
 
Reduced Activation Ferritic/Martensitic (RAFM) 

steels are candidate materials for fusion DEMO reactors 
such as FFHR. Helium ash produced by D-T fusion 
reactions and hydrogen isotopes mix with each other in the 
vacuum vessel of DEMO reactors. To understand bulk 
fueling retentions and tritium inventories of plasma facing 
materials in DEMO reactors, analyses of samples exposed 
to plasmas of both hydrogen and helium are essential. 
However, investigations of bulk retention after exposures to 
plasmas of the two elements are still limited for RAFM 
steels. In this study, RAFM steel samples are exposed to 
hydrogen and helium plasmas and the effects of helium 
bombardment on hydrogen retention is elucidated.  

A RAFM steel, F82H (8Cr-2W), has been bombarded 
with steady-state hydrogen and helium plasmas under 
conditions relevant to the first wall environment, using the 
VEHICLE-1 facility [1]. The size of the F82H target 
samples was 15 mm x 15 mm x 1 mm. The plasma density 
is the order of 1010 cm-3 and the electron temperature is in 
a few electron volts, resulting in the ion fluencies of the 
order of 1019 - 1020 atoms cm-2. The ion bombarding 
energy is set at 100-200 eV by applying a negative DC-bias 
onto the target assembly. After the plasma exposure, the 
samples are analyzed with TDS, XPS, TEM and the optical 
microscope.  

A ceramic heater is located on the sample holder, 
and this ceramic heater possesses a thermocouple. The 
temperature on the rear side of the target sample is 
measured by the thermocouple on the ceramic heater. The 
radiation heating caused by the plasmas and the heating 
provided by the ceramic heater are balanced during plasma 
exposure, and the temperatures are controlled by a heat 
regulator. The temperature of the target samples was 
maintained from 473 K to 823 K.. 

Figure 1shows the hydrogen retention of the samples 
after hydrogen-plasma exposure. The net amount of 
hydrogen retention was determined by subtracting the 
background hydrogen from the raw data. The temperature 
of the target samples was maintained at 823 K. In Fig. 1, it 
is evident that the hydrogen retention saturated at over 6 x 
1019 atoms/cm2.  

The hydrogen retention of F82H samples exposed to 
hydrogen plasma after helium bombardment was recorded 
and is presented in Fig. 2. For the experiments represented 
in Fig. 2, all helium bombardment was performed using the 
same fluence and bias voltage, and the hydrogen fluence 

was varied. At a hydrogen fluence of 3x1019 atoms/cm2, the 
hydrogen retention was identical with and without helium 
pre-irradiation. For hydrogen fluences over 6x1019 
atoms/cm2, the hydrogen retention after helium irradiation 
was higher than that without helium irradiation. This result 
suggests that helium bombardment creates additional 
hydrogen-trapping sites in the F82H alloy [2]. 

Helium-plasma bombardment at incident energy of 200 
eV causes changes in the surface morphologies of the 
targets and the formation of helium bubbles. The hydrogen 
retention of a sample exposed to hydrogen plasma after 
helium-plasma bombardment is higher than that of a 
sample that has not been subjected to helium bombardment. 
The damage to the F82H alloy caused by helium irradiation 
affects the total hydrogen retention. 
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Figure 1 Fluence dependence of hydrogen 
retention in F82H targets after hydrogen-plasma 
bombardment. The temperature on the rear side 
of the target was 823 K.  

Figure 2 Hydrogen retention after hydrogen-
plasma bombardment with and without pre-
irradiation with helium plasma. 
 

Tungsten is planned to be used as plasma facing 
material for a divertor plate of ITER and fusion reactors
because of low erosion yield and low deuterium retention. 
However, once tungsten is sputtered into plasma, it is 
transferred to a core plasma region and causes serious 
radiation loss to cool the plasma. To keep hot plasma for 
fusion reaction, we need to know how tungsten is transfer 
into plasma, how much radiation loss is caused by tungsten, 
and how to control tungsten transfer in a reactor. For this 
purpose, we first need a spectral model to analyze spectra 
to obtain tungsten ion densities and radiation loss. A
collisional-radiative (CR) model is widely used to estimate 
spectral line intensities with given electron density and 
temperature. The CR model solves rate equations of excited 
states with steady-state assumption, and the model includes 
electron collision processes between excited states.

We have been constructing two kinds of CR models 
for W ions. One is to calculate ion abundances1) and the
other is to calculate spectral lines. We use the HULLAC 
code2) to calculate atomic data for the CR models.

Extreme ultraviolet (EUV) spectra measured in LHD 
plasma for different central electron temperature, 0.7keV 
and 1.5keV are shown in Fig. 1(b) and (e). There several 
peaks are observed and their charge states are identified as 
indicated in the figure by comparison with similar spectra 
measured in CoBIT3) (Figs.1 (a) and (d)) and spectra 
calculated with the CR model (Figs. 1 (c) and (f)). Ion 
abundances are determined to fit the measured LHD spectra 
with the calculated spectra as shown in Fig. 2. For 
comparison ion abundances calculated with assumption of 
ionization equilibrium1) are also shown in Fig. 2 and we 
found the obtained abundance distributions tend to 
resemble to the equilibrium abundance distributions with 
lower electron temperature than the central temperature, i.e. 
measured distribution with Te=700eV resembles to 
equilibrium distribution with 378eV and the another case 
of Te=1.5keV resembles to the 946eV equilibrium 
distribution. These tendencies imply two possibilities that 
the ionization delays behind the ionization equilibrium or 
those tungsten ions exist not in the center but at lower 
temperature region in the LHD plasma. We need to 
examine the special distribution of W ions in LHD plasma 
for further investigation. 
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Fig. 1 EUV spectra of tungsten ions; (a, d) CoBIT with two 
electron beam energies Ee, (b, e) LHD with different 
electron temperature Te, and model calculations for (c) 
W23+ - W28+ and (f) W28+ - W34+ ions. Wavelengths in 
calculation at (c) are shifted by -0.15 nm to fit the position 
to measurements.

Fig. 2. Charge state distributions of W ions obtained to fit 
with LHD spectra in Figs. 1(b) (700eV; ) and (e) 
(1.5keV; ) with distributions calculated with given 
electron temperature for ionization equilibrium plasma (
for 1434eV, for 378eV, and for 946eV).
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