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Simultaneous and Continuous Observations of Helium Bombarded

Surfaces of Polycrystélline Molybdenum

Masahiro SAIDOH, Kazuho SONE, Rayji YAMADA and Hidewo OHTSUKA

Division of Thermonuclear Fusion Research,

Tokai Research Esiablishment, JAERI

(Received November 9, 1978)

Simultaneous and continuous observations of 100 keV helium bombarded
surfaces of polycrystalline molybdenum were made using a scanning electron
microscope positioned on a beam line of the 400 kV Cockcroft-Walton type
ion accelerator to study surface phcnomena on the first wall of fusion

+
reactors. In the pre-implanted target (to a fluence of 4.4 x lO17 He /cm

2

at ambient room temperature) annealed, the transition from blistEring to
exfoliation evidently éppears in 100 keV helium bombardment at ambient
room temperature. Exfoliation of the surface layer occurs in a moment
and blisters grow with irradiation dose in a short time. The process

of exfoliation is discussed.

Keywords: Surface Observation, 100 keV Helium Bombardment, Molybdenum,

First Wall, Blistering, BExfoliation, Surface Erosion
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Figure and Table Captions

Schematic representcation of experimental apparatus.

Scanning electron micrographs showing the devélopment of surface
erosion in 100 keV helium bombarded molybdenum with irradiation
dose up to a fluence of 9.0 x 1017 He+/cm2 at ambient room
temperature, Prior to the bombardment the target was annealed

at 1300 9c for 1 hour. Image contrast was made by detecting
backscattered electrons.

Scanning electron micrographs showing the annealing behaviour

of the blistered molybdenum surface after 100 keV helium
bombardment to a fluence of 9.0 x 1017 He+/cm2. (a) before
annealing, (b) 400 °C, (c) 800 °C and (d), (e) and (£) 1300 °c.
Annealing time was 1 hour. (a), (b), (c) and (d) backscattered
electron image and (e) and (f) secondary electron image.

Blister size distributioms., Solid line shows after 100 keV helium
bombardment to a fluence of 1.3 x 1018 He+/cm2, chain line after
successive annealing at 400 °C for 1 hour after bombardment and
broken line size distribution of the blisters formed by the
pre-bombardment after annealing.

Scanning electron micrographs showing the development of surface
erosion in 100 keV helium bombarded molybdenum with irradiation
dose up to a fluence of 5.2 x 1017 He+/cm2 at ambient room
temperature. Prior to the bombardment the target (annealed at
1300 °C for 1 hour) was pre-bombarded with 100 keV helium to a
fluence of 4.4 x lO17 He+/cm2 and successively annealed at 400 °c
for 1 hour. Backscattered electrons were detected to make an
image contrast.

Scanning electron micrographs showing the development of surface
erosion in 100 keV helium bombarded molybdenum with irradiation
dose up to a fluence of 5.4 x 1017 He+/cm2 at ambient room
temperature. Prior to the bombardment the target (annealed at
1300 °C for 1 hour) was pre-bombarded with 100 keV helium to a
fluence of 4.4 x 1017 He+/cm2 and successively annealed at 800 °c

for 1 hour. Backscattered electrons were detected to make an

-image contrast.
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Fig. 8

Fig. 9

Table 1
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Scanning electron micrographs showing the eroded surfaces in 100
keV helium bombarded molybdenum. Prior to the bombardment the
targets (annealed at 1300 °C for 1 hour) were pre-bombarded with
100 keV helium to a fluence of 4.4 x 1017 He+/cm2.and successively
anneaied (&) at 400 °C for 1 hour, (b) at 800 °C for 1 hour and
(c) at 800 ©c for 10 hours, respectively. Backscattered electrons
were detected to make an image contrast.

Scanning electron micrographs showing the development of surface
erosion in 100 keV helium bombarded molybdenum with irradiation

18 He+/cm2 at ambient room

dose up to a fluence of 1.4 x 10
temperature. Prior to the bombardment the target {annealed at

1300 °C for 1 hour) was pre-bombarded with 100 keV helium to a
fluence of 4.4 x lO17 He+/cm2 and successively annealed at 1300 °c
for 1 hour. Backscattered electrons were detected to make an

image contrast.

Scanning electron micrographs of eroded surfaces in 100 keV helium
bombarded molybdenum. (a) shows the boundary between the blistered

surface (bombarded to a fluence of 5 x 1018 He+/cm2) and the

sponge like surface (to a fluence of 1 x 1020 He+/cm2) and (b}
sponge like surface (to a fluence of 1 x 1020 He+/cm2). (¢) and {(d)
show surfaces of the target successively anmnealed at 1300 °c for
1 hour after bombarding to a fluence of 4.4 x 1017 He+/cm2 with
100 keV helium. (e) and {f) show surfaces of the pre-treated _
target (the same one as shown in (c) and {(d)) after bombarding to
a fluence of 1.4 x 1018 He+/cm2 with 100 keV helium. (g) shows
the surface of the pre-treated target (the same one as shown in
(e) and (f)) after annealing at 1300 % for 1 hour. Secondary
electrons were detected to make an image contrast. Im (b), (d),
(f) and (g) scanning electron beam was incident normal to the
target surface. In (a), (c)and (e) scanning electron
beam was incident with an angle of 45° to the target surface

normal.

Critical fluence for appearance of surface erosion and deformation
mode in 100 keV helium bombarded molybdenum. Annealing of the
targets was made after bombarding to a fluence of 4.4 x 1017 He+/cm
at the respective temperatures. The values of fluence and critical
fluence shown in table represent the respective values obtained

from bombardment after annealing.
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Fig. 1 Schematic representation of experimental apparatus.
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Scanning electron wicrographs showing the development of surface

arosion in 100 keV helium bombarded molybdenum siith frradiation

dose up to a flueénce of

17

9.0 x 107 #e"/em® =t ambient room

temperature. Prior to the bozbardment the targer was annealed

at- 1300 °C for 1 hour. Image contrast wag made by detecting

tackscatrered electrons,
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Scanning electron micregraphs showing the developmznt of surface
erosion in 100 keV helium bombarded molybdenum with irradiacion
dose up to a fluence of 5.2 x 1017 He+fcm2 at amhient room
temperature. Prior to the bombardment the target (amnealed at
1300 °C for 1 hour)} was pre-bombarded with 100 keV helium to 2
fluence of 4.4 x 101? He+!cm2 and successively annealed at 400 °c
for 1 hour. Backscattered electrons were derected to mzke an

lmage contrast.
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Fig. 6 Scanning electron wicrographs showing the development of surface

erosion in 100 keV helium bombarded molvbdenur with irradiation
dose up to & fluence of 5.4 x 1017 He+/cm2 at ambient room
temperature. Prior to the bombardment the target {annezled at
1300 °C for 1 hour) was pre-boewbarded with 100 keq_helium to z
fluence of 4.4 x 1017 He+/cm2 and successively annealed at 800 °c
for 1 hour. Backscattered electrons were detected to mzke an

image contrast,
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