Yttria as a Tritium Permeation Barrier in Fusion Components

J. Engels, A. Houben, M. Rasinski, Y. Mao, and Ch. Linsmeier
Forschungszentrum Julich GmbH, Institut fir Energie- und Klimaforschung - Plasmaphysik, 52425 Juilich, Germany

JULICH

FORSCHUNGSZENTRUM

Motivation

Barrier layers: Y,Oq

—

Mantie Problems of tritium permeation Y,0; film: | N | FIB ot
Magnets _ _ . . . L Metallic deposition mode - Annealing — :
Plasma In fusion vessel: - H_'gh thermal stability and corrosion resistivity high deposition rate: 1400 nm/h
- Euel loss - Similar thermal expansion coefficients of: \ |
- Tritium accumulation: wall, cooling system, ... ] \IE(u(r)ofer:_S)?f_Tul.asétrilge_g f_f'lO_G K™ o 0999 : 82 ::;f::;?f =
- Radiological hazards - Y203 Thin film: &- 300- 2 ) L&
- Prevention of permeation with Layer deposition: S | B g3 = 2
tritium permeation barrier: . ' . © 200- ig ;;g 3 S
- Material research of thin film barrier layers (Y,05): ) i?/%;:tl\élea;nrﬁgnSg\?vre]rsggggirt?gzl 9 W/l % _ A §‘\ \' > S | 8 5
. . e 2 , - . . > o N 5 %
porosity, phase, heat load resistivity | | - Change ratio of O, to Ar inlet flux: 100- clao‘, 123
- Deuterium permeation studies of the barrier layers: < 6%: Metallic mode *€00-90-90-0-0-0 =
Fusion power Steam Rquired permeation reduction factqr IS 50_...1(_)0 - 9%: Reacted mode — Y target is oxidized: 0 | 10 | 20
Generator for viable power plant — Does Y,0; film fulfill this? N Déposition rate decreases by factor of ~'1 00 Oxygen flux [%]
plant = Advantage of Y,0, compared to other candidates - Porosity Is formed Reacted deposition mode - Annealing — > Hiéh porosity 2§
eam e.g. Al,O3). Favorably low neutron activation T |
%rbine (e.9 2 3) | y low deposition rate: 16 nm/h | EUROFER
behavior of Y:
T g e Al P h ase an al yS I > Of Y203 FIEI;K:/IUOE‘ t?n%ilfmh/lrigsasl,zcstiiosnpf Y20 Hiims
. B W I T | I : - - ) . . ) '
‘,T _ el T o || — Cr XRD: Stable cubic phase after annealing - Metallic mode film: Cracks are formed, due to stress
A “ || Plasma-facing I e e 2L N1 N o e o | ey = - - duri [
! component g ol N Lattice const. |Metallic Reacted - auring anheaing
l g o10% — Fe - Reacted mode film: Porosity dissipates stress energy
SIS [ d ~ 1 pm § o | StHelded hitcs-on eve 2 sy R Bl J\I/ Not annealed |10.747(5) A |- - No cracks/damages in barrier layer after annealing
Structural material N — oy Annealed 10.629(5) A |10.643(5) A K (F;%r;‘;irmeﬂi;mgﬁggno?ng;;earzggto‘;fé?g 'f’iﬁ:;'ﬁ;yer
. 10-6 '_8 L i i_5 J i | I io | I | | '5 . . X ,
First wall component O el 10 v Lattice const. Y,0;: 10.6018 A* formed during annealing)

Background Permeation

Permeation Studies 600- 550°Cr hecnoar | e B0ci~p*]  Comparison of Y,O5film and substrate:
Pressure dependence (D, pressure (p): 25 - 800 mbar): ——— G| 500°Cu| " ]500°Cdour ] refere”CM e | Pressure dependence: Slope of curve in the
Permeation control mechanism (J: permeation flux): s i R e 1075 - 550°C (day 4), 3 diagram equals exponent of D, pressure p
- J~ p’~ : Diffusion limited regime, dependent on sample thickness £ o @2 400°Caonn @ / ety B Bare Eurofer9? reference s;mple:J~p0'54 (500°C)
- J~p1 . Surface limited regime, independent on sample thickness P;zzsg";e@ § - é 10°%- /-/: : > Diffusion limited regime
Temperature dependence (temperature: 300 - 550°C): J e = 00l a > : szyc;? baiel, ~ 00 '5/6/\ 1 . Reacted mode Y,0, barrier layer: JNpo,9 (500°C)
- Provides activation energy for diffusion of D, in sample p”l9: "L.v:n \/ 0o 2 4 6 8 % 07 oés\\ /,976\@\:@ | - Barrier performance degraded, probably
Diffusion limited: ~ Surface limited: . S s ] Te |, becauseof change in Y;0; grain structure
- - S sample| : us Temperature progression SO VNSRS S ] - Apparent change of exponent
= during measurement 0 1077 a2 o7 ° ] Permeation reduction factor of oxide layer compared
E Furnace ‘ T T — {0 substrate: ~30 (minimum factor after degradation)
= = Valve2 >
= 8 1 D, pressure (mbar)
D
) ()
S ¢ ¢ Summary
-
% rapid slow rapid slow rapid slow Permeation setup |
T Y,O; barrier layer
5 - 1 um layer by reacted mode magnetron deposition process
k5 Su bStrate _ _ o o - Annealing for 15h @ 550°C
E;. Eurofer97 - rEdUC-Ed activation ferrlt_IC martensitic (RAFM) Steel: v No crack formation = Accurate permeation measurement possible
= - Low content of undesired elements: Nb, Mo, Ni, Cu... v Cubic phase of the Y,0, layer after annealing for metallic and reacted mode (XRD)
Sample preparation - wire-cut disks (0.3 mm thickness, 25 mm diameter): v Eavorable neutron activation behavior of Y

- Annealing at 550°C: Removal of native hydrogen
- Mechanical polishing: Defines surface roughness

Preliminary result of D, permeation measurement
- Permeation reduction factor: ~ 30




