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Abstract: The effect of nickel alloying element on the precipitation of Cu-rich clusters in RPV model steel has been in-
vestigated by means of atom probe tomography. 40 kg ingots of RPV model steel were prepared by vacuum induction fur-
nace melting with two different Ni contents (0.79 wt. % and 1. 52 wt. % ) and with higher Cu content (0.5 wt. % ). The
specimens of 50 x 40 mm®, 4 mm in thickness, were heat-treated by 880 °C —20 min water quenching, 660 C - 10 h
tempering , and 400 °C aging, different from 100 h to 2 000 h. The results show that the increase of nickel content in RPV
model steels will promote the precipitation of Cu-rich clusters. The contents of Ni and Mn were detected in the Cu-rich
clusters at the early stage of the precipitation. Ni-rich clusters containing Cu and Mn were detected, and they could act as
the nucleation sites for the precipitation of Cu-rich clusters. Mn-rich clusters could also be detected. Mn-rich clusters were
not the nucleation sites for the precipitation of Cu-rich clusters, but the segregation of Cu atoms in those Mn-rich clusters
containing much higher Ni could be found. Ni-rich clusters would act as the nucleation sites during the precipitation of Cu-
rich clusters; therefore the increase of nickel content in RPV steels could promote the precipitation of Cu-rich clusters.
This is the essential reason that the presence of nickel in PRV steel could increase its sensitivity to neutron irradiation em-
brittlement.
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Table 1 Composition of experimental PRV model steels (w/% )

Specimen Si Mn P S Mo Ni Cu

number

7 0.21 0.31 1.51 0.025 0.006 0.01 0.79 0.56
8 0.24 0.34 1.58 0.033 0.007 0.02 1.52 0.62
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Fig. 1 Copper atom maps of 7# and 8# specimens aged at 400 °C
100 h and at 400 C, 1000 h. The box volume; (a)11
nm x 13 nm x43 nm, (b)14 nm x15 nm x75 nm, (c)

20 nm x21 nm x 147 nm and (d)18 nm x20 nm x 112 nm
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Fig. 2 Maps of Cu-rich clusters obtained at different d,,, values with

the same N ; =10 for 8# specimen aged at 400 “C, 1 000 h.

The matrix solute atoms have been eliminated based on MSEM
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Fig. 4 Maps of Ni-rich and Mn-rich clusters obtained at different

d,. values with the same N, ;, =10 for 8# specimen aged at
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