder
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breeder

107
 s ~ 115 days 

continuous exposure

Wd at 1 dpa/fpy

Eurofer 1t
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Tritium spatial distribution: 2D fields

Wud

Eurofer 1t

plasma

breeder

plasma

breeder

107
 s ~ 115 days 

continuous exposure

Wud

Eurofer 3t
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Tritium spatial distribution: 2D fields

Wud

Eurofer 1t

plasma

breeder

plasma

breeder

107
 s ~ 115 days 

continuous exposure

Wd at 1 dpa/fpy

Eurofer 3t
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Tritium inventory

𝐼T = 𝑚T න
Ω

𝑐m + 

𝑖

𝑐t,𝑖 𝑑𝑥𝑑𝑦 plasma

breeder

107
 s ~ 115 days 

continuous exposure

Adding the damaged traps in W

  ⇒  𝐼T × 𝟒𝟎𝟎𝟎

Considering 3 traps in Eurofer

 ⇒ 𝐼T × 𝟏𝟖𝟎𝟎

Damage traps in W + 3 traps in Eurofer

 ⇒ 𝐼T × 𝟓𝟕𝟎𝟎

Wud

E1t

Wdam

E1t

Wdam

E3t

Wud

E3t
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Tritium inventory

𝜑T,perm = 𝑚T න
𝜕Ω

−𝐷 𝑇 ∇𝑐m ⋅ 𝒏 𝑑𝑙 plasma

breeder

107
 s ~ 115 days 

continuous exposure

Adding the damaged traps in W

small (~100 s) delay on permeation

Considering 3 traps in Eurofer

huge (~1 day) delays on permeation

Damage traps in W + 3 traps in Eurofer

almost no permeation
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Significant impact of W damage traps and native traps in Eurofer

W damage traps + 3 traps in Eurofer ⇒ Tritium retention ×5700 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 

What are the neutron damage in Eurofer?

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

22

Conclusions and perspectives

T Retention T Permeation

W damage traps Huge increase (× 4000) Slight delay (100 s)

3 traps in Eurofer (high 𝐸dt) Increase (× 1800) Significant delays (1 day)

A. Theodorou HWS Chamonix (2024)

F. Montupet-Leblond at IRFM (in progress)

Ireversible traps:

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

Wud

Eurofer 1t

plasma

breeder

plasma

breeder

107
 s ~ 115 days 

continuous exposure

Wd at 1 dpa/fpy

Eurofer 3t

Wud

Eurofer 3t

Wd at 1 dpa/fpy

Eurofer 1t
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