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The microstructures of several high nickel content pressure vessel steels have been
characterized by atom probe tomography. The purposes of this study were to investigate the
influence of high nickel levels on the response to neutron irradiation of high and low copper
pressure vessel steels and to establish whether any additional phases were present after
neutron irradiation. The nickel levels in these steels were at least twice that typically found in
Western pressure vessel steels.

Two different types of pressure vessel steels with low and high copper contents were
selected for this study. The first set of alloys was low copper (~0.05% Cu) base
(15Ch2NMFAA) and weld (12Ch2N2MAA) materials used in a VVER-1000 reactor. The
composition of the lower nickel VVER-1000 base material was Fe- 0.17 wt% C, 0.30% Si,
0.46% Mn, 2.2% Cr, 1.26% Ni, 0.05% Cu, 0.01% S, 0.008% P, 0.10% V and 0.50% Mo. The
composition of the higher nickel VVER-1000 weld material was Fe- 0.06 wt % C, 0.33% Si,
0.80% Mn, 1.8% Cr, 1.78% Ni, 0.07% Cu, 0.009% S, 0.005% P, and 0.63% Mo. The VVER-
1000 steels were irradiated in Ford Reactor at a temperature of 288°C for 2,137 h at an
average flux of 7.08 x 1011 cm-2 s-1 for a fluence of 5.45 x 1018 n cm-2 (E >1 MeV) and for
5,340 h at an average flux of 4.33 x 1011 cm-2 s-1 for a fluence of 8.32 x 1018 n cm-2 (E >1
MeV).  Therefore, the total fluence was 1.38 x 1019 n cm-2 (E >1 MeV). The second type of
pressure vessel steel was a high copper (0.20% Cu) weld from the Palisades reactor. The
average composition of the Palisades weld was Fe- 0.11 wt% C, 0.18% Si, 1.27% Mn, 0.04%
Cr, 1.20% Ni, 0.20% Cu, 0.017% S, 0.014% P, 0.003% V and 0.55% Mn. The Palisades
weld, designated weldment “B” from weld heat 34B009, was irradiated at a temperature of
288°C and a flux of ~7 x 1011 cm-2 s-1 to a fast fluence of 1.4 x 1019 n cm-2 (E >1 MeV). These
three alloys were characterized with the Oak Ridge National Laboratory local electrode atom
probe.

Atom probe tomography revealed nickel-, manganese-, and silicon-enriched
precipitates in both the VVER 1000 base and weld materials after neutron irradiation.  A high
number density of copper-, nickel-, manganese-, silicon- and phosphorus-enriched precipitates
were observed in the Palisades weld after neutron irradiation. Atom probe tomography also
revealed high levels of phosphorus segregation to the dislocations in all three materials. Full
details of the differences in the size, number density and composition of the precipitates in the
three materials will be presented.
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