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ABSTRACT

Hydrogen absorption and desorption characteristics in boron films deposited on a graphite liner have
been studied. Number of hydrogen atoms absorbed in the films is estimated from a decrease in hydrogen
pressure during a hydrogen glow discharge. It was 1.9x1017 atoms/cm? in the 1 hour discharge after an
evacuation of H atoms contained in the original boron films by thermal desorption. Hydrogen atoms were
absorbed continuously without saturation for 3 hours during the discharge. Number of H atoms absorbed
reached to 2.6x1017 atoms/cm? at 3 hour. A discharge in heliom was carried out to investigate H
desorption characteristics from hydrogen implanted boron films. It was verified that reactivity for
hydrogen absorption was recovered afier the He discharge. Hydrogen atoms were accumulated in the
films by repetition of alternate He and H7 discharge. Thermal desorption experiments have been carried
out by raising the liner temperature up to S00°C for films after 1 hour, 3 hours hydrogen discharge and 6
times repetition of Ha/He discharges. Most of H atoms in the films were desorbed for all these cases.
The slow absorption process was confirmed through the thermal desorption experiments.
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1. INTRODUCTION

In situ boron coating (boronization) of the first watl of plasma machine has been applied to many fusion-
experimental devices, and improvement of the plasma performance has been observedl-7. Metal
impurities are reduced because the wall is coated with the low Z material. Reduction of oxygen impurity is
observed!-7 since the B films have oxygen gettering ability&g, which is a favorable effect for fusion
devices.

The deposited boron films contain hydrogen, and absorb or desorb (recycle) the hydrogen during the
plasma discharge, which makes plasma-density control difficult!-3. This problem will be especially
important in future self-burning reactor, where fusion power is directly connected to fuel control10, It is
reported that, at elevated temperature in JT-60U, hydrogen recycling rate is remarkably lower with a
boronized wall than with a carbon wall”. On the other hand, in CHS, it is higher with a boronized wali at
room temperature than with a titanium-flashed wall4. It is also reported that the energy confinement is
better for lower hydrogen recycling”. Tritium inventory of boronized wall will be a severe problem in
D-T experiments in future. Helium discharge cleaning is widely used to reduce hydrogen recycling2‘4v7,
but the quantitative evaluation has not been achieved. Thus precise understanding of hydrogen behavior is
very important for present and future fusion studies. However, available data so far obtained are not
sufficient to understand the both H retention and recycling characteristics of the boron films.

In this experiment, hydrogen absorption with H2 glow discharges, desorption with He discharges, and

thermal desorption have been studied for B films.

2. EXPERIMENTAL

An experimental device named SUT (SUrface modification Test-stand)® is used for this study. A
cylindrical chamber of 530mm in diameter and 500mm in height is pumped by two turbo-molecular pumps
of tandem configuration, which enable the base pressure of less than 109 Torr. A graphite liner (IG-
430U} of 400mm in diameter and 400mm in height is set in the chamber. A tungsten rod is inserted at the
center of the liner as an anode. The liner can be heated up to 500°C by motybdenum heater in the
chamber. The rest of the chamber is kept at room temperature during the heating procedure of the liner.
In order to prepare boron films on the inner surface of the liner, B2Hg (5% in He) gas is introduced with
net flow rate of 2.4sccm through a mass flow controller. Total pressure is kept 0.02Torr by controlling
pumping speed with an adjustable valve. A glow discharge (0.2A, 400V) is ignited between the anode
and the grounded liner. The thickness of boron films is monitored by a quartz oscillator. The coating is
continued until the thickness reaches 200nm (typically 72min). Temperature of the liner increases from
room temperature to 120°C during the coating process due to a power flow from the plasma. Prior to H
exposure, the boron film is once heated up to 500°C to evacuate the H atoms retained originally in the
fitms during the coating.

Hydrogén absorption in the deposited boron film is measured with a diaphragm gauge during a glow
discharge in hydrogen (typically 0.02Torr, 0.2A, 500V). The ion impact desorption of hydrogen is
investigated by a glow discharge in helium (typically 0.02Torr, 0.2A, 350V), and the thermal desorption
is also investigated by heating the liner up to 500°C. The Quadrupole Mass Spectrometer (QMS) with a
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differential pumping system is used for the measurement of the hydrogen desorptions due to the He
discharge and heating. The absolute sensitivity for H2 gas is calibrated by the diaphragm gauge just
before the each experiment.

3. RESULTS
3.1 Hz glow discharges and thermal desorptions

In order to evaluate hydrogen capacity, the boron films were exposed to an H2 glow discharge. Figure
1 shows time evolution of total pressure measured by the diaphragm gauge during the first H) discharge
afier the thermal desorption. Discharge condition was as follows, Hp flow rate : 26sccm, pressure :
0.02Torr, discharge current : 0.2A, discharge voltage : S00V. According to gas monitoring by QMS, no
significant increase in any impurities was observed during the discharge. The trace in Fig.1 corresponds
o the change in hydrogen partial pressure. The H) pressure decreased when the digcharge was ignited
{Time : t= Omin). This is understood as a result of hydrogen absorption in the boronized wall. When the
discharge was switched off (1=60min), the pressure once increased, and returned to the initial value before
the discharge. The amount of retained H atoms was calculated by integrating the pressure drop (AP) with
the following equation.

ny =kjApeS, dt/A (1)

ny : hydrogen density (atoms/cm?)

k : conversion factor (atoms/Torr 1)

AP: pressure difference from the initial value (Torr)

Sp: pumping speed for H2 (15.41/s)

A : Area of the liner (7000cm?)

It was (1.9iO.05)><1017 atoms/cmZ at 1 hour. Within 30 minutes, the pressure came to a value close to
the initial one. However, this pressure was clearly lower than the initial value as is seen in Fig.1. The
difference was of 1.0x10-4 Torr at 60 min. This means that H atoms were continuously absorbed until
the end of the discharge of 1 hour.

When a hydrogen discharge was continued for longer time, the pressure difference (AP) decreased
slowly without saturation and became 5.3x1 0-3 Torr at 3 hour. The estimated H retention reached
(2.620.3)x1017 atoms/cm2, which was 0.7x1017 larger than that of the 1 hour discharge.

Thermal desorption experiments have been carried out by raising the temperature of the whole liner up
to 500°C after the H2 discharge. Figure 2 shows H partial pressure during the thermal desorption after the
Hy discharge of 1 hour (solid line), together with the liner temperature (dotted line) against time. The
hydrogen pressure increased almost linearly with the liner temperature and reached a peak value at 400°C.
The temperature was kept at 500°C for 30 minutes, during which the H pressure decreased continuously.
The number of desorbed H atoms was calculated from eq.(1), and estimated to be (2.05£0.05)x 1017



atoms/cmZ. Similar curve was obtained during the thermal desorption after the H discharge for 3 hours
and the H atoms of (2.40+0.05)x1017 atoms/cm?2 were desorbed.

The amount of absorbed and desorbed H atoms are shown in Figure 3 for the cases of H2 discharge of
1 hour and 3 hours, followed by thermal desorption. The desorbed H atoms are almost equal to absorbed
atoms within the experimental error in both cases. Number of the absorbed hydrogen increased when the
discharge was continued for 3 hours. The result in Fig.3 confirms a long time continuing absorption
process during the hydrogen discharge.

3.2 Effect of He glow discharges

A discharge in helium (0.2A, 350V) was carried out for 15 minutes afier the first H2 discharge in order
to investigaie ithe descrption behavior of H atoms by the impact of He ions. The H2 pressure, moniiored
by QMS, increased when the discharge was ignited. The desorbed amount was calculated according to
eq.(1) and estimated to be (0.2+0.05)x1017atoms/cm2. Around 10% of the absorbed H atoms were
desorbed.

To clarify the effect of He discharge to H? absorption, the second H? discharge was applied after the
He discharge. The decrease of the pressure similar to Fig.1 was observed during the H> discharge. It
means the surface of the boron film was activated by He discharge to absorb hydrogen. Hydrogen atoms
of (0.3910.02)><1017atoms/cm2 were absorbed in the second H2 discharge for 15 minutes following to
the He discharge. To compare the desorbed and absorbed amocunts, time variations of the pressure
difference ( | AP l ) are plotted in Fig.4. H atoms absorbed in the second H2 discharge(c) was lager than
those desorbed in He discharge(b). The difference corresponds to the hatched area in Fig.4. To confirm
the effect of H accumulation, the alternate H2 and He discharges were repeated for 6 times. Figure 5
shows the time variation of retained H atoms in the film estimated from AP. Hydrogen atoms were
gradually accumulated in the film by the repetition.

After 6 times repetition of the alternate discharges, thermal desorption experiment was carried out.
Hydrogen atoms of (2.40:*:0.05)><1017 atoms/cmZ were desorbed. This number is 0.35x1017 atoms/cm?2
larger than that after the H? discharge of 1 hour. This difference is equal to estimated H accumulation
during the repetition in Fig.5. Most of the hydrogen atoms retained in the film were desorbed by the

thermal desorption experiment, in this case, t00.

4. DISCUSSIONS
In the first H2 discharge after the thermal desorption, maximum hydrogen flux into the film was

5.9%1014 atoms/cm?2sec, which corresponds to 160% of the ion flux to the film. Not only ions but also
neutral atoms or radicals might be absorbed. The surface was reactive enough to capture most of ions,
atoms, and radicals coming to the film. When the discharge is continued, the reactivity of the film
decreased due to increase in the surface density of H atoms. At 30 minute in Fig.1, only 5% of the ion
flux was absorbed, but the absorption continued as long as 3 hours as mentioned in chapter 3. This long
continuing absorption might be caused by diffusion of H atoms into the film. This diffusion can be




explained if we assume a diffusion constant of at least around 10-15~10-13 cmzls, which is within the
reasonable value.

In the discharge in helium, only 10% of implanted H atoms were desorbed. However, in the second
discharge following to the He discharge, the maximum absorption flux reached 50% of that of the first Hp
discharge as shown in Fig.4. The He ion bombardment may induce H desorption mainly from a near
surface region of the boronized film because the implantation depth is limited in a few nanc-meters. In the
second H2 discharge, hydrogen atoms can be absorbed instantaneously in the evacuaied surface region
until the saturation, and then, slowly absorbed due to the diffusion of implanted H atoms from surface
into the film. The number of instantaneously absorbed H atoms (absorbed in near surface region) were,
however, clearly larger than desorbed one. The He bombardment might cause not only desorption but
also recoil implantation of H atoms into the film to reduce H density of the near surface region. The
hydrogen accumulation during the alternate discharge of H) and He may be caused by a combination
effect of the diffusion and the recoil implantation. It should be noted that the accuracy of the integration in
Fig.5 is not good enough to compare the accumulation rate quantitatively with that of long-time H)
discharge, which means that the difference of ion-impact effect between H2+ and He™ is not clear yet.

5. SUMMARY

Hydrogen retention in the boron films during glow discharges was estimated from the pressure drop
during the H2 glow discharge. Hydrogen atoms of 1.9x1017 atoms/cm? were absorbed in the discharge
of 1 hour . The hydrogen atoms were continuously absorbed for 3 hours, and the retention became
2.6x1017 atoms/cm?2 at 3 hour. This continuous absorption may be caused due to the diffusion of
hydrogen atoms into the film.

Hydrogen atoms of 0.2x1017 atoms/cm? were desorbed by He glow discharge of 15 minutes. This
corresponds to 10% of absorbed H atoms. In the second H discharge after the He discharge, hydrogen
atoms were absorbed instantaneously until the near surface region was saturated and slowly absorbed after
that, via. diffusion, The absorbed H atoms in the second H2 discharge were larger than the desorbed H
atoms in the first He discharge. Repetition of alternate H2 and He discharges results in H accumulation in
the films.

Most of the H atoms absorbed in the films were desorbed by thermal desorption experiment up to
500°C in every case. This gives another evidence of the hydrogen accumulation during the long time H)
discharge and repetition of alternate H2 and He discharges.
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FIGURE CAPTIONS

Fig.1. Time evolution of total pressure during the discharge in hydrogen afier the thermal desorption of a
boron coated surface. Discharge condition is as follows, pressure : 0.02 Torr, discharge current :
0.2A, and discharge voltage : S00V. Number of absorbed H atoms was calculated from the
frace.

Fig.2. Time dependence of the hydrogen pressure (solid line) and temperature of the liner (dotted line)
when the thermal desorption up to 500°C was carried out after the H? discharge for 1 hour.

Fig.3. Comparison of desorbed and absorbed number of hydrogen atoms in the case of (a) a discharge

in H for 1 hour and (b) a discharge in H for 3 hour, followed by thermal desorption up te 500°C,

Fig.4. Pressure difference with respect to the initial value ( | AP l) is plotted in the cases of first, second
H? (a,c) and the He (b} discharges.

Fig.5. The retained H atoms in the wall against time when the alternate H2 and He discharge are repeated
6 times. Hydrogen atoms were accumulated in the film by the repetition.
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