
���������� ���������	�����
�����
�����	�����
�����	�������������	�����	�����
���������������������
�������
���������������������������������������
�������	�����
���������
���������������	��
�	�����������	�����
��

���������
�������� ����� ���!������

�"�������������#���	�����
�� �$ �%�&�' �(

�"�������������)�	�*�� �+ �, ���- �( ��

�"�������������	�����
�����)���*�
���� �. �/ �0�1�2�1�0�3

�������������"�	���� �4�5�4�2���5�2���4�2

�"���� �����������6�7�7���
���8�
�����7�0�5�8�0�9�:�9�2�7���
�����
���	���8�;�0�1�2�1�0

�"�
�����<�=�> �����������6�7�7�������8���	���������8�������7�4�0�0�1�7�:�9�1�?�@

�������� ���
�����
���	����������������

�����������������
���*�	�����
�� �����A�!�������8������

�B�
�;�;�	�����
���<�����������������������
�������������
�����
�����C�����
���	���������	�����������	�����*�������!�	�����������6���B�<�C�����!

























































 

14 

 

In chapter 5, the irradiation effects of CrCu0.3FeNi and Al0.4CrCuFeNi2 HEAs were 

evaluated by comparison with commercial 316L SS, and the irradiation hardening were 

correlated with the irradiated microstructure by TEM observation. The lower step 

height of irradiated and unirradiated region in CrCu0.3FeNi than 316L indicated a 

higher swelling resistance of HEA. Two types of nano-indentation experiments: single 

depth indentation showed a higher irradiation hardening of 316L (1.5GPa) than 

Al 0.4CrCuFeNi2 HEA (0.8GPa), while no significant difference of hardening behavior 

was found by continuous stiffness measurement (CSM) indentation. The dark field 

TEM images suggests that the HEAs have similar averaged number density of Frank 

loop with 316L in the whole damage region. However, in a shallower depth, 316L tends 

to show a higher loop number density than HEAs. In deeper irradiation area, HEAs 

present a wider damage distribution and slightly larger amount of defects than 316L, 

which is reasonable for the higher irradiation hardening tested by single depth 

indentation and a similar hardening behavior by CSM indentation.  

In chapter 6, the main conclusions and most relevant findings of this study are 

summarized. 

 
  




















































































































































































