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Introduction Results

Tritium retention in plasma facing components (PFCs) due to

plasma wall interactions is one of the most critical safety issues for TEXTO R TO kam ak PI aS m a EX p O S u re

ITER and future fusion devices. Tungsten is foreseen as PFC
material in the divertor of ITER and the most promising candidate of
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allows the local measurement of hydrogen isotopes and is also 2.0 | \ 2 100-150 eV D and minority impurity fluxes of C (2-4 %), O and He % ® 0 o oo o OfC 71only

8 ) M standard
g @ & = a @ W e W » \

bulk W plate on roof limiter, sample tip at 47.3 cm (LCFS: 46 cm) | w0 p laser

exposed at: n, < 5x10*® /m3, T, < 30 eV

1.5
1.0
0.5-
0.0-

proposed for in situ diagnostic at ITER to monitor tritium retention.

Trapping of hydrogen in tungsten is strongly dependent on material
properties and temperature during plasma exposure. Both effects
can influence the results obtained by laser induced desorption
spectroscopy.
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post mortem analysis by LID:
1.) laser heating pulse: 500 MW/m?, g 3 mm, 1800 K
2.) melting by laser: 1.6 GW/m?, g 2 mm, >4000 K

desorbed deuterium D/1020/m2
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Diagnostic Method Summary
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Laboratory: ~ 80% dominated | hg/droc?rbon layers ([))n Aim: Measurement of hydrogen isotopes in tungsten by spot laser

Laser Induced Desorption with Quadrupole Mass Spectrometer — area | i SLTIELEES [pIEvE: heating and plasma spectroscopy and/or mass spectroscopic
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QMS: scan 1-50 amu in 1 s, pressure calibration in H,, Dy, CHy, CD,,... o | dominated area Combination of heatin This work : Laser induced desorption and QMS detection, comparison
TEXTOR: Laser Induced Desorption Spectroscopy S 20%4 | :W'th thin a-C:D layer and melting pulses ) with NRA and slow ramp thermal desorption
LID: Nd:YAG laser: A = 1064 nm, E <40 J, t,,c< 3 ms, itemperature deca identifies areas
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Ndmg-l.aser vertical position / mm  different material properties with increased hydrogen storage
nm 30 cm _VEIMLAE T — ' . : : :
. Similar fluence as in TEXTOR, on traps with higher binding energy
L y e ° ¢ ° v yields similar amount of | o @
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fluence: 2x10%° D/m?with 2 h exposure time
twin sample: 7.35x10%° D/m? (TDS) after D,* exposure in

methods:

TDS: 7.5 X102 D/m? Laser Heating Simulation

desorbed deuterium D/10°°/m?

RF glow discharge §|§ LID: 6.8 x10%° D/m?
laser parameter 10 x 500 MW/m? =E NRAuUp to 12 um (with 6 MeV 3He): 1D-code for diffusion of heat and particles: TMAP7 [G. R. Longhurst et al,
T, optimization on §|§ 55 x1020 D/m?2 INEEL/EXT-04-01657 (2008)]
o i t  homogenously loaded W B NRAupto 7 um (with 2 MeV 3He): assumed initial D profile up to 9 pum with 3 pm decay length
é 44 ! by 9|0W dlSCharge 10 x laser pulse on spot 1 Spoggotg 4.1 x102° D/m? performing standard heating pulse (500 MW/mZ, 3 mS)
§ | | 1 <e lenath ot general observation for all samples: Repetitive standard heating pulses modeling shows: Stronger trapping _ : —
T R G e Eu ske €ng \r’]a”r? |on1:| on one position yield <10% of first pulse signal due to lateral and and deeper deuterium start profile case 1: only interstitial sites
@ ]l onthesameposition - ut keeping the heatflux.  parpendicular D diffusion into the desorption volume. reduce laser desorption. as ‘ftraps® N
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q(_Ua g | ; { I i t t b a 800—_ —8— 2 x522 MW/m2 absorbed| profile A — % . ] prof”eA | c | addltlona‘llly 1% of 1.45 eV traps % (experlmenta”y determlned
5 S gl | | | | — constant by energy g ] 1 & 10% rT o2 total: 2.1 x 10°" D/m* | = | bv Frauenfelder 1968)
8 pulse length = 0.5 1.5 3 6 12 3 ms adaptatlon = co0 ] | ®© f integral: 4.1x10%° D/m?2 .f glO / \\ case 2 110 © y :
n = 32 56 79 11 16 J B | May have 1= - 1 € ] ] —~
< absorbeil = 16 0.9 0.65 0.5 0.33 GW/IT]Z 8_ 500 - ;n;smsslcej he s 5 10_4_5 profile B integral: 7.0X1019 D/m2 (17%) 3 8 T 53% D desorbed g
v E/A= 08 14 2 28 4 MJ/m’ S 4001 \4 1 ® ] ] § 25 | B
_8 heat flux factor = 36 36 36 36 36 MW/m?s"? g 300_: see depth _ % 10_5- _ Elo - ‘ T 10_4§ case 2: addmona”y 1% of
FEJ é 222—- o ] %J —8— between laser spots 'g ] § lattice denSity are 1.45 eV
. . . Z 100+ - i = -
T short laser pulses »time for hydrogen diffusion short » low o A i 21 e l & —8=In laser spot 2o LN T < |traps
9 desorption 3 2 2 3 ~ S 3 4 & & =+ © 79 10 20 30 40 diffusion on these traps only:
+ ' : : position / mm — depth / — : -7 a-1.45eV/KT m?2
- too long pulses » lateral heat diffusion depth /pm SPHTHM D=15-10"e me/s
—  » a) reduced maximum temperature » low desorption NR? sc_anlovehr Iaserh splots 5 NRA deptr; profiles quaqtltgtlvely
£ » b) fuzzy temperature profile » fuzzy desorption volume qualitatively shows the latera prove >83% desorption in first | o | |
S » partial overlapping of neighbouring desorption volumes depletion in the first 7 um 7 um and decrease of surface The inward diffusing fraction of the inventory can not be desorbed (except
= > scatter concentration by ~ factor 1000. It reaches a grain boundary).
Compare with diffusion modeling! The profile maximum shifts deep into the bulk.
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