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Material migration in ITER is expected to move beryllium (Be) eroded from the first wall primarily to
the tungsten (W) divertor region and to magnetically shadowed areas of the wall itself. This paper is
concerned with experimental study of Be layer response to ELM-like plasma pulses using the new QSPA-
Be plasma gun (SRC RF TRINITI). The Be layers (1— 50 um thick) are deposited on special castellated Be
and W targets supplied by the ITER Organization using the Thermionic Vacuum Arc technique. Transient
Keywords: deuterium plasma pulses with duration ~0.5 ms were selected to provide absorbed energy densities on
ITER the plasma stream axis for a 30° target inclination of 0.2 and 0.5 MJm~2, the first well below and the
High heat flux second near the Be melting point. This latter value is close to the prescribed maximum energy density
Thermal shock for controlled ELMs on ITER. At 0.2 MJm~2 on W, all Be layer thicknesses tested retain their integrity up

?ery"ium to the maximum pulse number, except at local defects (flakes, holes and cracks) and on tile edges. At
C‘;gﬁ;t;n 0.5MJm~2 on W, Be layer melting and melt layer agglomeration are the main damage processes, they

happen immediately in the first plasma impact. Melt layer movement was observed only near plasma
facing edges. No significant melt splashing is observed in spite of high plasma pressure (higher than
expected in ITER). Be layer of 10 um thick on Be target has higher resistance to plasma irradiation than
1 and 55pum, and retain their integrity up to the maximum pulse number at 0.2 MJm~2. For 1um and
55um thick on Be target significant Be layer losses were observed at 0.2 Mjm~2,
© 2017 The Authors. Published by Elsevier Ltd.
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owed areas of the Be first wall (FW) panels also. The experimental
data on Be behavior under the expected transient loads are insuf-

1. Introduction

The wall panels of the ITER main chamber will be almost com-
pletely armored with beryllium (Be) [1,2]. It is expected that Be
eroded from the first wall will migrate to the W divertor plates and
deposit there to form layers [3]. This layer may protect the W from
a direct plasma action and can decrease the flow of W to the core
plasma, but is also expected to be the main source of fuel retention
in ITER and can lead to the formation of significant dust sources if
the layers disintegrate, for example under transient energy pulses.
The redeposited Be layers are expected on the magnetically shad-

* Corresponding author at: Troitsk, ul. Pushkovikh, vladenie 12, SRC RF TRINITI,
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ficient for assessments of the PFC lifetime and acceptable transient
heat loads. Experiments with Be are complicated because of toxic-
ity of Be dust and they require special operating conditions.

To investigate Be erosion under the ITER-like plasma and pho-
tonic heat loads, a new QSPA-Be facility was designed in the SRC
RF TRINITI and assembled in the Be cell of the Bochvar Institute.
This facility is a modernized variant of the QSPA-T plasma gun
which was used for the divertor PFC testing under ITER-like tran-
sient heat loads [4-8]. Both facilities provide hydrogen (or deu-
terium) plasma heat loads related to ITER ELMs or disruptions in
the range of 0.2-5MJm~2 (pulse duration ~0.5ms) and photon
radiation heat loads relevant to ITER mitigated disruptions up to
1MJm~2 (pulse duration ~0.5ms) [9]. The first results of Be PFC
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Fig. 1. Top view of the targets ((a) - W divertor PFCs, (b) - Be FW PFCs) and typical SEM images of the Be coatings ((c) - 1um, (d) - 55 um).

erosion under ELM-like plasma heat loads obtained with QSPA-Be
are already published [10-12]. These experiments used Be plates
and mock-up of the beryllium ITER first wall PFCs from Russian
Be grade TGP-56FW and US Be grade S65-C, which are the candi-
dates for the ITER first wall (FW). The targets were exposed to the
plasma heat loads of 0.2 - 1.0 MJm~2, at initial base temperatures
in the range 250 - 500°C and with pulse duration of 0.5 ms.

The present work concerns the next step of these investigations
which includes plasma testing of mock-ups of the ITER tungsten
divertor target and mock-ups of ITER FW Be panel. The W diver-
tor targets and Be FW panels were preliminary coated with thin
Be layers of 1, 10, and 55 pm thickness. Originally manufactured in
the EU, under the previous European Fusion Development Agree-
ment, the targets were transferred to Fusion For Energy and fi-
nally to 10 ownership. The Be coatings were applied in Romania
at the National Institute for Laser, Plasma and Radiation Physics in
Bucharest.

2. Experimental techniques and conditions of the targets
exposure

The targets were specially provided for these experiments by
10. Each tungsten target (Fig. 1a) consist of 3 mm tungsten layer,
which were brazed (by 2mm copper layer) on the supporting
stainless steel plate of 60 x 150 mm?2. The tungsten surface were
castellated to 42 tungsten elements of 9.5 x 9.5 mm? surface area
and 12 tungsten elements of 19.5 x 19.5mm? surface area. The
gaps between neighbor elements with 0.5 mm.

The tungsten surface of the targets was coated with thin Be lay-
ers in Romania using the Thermionic Vacuum Arc technique un-
der the following conditions. Pressure in the vacuum chamber was
in the range (4.5 - 7.5)-10~7 torr during deposition. Base substrate

temperature was 400 °C. Deposition rate was in the range of 2-
5nmy/s. This technique was used for ITER-like wall project at JET
[13,14]. Different thickness of Be coating were provided by vary-
ing of deposition time. Three targets were provided with Be layer
thickness of 1, 10, and 55 um for the experiments. The one target
without Be layer was also used in the experiment for comparison.

The SEM views of deposited Be layer depended on layer thick-
ness and were practically independent of substrate (Be or W). Typ-
ical SEM images are presented on the Fig. 1c and d. The Be layers
of 10 and 55um were faced by rosebud structures with diame-
ter of several micrometers. For 1um layer the significantly fine-
grained structure was observed. But for all thicknesses the contin-
uous (compact) layer without through pores were performed.

Each Be target (Fig. 1b) consist of 8.5mm beryllium (S65C)
layer, which were brazed (by 2 mm copper layer) on the supporting
stainless steel plate of 60 x 150 mm?2. The beryllium surface were
castellated to 4 elements of 29.5 x 29.5 mm? surface area and 2 el-
ements of 59.5 x 44.5 mm? surface area. The gaps between neigh-
bor elements with 0.5 mm. The beryllium surface of the targets
was also coated with thin Be layer. Three targets were used with
Be layer thickness of 1, 10, and 55 pum.

The general schemes of target plasma exposure at the QSPA-
Be facility are presented in Fig. 2a. The exposed target with in-
frared heater is placed under direct plasma action at the distance
of 60 cm from the plasma gun. The incidence angle of the plasma
flow can be varied from 0 up to 80° (60° in present experiments).
The results of some previous experiments performed using this
loading scheme are described in the [4-8,10-12].

The infrared heater which provides the target preheating before
the plasma exposure and maintains the target surface temperature
before each plasma pulse at a fixed level in the range 20 - 500 °C.
In all cases of present work, the target heater was used to set a
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Fig. 2. The scheme of plasma exposure of the target: (a) — target placing into vac-
uum chamber of the QSPA-Be; (b) — geometry of plasma action.

base temperature of 250 °C, chosen to approximately represent re-
gions of the ITER W divertor plate away from the strike points in
regions where Be layers are expected to grow more readily due
to migration from the main chamber. The target surface was ori-
ented at incidence angle of 60°, giving an angle of 30° between
the plasma beam axis and the target surface. This angle is required
to maintain sufficient power flux density on the target surface to
be relevant to a subset of expected ELM energy densities on ITER,
but does not, of course, match the grazing incidence angles that
will occur at the ITER divertor targets. Simple geometric analysis
(Fig. 2b) indicates that due to the inclined plasma action, the max-
imum energy density on the plasma facing edges of the tiles ex-
ceeds by a factor of two that falling on the tile top surface.

The Mo shield was used in the experiment (Fig. 3a). Mo shield
restricts the exposed area of the target and allows only half of the
target surface to be exposed, increasing the number of experiments
possible.

The power supply system of the QSPA-Be facility provides dif-
ferent waveforms of the discharge power. For present experiment
the trapezoidal pulse waveform was applied. This pulse shape in-
cludes short rise phase of 0.05 ms duration, a roughly constant flat-
top phase of duration 0.5 ms followed by an exponential decrease
of 0.4 ms (from 100% to 10% of the peak value).

For the chosen heat loads the results of the early experiments
with bulk Be targets without coating [12] were used. According
to those experiments for energy densities below ~0.5MJm~2 no
melting of the Be layer is expected, if base temperature do not
exceed 250°C. These experimental results are agreed with nu-
merical calculation performed in present work by means of the
code RACLETTE [15-16]. These calculations were based on the ex-
perimentally measured pulse waveforms and assume ideal ther-
mal contact of the Be coating layer with the W surface. So for
0.2MJm~2 on the top surface, a maximum value of ~0.4 MJm~2
should be incident on the plasma facing edges, still below the Be
layer melt threshold (~0.5 Mjm~2).

The regimes of QSPA-Be facility were selected to provide ab-
sorbed energy density values of 0.2 (first stage) below melting
point and 0.5MJm~2 (second stage) near the melting point on the
plasma stream axis. For this two peak values the local value of
the absorbed energy density varies across the target surface in
the range 0.04 - 0.2MJm~2 and 0.1 - 0.5MJm~2 respectively. The
local energy density was obtained by using special calorimeters
with spatial resolution. There were two calorimeters used from
tungsten and niobium. Both refractory metals do not melted and
evaporated under mentioned heat loads, so the calorimeters fully
absorbed plasma energy which are come to calorimeter surface.
These calorimeters are an usual diagnostics of QSPA-Be facility,
which were described early [4-8,10-12]. The 2-D load distribu-
tion on target surface can be approximated by a Gaussian function
with half-width of 12 cm in the longitudinal direction and 6 cm in
the transversal direction (Fig. 3b). The deuterium plasma was used
in the experiments. The direct pressure of the plasma flow at the
normal plasma action on the plasma flow axis equals 1.0 bar (first
stage) and 2.5bar (second stage). Due to inclined plasma action
(B =60°) the pressure on the target surface is lower in a factor of
2 approximately than measured value at the normal plasma action.
Nevertheless plasma pressure exerted by the QSPA pulse exceeds
one expected in ITER for ELM pulses. The discrepancy is of order
a factor 10. This fact was taken into account under analyzing of
obtained experimental data.

During the first stage of the experiments each of the three Be
coated (1, 10 and 55pum thickness) targets were exposed to 50
pulses at 0.2 MJ/m2. The Mo mask was used to protect one half
of the targets, allowing exposures on fresh surfaces to be made
in the second stage. During the latter (second stage), the unex-
posed halves of the two targets (with Be coating of 10 and 50 pm
thickness) were exposed to 2 pulses at increased energy density of
0.5 MJ/m? (~1.0 MJ/m? on the tile edges).

The exposed targets were photographed, scanned by optical
scanner with high special resolution and their surfaces observed by
means of an optical microscope. Typical images of the exposed tar-
get are presented in the Fig. 3a, c and d. The observation was per-
formed after different number of pulses (after 2, 10 and 50 pulses).
The exposed targets were investigated by means of scanning elec-
tron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDX).

3. Experimental results and discussion
3.1. Be layer behavior on W target under plasma exposure

According to optical observation the following main damage
processes were identified for Be layers on the W surface at heat
loads of 0.2 MJm~2: (a) the artifacts of the melting of the-plasma
facing edges of the tiles; (b) changing of the color of the exposed
surface (Fig. 3c); (c¢) spots on the exposed surface (Fig. 4a and d)
with sizes from 10um up to several millimeters;. No damage was
observed on the pure W surface (uncoated target) without Be layer
(no surface coloring, spots, holes, cracks, and edges melting), which
were exposed at the same conditions (Fig. 3a). These results show
that the observed damage on the coated targets must be largely a
consequence of the Be layer.

The smoothing and brightening of the plasma-facing edges of
the tiles are the result of Be melting on the edges. This point is
confirmed by the SEM analysis. Melting Be layer on the plasma
facing edges is a result of inclined plasma action to macrobrush
surface of the target. According presented above geometrical anal-
ysis (Fig. 2b) the area with energy density higher than on the top
tile surface is existed on the plasma facing edge.

Analysis of the color transformation (bluish and grey-brown
areas) indicates that this is a result of Be deposition. The different
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Fig. 3.. Energy density distribution on the target surface (a, b), the scheme of the Mo shield placement (a, b) and typical top view of exposed targets (a, c, d): (a) — uncoated
W target (qo =0.2 MJm—2, N=10 pulses); (b) — heat load distribution on the target surface (qo =0.2 MJm~2); (c) — W target with 55pum Be layer (go =0.2 Mjm~2, N=10
pulses); (d) — Be target with 55 um Be layer (qo =0.2 MJm~2, N=50 pulses).
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Fig. 4. Typical optical images (a, d), SEM images (b, e), and EDX spectrograms (c, f) of W target with Be layer after plasma exposure: (a), (b), (c) — W target with 55 um Be
layer (qo =0.2 MJm~2, N=10 pulses); (d), (e), (f) — W target with 10 um Be layer (qo =0.2 MJm~2, N=10 pulses).
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Fig. 5. Morphology of the exposed Be layer surface on W target as a function of the local energy density (W target with 55pm Be layer, o =0.5 MJm~2, N=2 pulses): (a),

(b) — ¢g=0.2MJm~2; (c), (d) g=0.4MJm~2; (e), (f) — g=0.5MJm~2.

areas of the Be surface have different temperatures during plasma
exposure. Significant differences occur in the evaporation rate
between the base target surface and the edges. The Be evap-
orated from higher temperature regions (edges or defects) can
deposit onto colder regions. As a result, a thin layer (several tens
of nanometers) forms on the target surface and leads to color
transformation [17]. Evaporation and sputtering of tungsten are
significantly lower than that for Be so that color transformation
on the uncoated W target was not observed.

Observed local rate of Be evaporation significantly exceeds the
level, which we calculated for case of perfect thermal conductivity
and undeveloped Be surface. This evaporation may lead to vapor
shielding effects, which are not expected in the investigated heat
load range according calculation.

The combination of the SEM and EDX analysis permits some
clarification as to the nature of the spots observed on the surface,
and a rough classification of the type of defects. Typical optical
images, SEM images, and corresponding X-ray spectrograms illus-
trating this classification are presented in Fig. 4. According to the
SEM/EDX analysis the spots observed in the optical images mainly
correspond to two types of defects of the Be layer. The first type
are agglomerations of the Be in the form of flakes or droplets (Fig.
4a-c). SEM observation indicates that significant number of such
agglomerations are existed before exposure. The plasma exposure
lead to damages of the prominences areas mainly. The melting of
the microstructure of prominences areas, which will be discussed
below (Fig. 5), entails the reflectivity increase of these areas.

Defects of the second type (Fig. 4d-f) are areas of Be layer de-
lamination. The significant fraction of such areas seems to be as-
sociated with Be layer defects existing before plasma exposure. Lo-
cal Be layer delamination during plasma action cannot, however,
be excluded. Optical observations indicate that significant number
of light spots arises already after first 10 pulses and additional
pulses do not lead to the considerable further increase of defects
number.

According to SEM observations at higher magnifications, with
the exception of edges and local macroscopic defects existing be-
fore exposure, the Be layer retains a continuous structure which
is closed to the one observed before exposure for pulse energy
densities of 0.2 MJ/m? (which is less than the Be melt threshold).
The Be layer contains only defects (Fig. 4e) in the form of micro-
scopic holes with diameters of 1 - 5um, and microcracks with
crack width ~0.4-1.5pm. This Be layer behavior depend on only
local value of the energy density. This point is confirmed by com-
parison data from the central part of the target of the first stage
(go =0.2 MJm~2) and the peripheral target areas with the same lo-
cal energy density of the second stage (go =0.5 MJm~2).

The impact of the surface melting to Be layer damage is in-
crease with energy density (Fig. 5). At the heat loads of 0.2 MJm~2
after 2 pulses (Fig. 5a and b) the SEM view of the exposed sur-
face practically identical to one before exposure (Fig. 1d) besides
slightly damages of the prominences rosebud structure. But at the
heat loads of 0.4 MJm~2 the significant melting of the prominences
on the top tile surface was observed (Fig. 5b and d) already after
2 pulses. At the heat loads of 0.5MJm~2 the melting of the full Be
layer surface was appearing (Fig. 5e and f) not only on the edges
but also on the top surface. Optical observation indicates that Be
layer melting and agglomeration of the melt material are the main
damage processes on the targets exposed to the pulsed heat loads
of 0.5 MJm~2 (see Fig. 5). Melt layer movement, which is observed
mainly near plasma facing edges, lead to fully elimination Be layer
near plasma facing edges even for maximum thickness of Be layer
(55um) already after 2 pulses. But no significant melt splashing is
observed, despite the far higher plasma pressure than expected in
ITER.

3.2. Be layer behavior on Be target under plasma exposure

Typical photos of the exposed targets after the first stage of
the exposure are presented in Fig. 3d. According to visual obser-
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Fig. 6. Morphology of the exposed Be layer surface on Be target as a function of pulse number and layer thickness at the heat load of gy =0.2 MJm~2: (a), (b), (c) — 1um
Be layer; (d), (e), (f) — 10 um Be layer; (g), (h) — 55 um Be layer; (a), (d), (g) — before exposure; (b), (e), (h) — after N=2 pulses; (c), (f) — after N=50 pulses.

vation the following main damage processes were identified at the
heat loads of 0.2 MJm~2: (a) changing of the color of the exposed
surface; (b) the spots on the exposed surface; (c) the artifacts of
the melting of the-plasma facing edges of the tiles; (d) the macro-
scopic damage of the Be layer due to flaking (only for the layer of
1pm and 55 pm thickness).

Analysis of the color transformation in the peripheral areas in-
dicates that this is a result of Be deposition. This process was ob-
served in the experiments with W and described above as well
as the artifacts of the melting of the plasma facing edges of the
tiles (edges melting, edges smoothing and jets formations), which
are the result of inclined plasma action (see Fig. 2b). Optical and
SEM observations indicate that the plasma facing edges erosion of
Be targets covered by Be layer is more intense as compare to W
targets covered by Be layer of the same thickness and exposed at
the same conditions. This point is explained by maximum possible
value of the melt layer thickness. In the case of W targets covered
by Be layer the melt layer thickness can not be higher than the Be
layer thickness because melting threshold of W did not exceeds. In
the case of Be targets covered by Be layer the melt layer thickness
may be higher due to melting of bulk (substrate) Be. The melt layer
mobility increases with melt layer thickness due to decreasing of
the Rayleigh friction force.

The spots on the exposed surface of the target with 1pum Be
layer are the result of two processes (Figs. 6a-c and 7a): (1) local
delamination of the Be layer; (2) local melting of the Be layer. As
a result of analysis of the SEM images the following main damage
processes of 1 um Be layer were identified: cracks formation on the
beryllium layer; elimination of the some area of the Be layer due
to flaking (the maximum size of the peels is 10 - 50 um); changing

of the Be layer microstructure due to melting and resolidification
of the Be layer surface. The flaking of 1 um Be layer after 50 plasma
pulses lead to significant Be layer losses in the range of 10 - 40%,
which value is depend on location on the exposed surface.

The spots on the exposed surface of the target with 10 pm Be
layer (Fig. 7b) are mainly the result of local melting (Fig. 6d-f). The
comparative analysis is illustrated on the Fig. 6 display different
behavior for 1pm and 10pm Be layers. So cracks formation was
also observed on the targets with Be layer thickness of 1 um and
10 um. But in the case of 10 um Be layer this process was not lead
to flaking. Elimination of the 10 um Be layer after 50 plasma pulses
of 0.2MJm~2 was not observed. For 10um Be layer changing of
the Be layer microstructure due to melting and resolidification was
observed mainly on the prominent areas of the Be layer surface.
Some number of resolidified area contain micropores which may
be the result of gas outlet. The 10 um Be layer retains its integrity
after 50 plasma exposure at energy density of 0.2 MJjm~2,

The macroscopic damage of the Be layer due to macroscopic
flaking (the maximum size of the peels is 1 - 5 mm) of significant
area of the layer was observed only on the target with 55um Be
layer thickness. The catastrophic damages were observed already
after two pulses (Figs. 6h and 7c). After this the plasma exposure
of the target at the energy density of 0.2 MJm~2 was stopped. Such
behavior indicates to lower adhesion of 55 um Be layer as compare
with thinner cases (Fig. 7).

The lower adhesive and thermal contact of 55um Be layer as
compare with thinner cases lead to significantly different behavior
at the higher heat loads of 0.5MJm~2. Typical photos of the ex-
posed targets after the second stage of the exposure are presented
in Fig. 7e and f. For Be target with 10 pm Be layer the following
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Fig. 7. Optical images of the exposed Be layer surface on Be target as a function of heat load and layer thickness: (a) — 1 um Be layer, go = 0.2 Mjm~2, N=50 pulses; (b) —
10 um Be layer, qo =0.2 MJm~2, N=50 pulses; (c) — 55 um Be layer, go =0.2 Mjm~2, N=2 pulses (d) — 10 um Be layer before exposure; (e¢) — 10 um Be layer, qo = 0.5 Mjm~2,

N=2 pulses; (f) — 55 um Be layer, go = 0.5 MJm~2, N=2 pulses.

processes were observed at the heat loads of 0.5 MJm~2: higher
edges damage (smoothing and splashing) as compare with lower
heat load (0.2 MJm~2); higher local melting of the exposed surface
as compare with lower heat load (0.2 Mjm—2).

The behavior of the 55um Be layer at the heat load of
0.5MJm~2 was significantly differ from 0.2MJm~2 and from the
10 um Be layer. The significant area of the Be layer (practically full
area of the small tiles in the target center and partially the area
of the big tiles — total more than 50% of the plasma exposed sur-
face) was fully remelted and resolidified after two plasma pulses
at 0.5 MJm~2. As a result of such resolidification significant part of
the Be layer material may be soldered with bulk beryllium. The op-
tical observations also indicate that Be layer was eliminated from
significant macroscopic regions on the central part of the target
surface. This may be as the result of flaking during first plasma
pulse. Additional investigations are needed for confirmation of the
last two points.

The target with 10 pm Be layer display also perfect performance
at the higher heat load of 0.5MJm~2 (Fig. 7e) as compare with
55um Be layer (Fig. 7f). The SEM images of the 10pum Be layer
after 2 pulses at 0.5MJm~2 are very like to SEM images of the
10um Be layer after 50 pulses at 0.2 MJm~2. The main observed
damage processes: cracks formation; melting and resolidification
of the prominent area of the Be layer surface; the micropores,
which may be the result of gas outlet. The 10pm Be layer re-
tains its integrity after 2 plasma exposure at energy density of
0.5MJm~2. In the case of 55um Be layer after 2 plasma pulses
at 0.5MJm~2 (Fig. 7f) the full surface of Be layer on the central
tiles was remelted (resolidified) and significant area of bulk Be was
observed.

Optical observation indicates and SEM analysis (presented be-
low) confirms the point that the 10 um Be layer retains its integrity
after 50 plasma exposure at energy density of 0.2 MJm~2 and af-
ter 2 at 0.5 MJm~2 except plasma facing edges. The 10 pm Be layer
on the bulk Be surface display lower erosion rate as compare with
1pm and 55 pm Be layer. This result indicates to existence of op-
timal thickness of Be layer on the bulk Be surface, which is corre-
spond to minimal erosion rate and maximum lifetime.

4. Conclusion

The formation of local macroscopic defects (holes and flakes
with sizes from 10 pum up to several millimeters) and local micro-
scopic defects (micropores with diameters of 1-5um, microcracks
with crack width ~0.4-1.5um), tile edges melting, and material
evaporation, which lead to material redeposition and surface col-
oring, are the primary erosion processes of all Be layer thicknesses
(1 - 50pm) on W surface at the plasma heat load of 0.2 Mjm~2.
On W surface at 0.2 MJm~2, all Be layer thicknesses tested retain
their integrity up to the maximum pulse number, except at local
defects and on tile edges.

At 0.5MJm~2 on W surface, Be layer melting, melt layer ag-
glomeration and movement (probably driven by pressure forces)
are the main damage processes, and occur immediately within a
single pulse. Melting was observed not only the tile edges but also
on the full tile surface. Melt layer movement lead to fully elimina-
tion Be layer near plasma facing edges even for maximum thick-
ness of Be layer (55um) already after 2 pulses. But no significant
melt splashing is observed, despite the far higher plasma pres-
sure than expected in ITER. These results demonstrate that short
transients of order of those specified for the maximum controlled
ELM energy density required to avoid shallow surface melting of
pure W surfaces in ITER will significantly erode, or completely re-
move Be layer co-deposits, but that significant dust generation may
not occur. Since Be co-deposits are expected mostly in the diver-
tor baffle areas, where ELM fluxes are lower, it is to be expected
that disruptions, which may deposit high energy densities over a
large target area, may be the principal cause of Be-layer damage or
removal.

For Be layer deposited on the macrobrush bulk Be FW PFCs
comparison between the different Be layer thicknesses after mul-
tiple plasma pulse exposure at heat loads of 0.2 MJm~2 indicates
different behavior for different thicknesses.

For 55um Be layer cracks formation and macroscopic flaking
(the maximum size of the peels is 1 - 3 mm) are significantly in-
tense as compare with lower thickness of Be layer and lead to
catastrophic damages of Be layer already after 2 pulses. The cracks
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formation and layer microscopic flaking (the maximum size of the
peels is 10 — 50 um) are the main damage processes of the target
with 1pum Be layer. These processes after 50 plasma pulses lead to
significant Be layer losses in the range of 10 - 40%, which value is
depend on location on the exposed surface.

The cracks formation was also observed on the target with
10 um Be layer but this process was not lead to flaking and elimi-
nation of the 10 pm Be layer after 50 plasma pulses at 0.2 MJjm~2
was not observed. For 10 pm Be layer changing of the Be layer
microstructure due to melting and resolidification was observed
mainly on the prominent area of the Be layer surface. The 10 pm
Be layer retains its integrity after 50 plasma exposure at energy
density of 0.2 MJm—2.

Comparison between 10 um and 55 pm Be layer thicknesses af-
ter multiple plasma pulse exposure at heat loads of 0.5 MJm~2 also
indicates to higher resistance of 10 um Be layer under plasma ac-
tion.

The results of the performed experiments indicate to existence
of optimal thickness of Be layer on the bulk Be surface (in the
range of 1 - 55 um), which is correspond to minimal erosion rate
and maximum lifetime.
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