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In this work the possibilities of the use of the high-current discharges of Plasma Focus type for the investigation of
the effect of plasma on the materials are discussed. From this point of view the properties of plasma streams and ion
beams arising in the PF discharges are studied. Here, as an example of an application of the Plasma Focus device (PF),
we studied the influence on Vanadium (perspective material in nuclear power engineering) a cumulative streams
producing in the PF.

PACS: 52.40.Hf; 52.58.Lq

THE EXPERIMENTAL SETUP

In the experiment high-temperature deuterium plasma  installation Plasma Focus. Maximum power sent to the
streams was created on the experimental Plasma Focus sample in single pulse did not exceed 10° W/cm’.

Installation Tulip at the P.N. Lebedev Physical Institute.

Maximum energy of plasma focus pulse was 4.0 kJ, with a

current at 400 kA (Figures 1,2). Sample
e
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Fig. 1. The experimental setup

Speed of the axial deuterium plasma flow was 2-4-10’
cm/s with plasma density at 1018 cm™ (Figure 3). Time
duration of the deuterium plasma pulse did not exceed
100 ns, which corresponds with the experimental values
of the time period of plasma disruption in the
thermonuclear reactor with the magnetic plasma RESULTS AND DISCUSSIONS
confinement. Imitation research of changes in physical- The experiments show that central bend of the sample
mechanical characteristics of Vanadium was done with 10 surface with the plasma action to the samples, depending
pulses of plasma. Time interval between pulses was 3 on their thickness, is observed. For example, with the
minutes. According to the calculations and direct thickness of Vanadium sample at 0.29 mm and the
measurement method, the temperature on the reverse side  diameter of the plasma pinch at 11 mm, the bend in the
of samples did not exceed 600 °C. Vanadium sample was 0.29 mm. The sample with the

The electropolished flat samples of pure Vanadium thickness of 0.55 mm was bent by 0.18 mm. In both cases,

were used in the experiment. The thickness of samples ~ the samples were placed 10 mm away from the anode.
varied from 0.29 to 0.55 mm. The samples were placed at ~ Figure 4 shows the surface of the Vanadium sample with
a specified distance away from the anode of the the width of 0.29 mm after it was irradiated. One can see
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Fig. 3. MCP pictures of plasma focus in visible light




the formation of stretched crests, which form the so-called
periodic running waves of deformation. They are
especially clear in the peripheral part of the sample. The
crests are chaotic with their shapes changed in the central
part of the sample.

Such distribution in the visible surface disturbances
show that the intensity of plasma streams in the Plasma
Focus installation is irregular. It is greater in the center
[1]. Due to the spread of the periodic waves of
deformation, the thickening of the edges of the sample has
occurred. The Vanadium sample with the original
thickness of 0.29 mm originated the thickening of 0.09
mm. This shows, that parts of the material in the sample
shifted from the center to the periphery under the action of
deformation waves.

Physical model of appearance and distribution of
periodic running waves of deformation and dissipation of
these waves with real crystal-like structure are discussed
in works [2] and [3]. Deformation of Vanadium by the
running deformation waves leads to significant changes in
the structure of the outer layers: bands of slips appear in
grains of poly-crystallized Vanadium and grain-
boundaries have a stair-case structure (Figure 5). Also,
deep extended cracks also appear (Figure 6), which are
not characteristic to the non-deformed materials.
Multitude of small-size extractions and large individual
circular particles are also seen on the sample surface.

Besides, according to the scanner tunnel microscopy,
on the surface of grains the directed wave-like structures
are also formed. In which, the extraction of sphere
particles, the size of some of these particles does not
exceed 200 A, are observed (Figure 7). In accordance
with a diagram of the state of Vanadium-Deuterium [4],
deuterium with up to 40 at.% creates interstitial solid
solutions with Vanadium, in which &-phase of Vanadium
deuteride is present. With the increase of deuterium
concentration in solid solution the concentration of o-
phase increases. Based on this data, one can conclude that
the observed extractions belong to hydride formations of
Vanadium.

It is interesting to evaluate the depth of diffusive
penetration of deuterium into Vanadium in typical
isothermal conditions with a temperature at 900 K° during
one pulse of 100 ns. Diffusion coefficient of deuterium
under the chosen temperature is taken from work [5] and
equals 1.5-10* cm%s. From this, the depth of deuterium

penetration x = 4/ D¢ during one pulse will not exceed

0.1 pm. Point defects (vacancies and interstitial atoms)
appear and the dislocation structure of the material is
changed. This takes effect under multiple irradiation of
the sample (10 impulses with 3 minute interval), because
of the dissipation of shock waves that pass through poly-
crystallized structure. This can considerably effect the
value of the depth of deuterium penetration into samples
[6, 7]. One can make such decisions based on the values
of micro-hardness of the irradiation and non-irradiated
samples of vanadium (load P=50g). Thus, micro-hardness
of Vanadium samples with thickness of 0.29 mm under
the impulse irradiation at a distance of 10 mm from the
anode, on the irradiated and non-irradiated side, equals
219 and 210 kg/mm?* accordingly; micro-hardness of the
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original Vanadium sample was 105 kg/mm’. These
changes in micro-hardness, depending on the original
thickness of samples correlates with the observed bending
of samples. The bend of a “thick” sample was 1.6 times
smaller that that of a “thin” one.

From this one can conclude, shock waves that appear
due to the impulse action of deuterium plasma on the
surface on Vanadium lead to plastic deformation of the
samples and stimulate the extra-deep in comparison with
penetration of deuterium into the samples in comparison
with that of the thermal diffusion. As a result of this,
Vanadium becomes fragile, fractures (cracks) appear on
the surface layers, and hardness is significantly increased.

Fig. 4. The structure of the surface of sample of
Vanadium after the influence by pulse of deuterium
plasma. The thickness of the sample is 0.29 mm. The size
of the influence area is 11 x 7 mm
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Fig. 5. a -The center of the Vanadium sample with
thickness of 0.55 mm. The irradiation by plasma at the
distance 10 mm from the anode of Plasma Focus. b —

The center of the Vanadium sample with thickness of 0.55
mm. The irradiation by plasma at the distance 32 mm
from the anode of Plasma Focus. The cracks appearance
is seen



Fig. 6. The scanning tunnel microscopy of the center of
Vanadium sample with thickness 0.29 mm. The
irradiation of the sample was done by pulse of deuterium
plasma at the distance 10 mm from anode of Plasma
Focus. Size of the area 1.2 x 1.2 lim
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Fig. 7. The structure of the opposite side of Vanadium

sample with thickness 0.32 mm after the influence of 10

pulses of deuterium plasma. The sample was placed at
32 mm from the anode. Magnification is 440

This conclusion is supported by the work [8] in which
found that the saturation of Vanadium with hydrogen in
the isothermal conditions with concentration up to 33 at.%
cause an increase of hardness up to 240 kg/mm’. It worth
to point, that the work [7] experimentally shows that
structural defects created by shock waves have irregular
volume distribution. This could lead to a significant
concentrated irregularity in distribution of deuterium in
Vanadium. As a result, Vanadium deuteride will be
distributed irregularly in the studied samples.

Finally, we would like to note an interesting fact that
was observed during the our experiment: exit of shock
waves of compression on the non-irradiated surface of
vanadium and the occurrence of unloading waves lead to
the exposure of structure of non-irradiated surface (Figure
5), i.e. the effect of cumulated etching of the surface is
observed.

CONCLUSIONS

The effect of extra-deep penetration of deuterium is
observed when the pulse action of deuterium plasma with
energy level of up to 4 kJ and the pulse duration of 100
ns. As a result, Vanadium becomes considerably more
fragile.

Surface morphology of Vanadium, with the pulse
action of deuterium plasma, is formed by the propagation
from the center of the action to the periphery of periodic
running deformation waves, which cause the displacement
of the material.

The formation of a microwave-oriented structure is
observed on the surface of grains of the poly-crystallized
Vanadium under the pulse action of deuterium plasma.
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