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[I\/Iotivation}

v Tungsten (W) will be used as a plasma-facing
material In the divertor region In ITER, and Its use
INn future fusion devices is currently likely

v The deuterium (D) inventory in W is determined
by the presence of defects, which act as trapping
sites for D

v The value of D detrapping energy from a single
vacancy In W varies among different researchers
(In the range of 1.29-1.60 eV) [1-3]

v In most cases it was determined by fitting of
simulated TDS spectra to experimental ones

v One spectrum can be fitted by using several
combinations of parameters = an ambiguous way
of determination of detrapping energies
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[I\/Iethod of determination}

vacancy
E. interstitial
site

* D binding energy E, with a defect can be directly
determined from a shift of a desorption maximum
T,, In TDS measurements of identical samples
performed with different heating rates p [4,5]:
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 No preliminary knowledge about trap profile,
Initial distribution of trapped hydrogen,
trapping/detrapping rates iIs required

« High D-D recombination rate at the surface
IS essential [4]

* A large variation of heating rates is required

 All temperature ramps should exhibit a good
linearity

10 - - | - . - | -
] EXperimental heating rates

2 K/s

| :

1 K/s

Tt prr——

0.15 K/s -

1 commaste

Heating rate, K/s
1
|

0.25 K/s -

0.15 K/s |

01 I ' I ' T y 1 ' T '
300 400 500 600 700 800
Temperature, K

\

[ Summary }

d The sum of the D binding energy with
vacancies in W and the activation energy for
D diffusion in W was directly determined

d Simulation of a series of TDS spectra with
different heating rates using a single set of
parameters Is feasible. The main fitting
parameter: detrapping attempt frequency v,
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[Experimental}
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Sample: 25 pm polycrystalline W foill
recrystallized at 1800 K for 30 min;
Annealed before every new experiment

Experimental procedure:

« Damaging by 10 keV/D ions to the
fluence of 3x101° D/m? = mainly single
vacancies are formed at low fluences [1]
« Annealing of a damaged sample at
550 K for 5 min = release of a part of
trapped D; no clustering of vacancies [1]
 Implantation by 0.67 keV/D ions to the
fluence of 1x10'° D/m? = filling of
vacancies with D without producing
additional displacement damage

» All experiments were performed in ultra- * Thermal desorption (TDS)
high vacuum (~10-¢ Pa) without any measurements with a heating rate on the
contact with air range of 0.15-4 K/s
This procedure was performed several times In series, and the only
difference was the TDS heating rate
The sum of the D binding energy with vacancies in W (E,)) and the
activation energy for D diffusion (Ep) was calculated from the slope of the
9 Arrhenius-like plot In(B/T %) versus 1/T_, y
4 )
[ Results }
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lons, with increasing fluence the ions, annealing at 550 K, and subsequent
amplitudes of all peaks increase implantation by 0.67 keV/D ions allows
* At high fluences, the peak at 730 K to resolve the peak corresponding to D
corresponding to D release from vacancy release from vacancies in W
clusters appears « Comparison of TDS spectra of damaged
* The peak at 610 K corresponding to D and undamaged W samples implanted by
release from vacancies Is not 0.67 keV/D ions indicates that the peak
pronounced, and Its maximum at 610 K can be ascribed to D release
temperature cannot be accurately from radiation defects
determined
1.0 ' I ; | ' | ' | ™~ ! | ' l
| |——0.15 KIs _ » - ® Experimental data
- —0.25 K/s \ -5 _ — = Linear approximation | |
S 0.8/ —o0.5Kis \\ . L 5 < ]
= ||—1Kis - | < \ E +E_ =1.55+0.04eV
= ——2Kis \\ o o » T Eg _
s 0.6 4 Kls ' 4 X \
= I o~ E / N @
e . ' ] - N
e o N
S 0.4- \ : 4
2 N, e N :
o \ \ 110 keV/D 3x10" D/m’ N
o 0.2- NS I : \
S 7/ \ ‘ 1+ 550 K anneallng19 2 -
1/ - | +0.67 keV/D 1x10"° D/m LN
0 0_ Z : | ' J .
300 400 500 600 700 £-9 o . i
Temperature, K 1000/T , K

« The amount of D trapped In vacancies
was well reproduced In all experiments;
the amount of D trapped in defects
corresponding to the low-temperature
peak — only partially

 The vacancy peak clearly shifts
towards higher temperatures with

\_ Increasing heating rate

o All experimental datapoints fit well by a
straight line

 The determined sum of the D binding
energy with vacancies in W and the
activation energy for D diffusion in W:

E, + E, = 1.55+ 0.04 eV
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