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ωStudy of D retention in self-ion damaged tungsten 

ςD atom loading at different sample temperatures 

ςStudy of defect annealing  + D atom loading 

ωExperimental set-up for in situ NRA and ERDA measurements 

ωIsotope exchange in bulk in self-ion damaged tungsten 

ωPreliminary results on simultaneous W ion irradiation and D 
atom loading 

ωConclusion 
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Introduction - The accelerator 
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2 MV HVEE Tandem accelerator òTandetronò, Jozef Stefan Institute, Ljubljana 
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Ion beam studies at JSI -  The accelerator 

Separate smaller experiment 
for fusion research:  
ωVibrational spectrometer for 
hydrogen molecules ς atom 
recombination studies  
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Multicusp ion source enabled duoplasmatron 
source to be permanently configured for He beam 
analysis by 4He or 3He for NRA. 3He consumption 
optimized by construction of 3He/ 4He gas mixing 
set-up.  
 
Broad beam NRA set for static and in situ D depth 
profile measurements and experiments and micro 
beam NRA for startic measurements. 
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Motivation 

ω Tungsten is the material of choice for 
divertor target plates 

ω Retention studies in damaged tungsten ς 
simulate neutron damage by W ion 
irradiation 

ω D retention  - a way to determine the 
trap concentrations  

ω Gentle exposure to damaged W  
ω Study processes with 

hydrogen/deuterium atoms (0.2 eV) ς no 
additional defect production as in the 
case of plasma/ion exposure 

GF Matthews, PSI 2013 

Study of deuterium retention in self-

ion damaged tungsten 
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ω Proceses:  neutral atom exposure versus ion/plasma exposure 
ω Effect of neutrals in plasma experiments ς ŘƻƴΩǘ Ǉƭŀȅ ƳŀƧƻǊ ǊƻƭŜΚ  

Processes: atoms versus ions 

Parameters for W 
½ De= 2.25 eV 
Ech=0.5 ɀ 0.8 eV 
Edes=2Ech 

Qs=1 eV 
 
EbarrЂ1s+Ech+Es 

Ediff=0.39 eV   
Etrap = 0.8 ɀ 1.4 eV 

Atoms 
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chemisorption 
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Damaged W + D atom loading @ 

different exposure temperatures 
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ScanningTransmission 
Electron Microscopy 
(STEM) od W [L. Ciupinski 
et al. NIM B 317 (2013) 159] 

2.4 mm 

Calculation by SRIM 

Neutron-like damage - W ion irradiation  

Calculation of damage profile by SRIM is in very good 
agreement with TEM observation 

O.V. Ogorodnikova, H workshop (2012) 
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Å W samples - mirror polished polycrystalline tungsten (at IPP), manufactured 
by Plansee GA - large grains perpendicular to sample surface (ITER grade) 

Å Damaging at room temperature at IPP, 20 MeV W ions, fluence 1.4x1018 
W/m2 Ҧ лΦуф ŘǇŀ 
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Hydrogen atom beam source 

HABS 

D2
 

Heater 

Sample 

D/D2 

Maximum atom flux = 3.5x1019 D/m 2s 

Different exposure temperatures 
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D atom ɀ flux density profile 

K.G. Tschersich, J.P. Fleischhauer and H. 

Schuler, J. Appl. Phys. 104, 034908 (2008); 

 http://www.mbe-

components.com/products/gas/habs.html  

http://www.mbe-components.com/products/gas/habs.html
http://www.mbe-components.com/products/gas/habs.html
http://www.mbe-components.com/products/gas/habs.html
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Å Deuterium depth profiles measured by Nuclear Reaction Analysis - NRA 
Analyzing protons (Ғмн aŜ±) from nuclear reaction D(3He,p)4He at different  
3He energies from 650 (500) keV up to 4.5 MeV   

Å Different exposure temperatures ς different saturation levels  
Å At lower temperatures higher fluence needed to saturate traps  

Damaged W + D atom loading @ different  
exposure temperatures 
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Å TDS spectra (heating rate 2K/s) [ Yu. Gasparyan et al. JNM 463 (2015) 1013] 
ς higher temperature less D inside 

Å Small peak shift ς Fill level dependent de-trapping energies [Fernandes et al. 
Acta Mater. 94 (2015) 307, Schmidt et al. JAP 2014] 
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Yu. Gasparyan et al. JNM 463 (2015) 1013 
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Damaged W + D atom loading @ different  
exposure temperatures 
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Å  Comparison to with plasma loading PlaQ - 20 eV ion energy (IPP) 
Å  Exposure at different sample temperatures 
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Damaged W + D atom loading @ different  
exposure temperatures - comparison 

O. Ogorodnikova et al. in preparation 
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Annealing of damaged W  

+ D atom loading @ the same 

temperature 
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Å W samples prepared at IPP - mirror polished polycrystalline tungsten, 
manufactured by Plansee GA ς grains parallel to surface (MF reference 
material ) 

Å Recrystallization  ς 2 min @2000 K 
Å Damaging at room temperature, 20 MeV W ions, fluence 7.8x1017 W/m2 Ҧ 

0.5 dpa 

Damaged W material ɀ the annealing study  

STEM analysis  by L. Ciupinski ɀ collaboration within EUROfusion 
A. :ÁÌÏĿÎÉË et al., PFMC 2015, submitted to Phys. Scripta 

2 µm 
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Damaged W material ɀ the annealing study  
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Study of defect annealing ɀ Depth profiles 

Å  Long exposure time/fluence 
(6 days-144 h) needed to 
saturate traps ɀ intermediate 
NRA measurement after 72 h 
of D atom exposure (final 
depth profiles shown).   
 

Å  Observed effect of the 
annealing of damaged 
samples on the trap 
concentration ɀ reduction of 
traps at higher annealing 
temperatures 
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A. :ÁÌÏĿÎÉË et al., PFMC 2015, submitted to Phys. Scripta 


