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ABSTRACT 

We report on the observation of specific desorption of hydrogen from the hot tungsten 
filament exposed to gas flow of small hydrocarbons. This desorption occurs in the narrow 
temperature range between 940-980oC during continuous filament heating. The observed 
phenomenon resembles to a “volcano” effect previously observed in gas desorption from 
water ice at low temperature. It is induced by the onset of the crystallization of amorphous 
solid water, containing pre-adsorbed gas, at the critical phase transition temperature. In the 
present case, the observed desorption occurs close to the critical temperature where the carbon 
diffuses in the bulk of tungsten and W2C carbide is formed. This, together with relatively 
abrupt desorption, lasting some 10 – 12 s, suggests that we are dealing with similar desorption 
mechanism. In this case, hydrogen which was previously trapped in hydrogenated carbon is 
being released. The observed desorption process can influence transient phenomena in fusion 
edge plasma when temperature of the plasma facing components is not stationary and addition 
fuel release from the wall would occur. 

1 INTRODUCTION 

Erosion of the inner wall of the tokamak fusion reactor induced by the impact of edge 
plasma is an inevitable process and leads to the material migration within the plasma vessel. 
Eroded material is eventually deposited in different forms on the places more or less separated 
from the erosion region. By replacing carbon with tungsten and beryllium, as the main 
material for the inner wall in modern tokamaks (ASDEX Upgrade, ILW at JET, ITER), an 
increased need for the in-depth understanding and quantification of the properties of the 
mixed material deposits and their formation mechanism emerged as an urgent task [1], [2]. 
This is especially important regarding the uptake and recycling of hydrogen by such mixed 
layers as it influences fuel retention in the wall and also plasma fuelling conditions.  

 We are interested in the properties of tungsten at elevated temperatures which are of 
importance for edge plasma, especially in the region of tokamak divertor target plates. Along 
this interest we are studying production of excited particles on hot tungsten subjected to the 
flux of neutral hydrogen molecules [3] and some small hydrocarbons [4]. Our studies have 
been restricted to the interaction of tungsten with carbon and hydrogen as carbon is still 
considered to be an important impurity in the modern tokamaks and especially as there exists 
a very big evidence regarding this material mix which helps understanding our 
complementary results. This detailed background knowledge is mainly due to high 
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technological importance of tungsten and tungsten carbide and also to the application of 
chemical vapour deposition technique for diamond films. 

Resistively heated tungsten filament is used in the present study. The studies of hot 
tungsten filaments and their interaction with gases have a long history starting from early 
works of I. Langmuir about hundred years ago. More recently, studies of small hydrocarbons 
and hydrogen interaction with hot tungsten filament were stimulated by development of 
chemical vapour deposition (CVD) of diamond films (e.g. [5], [6]). Such filaments when 
exposed to hydrocarbons get carburized (e.g. [7]) and this change of chemical composition 
leads to the changes of filament resistance, work function and surface reactivity. Since the 
incorporation of tungsten as a wall material in tokamaks, the studies of particular processes 
with tungsten which are relevant to its interaction with plasma were strongly intensified. 

 Here we report on an experiment in which a peculiar release of hydrogen is observed 
from a hydrogenated carbon deposit on the hot tungsten filament under the constant gas flow 
conditions. A discussion of the possible mechanisms is presented. 

2 EXPERIMENT 

The main element of the experimental set-up is a two section metal cell containing a 
resistively heated tungsten filament (Fig. 1a). A flow of hydrogen or other gas is maintained 
through the cell by pressure difference between the output of a regulating needle valve and 
surrounding vacuum chamber. Driving pressure is measured by capacitance manometer. Gas 
cell is made of copper and it is water cooled. It was initially conceived as a source of 
vibrationally hot hydrogen molecules. Gas cell has been previously described [8] and here we 
will give only a short description. It has 24 mm outer diameter and is 58 mm long. The 
resistively heated filament is made of 0.25 mm and 100 mm long tungsten wire (Goodfellow).  

 
Figure 1: a) Gas cell for the study of molecule interaction with hot tungsten, b) Cell as 

mounted to the detection system of vibrational spectrometer 

Filament temperature as a function of the heating current was measured in a separate 
experiment with bare filament of the same size by a pyrometer. The temperature of the central 
part of the filament was determined to be Tfil [oC] = 248 + 407×Ifil[A] - 22.8×Ifil[A]2 for the 
filament heating current, Ifil being in the range between 2 and 6 A. As well known the 
temperature is not constant over the length of the filament and it is lower close to the 
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mounting clamps (e.g. [9]). The resistance of the filament is monitored during the 
experiments by regular recording of the heating current and voltage. 

Pressure in the dissociation chamber could not be measured but it is estimated from the 
gas flow conductance, pumping speed and corrected ion gauge pressure in the vacuum vessel. 
Typical value for the estimated pressure in the filament chamber is about 1.5×10-3 mbar.  
Analysis of the output gas beam from the source shows that central part of the beam is mostly 
dominated by the collimated gas flow from the filament chamber. 

A special analyser developed for vibrational spectroscopy of hydrogen molecules [10] is 
used to probe the gas flowing out from the cell. It allows efficient detection of low energy 
(<200 meV) negative and positive hydrogen ions produced by low energy (0-20 eV) electron 
impact. The gas excitation cell was mounted close to the interaction region of the 
spectrometer, so that high sensitivity to the effusing gas is achieved, see Figure 1b.  
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Figure 2: Variation of the normalized positive ion signal from H2 with electron impact energy 

for two values of the filament current, 0.5 A and 4 A and the difference signal 

For the present measurements the spectrometer was used in the positive ion mode. 
Electron beam energy can be scanned in the 0 – 20 eV range and in this case ion yield versus 
electron energy is obtained with other parameters, such as filament temperature and gas 
pressure, kept constant. In another way, one can fix the electron energy and vary some of 
other parameters in order to follow variation of the ion signal. By choosing appropriate 
incident electron beam energy one can distinguish between atomic and molecular hydrogen. 
Ion yield energy scans for the ion extraction optimized for proton detection are shown in 
Figure 2. When filament is hot (about 1780 K for I=4A) hydrogen flowing trough the cell gets 
partially dissociated and H+ from H above the threshold energy 13.6 eV is observed (in fact 
this energy is used for setting the energy scale correction). However because of the limited 
mass separation of our detection system some H2

+ from H2 is also observed when filament is 
cold (I=0.5A) and only molecules are present in the beam. So, the signal starting at 15.4 eV is 
due to these ions. When the difference between the two ion yields is made one gets pure 
signal which is due to H atoms. 

For monitoring effect of the filament temperature on the gas beam we use fixed electron 
energy above the threshold for H+/H and below H2

+/H2 (indicated in Figure 2 as det H+) in 
order to have preferential hydrogen atom detection. Although our detection system should be 
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blind for heavier ions some weaker background signal is also apparent when dealing with 
other gases.  

3 RESULTS 

In order to study the influence of continuous exposure of hot tungsten to hydrocarbons 
we are performing two kinds of measurements. In one, we detect ion yields as a function of 
electron energy under presumably constant conditions in the cell. Some of the results obtained 
on this way have been published in [4]. In another mode of experiment we vary the relevant 
parameters in order to get information on the details of the process. These variable parameters 
can be gas flow through the cell, cell wall temperature or filament temperature. It is just this 
last way of operation which was used for present results. By this way we can see the onset of 
dissociation channel leading to the formation of hydrogen fragments such as it is shown for 
the case of H2 in figure 2.  

In such a study a peculiar effect has been observed when ethylene (C2H4) was flown 
through the cell. A record of such event is shown in figure 3 where time variation of pressure 
in the vacuum vessel as measured by ionization gauge PIG, driving pressure in the cell supply 
line as measured by capacitance manometer PBAR, filament heating current IFIL and ion yield 
signal at the “det H+” electron beam energy (see fig. 2) in counts per second are shown.  
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Figure 3: The time variation of ion yield, vacuum and driving pressure and the filament 

heating current 

The same ion yield spectrum is presented also in figure 4 but as a function of filament 
temperature calculated from the measured heating current, as mentioned above. The time 
variation of filament current is slow enough that filament temperature follows this variation as 
witnessed by the continuous variation of the filament resistance. The steady increase of the 
ion yield at about 4 A is due to the dramatic thermal dissociation of ethylene at tungsten when 
strong production of H2 occur, what influences dramatic fall of the IG pressure induced by 
very low IG sensibility to hydrogen. 

However, the striking feature of the ion yield from Figs. 3 and 4 is its sudden increase at 
the filament current of about 2 A followed also by fast decay so that entire phenomenon lasts 
for about ten seconds (1 s per dot of the ion yield dotted curve). The same effect is not 
observed when the filament current is ramped down but was repetitive in the later current 
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ramp-ups when methane was flown through the cell. The same effect is also seen with lower 
intensity when gas was pumped out and filament temperature was ramped in the background 
vacuum. An important characteristic of this event is also that it does not manifest on pressure 
indication meaning that the released quantity of gas is not very big. An estimate of this can be 
done from the spectrum made in background vacuum where the small increase was observed.  
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Figure 4: The same ion yield as in figure 3 but shown as a function of filament temperature. 
The rate of the temperature change is about 4oC/s. The variation of the filament resistance is 

also shown 
 

The stability of the state of the filament can be to some extent monitored by its 
resistance. Filament which was used for the above spectra had stable resistance curve 
(resistance vs. heating current) and was mainly used, before being exposed to ethylene, in 
pure hydrogen and few experiments were performed in ethane (C2H6). The resistance 
characteristic was stable during its use prior to the experiment with ethylene and observation 
of described phenomenon.  

4 DISCUSSION 

The observed phenomenon can be tentatively explained as a “volcano” effect which has 
been observed in the laboratory experiments with co-adsorption of gas with water ice at low 
temperatures [11], [12]. It was observed that abrupt desorption occurs when phase transition 
of amorphous solid water to crystal structure occurs. In the present case carbon is deposited at 
the tungsten surface at lower filament temperature. This carbon deposit is strongly 
hydrogenated due to C-H chemical bounding. At the temperature when fast carbon diffusion 
into tungsten occurs and leads to the formation of W2C [2] hydrogen gets released and 
produces the observed desorption peak. The temperature of our abrupt desorption peak is 
somehow higher than the transition temperature observed in clean surface experiments of 
Linsmeier and co-workers, what can be partially explained by the different kind of tungsten 
used for our filament and also to possible incertitude of the filament temperature in our 
measurements. 

The observed specific desorption from tungsten filament and tentative explanation 
described above appear consistent. However a word of caution is necessary. As our 
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measurement technique is most similar to the thermal desorption technique some art effect 
can not be excluded. Gas desorption from the wall of the filament chamber of our cell can 
contribute to the detected signal. Also, restricted mass selectivity of our detection system 
requires further effort to finally identifying the desorbed species as atomic or molecular 
hydrogen, although the first is more probable. Possibility of the interference of higher M/q 
ions is small but not negligible. Further experiments are planned in order to elucidate 
observed phenomenon in all details.   
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