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1. Introduction 
The tritium inventory in fusion devices is one of 

the important concerns for their safe operation. Due 

to the good thermal/mechanical properties, tungsten 

(W) is regarded as the leading candidate for a plasma 

facing material (PFM). W will be irradiated by high 

flux, low energy deuterium (D) and tritium (T) 

particles during plasma operations. Also, the layer of 

impurities like carbon and sputtered metal particles 

will be deposited to PFMs. As a result, considerable 

amount of T will be retained in W material. To 

remove retained T, hydrogen isotope exchange is 

proposed. In this experiment, W samples with carbon 

and W mixture layer were prepared by plasma-

enhanced chemical vapor deposition (PECVD) to 

reproduce the impurity of PFMs after plasma 

operations, and exposed to T/D gas sequentially. 

After the exposure, thermal desorption spectroscopy 

(TDS) was applied to evaluate the remaining D / T 

retention characteristics. 

 

2. Experimental 
Polycrystalline W (10 mmφ × 0.5 mmt) purchased 

from A.L.M.T. Co. Ltd was used as samples. The 

samples were heat-treated at 1173 K for 30 min 

under ultrahigh vacuum (< 106 Pa). After the heat 

treatment, a C-W mixture layer was deposited by 

PECVD at the pressure of 25 Pa, with the power of 

100 W by using methane and tungsten hexacarbonyl 

as reagent gases. X-ray photoelectron spectroscopy 

(XPS) was applied to characterize the surface 

chemical state. After the deposition, the sample was 

heated to 573 K to remove unreacted reagent. 

T2 gas exposure was performed at 573 K at around 

100 Pa. After that, D2 gas exposure was performed at 

various temperatures at around 100 kPa. TDS was 

performed from room temperature (R.T.) to 1173 K 

at the ramp rate of 30 K/min. H2, HD, D2 gases were 

analyzed by a quadrupole mass spectrometer (QMS). 

T2 gas was analyzed by proportional counters. 

Released T was oxidized by using CuO catalyst, 

collected by bubblers, and analyzed by liquid 

scintillation counter (LSC). 

 

3. Results & discussion 

  Fig.1 shows the XPS spectra for a C-W layer 

deposited tungsten. The peak around 34 eV 

corresponds to W oxide, and 32 eV to W metal. It can 

be said that the film deposits produced by PECVD 

mainly consists of tungsten oxide as a W impurity. 

 
 

Fig. 1 XPS spectra for PECVD processed tungsten. 

 

At the deeper region of the layer, C and W intensity 

was increased although O intensity was decreased. 

This indicates that the carbon or carbide are major 

chemical states at the interface between W substrate 

and the film. 

In this presentation, T removal effect by D exposure 

at various temperatures will be discussed. 
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