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ABSTRACT: The paper aims to study hardening behavior of Chinese domestic RPV steel A508-3 irradiated with high energy
heavy ion at 563 K. Specimens of the A508-3 steels were irradiated with 352.8 MeV Fe*'" jons provided by a terminal of cyclo-
tron to three successively increasing damage levels of 0.15, 0.30 and 1.50 displacements per atom (dpa). A quasi-uniform atomic
displacement plateau was produced in the specimens from the near surface to a depth of 25 um by using an energy degrader. A
nanoindentor and a Vickers micro-hardness tester were used to measure the hardness of the specimens. Considering the influ-
ence of indentation size effect, the Nix Gao model is used to fit the hardness data. It is observed that the soft substrate effect can
be diminished substantially in the irradiated specimens due to the thick damaged regions produced by the Fe ions. The results
show that the hardening phenomenon is observable after irradiation, and the hardening increment tends to be saturated with the
increase of irradiation dose. The linear relationship between microhardness and nanohardness (Hv,=0.85 H,) was obtained by
the microhardness data of 0.15 dpa sample before and after irradiation. A power law relationship between the yield strength in-

crement and the irradiation damage dose is proposed based on the hardness data of AS08-3 before and after irradiation, which
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provides basic data for the study of neutron-ion irradiation hardening mapping relationship of A508-3 steel.
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Tab.1 Chemical composition of China A508-3 steel (w)

%

s C Si Mn S P

Cr Ni Cu Mo A\ Fe

A508-3 0.167 0.193 1.35 0.002 0.005

0.086 0.738 0.027 0.481 0.007 Bal.
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Fig.1 Depth distribution of atomic displacement damage in
A508-3 steel specimen by high-energy Fe ions according to
an estimation by SRIM 2013
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Fig.2 Average nanohardness versus the indentation depth of
AS508-3 steels before and after Fe ion irradiation

38

—=— AS508-3-unirr.
- —&— A508-3-563K-Fe?'* -0.15 dpa
—A— A508-3-563K-Fe?'* -0.30 dpa
| —v— A508-3-563K-Fe?'* -1.50 dpa 7

34

0 1 2 3 4 5 6 7 8 9
/(<10 nm")

3 Fe B FHIEATE AS08-3 M H-1/h KR
Fig.3 Curves of H’-1/h for the average nanohardness of
AS508-3 steels before and after Fe ion irradiation

* 2 ETF Nix-Gao EENTEBEIN H EE
Tab.2 Calculated H, data based on the Nix-Gao model
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Fe2lt  Hy/GPa 2.0240.01 2.24+0.01 2.35+0.02 2.74+0.03
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Fig.4 Bulk equivalent hardness H, as a function of damage
level for A508-3 steels before and after Fe ion irradiation
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Fig.5 Average Vickers hardness versus indentation depth of
AS508-3 steels before and after Fe ion irradiation
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