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Abstract

The experimentsin the arc regime of STB in the Uragan-3M torsatron with the employment of a
movable B,C-limiter and two channels for Bl and Bl spectral line intensity measurements and
collecting probes placed on the plasmafacing surfaces of protective housingsof helical windings
werecarried out. The numerousdamagesin theform of craters, spallingsand macro-spallingson
the boron carbide target surface were observed after experiments. The metallographic studies
of face-perpendicular cuts of the hot pressed in vacuum boron carbide plate used as a solid
target for boronization during discharge cleaning, show that the cracks at the nearest surface
bulk in the region of craters, being the result of local abrupt overheating caused by arcs, are
the main reasons of spallings and macro-spallings. The arc erosion products are injected into
the plasma confinement volume in various forms, such as vapors of boron carbide, plasma
streams, small droplets of melted boron carbide, solid spalls. The latter ones can move for
long distances through the plasma column that can be used as a boron carbide vapor source
for boron carbide deposition onto the metallic surfaces far from the boron carbide target. The
description of behavior of boron carbide material in plasma and some experimental arguments
in such mechanism of material transfer favor are presented.

1. Introduction

The solid target boronization (STB) procedure is employed in many plasma devicesto improve
vacuum-plasma conditions. Recently , to get sufficiently high fluxes of boron on the plasma
facing metallic surfaces during STB in the Uragan-3M (U-3M) torsatron the specia arc-regime
of amovable B,C-limiter operation was suggested [1]. The radiation damages of boron carbide
in such regime can be very different from physical sputtering by plasmaions: the new kinds
of damages of the hot pressed boron carbide in the form of craters and macro-spallings were
observed in [2, 3]. It was suggested [3] that the main cause of macro-spallings is the thermal
stress cracking in the regions of cathode spots of arcs at the points of defect accumulations.
However, to get the direct argumentsin such mechanism favor, the additional investigations of
irradiated sampleswere needed to becarried out. Also, themechanism of boron carbidetransport
along the plasma column and possibility of its deposition onto the metallic surfaces far avay
from the boron carbide target are still not clearly understood. To elucidate the above mentioned
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guestions we have continued here the experimental studies of the B,C erosion behavior under
arc-regimeof STB .

2. Experiment and discussion

The schematic sketch of the experiment is given in Fig. 1. There were two channels for BI
and Bl spectral lineintensity measurements and eleven collecting probes placed on the plasma
facing surfaces of helical winding housings. The sample under study was a B,C-plate used as
a head plate of amovable limiter during pulsed discharge cleaning (PDC) regime in the U-3M
torsatron . The plate of a size 90x90x8 mm was made by hot-pressing in vacuum of a boron
carbide powder with the particle size up to 1 um and has the following characteristics. density
is 2.44 g/cm?, (B 78.2 am.%, C 21.5 am.%), grain size is 2-5 um, heat conductivity is ~ 30
W/m.K and electrical resistivity is~ 10~2 Q.m. Thetypical plasmaparametersnear the plasma
column center in the PDC regime were: hydrogen pressure p = 1x10~* Torr, n, = 2x10'?
cm~3, T, =10-15eV, B = 0.035 T, plasma pulse duration t = 50 ms, pulse frequency f = 0.2 Hz,
total discharge power W ~ 80 kW with 5.4 MHz frequency of RF generator. The B,C-plate
was negatively biased up to -(120-200V) with a pulse duration of 10-50 ms, and an ion current
amplitude during arc regime of STB was up to 2-10 A. After about 2x 10* cleaning discharges
the B,C-limiter was removed from its position near the plasma edge region and, after finishing
the experimental campaign, the head B,C-plate was demounted for investigations.

mass spectrometer

collecting
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B,C - limiter
Fig. 1. Schematic top view of the experiment.

It was observed many craters of sizes up to 1.2 mm and spallings of different sizes on the
sample surface area directly contacting with an edge plasma. Damages of similar kind but with
lower intensity and density, are presented also on the sides and even on the back surface of the
plate. The sizes of mgjority of craters are ranged between 0.1 and 0.5 mm [3] that is smaller
than it was observed in work [2]. Probably, it is caused by the difference between grain sizes of
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boron carbide used in different works. Also, the differencein boron carbide sufacetemperatures
during the tests can play an important role.

The metallographic studies of face-perpendicular cuts of hot pressed in vacuum boron
carbide plate have shown the presence of two kinds of cracks at the nearest surface bulk in
the region of craters (Fig. 2). One part of them are "closed" cracks and another are "opened
" to surface cracks. Both are the result of the local abrupt overheating caused by arcs and
these cracks are the main reason of spallings and macrospallings. It isprobablethat at astarting
stage of arcing the spalling of solid-phaseboron carbidetakesplace. It canbesaid that inthiscase

Fig. 2: Metallographic pictures (X 70) of face-perpendicular cuts of hot pressed in vacuum boron
carbide plate: (a) - undamaged part of sample, (b) - sample with craters after arcing, (c) - "closed"
cracks at the nearest surface bulk, (d) -"opened" to surface crack.

the arcs work as original "chisels'. It should be noted that earlier [4] we have observed
the "spalling” kind of erosion for hot-pressed boron carbide after its exposure to high power
microsecond fluxes of hydrogen plasma. Some spalls of different sizes and small droplets of
melted boron carbide shooted from the regions of cathode spots could move through plasma
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column, and could be as a boron source in the plasma device similar to pellet injection. Such
particles have high (~100 m/s) velocity [5] and can achieve far distances from the limiter.
Note, that we observed visually through the optical window the light objects moving from the
limiter. Besides, the neutral boron lineintensity increase measured by Bl channel was observed
sometimes far from the limiter and we think that the vapor from droplets or melted spallswhich
achieve this distance is the reason of such increase. Note, aso, that the chance character of the
increase of the collecting probe weight (Fig. 3) shows in favour of such mechanism of boron
carbide transfer.
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Fig. 3: The changes of collecting probes weights versus the positions on the surfaces of helical
winding housings.

3. Conclusion

The cracks at the nearest surface bulk of boron carbide in the region of craters caused by arcing
during arc regime of STB in the Uragan-3M torsatron are the main reason of spallings and
macro-spallings of the boron carbide target. Some spalls or droplets shooted from the regions
of cathode spots of arcs can achieve far distances from the solid target and this phenomenon can
be used as a boron carbide vapor source for boron carbide deposition on the metallic surfaces
far from the target during STB procedure similar to pellet injection.
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