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Optimizing initial conditions for simulating neutron radiation-induced damage

to Zr-based metals
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Abstract Background: Molecular dynamic (MD) method has been widely used in simulation of particle
radiation-induced micro-structure damage in materials. There is no nuclear database in MD simulation, thus,
simplified processing is adopted in some initial conditions, such as primary knock-on atom (PKA) and structural
model of the material. Purpose: This study aims to obtain the optimal initial conditions for MD to simulate the
particle radiation-induced structural damage. Methods: GEANT4 software was applied for simulating neutron
radiating Zr-based metals (Zr, Zr,Cu and Zr,Ni). The PKA spectra excited by incident neutrons were tracked and
detected. Thereafter the PKA scattering angel distribution was calculated. Results: It is found that PKA energy in
these three metals increases with the neutron energy, and exists a cut off value of dozens or hundreds keV. In addition,
it is revealed that the PKA energy spectra in these three metals are very similar. The preferred scattering angles of
PKAs were estimated. Conclusion: Damage of Zr-based metals caused by cascaded collision of PKAs with dozens or
even hundreds of keV energies is significant for MD simulation. Some simplified structural models are suitable for
approximating the radiation damage in alloys (such as Zr-based alloys and Fe-based alloys) via MD simulation, and
estimated preferred scattering angles of PKAs is helpful for optimizing the moving direction of a PKA.
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Fig.3 Distribution of PKA counts produced by incident
neutrons with different energies in Zr,Cu, Zr and Zr,Ni.
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Fig.4 Scattering angles distributions of PKA caused by incident neutrons with different energies.

(a) 0.5MeV, (b) 1 MeV, (c) 2MeV, (d) 4 MeV, (e) 7MeV, (f) 9 MeV, (g) 12 MeV, (h) 14 MeV
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Table 1 Counts of both inelastic and elastic scattering corresponding to the peaks of scattering angles of PKAs when the
number of incident neutrons is 10°.

ANGF TR #) 18° About 18° #) 52° About 52° #) 70° About 70° #) 82° About 82°
Incident neutron  JEFAVETUN SRMERUN  AESRVERUN SRMERUN  dESRUERON SRMERCE  JESRMERCE sEEUE
energy / MeV Inelastic Elastic Inelastic Elastic Inelastic Elastic Inelastic Elastic
0.5 0 469 0 1253 0 1588 0 1107
1 47 284 12 850 10 1300 8 965

2 438 237 19 497 22 915 23 782

4 433 142 27 458 29 283 47 769

7 504 77 44 366 23 146 25 1172
9 417 43 75 330 27 187 28 1325
12 449 60 79 204 22 182 21 1454
14 453 59 74 187 27 196 30 1536
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