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1) Impurity Production
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2) Atomic Displacement
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2) Atomic Displacement

Interstitial A& Substitutional atom
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Stress states around an edge dislocation
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http://upload.wikimedia.org/wikipedia/commons/5/57/Vector_de_Burgers.PNG

« Temperature dependency of shape of dislocation loops

Fe-8Cr Irr. 420C 7.5~107-5[dpals]
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Flower shape (420°C, Fe-8Cr-1) General shape (380°C , Pure Fe)

Courtesy of Bumsu Park
(Hokkaido University)
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MD simulation of a displacement cascade
produced by a 10 keV primary knock-on atom
in an fcc lattice
(Ghaly and Averback)




3) Ionization
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Physical Phenomena in Radiation Effects

Nano/microstructure &

o A \rradiation temperature, -3 local chemistry changes;
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Timescale
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Fusion materials




Radial Build in Fusion Reactors

Vacuum

|‘7 Blanket4>| Shield vessel

Radiation é X

NeutroS —_E )%? "
A £

First Wall »/ a\

Coolant for energy Magnets
Tritium breeding zone conversion
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Vacuum

’4— Blanket4>‘ Shield /vessel

—> ——

- Blanket Structural - —

material \\AA f—
- FM steel (ODS steel) Neutrons
- V-alloy First Wall // X
- SiC,/SiC composite Coolant for energy Magnets

Tritium breeding zone conversion

* Tritium Breeding material . Coolant - Magnets
- Li based Oxides _ Li, Lin, He - Nb3Sn
- Liquid Li (Li, Li-Pb) - Molten salt, Water - Nb,Al;
- Flibe / Flinabe - HTS
- Neutron multiplier - Shield * Tritium Storage Bed
- Be, LiPb - Ceramics - ZrCo

- Uranium




Candidate Materials in Fusion
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The First Wall and Other Materials

 The first wall

- Withstand a tremendous amount of heat from the plasma
- must not contaminate the plasma
- be compatible with the fusion products that impinge on them

Small scale PFCs
for Tests (EU)

Be primary first wall module

Be tiles (10 mm), CuCrZr heat sink (10 mm),
316L coolant tubes / backing plate (30 mm)

Hot isostatic Pressing
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 The Divertor

- Bending outer magnetic fields away from plasma by means of
auxiliary magnetic coils — Removing outer layer of plasma to
external chamber — Cooling — Neutralising — Pumping away

Vacuum vessel

LCFS

Boundary
plasma

Divertor plate

Divertor coil

| ASDEX Upgrade |
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 The Divertor

- Bending outer magnetic fields away from plasma by means of
auxiliary magnetic coils — Removing outer layer of plasma to
external chamber — Cooling — Neutralising — Pumping away




The First Wall and Other Materials

Plasma
Disruptions

Reentry

Vehicles Rocket

- Nozzles
Sun .7

surface )
Fusion

Divertor

Fission (fast breeder
Fusion 1st Wall

Fission reactor (LWR)

1 | | 1 1 | 1 : 1 1
102 10° 102 104 106
Duration (s) Zinkle, S. (ORNL) _ 1150°C
400°C
) / _ 1220°C
650 0C i

1400°C

1100°C

Side view

G. Lewis, Selection of Engineering Materials, Prentice Hall. Inc., K Englewood cliffs. NJ, 1990 o




The First Wall and Other Materials

Neutron Load (MWa/m?2)

g

=
L]
-

111} ) SN SIS SN SR B
0 200 400 800 800 14

-
[ = ]

I Heat load : more than 5 MW/m? I

:
E
Reduced activation Ferritic Steel,
Copper Alloy,
E: ITER ODS Reduced activation Ferritic Steel,
i . Vanadium Alloy, SiC Composites
3 | Copper Alloy |

Divertor Temperature (°C)
(Temperature of coolant)

27




Candidate Materials in Fusion

] Vacuum

|‘7 Blanket4>| Shield vessel
Radlatlon

 Blanket Structural w -

material

- FM* steel
(ODS** steel)

- V-alloy

T3

T
R

Neutrons

First Wall // /
Coolant for energy

Tritium breeding zone conversion

W
. "'? e
S0,

- SiC¢/SiC composite

*FM: Ferritic Martensitic

**0ODS: Oxide Dispersion-Strengthened

\

Magnets




