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Background

O Fusion reactor Reduction of heat load by impurity
Seeding impurity gas nitrogen is considered to reduce the local heat load on the
divertor by radiative cooling.

O D+N simultaneously irradiation

O Comparison between experiment and simulation

N for cooling and deuterium (D) as fuel simultaneously collide with tungsten (W)
Complex composition of N, W, D at surface due to sputtering.
O W impurity in core plasma Plasma temperature decreases by W impurity

Sputtered W by N flows into the core plasma
—>plasma temperature decreases due to radiation loss.

| It is important to understand W sputtering with simultaneous D+N irradiation.l

O From

gas inlet

W sample

from mass loss.

lon beam device : HiFIT

> Size : 10X 10 X 1' mm

» Single side mirror polished
»1273K 1h anneal
» Sputtering yield is calculated

O Investigate W sputtering yield focused on the effect of irradiation energy

and surface composition change by temperature.
» Simultaneous irradiation of D + N > W is performed.

Experiment and Simulation

O Experiment

nsising pat

Irradiation paramete

% Vjcc (Acceleration voltage): 0.3 ~ 1.0 kV
» D+N fluence: 1.0 X 1024 /m?

» Sample temperature: 400 ~ 700 K

» N concentration: 3.5 %

> Irradiation area: ®5 mm
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» Eyis higher E; and its ratio
Ey/ Epis about 1.6.

vergy per particle (e}

about 50% of V..
» The average energy of N (Ey)
is about 75% of Vcc.
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» The average energy of D (E;) is

simulations

O Simulation

® Experimental and TRIDYN simulation considering only physical sputtering
are consistent within the range of about 30 %.

® E, >500 eV, temperature dependence was not observed. At 700 K, 20 %
higher yield than other temperature.

® E, <350 eV, temperature dependence is visible. There is a possibility of
difference in N surface concentration or the influence of other sputtering.

® By changing energy ratio of nitrogen and deuterium (E\/E;) between
1.0 and 2.0 results in about 2 times the W sputtering yield.

® The influence of surface N concentration increases with irradiation
energy increasing (up to 40%).

Parameters Setiing

TRIDYN Simulation

Dynamic binary collision
approximation code[1].
Can consider changes in
surface composition.

Surface fixed
(pure W)

Surface dynamic
@ WandN) @

D-D Surface Binding Energy (S.B.E.)

Target Tungsten
D 120~470 [eV]
N 200~750[eV]
1%10% [/m?]
96.5: 3.5 [%]

0 [ev]
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N-N S.B.E.
N-W S.B.E.
W-W S.B.E.
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Sample temperature dependence

i{dCompared to experimental result, TRIDYN simulation was about 20 to 30% lower.
Possible reasons : » Ey/Ey=1.6 energy distribution was not accurate.
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> N desorption from the surface due to temperature effects may lead to lower N surface composition.

E\/E, dependence

Clarify two points by simulation.

i Effect of N concentration on W surface
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