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| work with Plasmas!

what people usually think about it...







Nuclear fusion 101
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Demonstration of fusion er{.erﬁ/
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Record DT shot 99971
21st December 2021

(Credit: EUROfusion consortium)
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Ignition occurs when
plasma temperature

can be maintained
against the energy losses

solely by U-particle
heating.

Auxiliary Heating
Neutral beam,
electromagnetic waves

Losses

Radiation, heat conduction,
paricles




ITER | Mission

To prove Sclentific and ,. '
- ST : 1 : M@y =wf (—
technical viability of fusion = ISSE=AE Tl FEESSSS. i

P =500 MW, D =300s, Q=107 20

To test INtegration of all |

technologies required for a
fusion power plant |
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Fusion plasma parameter
JET as example

Core
T <20 keV
n~ 1029 m=

Edge
T <200 eV
n~101° m-s3

Divertor
T <50 eV
n>101° m-s3
g ~ 5 MW/m?

ITER
g~ 10 MW/m?



How hostileis the environmen

High levels of radiation and Nuclear
heating near first wall and divertor,

e.g. ITER
Aneutron fluxes 037108 n/m32s,
Aabsorbed dose rate 02103 Gy/s,
Aplasma radiation O500 kW/m?2
ANeutron heating ~ 1 MW/m3

Apulse length of thousands of seconds "

Enormous end-of-life fluence levels
100000x higher
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Facing the Plasma => High heat fluxes

-

Space shuttle

ITER Blanket
5,000 kw/ m2

ITER Divertor N
10,000 kW/m?

----—-——--—--_—
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Required properties for wall materials

High Thermal conductivity / Cu alloy /Cu alloy

Good thermo-mechanical properties

(response to thermal shocks) :

Low neutron activation V-Ti alloys
(neutron flux > 1017 m?s1) SiC as strucutral

Resistance to radiation damage
(to avoid swelling and embrittlement)

Low chemical affinity to hydrogen
(no formation of volatile components)

Low accumulation of hydrogen
(Tritium inventory must not exceed 0.35 kg

Reactivity with oxygen towards the
formation of stable non-volatile oxides X
(gathering of oxygen impurities)



ITER Plasma Facing ComponentSgEig

beryllium, CFC, B,C,

tungsten :

joining

- brazing
- HIPing
- welding

copper alloys

beryllium first wall mock-up
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Basic Plasma-Wall Interaction Processes

Main plasma

- Plasma contamination

Recycling

Reflection + Radiation for energy exhaust

o-deposition with T

Erosion
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ITER example

Wall lifetime Tritium retention
First wall .
High flux areas remote areas
D outflux
1025 #/s
@ C-érosion l
~2 x1023/s
i < 1x1020/s
Divertor n o
ﬂ}_—
strike zones remote areas
ITER gross peak erosion Non- Local redeposition
~ 0.5 mm/shot Tolerable C-deposition < 1x102/s

Local Redeposition > 99.5%
needed




Defects on the lattice structure that
can change the material properties

Void Vacancy type Substitutional

dislocation loop impurity atom

Edge
dislocation
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Neutrons produced from fusion reactions create atomic cavities
Inr e a c twalt maserials, in which tritium can get trapped or
permeate through if not recycled back to the plasma
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Wall intere
R Like Wall =

External microbeam analysis of tile
4 after the second campaign



Analysis of Inner Wall Guard Limiter tile
Most 2H trapping occurs on the junction of tile segments
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Deposits along toroidal and poloidal directions on JET Divertor tile
2H estimated during first ILW campaign is 18x less than in the carbon wall (2007-09)
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A residual amount of dust (flakes) was measured during the campaigns
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How to produce a plasma

Central solenoid creates an
electric field.

GAS is added and ionised A
plasma

During plasma growth PF
coils control plasma radial
position.

Other PF coils shape plasma
into diverted shape

Additional heating heats
plasma

Conditions for fusion are
reached!
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Vessel Poloidal field
Coils

Adl::ional Heating
(I_Jutral Beam)

Gas Fuelling (D2) i

:I&Tritium
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Control in fusion plasmas

Magnetic control Wall
position, shape & vertical protection
stabilization

Instabilities
Density mitigation
control & control

\o . o




