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ABSTRACT 1% (mass fraction) oversized atom Hf was implanted in ferritic steel E911. E911
and E911+Hf steels were irradiated by 250 keV nickel-ions at 300 C to study the influence of Hf
additions on radiation—induced segregation behaviour in ferritic/martensitic steels. It was found that
the addition of Hf suppresses radiation—induced phosphorus enrichment and Cr depletion at grain
boundary. The effect of Hf on freely migrating defect population is estimated and combined with a
radiation—-induced non—equilibrium segregation model to predict P and Cr atom segregation behaviours
at the grain boundary in ferritic steels. The predicted results are compared with experimental data.
KEY WORDS hafnium, ferritic steel, radjation, segregation
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Fig.1 Effects of free carbon (a), dose rate (b), misorientation (c) and stress (d) on radiation induced segregation

of P at GB

\

.08+ )

1 1. L

12 13 14 15 16 17 18
Atomic radius, 10" nm

i -
1.0 11

B2 BeREN RIS BRIEN 55 E
Fig.2 The binding energies of impurity atoms (i) and point
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E911 and radiated E9114-Hf steels (negative concen-

tration corresponding to depletion)

Table 1 The input data used in the models

Parameter P C Cr
Entropy constant associated with self-interstitial 1 1 1
Vacancy formation energy, eV 1.4 1.4 1.4
Self-Interstitial formation energy, eV 3.0 3.0 3.0
Self-interstitial-Impurity binding energy, eV 0.57 1.12 -
Impurity diffusion activation energy, eV 2.68 0.83 2.38
Self-interstitial-Impurity complex diffusion activation energy, eV 0.87 1.42 -
Self-interstitial migration energy, eV 0.3 0.3 0.3
Pre—exponential diffusion constant for impurities, m? /s 7.12x1073 3.94%x10~7 1.48x10~%
Pre—exponential diffusion constant for complexes, m?/s 8x10~7 8%10~7 8x10~7
Pre—exponential diffusion constant for self-interstitials, m?2/s 5x10~6 5x%10-6 5x%1076
Self-interstitial bias 1.1 1.1 1.1
Activation energy for dislocation recovery, eV 0.1 0.1 0.1
Equilibrium segregation parameter 0.775 0.775 -
Binding energy with grain boundary, eV 0.54 0.829 -
Grain boundary width, nm 1 1
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