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Materials

Annealed Zircaloy-2 plate with

| .5mm thickness
- -

PFZMa[; MAG: 494x  HV: 20 k¥  WD: 14.9 mm
b:- 0.4

* L. Grnde, etc., Proceedings of the |8th International Conference on Nuclear Engineering
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Irradiation condition

» Proton beam energy: 3MeV TRIM calculations for 3 MeV protons in Zr
» Irradiation temperature:180°C 3 ' ' ' ‘ '
» lrradiation area: | 5mmx|5mm 2.5F ” .
» Irradiation dose: 0.1 14 dpa at 1.94%10¢ 2_ |
dpa/s (20uAmps current on the whole [
irradiated area) s 1-5¢ |
X _
0.5F -
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Experimental results

» Irradiation generated defects (dislocation loops)
» Change of nano-indentation hardness upon irradiation

» Effect of irradiation on the yield strength
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Irradiation generated defects (dislocation loops)
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Irradiation generated defects (dislocation loops)
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Irradiation generated defects (dlslocatlon loops)




Nano-indentation hardness test

Load-depth hysteresis
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Nano-indentation hardness test




Nano-indentation hardness test
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Nano-indentation hardness test
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Effect of irradiation on the yield strength

Irradiated Zr-2  Contour plot of Strain 11 (finite strain)

Irr-Zr- Strain contour 06-Jul-2017

Foil thickness was reduced from the un-irradiated side down to 60 um, and one reference sample with the same geometry
was prepared from the un-irradiated area of the same sample.
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. Irradiated: 733 MPa

, ) Irradiated Zr-2  Contour plot of Strain 11 (finite strain) i G
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Deformed microstructure (un |rrad|ated)
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- 1 Loop size:
it no significant change
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Loop distribution:
The patterning along basal plane trace became
indistinguishable.
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Deformed mlcrostructure (|rrad|ated shoulder)




Conclusions

» Significant amount of <a> dislocation loops has been generated by 3MeV
proton beam at 180°C to 0.1 Idpa in an Zircaloy-2 alloy.

» The irradiation induced microstructural change was found to be very similar
to that of the neutron irradiated alloy.

» Both nano-indentation hardness measurement and thin foil tensile test show
significant hardening that has been induced by the dislocation loops.

» Irradiation has great impact on the deformation mechanism of the alloy, which
changes from easy dislocation glide to more difficult dislocation channeling.
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Thank you for your attention!
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