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Low activation ferritic/martensitic steels are candi-
dates for structural materials in future fusion power
plants. In order 1o study nucleation of helium bub-
bles under neutron irradiation EUROFER97 was
exposed to He and Fe ions. The evolution of he-
liurn bubbles is modelled by using kinetic rates.

Irradiation facility:
m CEA, JANNUS Saclay
Dual beam irradiation parameters:

He-ions: Temperatures:
* 1.2 Mev 8330°C.
Fe-ions: @ 400°C
m 3.0 MeV *500°C
SRIM damage and helium depth profile:
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Details in references {1, 2].

2. TEM micr

Sample preparation:

u Asymmaetric electrolytic polishing, ref [1]

u FIB-lamella (access to a depth of 400-800nm)
Bubbles in bright-field images:

» Under-focus: white dots

» Over-focus: black dots

w Tecnai G* (200 kV) in the hot cells of lhe FML-
laboratory at KIT

Tire = 400°C:

TEM bright-field micrographs at 400°C with focus
at +2 um showing a homogeneous void distribu-
tion.

a) homogeneous

b) non-homogeneous

TEM bright-field micrographs in under-focus con-
dition at 500°C showing a) spatially homogeneous
and b) non-homogeneous distributions of bubbles.
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a Assumption of spherical voids

= Bubble diameter measured in under focused
bright-field microaraphs
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e 500°C: 400°C:
B Np., = 345 Np.s = 962
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= No bubbles visible for T,, = 330°C (but until
now only one TEM disc was analysed)

= The higher the temperature the larger the bub-
bles

Voids grow and shrink by the absorption and
emission of one mobile unit cluster HeV. ;..
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& C;: Concentration of I1e; Vi, cluster

uk = 4rrR,vD’,_{[: Absorption coefficient

wg =k lexp [—%] Emission coefficient
m x: Constant helium-vacancy ratio

» D1/ Vacancy assisted diff.-mechanism

):k GG +Eg, ;

Ci=—(gi+kC1)C +?.+1C +kA 1GiC

C.l = Gge — Lsinks —

w Gy,: Helium production rate

2 L;,,: Capturing of helium at grain boundaries
and dislocation lines

Detlails in reference [3]

Bubbles radius R; and binding energies F? of the
mobile unit cluster to bubbles required for the cal-
culation of absorption and emission coefficients.

Two approaches:

= C. Dethloff, Ref. [3]
- Energy accounts only for surface tension
- Bubble size given by number of vacancies
a T, Jourdan: "Variable gap model’, Ref. [4]
Parametrization of MD-calculations
- He-He interaction energy a5
- He-Fe interface energy & rnV Vo
- Fe surlace and elaslic énergy
- Bubble radius at energy minimum ™
Comparison between models:
(x=0.5-1.5; T,;, =330°C-500°C)
m Variable gap model leads to higher binding en-
ergies — reduced emission

u Elastic deformation does not influence bubble
radius

Influence of the different thermodynamic bubble
models on bubble size distributions for x = 1.
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C. Dethloff, ref. [3]:

a High emission of unit clusters for small clusters
8 High absorption of unit clusters for large clusters

Cluster concentration [Vem?]
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= Redistribution from small to large bubbles

T. Jourdan: Variable gap model, ref. [4]:

u Reduced emission rate induces less redistribution
to large clusters => smaller bubbles

= Results closer to TEM analysis
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