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Context of the study

Motivation of the study

▪ Nuclear reactor types with specific operating conditions [1]:

Understanding of:

▪ temporal evolution of the primary stage of the irradiation-induced
damage in nuclear materials (e.g. cladding materials (Zr-alloys), reactor
pressure vessel (RPV) steels, ceramics, composite materials) [2]
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▪ impact on the materials microstructure
→ Irradiation can induce modifications of the materials properties – e.g.
irradiation-induced hardening and embrittlement, irradiation-induced high
temperature creep, irradiation-induced swelling – and dimensions.

Irradiation damage is and will be – in the future – a safety-relevant issue.

Proposed experiment
▪ Key parameters of the experiment

▪ Sketch of the experiment

▪ Proposed PUMP-PROBE diffuse X-ray scattering experimental scheme [°] :
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[°] common scientific interests with B. Larson and c o-workers (Oak Ridge National
Laboratory) and with T. Cowan and co-workers (HZDR).

▪ Expected results

▪ statistics of the formation of the primary interstitials and vacancy
defects, and their nanometer sized clusters

▪ evolution of their structure, distribution and mobility
▪ diffusion rate of the vacancies and interstitials clusters
experimental validations of MD simulations
possible development of advanced irradiation-resistant materials
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zone plate
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focusing of hard X-rays down to ~200 ×200 nm2 spot
size at the sample surface (C. David, LMN / PSI, [3])
required for coherent X-ray diffraction
sample activity (A): 1 ≤ A ≤ 100 LA, with LA: licensing limit)
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*Interested partners: J. Ullrich, R. Moshammer (MPI Heidelberg, Germany)
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