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The problematics associated with plasma wall interactions and hydrogen retention in fusion reactors is one of the greatest challenges in this field. At LSPM we use

Introduction

microwave ECR discharges to partially simulate basic phenomena that occurs at the edge plasma in fusion devices. In these devices we study the plasma wall
interaction processes with materials relevant for ITER. In this work we present the results obtained with Al (stand in for Be) after Ho plasma exposure. We also present

simulations on hydrogen retention in Be and Al obtained with a macroscopic rate equation code developed by our team.

CASIMIR Mono-source plasma reactor

These reactors partially simulates plasma wall interaction processes occurring at the plasma edge of fusion reactors

. Consist of 16 pencils that works under the electron - Consist of one pencil that works either at low pressure (10> mbar) or
cyclotron resonance principle (875 G for an excitation high pressure (107 mbar).
frequency of 2,45 GHz) generating an homogeneous * The low pressure pencil works under the electron cyclotron resonance

plasma.
+ Works under low pressure (103 mbar)
High electronic density (10" cm-3)
Temperature: 2-6 eV
Maximum microwave power: 3 k W. |
It is mainly used to study the damage on materials after * It has 2 optical tace to face accesses.
plasma exposure.

Hydrogen retention in materials

HIIPC - Hydrogen Isotope Inventory Processes Code to describe

hydrogen retention in materials

Macroscopic rate equations:
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Cs (z,1) is the solute atom concentration (Cs(0,L)=0)
Ci(z,t) = > Ci(z,t) is the sum of i trapped atom concentration

D is the diffusion coefficient

I(z,t) is the source term of atom implementation
v{ is the frequency of trapping for i trap
v is the frequency of detraining for i trap

N'trap iS the trap density for i trap

Results for Al

Flux: 1.7 x 102° Ho/m?2s

Fluence: 3.6 x 1024 (6 hours of
exposure) and 7.3 x 1024 Ho/m?
(12 hours of exposure)

lon energy: 300 eV

Temperature ramp: 5 K/s

Thermal desorption spectra
for two different fluences.

Diffusion prefactor: 2.0 x10° m?s
Diffusion energy: 0.52 eV

Trap energy: 0.73 and 1.01 eV
Trap density:
Detraining frequency prefactor:
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principle (875 G for an excitation frequency of 2,45 GHz), whereas the
high pressure pencil generates unmagnetized plasmas.
» High electronic density (10%-101° cm-9)
« Temperature: 2-7 eV
« Maximum microwave power:. 180 W.

- Suitable for studying dust generation
* In plasmas.

Surface damage after plasma exposure

Conditions:  Gas: Ho Pressure: 103 mbar Power: 2 kW lon energy: 300 eV

Flux: 1.7 x 102° Ho/m?3s Exposition time: 6h Fluence: 3.6 x 1024 Ho/m?

Aluminum polished to a mirror
like finish \.
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After plasma exposure the SEM micrographs show the formation of blisters
(small < 11um, medium size 11-65 um and big ones > 65 um) on the aluminum
surface. Some of these blisters, specially the smallest ones, have burst.

Density of blisters on the surface: 2.86 x 104 blisters/um?

—100 pm 100x — 10 pm 500x — 1 um 5 000x
Cross section of the Al surface:

Large voids can be seen underneath =7

the blisters. Smaller voids can be
seen close to the surface.
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Al exposed to the same conditions as before but with different fluence:
7.3 x 10?4 jons/m?

. As In the previous case, there is a considerable damage on the sample.
v Blisters of different sizes are seen on the SEM micrographs.

In this case, the density of blisters on the surface is almost as double in
the previous case: 6.82 x 10" blisters/um?

Perspectives

- Study the relationship between blister formation and the crystallographic orientation of the
material and analyze the blisters by TEM and FIB.

» For hydrogen retention in materials, we wish to reproduce the complete TDS spectrum for our

experimental conditions and compare it with Be. We also plan to add the formation of bubbles
and blisters in the code.

LSPM-CNRS Fax : +33 (0)1 49 40 34 14

Universite Paris 13 99 avenue Jean-Baptiste Clément

Institut Galilée 93430 Villetaneuse France


mailto:catalina.quiros@lspm.cnrs.fr

