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ABSTRACT

Steels are among the most widely used construction materials as their mechanical properties can be
tailored to obtain the required combination of strength and formability. However, in highly demanding
applications the lifetime until failure is limited due to the accumulation of damage. Recently, it was
demonstrated that a significant improvement in the creep life time can be obtained for austenitic
stainless steels by additions of solute boron and copper [1]. It was proposed that the creep damage can
be self healed by dynamic precipitation of Cu and/or BN.

In order to study the physical mechanism responsible for self healing in low-alloyed steels in detail we
have designed high purity boron and copper containing model alloys. We studied the self healing of
ultrafine cracks by dynamic precipitation at the crack surface in these model alloys by applying
advanced in-situ positron and neutron techniques that characterize the defects and precipitates on a
nanoscale within the bulk of the material. Creep experiments show an extended lifetime for underaged
samples with mobile solutes with respect to fully precipitated samples.

With positron annihilation spectroscopy [2] we have probed the evolution of open volume defects
during (repeated) deformation and subsequent healing. Positron annihilation spectroscopy
characterises velocity spectrum of the electrons in the open volume defects and in the healing clusters
that annihilate with the trapped positrons. A clear difference is observed between underaged and fully
precipitated samples.
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Figure 1: Positron annihilation spectrum as a function of the electron momentum pL. The deformed
Fe-Cu alloy response is composed of the reference curves for pure Cu, Fe and defects in Fe.
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With additional small-angle neutron scattering measurements [3] we have monitored the influence of
plastic deformation and solute boron and nitrogen on the precipitation of copper during ageing. For
comparison additional electron microscopy was applied. The potential for self healing of creep
damage in steels will be discussed in relation to the recent results.

Figure 2: Small-angle neutron scattering characterising the nanoscale clusters in the Fe alloy.
The anisotropic pattern arises from the spin dependent scattering of the magnetic contrast
between the Cu cluster and the Fe alloy.
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