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4. Experiment and modeling of deuterium trapping in W materials exposed to low energy
plasma
Alexander Rusinov (JLKBERAEE T, JLKIGJI4F)
Trapping in different kind of W materials from high flux low energy deuterium plasma has been
investigated by means of thermal desorption spectroscopy (TDS). Three kind of W samples were
used in the study: W rolled foil, bulk W with different rolling directions with respect to the surface
and plasma sprayed W layers. It is shown that TDS spectra of D2 from W foil and bulk W samples
exposed to the plasma at the same conditions are substantially different in the retention and in the
peak positions and the reason is unknown yet. TMAP7 modeling showed that TDS for bulk W
samples can be fitted using trapping limited release when diffusion of detrapped atoms can be
neglected. The detrapping energy is about 2 eV that is typical for D trapped on the surfaces of
voids/pores. TDS of W foil can be fitted with traps distribution taking into account diffusion process
with the trapping energy of near 1.6 eV that is typical for vacancies. Retention in the bulk W sample
with perpendicularly elongated grains is about 5 times larger than that with parallel elongated grains.
This effect could be explained by different migration ability along the grain boundaries inside the
bulk. The retention in the plasma sprayed layers is extremely high at elevated irradiation
temperatures contrary to the bulk W. This could be crucial for using plasma sprayed W layers as
plasma faced materials. TDS spectra of D2 in this case are located at high temperature region
(900-1400K) that could be explained by trapping on surfaces of numerous cracks and voids enriched

by impurities at high concentration.

5. The effect of displacement damage on deuterium retention in tungsten exposed to D atoms
and D, gas
Viadimir Alimov (BIUKAKFEE ¥ —)

Polycrystalline ITER-gradeW and recrystallized W were irradiated with 20 MeV W
ions to a fluence of 8x10% W/m? at room temperature. As a result, the near-surface
layer of the samples was damaged to 0.5 displacements per atom (dpa) at the damage
peak situated at a depth of 1.35 um. The damaged W samples were exposed (i) to D,
gas at a pressures of 1.2 and 100 kPa and temperatures in the range from 673 to 1073 K
and (ii) to D atoms at 403-573 K in DC glow discharge (the W sample placed on an
anode was exposed with D atoms at a flux of ~1.9x10'® D/m?). The deuterium depth
profiles in the D, gas/D atom exposed W samples were determined by the D(*He,p)*He
nuclear reaction at different *He ion energies allow D depth profiles to be measured to
depths of up to 6 um. Information about deuterium detrapping energies was obtained
from thermal desorption measurements.

After exposure both to D atoms and D, gas, the damage zone extending to about 2
pum become decorated with retained deuterium. The D concentration in the damage zone
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depends on exposure temperature, Tev, and, at temperatures above 600 K, on a
concentration of D in solution.

The thermal desorption spectra of deuterium obtained after exposure both to D, gas
and D atoms at Teyp = 403-973 K consist of a main peak centered at 900-1000 K
(depending on the exposure temperature) and a shoulder at 1100-1200 K. The high trap
energy (2.1-2.2 eV) is thought to correspond to atomic D trapping at inner walls of
nano-sized voids.
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