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The microstructures of a systematic series of Fe-Cu-Ni-Mn model alloys have been
characterized by atom probe tomography (APT) and small angle neutron scattering
(SANS). The primary aims of this study were to determine whether any precipitation
occurs in low (0.05%) and copper-free alloys during neutron irradiation and to determine
the influence of nickel.

The OV series of alloys contained 0, 0.05 or 0.1% Cu, 0.8 or 1.6% Ni and 1.6%
Mn. An Fe-0.05% Cu, 1.6% Mn, 1.6% Ni, 0.025% P, 0.5% Si was also characterized to
investigate the effects of phosphorus and silicon. These model alloys were neutron
irradiated to a fluence of ~1.3 x 1023 n m-2 (E > 1 MeV) at a temperature of 290°C. The
microstructures of these model alloys were characterized in the Oak Ridge National
Laboratory’s local electrode atom probe and by small angle neutron scattering at the
National Institute for Standards and Technology Center for Neutron Research.

After neutron irradiation, the hardness of the alloy was found to increase with the
copper content for the same nickel and manganese levels. The hardness increased with
nickel content at the same manganese level for both low (0.05%) and high (0.1%) copper
alloys. The hardness was higher in both high (0.1%) copper alloys. The hardness also
increased with silicon plus phosphorus additions. SANS indicated that small features were
present in all alloys. The radius <R> of these features was between 0.5 and 1 nm, and
increased with Cu and Ni levels and decreased with the silicon plus phosphorus additions.
The number density was between 0.5 and 1.8 x 1024 m-3, and increased with the silicon
plus phosphorus additions. The M/N was between 0.4 and 1. APT also detected solute-
enriched precipitates in all alloys, including those with no and very low copper. Some
precipitates were enriched in Ni and Mn and some were enriched in Cu, Ni and Mn. In the
silicon plus phosphorus alloy, the precipitates were enriched in Cu, Ni, Mn, Si and P.
Copper-enriched precipitates were observed in the 0.05% Cu alloys indicating that 0.05%
Cu is above the solubility limit under these neutron irradiation conditions. The Cu, Ni and
Mn atom distributions were not located at the same center-of-mass as has been predicted
by Monte Carlo simulations.
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