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Introduc Experimental
Identify of the cross section of the area where resistance-welded of

« In nuclear power plants, high-level waste (HLW) is stored in
dplate and endcap in bundle of waste fuel rod made of zirconium alloy.

waste fuel containers, cooled using heavy water, and F

disposed. Perform mechanically polishing the cross section, electrolytic polishing
using perchloric acid.

Using nanoindentation, observe nano mapping and hardness.

(100mN Load, Berkovich nano indent tip)

Analysis by Electron Backscattered Diffraction (EBSD). (SE, IPF, KAM)

Observe the microstructure through Optical Microscope (OM)

after etching with hydrofluoric acid and nitric acid.

Python and Origin were used to analyze the data.

Endplate

« During the transportation and storage of waste fuel rods,
there have been cases where a bundle of waste fuel rods and
an fuel rod become separated.

« Itis expected that the damage caused by ion irradiation and
the problem of the weld between the end plate and the end
cap are the main factors contributing to this issue.

Cross section of waste fuel rod
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« This study aim to investigate the issues related to the welding =
of nuclear fuel rods and evaluate the microstructure and

mechanical properties affected by ion irradiation.

Result & Discussio

The effects of indentation in ion implanted
It is confirmed that the maximum amount of heavy ions was injected in
the 2.2um region through SRIM.
The data is identified through a nano indentation. (15mN Load)

Figure of bundle of nuclear fuel
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Endplate : Rolled elongated crystal grains were formed

Weld : Multiple sub-sized grains were formed. This
indicates that during the welding process, heat and

rical forces d grain refi 1itand the
formation of smaller grains.
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Endcap : Spherical crystal grains were formed.

KAM (Misorientation)

The effect due to welding in the Heat-Affected Zone
(HAZ) area was confirmed through the Kernel Average
Misori ion (KAM) analy
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Mapping of near welded zone To evaluation the areas heavily affected by heavy ion injection, both

End Plate : Endplate exhibits lower nano hardness. Towards the bottom of the end plate, higher hardness the reference specimen and the ion-injected specimen are nano
values are detected. This increase in hardness can be associated with size effect of multiple subsize crystal indented using a 15mN force. The hardness was measured by
grain structures. dividing it up and down based on the welding part.

Overall, nano hardness increased as a result of ion implantation.

End Cap : Endcap has a large deviation in hardness. The end cap of the zirconium alloy shows high hardness Heavy ions are anticipated to act as lattice defects

values in the (0001) direction and lower hardness values in other directions. This difference in hardness may

g be attributed to crystallographic orientation effects of hexagonal close-packed (HCP) structure of the The change in hardness of the end plate is not as large as that of the
% zirconium alloy.

Welded zone endcap.

ko L Welded zone : welded zone is an area affected by microstructure by heat generated by welding. Based on the
mapping data, it is evident that the HAZ exhibits a distinct and noticeable increase in hardness values
compared to the surrounding areas. This higher hardness may be attributed to the microstructural alterations
that occur due to the rapid heating and bonding during the welding process.

Endcap shows a notable increase in hardness, which can be
attributed to the relatively large amount of ions injected into the large
and spherical crystal grains. The endcap exhibits a significant
increase in hardness due to the substantial amount of injected ions .

By analyzing the mapping data, it becomes evident that the welding process has a significant impact on the

hardness distribution within the HAZ. These findings are valuable in understanding the localized changes in In the case of welding, the increase in hardness is not significant.

This is likely attributed to microscopic particle structures.

mechanical properties induced by welding.
L Endcap ical properties indu y welding U )
Conclusion
1. An asymmetric Heat-Affected Zone (HAZ) region was formed k the endplate and the endcap, as a result of resi Iding in the zir ium alloy. Within the HAZ region, a distinct area consisting of

small crystal grains was identified.

2. Mapping revealed that the hardness in the HAZ area is higher than in other regions, and the deviation in hardness is significantly larger in the endcap
attributed to the inherent hexagonal close-packed (HCP) crystal structure of zirconium.

pared to the endplate. This ph 10n may be

3. When heavy ions were injected, the most pronounced effect was observed in the endcap. This is due to its larger crystal grain size and structural sensitivity to lattice defects compared to other regions. It is
presumed that the primary cause of fuel rod detachmentis damage and deterioration resulting from the hardness differences d by ion irradiation in the welded joint.

4. In future studies, mechanical properties will be evaluated through tensile tests and tr ission electron micr py (TEM) after conducting a hydride injection test. This luation aims to confirm the
effects of ion irradiation and assess the impact of hydride on the zirconium alloy in the fuel rod welding part.
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