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Tritium penetration by Isotope exchange In tungsten
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Introduction Purpose / Approach || Summary/Conclusions
*Triium (T) transport in tungsten (W) will be governed by The goal of our investigations is to O The experimental results are summarized as follows:
Its Interaction with other isotopes due to the fact that understand how trapped tritium is T-penetration experiments:
tritium will always diffuse in the presence of deuterium transported and evolves in the presence - The activation energy for diffusion ranges between 0.2-0.4 eV and is
(D) in a fusion device. of other isotopes. weakly dependent on the level of traps filled at T < 450 K.
- Solute hydrogen isotopes have different diffusion < L D-H isotope exchange experiments:

« Assuming the rate limiting step is diffusion/trapping/de-trapping process —
effective diffusivity values are in the same order of magnitude with similar

coefficients as a conseqguence of their different masses.
In its simplest non-quantum mechanical form, absolute
rate theory yields:

We utilize the far more sensitive
radioactive tracer method using tritium

. . temperature dependence.
and serial sectioning of the sample to

D M.\ /2 biain T depth brofiles. The sh £ th O These results suggest that a single characteristic rate constant can describe
D_“ = (M_ﬁ) O a'? r °P Ii?'lm 1ES, 'de _sfape (i. c how trapped hydrogen isotopes evolve In the presence of other isotopes and
k @ _ _ penetration pro{iies provide intormation that such a process is weakly temperature dependent.
where a and $ designate the two different isotopes and of the effective diffusion rate.
M, and Mg are the isotopic masses. + We perform complementary D-H isotope || Acknowledgements
. E)O V;’ﬁ;/ee:cflgctth; ttfgnp?r:aurjr:ﬁsrtaggisgé?;zgzt;ﬁg%leooo exchange experiments to determine the This work was patrtially supported by funding from NIFS16KUHR036 and IEA
ev’olution of the trappec?tritium < of Drimary interest rate constants of D release by isotope Technology Collaboration Programme on PWI (2016/2017). Travel support by
PP P y | exchanging with Hydrogen (H). Kansai Research Foundation (2018F004) is gratefully acknowledged.
W samples 1) Tritium penetration experiment 2) D-H isotope exchange experiment
Recrystallized W sample Performed at Hydrogen Isotope Research Center, Toyama U. Japan Performed at Max Planck Institute. Garching, Germany Target Holder
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;?grface polished to mirror like (R, |« T, = 200 °C (3h), 300 °C (3h) _—~_agent (H,0,) was used to etch samples | *in-vacuo IBA (NRA/RBS etc) + Flux = 8 x 1017 m2s-L
=10nm) . * Prior to D/T exposure samples are .@" -+ Depth scale determined from mass loss| * Beam mass analyzed (H;*, D;*) + Fluence = ~1.5X% 1022 m-
* Annealed at 2273 K in vacuum held at T. for 1 h i i P e\ =9 keV e T =150-450 K
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0 Samples without and with D pre-implantation. "I x J T-pentration experiments: values are orde_r of magnitudes sma!ler
O Penetration profiles obtained following T-exposure at 473 /573 K. an error function solution can than Frauentelder or others — expected since we are measuring
1 The samples were stored in Ar-atmosphere for a year to age at 300 be applied to the data to obtain trapped not solute concentrations. The activation energy for diffusion
K - then subsequent penetration profiles were further obtained. values of diffusivity, D: ranges between 0.2-0.4 eV. | o
1 Data is fitted by two error functions - first part is diffusion during T a1 . - D-H isotope exchange experiments: Assuming the rate limiting step
oading at 473/573 K and the second part due to diffusion at 300 K. = = —erfc( ) IS diifusion/trapping/de-trapping process — efiective diffusivity values

are in the same order of magnitude with similar T dependence.
2 The probability D atom has not escaped in time

B) D-loss by H implantation: first-order process Fitted rate constants Ranges ¢ is given by:
. le ;e § P I= - oxn(— P4 A o (— 2E) 4 v av1nl? a2 . Vacuum W Sample psurvival(t) — exp(_ktotalt)
1.0- 690 keV °H 1.0- Dy15:1K1exp( Cl)+Azexp( CZ)+)’0_ 1E20} @ = 8 x 107 H/m3s o ° (~3|146e02nndn2fionrange)> J Where k;,;q; IS the total escape rate which
g08r g08 o O/ ) “10onm @rerwhichoenepye  INClUAES all pathways of escape.
£ o5l A € ’ | ey e eangemsmongeeessse?y) [ Taking  the negative of time derivative  of
5| s | | | okevH. /Do Be E— Purvival(t) Qives the probability distribution
204 204 O ; o e ® | (mplantation) function p(t) for the time of first escape:
2 0.2 2 0.2 450K ‘ - ; : : p(t) — ktotalexp(_ktotalt)
| S G608 Bo0gE | | TN Dond: | . O The average time for escape 7 is simply the
R ST T T2 4 e 8 10 5% 50 200 250 300 350 400 450 f;'f;g) 5 5 5 first moment of p(t):
Implanted H Fluence (x10°' H/m?) Implanted H Fluence (x10*' H/m?) Temperature (K) Region | Region I O
0 Experimental data indicates D-loss is a first-order process with [ The rate constants can be [ The ion range for the T = f tp(t)dt = 1/ kiotar
exponential decay statistics. determined by fitting using 9 keV H and D beam 0
0 At T > 250 K the data is better fitted by a double exponential an exponential function. is ~20 nm. O Since the implanted H fluence is ¢t where ¢ Is
function, which may indicate two first-order processes. 0 Two constants at T>250 K O The probed depth by the H-flux in units of m?s?, the relationship
2 Units of cross section in m2. NRA is ~100 nm. between the experimentally fitted decay
Thermal stability of trapped D at 450 K constantcandz iIs:
W T e a1 W e | W Nuclear reaction analysis measurements with T = 5
— ] e | different energies was performed twice after D O Using the fundamental concepts of linking

implantation (0.69, 1.8, 2.4, 3.2, 4.5 MeV).

J The measured D content does not change after
energy scan (90 min)

J Confirms that D is stable at 450 K and NRA
measurements are not perturbing the system.

random walk to diffusivity, the most probable
value to move a distance, R Is given by:
R? = 2Dt
[0 Using the implanted ion range R = 20 nm, we
can calculate the effective diffusivity values
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