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Plasma-wall interactions
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Plasma-wall interactions

® Physical/chemical interaction between plasma and
(surrounding) surface

- particle impact/reflection

- recycling/capture

- erosion/deposition

- photon impact
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http://www-rcp.ijs.si/mic/our_work/applications/fusion/fusion.php
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- Impurity production

- Atomic displacement

- Tonization




1) Impurity Production
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2) Atomic Displacement
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2) Atomic Displacement
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2) Atomic Displacement
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3) Ionization
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Radioactivation

. Radiation damage occurs by atom displacement and by nuclear transmutation
involving primarily those producing “He.

«  Typical atomic displacement and gas production for 1 MW/m? neutron wall
lading (typical on FW): displacement rate not strongly dependent on the type of
material whereas the gas production rate sensitive to material choices.

. Lithium possess a significant gas production gas-production capacity but if this
occurs in the liquid, pressure buildup and swelling are not a problem as it can be

in solids.
Displaced atoms | He production H production
(107 atoms/s) (107 atoms/s) (107 atoms/s)

Fe 3.6 35 150

Ni 3.9 130 400

min 3.6 27 100

Nb 23 9 30

Ti 5.0 34 50

Cu 4.9 32 170

oLi 3100 3100

‘Li 360 370




Radioactivation

Neutron-induced transmutations in
blanket materials also result in
radioactivation — most important
with respect to reactor maintenance,
storage of reactor components.

e The level of radioactivation, along
with other radioactivity aspects
such as the T inventory will be a
key factor in determining the
environmental impact of fusion
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International Fusion Materials
Irradiation Facility (IFMIF)

PIE: Post Irradiation Examination
RFQ: Radio Frequency Quadrupole
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! International Fusion Materials
Irradiation Facility (IFMIF)

. IFMIF Target Area

Intersecting Deuteron Beams (DPA = Displacements per Atom)
(Total Power: 250 mA @ 30-40 MeV

Medium Fluence Module (1-20 dpa/yr.
Low Fluence Module (0.1-1 dpalyr

Specimen Capsules
High Fluence Modules (>20 dpal/yr)
Target Area (50 mm x 200 mm)

Flowing Lithium Stream (25 mm thick at target)
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! International Fusion Materials
Irradiation Facility (IFMIF)

. To simulate neutron field in the blanket (and possibly in other components)
of DEMO relevant devices using accelerator-based D+Li source based on
the similarity of nuclear responses (e.g. displacement damage production,
gas production) in the materials after irradiation

. To be criticized by the small testing volume (—500 cm3 for highest flux
area) and the high energy tail of neutron spectrum

. To apply Small Specimen Testing Technique (typical dimensions — mm in
thickness, — cm in length) to avoid excessive activation and overcome
smallness of volume

. Nuclear data above 20MeV have an important role to provide the level of
proximity of the irradiation condition to the actual condition in DEMO.
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! Main Parameters of IFMIF Accelerator\

Particle Type

D+

lon Injector 100 keV, 140 mA
RFQ 175 MHz, 8 MeV, 125 mA
DTL 175 MHz, 8-40 MeV, 125 mA

Number of Accelerators

2 (parallel operation)

Output Current

250 mA

Beam spot on Target

20 cm (horizontal) x 5 cm (vertical)

Output Energy

32, 36 or 40 MeV

Duty Factor Cw
Availability > 88%
Maintainability Hands on
Design Lifetime 40 years

—
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/ Target Specification of IFMIF

 Lithium Target

Jet Thickness 0.025 m (for 40 MeV D%)
Jet Width 0.26 m

Jet Velocity 15 m/s (range 10-20)
Inlet Temperature 250 °C

Outlet Temperature 300 °C

 Irradiation Volume (dpa in iron)

High Flux (= 20 dpa/fpy*) 0.5L
Medium Flux (1.0 to 20 dpa/fpy) 6L

Low Flux (0.1 to 1.0 dpa/fpy) 7.5L
Very Low Flux (0.01 to 0.1 dpa/fpy) > 100 L

* fpy = full power year

26
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Fusion Testing Requirements

Required ITER
Neutron wall load > 1 MW/m? (0.57 MW/m?)
Neutron fluence > 6 MW-y/m? | (0.1 MW-y/m?)
Long pulse > 1000 s (400 s)
Testing area/volume | > 10 m2/5 m?3

 IFMIF only provides radiation damage effects

e For Blanket/PFC development, testing in
Non-fusion facilities (Lab. Exp. + fission reactors

+ Accel. n) and Fusion facilities

« Small size, low-fusion power DT plasma-based device
(“Component Test Facility”) in which Fusion Nuclear
Technology experiments can be performed in fusion
environment

27
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