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Fe-15Cr-
16Ni

Improved
SUS316

No observation

373K 473K 573K 623K 673K

Fig.1 Temperature dependence of defect structures of bulk specimens in Ni, Fe-15Cr-16Ni and improved SUS316 irradiated by the
JMTR to 1.1 X 10%* n/m3, 2.5 X 102 n/m3, 3.7 X 102 n/m3, 1.1 X 10% n/m3, 9.6 X 10% n/m?3 at 373K, 473K, 573K, 623K and 673K,
respectively. Defect structures of improved SUS316 was not observed at 623K.




Positron annihilation coincidence Doppler
broadening measurements
/'

CDB spectrum

E,, E,: two emitted y ray energy
P, : Momentum of electrons

E, keV
511

m : electron rest mass

c : lighit velocity

E, : binding energy of electrons
with bulk

| £
510 £ 4 E = one-f,
E, keV
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Coincidence Doppler broadening Measurements
of Neutron irradiated Fe-0.6wt.%Cu at 573K
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Shrinkage of Voids During Irradiation at
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Model description (2)

Mobile defects: interstitials, vacancies, vacancy-Cu pairs

Clusters: interstitial type dislocation loops, voids, Cu-vacancy
clusters

Thermal dissociation: vacancy-Cu pairs, voids
No interaction of interstitials with Cu

Nucleation of clusters: di-interstitials, di-vacancies and directly
in cascades.

Materials parameters: Fe



Model description (3)

Concentration of interstitial type dislocation loops; C,.

& 2

Total interstitials in interstitial type dislocation loops: R,

R, =C, x5
Total sink efficiency of interstitials in dislocation loops:S,
S| = C|C X 27ZL|

D
M, C,
Zy1c %9 I\;C\’

V=V




Rate equations (1)

The change of concentration of interstitial C, (fractional unit).
C,: vacancy concentration
Z: cross section of the reaction

M: mobility of point defects

9 _p_ ~2Z, M,C +M,)C,C,

dt 'T "\'\'VM

damage production |-l recombination mutual annihilation

_ZI,VMM,C,Q%ZI M, C\,VCM C#S\Z,BM C,Sp
| - V-Cu pair |—I-clusters |—V-clusters |- Pricipitates
_MICICS _NIPIC

(TN

| — I-sink Direct formation of I-clusters




Rate equations (2)

The change of vacancy concentration C,

dC
dtv - Pv _ZZV,VMVCVZ_ZI,V (M| + MV)CICV _ZV,VM (Mv + MVM )CVCVM
_ZV,VMVCVSV _ZV,ICMVCVSI _ZV,BMVCVSP _ZV,M MVCVCM

+ BVM MVCVM + BVPVMVCVM o MVCVCS o |\lv I:)vc

The change of vacancy-Cu pairs

dC,y,

dt
o 2ZVM VM MVM CVM CVM B ZVM M MVM CVM CM B BV,VM MVCVM

— MVM CVM SI + MV,MCVM Sv

= _ZI,VM C|CVM _ZV,M (MV + IleM )CVCVM




Rate equations (3)

Total sink efficiency of clusters

Sy = (487° R, C\?C )"
SI = 2(7ZRICIC )1/2
Sp = (487[2(va + Rpy )CF2>C )1/3-

Concentration of defect clusters

dC
d—tIC: PIC +Z|,|M|C|2
dCVC — I:)vc +Zvava2
dt ’
dC
dtPC = ZV,VM (MV + MVM )CVCVM +ZVM VM MVM CVM CVM +ZVm,M MVM CVM CM

These differential equations were solved numerically using GEAR method
developed by Hindmarsh and Byrne.



Reaction kinetic analysis of defect
evolution in Fe-Cu with dose rate of
1.5x108 dpa/s at 573 K
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Cu concentration
in Cu precipitates

Cu concentration
in Cu precipitates
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