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Abstract

Abstract

Mar-aging stainless steel is widely used in the fields of aerospace and energy
applications due to its excellent mechanical properties and stable behavior under high
temperature conditions. Owing to its well-balanced thermal expansion -coefficient,
pronounced anti-corrosion and -oxidation properties as well as pre-aged good machinability,
it has caught the attention from the nuclear industries for a long time. In addition, high
density small dispersive NiAl can precipitate in the martensitic after aging, which potentially
provide traps for the irradiation individual voids, making the material radiation-tolerant and
a strong candidate for Generation IV reactors.

In this thesis, mar-aging steel PH13-8Mo was selected for study and the main focus was
on its mechanical and microstructural changes after long-term aging. After 2000 hours heat
treatment at 450, 500 and 600°C, X-ray diffraction (XRD) and scanning electron microscope
were utilized to characterize the phase and microstructure in the aged specimens. Aging at
450°C, it was found that starting from a solid-solution state, the steel maintains its properties
after reaching peak hardness. On the contrary, in 500 and 600°C aged specimens; the
coarsening of precipitates and the increasing reverted-austenite was believed to be in charge
for the hardness degradation of the steel.

A linear accelerator facility was used to introduce 1.5 MeV protons to bombard three
specimens, including the solid-solution state as well as the 500 and 600°C 2000h-aged-state
ones at 300°C. The accumulated irradiation damage reached 5 dpa. Nanoindentation was
performed on these samples and pronounced size effect was found in the 450°C sample.
Irradiation hardening effect in the 500°C specimen was not as much as those in the other
two.

To study the dynamic mechanical properties at elevated temperatures, in-situ high
temperature nanoindentation as well as high-temperature tensile test were performed on the
solid-solution state steel. Under 500°C, it was found that the strengthening effect of
precipitates were more pronounced than the softening of matrix in such circumstances.
Dislocation diffusion was considered to be responsible for the deformation. Above 500°C
the activation volume of the steel increased rapidly which is associated with the coarsening
of precipitates, and dislocation climbing was believed to take place during the deformation.
In addition, the expression between micro- and macro- mechanical property was evaluated to

have good linear relationship: UTS=0.212H+127.92.
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Abstract

3D atom probe tomography was used and specimens in the irradiated and unirradiated
areas of the 500°C and 600°C aged samples were reconstructed. The analysis proved that ion
beam irradiation accelerated the formation of NiAl small precipitates in the 600°C samples,
leading to a greater size and number density than that of the unirradiated specimens.
Moreover, strengthening mechanism was studied and the Orowan mechanism was believed
to take place in the 500°C sample while at 600°C the strengthening of steel was realized by
the precipitate-dislocation cutting mechanism.

In the end, a comparison between PH13-8Mo and other irradiation resistance steels were
made, and a further processing technique of thermal mechanical treatment was considered to
be an effective way to strengthen PH13-8Mo and extend its applications in elevated

environment.

Key words: irradiation hardening; size effect; dislocation deformation; micro- and macro- mechanical

transformation.
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