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Evolution of radiation micro-damage in aluminum
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Displacement cascade and
formation of Frenkel pairs
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1 displacement per atom (dpa) corresponds
to stable displacement from their lattice site
of all atoms in the material during irradiation
near absolute zero (no thermally-activated
point defect diffusion).

irradiating
particle

e interstitials
ee.,” o, O vacances
. b Y

lattice
atoms




n __ 1
Dl’m_nxDrm

NIEL = dpai
D;O — qufcoz|._ irradiation

*
z
L‘g l

p
Quasi-static ) ) 30,
and cyclic ey 010, = 24470 exp{ari‘;exp( 2., dp

loads
l

- . D .
Dll’m :Dll’0+.[dD}lfm
0




REMAINING DEFECTS/1000 ATOMS

) o
o
s &
< m
el
g 0.4 ( b ) 80 g
") m
&
w
& >
2 ~
: v -
5 (L)
& 0.2 &0
w
@
b 3
=
z
0 —— : . 0
1 10 100
DOSE (CREATED DEFECTS /1000 ATOMS)
Ur (= lJ”/) 400
Vyy 200 Up /2
Vyy 133 vr/3
UV2] 210 32 U]zf
U;z v 140 3/2 UV2 v
Ucr 250
Uev 50 ch/s

Source: E. Verbiest, H. Pattyn ,,Study of radiation
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Properties of Aluminium
Atomic mass 26.982 g mol!

density 2.7 g cm ™3

Avogadro constant N , =6.02- 102 mol™!
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Rice & Tracey 1969, Beremin 1981, Huang
1991, Pardoen et al. 1996.

Typical value of «, for Al is equal to 0.283
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1.

Irradiation induced damage measured in ,,dpa” has to be converted to
classical micro-damage parameter D. Evolution of D is governed by
type Rice-Tracey kinetic law of damage evolution and is expressed in
terms of stress state and strains.

Evolution of micro-damage can be simulated as a function of static,
cyclic or dynamic loads imposed on the analysed structure.

In particular, lifetime of horn can be determined by means of the above
presented approach.



