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Correlation of microstructure and nano-mechanical
property in ion-irradiated Fe based alloys
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Ferritic/martensitic steels, which have excellent irradiation damage resistance, are candi-
dates for fusion reactors. However, irradiation causes undesirable material degradation such
as irradiation hardening, which may make their use impossible at low temperatures. Irradi-
ation hardening is believed to be due to defect clusters, dislocation loops or lines,( voids and
bubbles, and other changes, which are produced by energetic neutron-atom collisions and
nuclear transmutation reactions. To simulate high energy neutron irradiation, high energy
self-ions have been employed. This thesis focused on that the correlation of microstructure
and nano-mechanical property in ion-irradiated Fe based alloys.

In chapter 1, the background of the development of ferritic/martensitic for fusion reac-
tor utilization was described. And the main purposes are the hardening mechanism in fer-
ritic/martensitic steels; the irradiation resistance of ODS steels which contain stability of
oxides, radiation hardening and defect cluster formation and diffusion; and the correlation
between microstructure and nano-hardness in ion irradiated material.

In chapter 2, the experiment procedures were introduced. Firstly, the reason for selected
target materials which contained both model alloy and commercial ferritic/martensitic steel
wwas explained. TIARA facility, an ion accelerator, as the main way to investigate and/or
simulate the high energy neutron irradiation was introduced. Moreover, post irradiation ex-
periment was explained in detail in two parts. One is the microstructure observation, in the
case of ion irradiation, thin foils used for TEM observation was prepared by using focused
ion beam technique and low energy argon ion milling. The other is assessment of irradiation
hardening using nano-indentation test.

In chapter 3, Fe-8Cr model alloy was irradiated in the TIARA facility with 10.5 MeV Fe
“(3+) ions and/or 1.05 MeV He "+ ions at 100-300 C to 0.1-10 dpa. Irradiated specimens
were chafactcn'zed using transmission electron microscopy and nano-indentation technique.
Visible defect clusters were not detectable by TEM for dose below 0.1 dpa, whilst, spatially
heterogeneous dislocation loop rafts were visible for dose of 10 dpa in single ion irradiation.

On the other hand, these loop rafts were impeded in dual ion irradiation with the implantation
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of helium atoms at 10 dpa. Ion irradiation led to hardening as a function of increasing dose.

Furthermore, Log-Log plots of irradiation hardening at 100, 250 and 300 C which were
fit to the dose dependence of irradiation hardening using AH o (dpa) “n, indicated that the
decrease of n values with decreased temperature are due to a tendency towards saturation in
irradiation hardening. On the other hand, irradiation induced hardness change at 300 C for
pure iron and F82H steel has also presented in comparison. Furthermore, to understand the
relationship between nano-hardness and microstructure, the unirradiated Fe-8Cr alloy was
investigated. Tensile test, Vickers hardness, nanohardness and TEM observation were used.

In chapter 4, a commercial ferritic/martensitic ODS steels, F82H-ODS, was investigated.
Specimens were irradiated to 20 dpa with different temperatures. The effect of martensitic
structure with high dislocation density on the evolution of irradiation defects was investigated.
Defect clusters formed near intrinsic dislocation lines were confirmed. On the other hand, the
stability of oxide particles under neutron irradiation is the key point in this part. And there is
slight decrease of oxide particles under the irradiation with the dose of 20 dpa.

In chapter 5, moreover, the 316-ODS, high Chromium-ODS were rented in comparison
with F82H-ODS. Three types of ODS steels were irradiated to 20 dpa with 250 and 380 C As
it mentioned above, post-irradiation experiment was carried out in two parts. Microstructure
was observed by TEM technique, and the irradiation hardening was investigated by nano-
indentation. All three steel showed increase in the hardness after the ion irradiation were
detected. Meanwhile, F82H-ODS showed the lowest radiation hardening, which suggests
that this steel has the better radiation resistance. The difference of original microstructures in
three steels should be response for this hardness change.

In chapter 6, to found the relationship between irradiation hardening and microstructure,
suggested disperse obstacle model was applied. Three factors, means the thickness effect
on the fine defects observation, nano-hardness change and dispersed barrier model were dis-
cussed.

Finally, the important findings in the present study on ion irradiation on the evolution of
the microstructure and nano-hardness change were summaried in chapter 7. Irradiation hard-
ening is induced mainly by defect clusters, which were small size dislocation loops. ODS
steels have good hardening resistance, oxide particles have slight decrease after ion irradia-
tion. Moreover, oxide particles restricted the fromation of defect clusters. Dispersed barrier
hardening model was used, that the difference between measured and calculated hardening

can be solved when small size defects and barrier strength can be considered together.
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